


HANDBOOK OF

TOXICOLOGY

Second Edition

Edited by
Michael J. Derelanko, Ph.D., D.A.B.T., EA.T.S.

Corporate Manager of Toxicology and Risk Assessment
Honeywell International Inc.
Morristown, New Jersey

Mannfred A. Hollinger, Ph.D.
Professor
Department of Medical Pharmacology and Toxicology
School of Medicine
University of California, Davis



Library of Congress Cataloging-in-Publication Data

Handbook of toxicology / Michael J. Derelanko, Mannfred A. Hollinger, editors—2nd ed.
p. cm.
Updated and expanded ed. of: CRC handbook of toxicology. c1995.
Includes bibliographical references and index.
ISBN 0-8493-0370-2 (alk. paper)
1. Toxicology—Handbooks, manuals, etc. |. Derelanko, Michael J. 11. Hollinger,
Mannfred A. II. Derelanko, Michael J. CRC handbook of toxicology.

RA1215 .C73 2001
615.9—dc21 2001025086

This book contains information obtained from authentic and highly regarded sources. Reprinted materia is quoted with
permission, and sources are indicated. A wide variety of references are listed. Reasonable efforts have been made to publish
reliable data and information, but the author and the publisher cannot assume responsibility for the validity of all materials
or for the consequences of their use.

Neither this book nor any part may be reproduced or transmitted in any form or by any means, electronic or mechanical,
including photocopying, microfilming, and recording, or by any information storage or retrieval system, without prior
permission in writing from the publisher.

All rights reserved. Authorization to photocopy itemsfor internal or personal use, or the personal or internal use of specific
clients, may be granted by CRC Press LL C, provided that $1.50 per page photocopied is paid directly to Copyright Clearance
Center, 222 Rosewood Drive, Danvers, MA 01923 USA. The fee code for users of the Transactional Reporting Service is
ISBN 0-8493-0370-2/01/$0.00+$1.50. Thefeeis subject to changewithout notice. For organizations that have been granted
a photocopy license by the CCC, a separate system of payment has been arranged.

The consent of CRC Press LLC does not extend to copying for general distribution, for promotion, for creating new works,
or for resale. Specific permission must be obtained in writing from CRC Press LLC for such copying.

Direct al inquiries to CRC Press LLC, 2000 N.W. Corporate Blvd., Boca Raton, Florida 33431.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used only for
identification and explanation, without intent to infringe.

Visit the CRC Press Web site at www.crcpress.com

© 2002 by CRC PressLLC

No claim to original U.S. Government works
International Standard Book Number 0-8493-0370-2
Library of Congress Card Number 2001025086
Printed in the United States of America 1 2 3456 78 90
Printed on acid-free paper

Copyright © 2002 by Taylor & Francis



Preface to the First Edition

Toxicologistsworking in the laboratory or officerely on alarge information base to design, conduct,
and interpret toxicology studies and to perform risk assessments. Diverse information such as
normal hematology and clinical chemistry values, reproductive indices, physiological parameters,
anima housing regquirements, toxicity classifications, and regulatory requirements accumulated
during the toxicologist’'s career are generally scattered in file cabinets and on office shelves.
Although practicing toxicologists usually can locate information related to their own areas of
expertise with minimal effort, obtaining reference information in less familiar areas of toxicology
may require considerably more effort, possibly involving a trip to the library or a phone call to a
colleague. A single basic reference source of toxicological information has not been previously
available. We have attempted to fill this void with this publication.

Our goa was to produce a reference book containing practical reference information useful to
practicing toxicologists in the chemical and pharmaceutical industries, contract laboratories, regu-
latory agencies, and academia. Contributors were asked to compile reference material for their own
areas of expertise which would be of value to both experts and students. The task seemed easier
in concept than it proved to be in reality. It quickly became evident that limits had to be placed on
the amount and detail of information included to alow for publication in a reasonable time frame.
Although information for most areas of toxicology is presented, coverage of some areas is clearly
missing. We encourage and wel come constructive comments on improving the information provided
as well as suggestions for additional material which could be included in possible future editions
of this handbook.

We have designed the handbook to alow basic reference information to be located quickly.
Each chapter begins with an outline of its contents. Where possible, text was purposely kept to a
minimum. This book is intended only to be a basic reference source. The user requiring more
detailed discussion should consult the sources cited. Much of the information provided has been
previously published elsewhere. The editors and contributors cannot attest to the accuracy and
completeness of such and, therefore, cannot assume any liability of any kind resulting from the
use or reliance on the information presented in this handbook. Mention of vendors, trade names,
or commercial products does not constitute endorsement or recommendation for use.
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Preface to the Second Edition

It has been approximately 10 years since we began compiling information for the first edition of
the CRC Handbook of Toxicology. In reviewing the material contained in the first edition it was
apparent that information such as values for physiological parameters, substance toxicity, and
information related to fundamental toxicology principles and practices remain virtually timeless.
On the other hand, information on such topics as regulatory requirements and guidelines, contract
laboratories, and contact information such as phone numbers and addresses clearly needed updating.
Moreover, although information for most areas of toxicology was included in the first edition,
coverage of some toxicology speciaties was clearly missing.

In this respect, the CRC Handbook of Toxicology, Second Edition has been extensively updated
and expanded. Nearly all of the origina chapters from the first edition have been updated, with
several receiving extensive revision. Additionally, coverage of inhalation toxicology, neurotoxicol-
ogy, and histopathol ogy has been expanded. Several new regulatory chapters dealing with pesticides,
medical devices, consumer products, and worldwide notification of new chemicals have been added.
Areas of toxicology missing from the first edition such as ecotoxicology and in vitro toxicology
are now covered. Also included is a new chapter providing an extensive overview of the toxicology
of metals.

Since the publication of the first edition, environmental and endocrine toxicology and children’s
health have become major issues that will clearly impact the field of toxicology in the future. To
provide some basic information on these topics, two chapters on basic male and female endocri-
nology and toxicology have been included and tables have been added to the risk assessment chapter
that provide information on differences in physiologica and biochemical parameters between
children and adults. When the first edition went to print, the Internet was in its infancy but has
now become an important information-gathering tool for toxicologists. In the second edition, the
authors were asked where possible to reference Web sites they consider sources of vauable
information for their fields of expertise.

The CRC Handbook of Toxicology contains a considerable amount of reference information.
However, because of the size of the handbook and the number of tables and figures it contains,
some users of the first edition reported it was not aways easy to identify and locate specific
information quickly. As a search aid for the second edition, headings have been added at the top
of each page identifying the chapter topics. Also we included pages at the end of some of the
chapters to provide additional information closely related to the subject matter of the chapter.
Constructive comments on how future editions of the CRC Handbook of Toxicol ogy can beimproved
are welcome.

The number of chapters in the second edition has increased from the origina 22 to 33 with
over 200 new tables and figures added. It is said, “A picture is worth a thousand words.” Thus, as
in the first edition, text has been kept to a minimum where possible and practical reference
information is provided in tables and figures that are useful to practicing toxicologists in the
chemical and pharmaceutical industries, contract laboratories, regulatory agencies, and academia.
As before, much of the information provided has been previously published elsewhere. Although
considerable effort was made to obtain the information from reliable sources, the editors and
contributors cannot attest to its accuracy and completeness and, therefore, cannot assume any
liability of any kind resulting from the use or reliance on the information provided in this handbook.
Mention of vendors, trade names, or commercial products does not constitute an endorsement or
recommendation for use.

Michael J. Derelanko
Mannfred A. Hollinger
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Helpful Tips for Using This Handbook

The CRC Handbook of Toxicology has been designed to alow the working toxicologist to locate
basic toxicological information quickly. Where possible, text has been kept to a minimum with
most of the information provided in tables and figures. The information is organized into chapters
dealing with various areas of toxicology. Each chapter begins with a detailed listing of al of the
major topics, tables, and figures it contains. Headings are provided on the top of each page
identifying the chapter topic to allow quick location of the subject matter. Because of the large and
varied amount of information in the handbook, the user seeking a specific type of information may
not always find reference to it in the index. It is recommended that a user seeking, for example,
information on reproductive indices used in multigeneration studies use the page headings to locate
the chapter on reproductive toxicology, turn to the first page of the chapter, and scan the contents
listing. The user will quickly find that Table 11.13 provides the desired information. Similarly, cage
requirements for rats can be quickly found in Table 1.16 of Chapter 1 by locating this chapter on
laboratory animal management and scanning its contents listing. The user is cautioned that some
information contained in the handbook may change over time, particularly as relates to regulatory
requirements and guidelines, addresses, and phone numbers.
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1 Laboratory Animal Management

Joseph C. Siglin, Ph.D., D.A.B.T.
and William H. Baker, D.V.M., D.A.C.V.P.

CONTENTS

Section 1. Introduction
Section 2. Animal Husbandry
Section 3. Regulations and Guidelines
A. Animal Welfare Act
B. Public Health Service Regulations
C. Guide for the Care and Use of Laboratory Animals
Section 4. Institutional Programs
A. AAALAC
B. IACUC
Section 5. Professional and Governmental Organizations
AALAS
ACLAM
ASLAP
AVMA
ICLAS
ILAR
SCAW
NIH
DEA
FDA
OLAW
APHIS
. AWI
AWIC
CAAT
. NABR
Section 6. Organizations That Oppose the Use of Animals in Research
Section 7. Animal Pain
Section 8.  Animal Models and Alternatives
Section 9.  Animal Facility Safety
Section 10. Zoonotic Diseases
Hepatitis
Herpesvirus B
Rabies
Lymphocytic Choriomeningitis
Other Zoonoses
Table 1.1 Other Zoonotic Diseases
Section 11. Recognition and Control of Disease
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Table 1.2 Abnormal Conditions in Laboratory Animals

Section 12. Animal Nutrition

B

Table 1.3 Types and Sources of Commercial Laboratory Diets

Table 1.4 Nutritional Deficiencies of Laboratory Animals

Food and Water Requirements

Table 1.5 Approximate Daily Food and Water Requirements for Various
Species

Fasting

Section 13. Anesthesia and Analgesia
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Section 14. Eut

A.

B.

General Considerations

Controlled Substances

Relevant Definitions

General Principles Regarding Anesthesia, Analgesia, and

Tranquilization

Stages of Anesthesia

Methods of Administration

Commonly Used Anesthetic, Analgesic, and Tranquilizing Agents

Table 1.6 Typical Routes and Dosages of Several Sedative, Analgesic,
and Anesthetic Agents

Species Peculiarities and Contraindications

hanasia

Modes of Action

Euthanasia Methods and Agents

Table 1.7 Acceptable and “Conditionally Acceptable” Methods
for Euthanasia of Several Common Laboratory Species

Table 1.8 Summary of the Characteristics of Several Euthanasia
Methods

Section 15. Sources of Laboratory Animals

Table 1.9 Names, Addresses, and Phone Numbers of Several Animal
Suppliers

Section 16. Species Data

A

Copyright © 2002

Mouse (Mus musculus)

Table 1.10 Common Strains of Laboratory Mice

Table 1.11 Minimum Cage Space Requirements for Mice

Table 1.12 Physical and Physiological Parameters of Mice

Table 1.13 Identification, Bleeding, Anesthesia, and Euthanasia Methods
for Laboratory Mice

Table 1.14 Various Diseases and Adverse Health Conditions of Laboratory
Mice

Rat (Ratus norvegicus)

Table 1.15 Common Strains of Laboratory Rats

Table 1.16 Minimum Cage Space Requirements for Rats

Table 1.17 Physical and Physiological Parameters of Rats

Table 1.18 Identification, Bleeding, Anesthesia, and Euthanasia Methods
for Laboratory Rats

Table 1.19 Various Diseases and Adverse Health Conditions of Laboratory
Rats

Guinea Pig (Cavia porcellus)

Table 1.20 Minimum Cage Space Requirements for Guinea Pigs

Table 1.21 Physical and Physiological Parameters of Guinea Pigs
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Table 1.22 ldentification, Bleeding, Anesthesia, and Euthanasia Methods
for Laboratory Guinea Pigs
Table 1.23 Various Diseases and Adverse Health Conditions of Guinea
Pigs
D. Rabbit (Oryctolagus cuniculus)
Table 1.24 Minimum Cage Space Requirements for Rabbits
Table 1.25 Physical and Physiological Parameters of Rabbits
Table 1.26 Identification, Bleeding, Anesthesia, and Euthanasia Methods
for Laboratory Rabbits
Table 1.27 Various Diseases and Adverse Health Conditions of Rabbits
E. Dog (Canis familaris)
Table 1.28 Minimum Cage Space Requirements for Dogs
Table 1.29 Physical and Physiological Parameters of Dogs
Table 1.30 Identification, Bleeding, Anesthesia, and Euthanasia Methods
for Laboratory Dogs
Table 1.31 Various Diseases and Adverse Health Conditions of Dogs
References
Additional Related Information
Table 1.32 Guiding Principles in the Use of Animals in Toxicology
Table 1.33 General Information Sources for the Care and Use of Research
Animals
Table 1.34 Commonly Used Anesthetics
Table 1.35 Advantages and Disadvatanges of Anesthetic Agents and
Adjuncts

SECTION 1. INTRODUCTION

The use of live animals continues to be an important and necessary component of research activities
worldwide. To ensure the ethical and humane treatment of animals, scientists must possess a sound
understanding of appropriate animal husbandry practices and must be knowledgeable of those
variables which may impact and potentially confound experimental procedures and results.

The purpose of this chapter is to provide the scientist with a reference source covering many
of the fundamental aspects of proper laboratory animal management for species commonly utilized
in toxicological research. In keeping with the desired format of this book, the information provided
herein is presented in concise fashion to allow a broad coverage of animal husbandry topics and
related information. For more detailed information, the reader is referred to the reference materials
identified in individual sections, and at the end of this chapter.

SECTION 2. ANIMAL HUSBANDRY

Animal husbandry may be simply defined as the methods used in the care and maintenance of
animals. In a larger sense, however, animal husbandry encompasses all aspects of appropriate care,
treatment, and management for a given species, including circadian rhythm, life span, environmental
limits, breeding and reproductive patterns, nutritional and social requirements, and macro- and
microenvironmental necessities. Of course, each species has its own unique peculiarities that are
essential to its well-being. The scientist must be knowledgeable of these characteristics and of the
various regulatory guidelines and policies that govern the use of animals in research.
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SECTION 3. REGULATIONS AND GUIDELINES

Over the years, the United States and other countries have developed various federal mandates and
statutes designed to protect animals from illicit commerce and use. The first such federal statute
in the United States was the Pet Protection Act of 1966. This act became the forerunner of what
is now called the Animal Welfare Act.

A. ANIMAL WELFARE AcT

The Animal Welfare Act (AWA)! refers to the Act of August 24, 1966 (P.L. 89-544), as amended
by the Acts of December 24, 1970 (P.L. 91-579), April 22, 1976 (P.L. 94-279), December 23,
1985 (P.L. 99-198), and 1990 (P.L. 101-624). The various provisions of the AWA are designed to
ensure that animals used in research, for exhibition, or as pets receive humane care and treatment.
The AWA also regulates the transport, purchase, sale, housing, care, treatment, and handling of
such animals. The standards set forth by the AWA are considered absolute minimal standards to
which people who handle animals must adhere. According to the AWA, “animal” is defined as
“any live or dead dog, cat, nonhuman primate, guinea pig, hamster, rabbit, or any other warm-
blooded animal, which is being used or is intended for use for research, teaching, testing, exper-
imentation, exhibition, or as a pet.” The term dog means “all dogs including those used for hunting,
security, or breeding purposes.”

Regulatory authority under the AWA is implemented by the Animal and Plant Health Inspection
Service (APHIS) of the U.S. Department of Agriculture. Rules and regulations pertaining to
implementation of the law are provided in the Code of Federal Regulations (CFR), Title 9 (Animals
and Animal Products), Subchapter A (Animal Welfare), Parts 1, 2, and 3. Copies of the regulations
may be obtained on line searching for “Animal Welfare Act” or at www.nal.usda.gov/awia/legislat/
usdaleg.htm. The relevant regulations and standards covered by the AWA are summarized below.

Subjects Addressed by the AWA

* Part 1: Definition of Terms
* Part 2: Regulations
Subpart A: Licensing
Subpart B: Registration
Subpart C: Research Facilities
Subpart D: Attending Veterinarian and Adequate Veterinary Care
Subpart E: Identification of Animals
Subpart F: Stolen Animals
Subpart G: Records
Subpart H: Compliance with Standards and Holding Period
Subpart I: Miscellaneous
* Part 3: Standards
Subparts A-F: Specifications for the Humane Handling, Care, Treatment and Transpo-
rtation of Dogs and Cats, Guinea Pigs and Hamsters, Rabbits, Non-human Primates,
Marine Mammals, and Other Warm-blooded Mammals

According to the AWA, “each dealer, exhibitor, operator of an auction sale, and intermediate handler
must comply in all respects with the regulations set forth in Part 2 and the standards set forth in
Part 3 for the humane handling, care, treatment, housing, and transportation of animals.”

B. PusLic HEALTH SERVICE REGULATIONS

In 1973, a new policy applying to all Public Health Service (PHS) awardee institutions was drafted.
The policy required that institutions conducting PHS-supported research comply with the AWA
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and the Guide for the Care and Use of Laboratory Animals.? Each institution is also required to
provide the National Institutes of Health (NIH) with an assurance which gives a detailed plan for
research, training, testing, education, experimentation, or demonstration purposes. In essence, the
policy requires that institutions take responsibility for the quality of their animal research programs
and the conduct of investigators and animal care personnel. In 1985, the Public Health Service
Policy on Humane Care and Use of Laboratory Animals by awardee institutions was updated and
the final version of the policy was made effective January 1, 1986. Subsequently, Congress enacted
and later revised the Health Research Extension Act November 20, 1985 (P.L. 99-158) which added
several key provisions to the PHS policy. Although the policy is not law, it has the same effect
because an institution must comply in order to compete for funding for animal-related research
from PHS and other funding sources. Key elements of the PHS policy include:

» Negotiation of Animal Welfare Assurances which include commitments by awardee
institutions concerning animal care and use, training of staff, and occupational health
programs for employees;

« Establishment of an Institutional Animal Care and Use Committee (IACUC) with defined
responsibilities;

« Detailed requirements for the submission of applications for awards;

« Specific record keeping requirements to ensure clear accountability for the quality of the
institutional program; and

* Specific reporting requirements which enable funding agencies and the NIH Office of
Laboratory Animal Welfare (OLAW) to oversee the entire system.

Additional information concerning the PHS policy may be obtained from the Office of Labo-
ratory Animal Welfare, National Institutes of Health, 6705 Rockledge, Pr, RKLI, Suite 1050, MSC
7982, Bethesda, MD 20892-7982.

Each institution subject to the PHS policy is expected to operate its research program in
accordance with the U.S. Government Principles for the Utilization and Care of Vertebrate Animals
Used in Research and Training. These principles are listed below.

U.S. Government Principles for the Utilization and Care of Vertebrate Animals
Used in Research and Training

« The transportation, care, and use of animals should be in accordance with the Animal
Welfare Act and other applicable federal laws, guidelines, and policies.

* Procedures involving animals should be designed and performed with due consideration
of their relevance to human or animal health, the advancement of knowledge, or the good
of society.

» The animals selected for a procedure should be of an appropriate species and quality
and the minimum number required to obtain valid results. Methods such as mathematical
models, computer simulation, and in vitro biological systems should be considered.

* Proper use of animals, including the avoidance or minimization of discomfort, distress,
and pain when consistent with sound scientific practices, is imperative. Unless the
contrary is established, investigators should consider that procedures that cause pain or
distress in human beings may cause pain or distress in other animals.

* Procedures with animals that may cause more than momentary or slight pain or distress
should be performed with appropriate sedation, analgesia, or anesthesia. Surgical or other
painful procedures should not be performed on unanesthetized animals paralyzed by
chemical agents.

» Animals that would otherwise suffer severe or chronic pain or distress that cannot be
relieved should be painlessly killed at the end of the procedure or, if appropriate, during
the procedure.
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 The living conditions of animals should be appropriate for their species and contribute
to their health and comfort. Normally, the housing, feeding, and care of all animals used
for biomedical purposes must be directed by a veterinarian or other scientist trained and
experienced in the proper care, handling, and use of the species being maintained or
studied. In any case, veterinary care shall be provided as indicated.

« Investigators and other personnel shall be appropriately qualified and experienced for
conducting procedures on living animals. Adequate arrangements shall be made for their
in-service training, including the proper and humane care and use of laboratory animals.

* Where exceptions are required in relation to the provisions of these Principles, the
decisions should not rest with the investigators directly concerned but should be made,
with due regard to the second principle (see above), by an appropriate review group such
as an institutional animal care and use committee. Such exceptions should not be made
solely for the purposes of teaching or demonstration.

C. GuipE For THE CARE AND Use oF LABORATORY ANIMALS

The Guide for the Care and Use of Laboratory Animals? was first published in 1963 under the title
Guide for Laboratory Animal Facilities and Care. The Guide has been revised several times since
1963 with the latest edition prepared in 1996. The Guide provides information on common labo-
ratory species housed under a variety of circumstances. Although the Guide is not intended to be
an exhaustive review of all aspects of animal care and use, it does address a number of relevant
issues, including physical construction of animal facilities, husbandry, veterinary care, sanitation,
and qualifications and training of laboratory personnel. In the most recent version of the Guide
(National Academy of Science ISBN-0-309-05377-3, Revised 1996), emphasis was placed on the
establishment of an Animal Care and Use Committee to oversee animal care facilities and insure
compliance with applicable federal, state, and local laws and regulations. Copies of the Guide may
be obtained from the Institute of Laboratory Animal Resources, National Research Council, 2101
Constitution Ave., NW, Washington, D.C. 20418. www.nas.edu/cls/ilarhome.nsf. E-mail:
ILAR@NAS.edu. FAX: 202-334-1687. Various topics covered by the Guide are listed below.

Topics Covered by the Guide for the Care and Use of Laboratory Animals?

* Institutional Policies
Monitoring the Care and Use of Animals
Veterinary Care
Personnel Qualifications and Training
Personal Hygiene
Occupational Health
Animal Experimentation Involving Hazardous Agents
Special Considerations
« Laboratory Animal Husbandry
Housing
Animal Environment
Food
Bedding
Water
Sanitation
Identification and Records
Emergency, Weekend, and Holiday Care
» \eterinary Care
Preventative Medicine

Copyright © 2002 by Taylor & Francis



Surveillance, Diagnosis, Treatment, and Control of Disease
Anesthesia and Analgesia
Surgery and Postsurgical Care
Euthanasia
« Physical Plant
Physical Relationship of Animal Facilities to Laboratories
Functional Areas
Construction Guidelines
Aseptic Surgery
 Special Considerations
Genetics and Nomenclature
Facilities and Procedures for Animal Research with Hazardous Agents
Farm Animals
Appendices
Selected Bibliography
Professional and Certifying Laboratory Animal Science Organizations
Federal Laws Relevant to Animal Care and Use
Public Health Service Policy and Government Principles on Care and Use of Animals

CSow>

SECTION 4. INSTITUTIONAL PROGRAMS
A. AAALAC

The American Association for Accreditation of Laboratory Animal Care (AAALAC) is a nonprofit
corporation whose primary goal is to promote high-quality care and use of animals through a
voluntary accreditation program. Institutions maintaining, using, importing, or breeding laboratory
animals for scientific research are eligible to apply for AAALAC accreditation. The accreditation
process involves inspection of the animal facilities and program by experts in laboratory animal
science, who submit a comprehensive report for consideration by the Council on Accreditation.
The Council reviews the report, using the Guide for the Care and Use of Laboratory Animals as
a basis for determining whether full accreditation should be granted. If accreditation is granted,
facilities are required to submit annual reports concerning the status of their animal facilities and
animal program. Site reinspections are conducted by AAALAC representatives at intervals of 3
years or less to determine whether accreditation should be continued.

The specific standards which have been established by the AAALAC Board of Trustees for
accreditation are listed below. AAALAC.org.

AAALAC Accreditation Standards

 Care and management of laboratory animals should be directed by qualified people.

 All animal care personnel should be qualified by training and experience in laboratory
animal science.

* Physical facilities and husbandry methods for the animals should allow their maintenance
in wellbeing and comfort.

* The NIH Guide is the basic guide to the establishment of specific standards for
accreditation.

* The accreditable unit shall comply with all statutes and regulations including, but not
limited to, the prevailing standards of sanitation, health, labor, and safety of the com-
munity and state of location.

« Membership in or affiliation with an organization dedicated to laboratory animal care
and use is not required for accreditation.
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Once a facility becomes fully accreditated, a certificate of accreditation is issued and the facility
is identified on a list of accreditated facilities published in the Association’s Activities Report. Full
AAALAC accreditation is accepted as partial assurance by NIH that the animal facility and program
are in compliance with PHS policy. Further information on AAALAC accreditation may be obtained
from AAALAC, 11300 Rockville Pike, Suite 1211, Rockville, MD 20852. Telephone: (301) 231-
5353. Fax: (301) 231-8282.

B. IACUC

The AWA, PHS policy, and Guide for the Care and Use of Laboratory Animals all require the
establishment of an Institutional Animal Care and Use Committee (IACUC) that is responsible for
monitoring the facility’s animal care and use program. The AWA requires that the IACUC be
appointed by the chief executive officer of the research facility and consist of a chairperson and at
least two additional members as follows:

» A Doctor of Veterinary Medicine, with training or experience in laboratory animal science
and medicine, who has direct or delegated program responsibility for activities involving
the research facility; and

« An individual not affiliated in any way with the facility other than as a member of the
committee, and not a member of the immediate family of a person who is affiliated with
the facility. This individual should provide representation for general community interests
in the proper care and treatment of animals.

The Guide for the Care and Use of Laboratory Animals? specifies an IACUC composition
comparable to that required by the AWA, with the addition of “other members as required by
institutional needs and by federal, state and local regulations and policies.” The PHS policy is
somewhat different in that it specifically requires that the IACUC be composed of at least five
members, including a veterinarian with program responsibilities, a scientist experienced in labora-
tory animal research, a nonscientist, and an individual who has no other association with the
institution besides membership in the IACUC (the specific role and background of the fifth member
is not specified).

The AWA, PHS policy, and Guide for the Care and Use of Laboratory Animals all specify
relatively similar functions for the IACUC, which include:

» Review, at least once every 6 months, the research facility’s program for humane care
and use of animals.

* Inspect, at least once every 6 months, all the animal facilities, including animal study
areas and satellite facilities.

* Prepare and submit reports of IACUC evaluations to the institutional official.

» Review and, if warranted, investigate concerns involving the care and use of animals at
the facility resulting from public complaints and from reports of noncompliance received
from facility personnel or employees.

» Make recommendations to the institutional official regarding any aspect of the research
facility’s animal program, facilities, or personnel training.

» Review and approve, require modifications in (to secure approval), or withhold approval
of those components of proposed activities related to the care and use of animals.

» Review and approve, require modifications in (to secure approval), or withhold approval
of proposed significant changes regarding the care and use of animals in ongoing activities.

The IACUC may also suspend any activity involving animals which is deemed unacceptable.
However, it is the intent of the guidelines above to avoid such situations through the implementation
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of sensible and ethical animal programs, training, and preliminary review of proposed animal
activities by the IACUC.

Further information concerning IACUC authority and functions may be found in the AWA, 9
CFR, Subchapter A, Part 2, Subpart C, 2.3.1. In addition, an Institutional Animal Care and Use
Committee Guidebook, prepared by the NIH Office of Laboratory Animal Welfare (OLAW), may
be obtained from: Applied Research Ethics National Association, 132 Boylston Street, Boston, MA
02116, or from the Superintendent of Documents, U.S. Government Printing Office, Washington,
D.C. 20402 ISBN-0-309-05377-3.

SECTION 5. PROFESSIONAL AND GOVERNMENTAL
ORGANIZATIONS

Information concerning various professional and governmental organizations involved in laboratory
animal science, animal welfare, or related activities is provided in the following sections.

A. AALAS

The American Association for Laboratory Animal Science (AALAS) is concerned with all aspects
of laboratory animal care and use, and provides a means for collection and exchange of information
on all phases of animal care and management. The association holds annual meetings and publishes
a bimonthly journal, Laboratory Animal Science. The AALAS Animal Technician Certification
Board provides for three levels of technical certification: Assistant Laboratory Animal Technician
(ALAT), Laboratory Animal Technician (LAT), and Laboratory Animal Technologist (LATG).
Additional information may be obtained from AALAS. Telephone: (901) 745-8620. Fax: (901)
753-0046. www.aalas.org

B. ACLAM

The American College of Laboratory Animal Medicine (ACLAM) was founded in 1957 to encour-
age education, training, and research; to establish standards of training and experience for qualifi-
cation; and to certify, by examination, qualified laboratory animal specialists as diplomates.
ACLAM meets biannually in conjunction with the American Veterinary Medical Association
(AVMA) and the American Association for Laboratory Animal Science (AALAS). The College
emphasizes and sponsors continuing education and autotutorial programs on the use, husbandry,
and diseases of animals used in research. Additional information may be obtained through the
ACLAM website at www.aclam.org/foundation_contacts.

C. ASLAP

The American Society of Laboratory Animal Practitioners (ASLAP) was organized to disseminate
ideas, experiences, and knowledge among veterinarians involved in laboratory animal practice
through education, training, and research. The Society, which was founded in 1966, is open to any
graduate of a veterinary college accredited or recognized by the AVMA. ASLAP holds two
educational meetings annually, one in conjunction with the AVMA annual meeting and one in
conjunction with the AALAS annual meeting. Additional information may be obtained through the
ASLAP Coordinator, 11300 Rockville Pike, Suite 1211, Rockville, MD 20852. Telephone:
(301)231-6349. Fax: (231)231-6071. aslap@aaalac.org

D. AVMA

The American Veterinary Medical Association (AVMA) is the major national organization of
veterinarians. The primary mission of the AVMA is the advancement of veterinary medical science,
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including its relationship to public health and agriculture. The AVMA is the major accrediting
agency for colleges of veterinary medicine. The AVMA sponsors specialization in veterinary
medicine through the recognition of specialty certifying organizations such as ACLAM. The AVMA
Committee on Animal Technician Activities and Training accredits 2-year programs in animal
technology throughout the United States. A summary of state laws and regulations relative to
veterinarians and animal technicians is available from the AVMA, 1931 North Meacham Road,
Suite 100, Schaumburg, IL 60173. Telephone: (847) 925-8070. Fax: (847) 925-1329.

E. ICLAS

The International Council for Laboratory Animal Science (ICLAS) is a hongovernmental organi-
zation that encourages international cooperation in laboratory animal science. ICLAS promotes the
development of international standards for the care and use of laboratory animals, disseminates
information concerning laboratory animals, sponsors scholarships for education, and supports
programs that advance laboratory animal science in developing nations. ICLAS issues the ICLAS
Bulletin every spring and autumn. Additional information may be obtained from www.iclas.org.

F. ILAR

The Institute of Laboratory Animal Resources (ILAR) was founded in 1952 under the auspices of
the National Research Council. ILAR’s mission is to provide expert counsel to the federal govern-
ment, the biomedical research community, and the public on the scientific, technological, and ethical
use of laboratory animals within the context of the interests and mission of the National Academy
of Sciences. ILAR promotes the high-quality humane care of laboratory animals; the appropriate
use of laboratory animals; and the exploration of alternatives in research, testing, and teaching.
The most recent edition of the Guide for the Care and Use of Laboratory Animals? was prepared
by ILAR for the National Institutes of Health. For more information, contact ILAR, National
Academy of Sciences, 2101 Constitution Ave., NW, Washington, D.C. 20418. Telephone: (202)
334-2590. Fax: (202) 334-1687. ILAR@nas.edu.

G. SCAW

The Scientists” Center for Animal Welfare (SCAW) was founded in 1979 and consists of individuals
and institutions concerned with various aspects of animal welfare. SCAW promotes the principle
of humane animal care and treatment in all areas of animal science. Among other activities, SCAW
develops educational materials and national guidelines on humane animal experimentation; moni-
tors animal legislation issues; and conducts workshops and surveys. For more information, contact
SCAW, 7833 Walker Drive, Suite 340, Greenbelt, MD 20770. Telephone: (301) 345-3500.
WWW.SCaw.com

H. NIH

The National Institutes of Health (NIH) is a federal agency that disburses funds for biomedical
research and sets policy on laboratory animal welfare (PHS policy). Additional information may
be obtained from: Office of Animal Care and Use, 9000 Rockville Pike, Bethesda, MD 20892.
Telephone: (301) 496-5424.

I. DEA

The Drug Enforcement Administration (DEA) of the U.S. Department of Justice is the regulatory
authority responsible for the enforcement of laws pertaining to controlled substances. Licenses to
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use controlled substances are obtained from this agency. Additional information may be obtained
from: DEA, Registration Unit-ODRR, Washington, D.C. 20537. Telephone: (202) 307-7255.

J. FDA

The U.S. Food and Drug Administration (FDA) is the federal agency responsible for enforcing the
FDA Good Laboratory Practice (GLP) regulations. Additional information may be obtained from:
United States FDA, Parklawn Building, 5600 Fishers Lane, Rockville, MD 20857. Telephone: (301)
443-5006. 1-888-463-6332.

K. OLAW

The Office of Laboratory Animal Welfare (OLAW) of the NIH oversees compliance with the Public
Health Service Policy on Humane Care and Use of Laboratory Animals. Additional information
may be obtained from: OLAW, 9000 Rockville Pike, Building 31, Room 5B63, Bethesda, MD,
20892. Telephone: (301) 496-7005.

L. APHIS

The Animal, Plant and Health Inspection Service (APHIS) is the division of the U.S. Department
of Agriculture that administers the federal Animal Welfare Act. Additional information may be
obtained from: USDA, APHIS, 2568-A RIVA RD., ANNAPOLIS, MD 21401. Telephone: (410)
571-8692. aphis.web@usda.gov

M. AWI

The Animal Welfare Institute (AWI) is a national organization active in laboratory animal
welfare issues. The AWI encourages lay persons to serve on IACUCs and has a number of
publications pertinent to laboratory animal welfare. Additional information may be obtained
from: AWI, P.O. Box 3650, Washington, D.C. 20007. Telephone: (202) 337-2332. FAX: (202)
338-9478. awi@animalwelfare.com

N. AWIC

The Animal Welfare Information Center (AWIC) is an information center of the National Agricul-
tural Library established as result of the 1985 amendment to the Animal Welfare Act. Additional
information may be obtained from: National Agricultural Library, Room 301, Beltsville, MD 20705.
Telephone: (301) 504-6212.

O. CAAT

The Center for Alternatives to Animal Testing (CAAT) was established in 1981 to encourage and
support the development of nonanimal testing methods. The center supports grants, Sponsors
symposia, and publishes a variety of materials related to animal testing and alternatives. Additional
information may be obtained from: Johns Hopkins School of Hygiene and Public Health, Baltimore,
MD 21202. Telephone: (410) 223-1612.

P. NABR

The National Association for Biomedical Research (NABR) is a nonprofit organization which was
established in 1979 and merged with the National Society for Medical Research in 1985. Mem-
bership in NABR includes numerous institutions, universities, medical and veterinary schools;
health agencies; academic and professional societies; and private and public research organizations.
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NABR monitors legislation that could potentially impact the use of animals in research. Members
of NABR may obtain copies of bills, summaries of bills, listings of current legislation, and related
materials via the NABR computerized database. Additionally, a compilation of State Laws Con-
cerning the Use of Animals in Research may be obtained through NABR.

NABR supports the responsible and ethical use of laboratory animals in research, education,
and product safety testing. NABR recognizes that it may not be feasible to completely replace live
animals in research because whole living organisms are an indispensable element of biomedical
research and testing. Still, the Association believes that animal use should be minimized whenever
possible; that pain and distress should be avoided and/or minimized; and that alternatives to live
animals should continue to be developed and utilized, whenever feasible. Additional information
may be obtained from: Ms. Frankie Trull, President, 818 Connecticut Ave., NW, Suite 200,
Washington, D.C. 20006. Telephone: (202) 857-0540.

SECTION 6. ORGANIZATIONS THAT OPPOSE THE USE
OF ANIMALS IN RESEARCH

A number of organizations strongly oppose the use of animals in research, or exhibit varying
philosophies regarding this subject. There are, however, some deep divisions in the philosophies
and strategies of these organizations. For example, animal welfare groups such as the humane
societies tend to be most concerned with the proper care and treatment of animals, pet adoption,
and humane euthanasia. On the other hand, “animal rights” groups are primarily concerned with
establishing the “legal rights” of animals. These latter groups outwardly oppose the use of animals
in research and the “exploitation” of animals for sport or food. The activities of these groups have
challenged the research community to better inform and educate the public about the critical need
for animals in research. Additional standing goals for scientists include:

< Reduction of the number of animals used through thoughtful selection of techniques and
models.

« Relief of any unavoidable discomfort to animals.

¢ Improvement of animal facilities and assurance that personnel are fully informed and
properly trained.

« Elimination or reduction of experimental procedures that cause pain or distress.

« Utilization of nonanimal alternatives whenever and wherever possible.

SECTION 7. ANIMAL PAIN

In accordance with the AWA, Guide for the Care and Use of Laboratory Animals, and Public
Health Service Policy for the Humane Care and Use of Laboratory Animals, veterinarians and
investigators must identify and eliminate sources of pain and distress, with the exception of those
procedures that are essential to the research in question and approved by the IACUC. Although it
is widely agreed that laboratory animals need not experience substantial pain or distress, there is
a general lack of agreement on the specific meaning of such terms as comfort, wellbeing, discomfort,
stress, fear, anxiety, pain, and distress. Nonetheless, provisional definitions for these terms have
been developed?® and are presented below.

« Comfort: A state of physiological, psychological, and behavioral equilibrium in which
an animal is accustomed to its environment and engages in normal activities, such as
feeding, drinking, grooming, social interaction, sleeping-waking cycles, and reproduction.

« Wellbeing: A positive mental state that reflects the level of welfare and comfort of an
animal.
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« Discomfort: A minimal change in an animal’s adaptive level or baseline state as a result
of changes in its environment or biological, physical, social, or psychotic alterations.
Physiological or behavioral changes that indicate a state of stress might be observed, but
are not marked enough to indicate distress.

« Stress: The effect produced by external (physical or environmental) events or internal
(physiological or psychological) factors, referred to as stressors, which induce an alter-
ation in an animal’s biological equilibrium.

« Anxiety and fear: Emotional states that are traditionally associated with stress. They can
be adaptive in that they inhibit an organism’s actions that could lead to harm or cause
it to act in ways allowing it to escape from potentially harmful situations.

¢ Pain: Results from potential or actual tissue damage. Pain can be considered a potent
source of stress, that is, a stressor. It can also be considered a state of stress itself,
however, and can lead to distress and maladaptive behaviors.

« Distress: An adverse state in which an animal is unable to adapt completely to stressors
and the resulting stress and shows maladaptive behaviors. It can be evident in the presence
of various experimental or environmental phenomena, such as abnormal feeding, absence
or diminution of postprandial grooming, inappropriate social interaction with conspecif-
ics or handlers, and inefficient reproduction.

With regard to the issues of animal discomfort and pain, researchers should consider the
following questions before undertaking any live animal experiment:

e Will the procedure yield results that are beneficial to animal or human health and
wellbeing?

e Has a literature search been performed to ensure that the proposed procedures do not
unnecessarily duplicate previous experiments?

* |s the species and number of animals appropriate for the purpose of the experiment?

* Is the discomfort to the animals limited to that which is unavoidable in the conduct of
the experiment?

» Have appropriate analgesic, anesthetic, and tranquilizing drugs been considered to min-
imize pain and discomfort?

» Has the method of euthanasia been considered?

¢ Are the individuals performing the experimental procedures and caring for the animals
properly trained?

In general, procedures that cause minimal pain or discomfort to humans and place the animal
in minimal distress are considered acceptable.

SECTION 8. ANIMAL MODELS AND ALTERNATIVES

Animal models may be broadly classified as experimental, negative, or spontaneous. An experi-
mental model is one in which an experimentally induced condition mimics a human disease. A
negative model, on the other hand, is one in which a particular condition cannot be produced, and
is therefore studied to better understand the reason for the protective or resistant effect(s). A
spontaneous model is one in which the animal naturally develops a disease or some other condition
of interest.

In considering a particular animal model for an experiment, the investigator must first ensure
that there are no acceptable nonanimal alternatives for the planned research. Once this has been
clearly established and documented (e.g., by detailed literature search and review), special consid-
eration must be given toward species availability, husbandry and technical expertise, space and
caging requirements, special environmental requirements, genetic characteristics, nutritional
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requirements, microbial etiology and life span of the animal, and reproductive, anatomic, physio-
logical, and behavioral characteristics of the species.

An alternative model is defined as any technique that reduces or eliminates the need for live
animals and thereby prevents potential pain and distress in animals. Such alternative models include
computer and mathematical simulations, microbiological systems, tissue/organ culture, epidemio-
logical surveys, and plant analysis. A major drawback common to many of these alternative models
is the lack of complex physiological interactions that occur in the whole animal. Nonetheless, the
potential for reduction and replacement of live animals provides strong incentive for the continued
development and validation of alternative models.

SECTION 9. ANIMAL FACILITY SAFETY

The Occupational Safety and Health Act (OSHA), which is administered by the U.S. Department
of Labor, is not specifically directed at laboratories and research operations. However, the regula-
tions apply to all work places and cover fire, electrical, and mechanical safety, and exposure to
chemicals, radiation, and noise. In general, research laboratories have not been subjected to the
frequent and rigorous OSHA inspections which are common to industries with intrinsically high
accident rates. However, there now exist specific OSHA regulations concerning occupational
exposures to toxic substances in research laboratories. These standards require that the laboratory
develop a “Chemical Hygiene Program” designed to provide employee protection in the specific
circumstances of the individual laboratory. In addition, there are requirements for training of
employees, worker availability to reference materials concerning chemical hazards, and a provision
for medical consultation and examination.

SECTION 10. ZOONOTIC DISEASES*0

Zoonotic diseases are those which are transmissible from animals to humans under natural condi-
tions. A few of the better known zoonotic diseases are described in the following sections.

A. HepaTITIS

Hepatitis A virus can infect chimpanzees, gorillas, patas monkeys, celebres, apes, woolly monkeys,
and some tamarins. However, chimps recently introduced into captivity are the most common source
of infection for humans. The incubation period for the virus may be 15-50 days, followed by abrupt
onset of fever, anorexia, nausea, and jaundice. The severity of the disease is related to age, with
fatality quite low among hospitalized patients. Lifelong immunity is conferred by development of
an 1gG immune response. Disease control measures involve quarantine, adequate protective cloth-
ing, sanitation, and personal hygiene. As an additional measure, the PHS recommends immuno-
prophylaxis (i.e., administration of immune serum globulin every 4 months) for personnel in close
contact with newly imported chimps.

B. HEerresvirus B

Herpesvirus B, which is caused by Herpesvirus simiae, represents the most serious health hazard
to humans from nonhuman primates. In the natural host of the virus, the Macaca spp, the disease
is mild and similar to that of herpes simplex in humans, with the development of tongue and lip
ulcers which heal in 7-14 days. In contrast, in infected humans, disease symptoms may be similar
to polio, with rapid flaccid paralysis leading to death, or permanent paralysis in survivors. Trans-
mission usually occurs through a bite from an infected animal, or by exposure of the broken skin
or mucus membranes to infected saliva or infected tissues. Because of the potential danger to
humans, all macaques should be viewed as potential carriers, and protective clothing should be
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worn at all times which protects the handler from bites and scratches. Although antiserum is
available, its effectiveness is questionable.

Note: Herpes simplex in man can be transmitted to lower primates with generalized disease in
owl monkeys, tree shrews, lemurs, marmosets, and tamaris.

C. RaBIEs

In the United States, the skunk and bat are the largest natural reservoirs of the rabies virus. The
virus is transmitted through the saliva of infected animals via bites, scratches, abrasions, or across
mucus membranes. In dogs, the virus is present in the saliva for 1-14 days before clinical symptoms
manifest. In humans, the disease is almost always fatal, even when proper treatment is begun shortly
after exposure. The most important disease control measure for domestic animals is vaccination.
For humans, preexposure vaccination should be made available for all persons working with
potentially infected animals.

D. LywmpHocYTIC CHORIOMENINGITIS

Mice, hamsters, and humans serve as natural hosts for the virus causing lymphocytic choriomen-
ingitis, and wild mice are a natural reservoir for the virus, which is the only latent virus in mice
that naturally infects humans. The incidence of the disease may be 100% in wild populations, and
may become 100% in breeding colonies if preventive measures are not instituted. However, only
persistently infected mice and acutely infected hamsters are known to transmit the virus, which
may be passed in the urine, feces, saliva, and nasal secretions of carrier animals. Lifelong infection
with high concentrations in all organs is often observed in fetal and newborn infected mice.
Hamsters, on the other hand, may remain infected for long periods, but eventually eliminate the
virus. There are four different recognized forms of the disease in mice. In the cerebral form, death
may occur with no previous symptoms on the fifth or sixth day after inoculation. In the visceral
form, death may also occur after several days, but is often preceded by conjunctivitis and ruffled
fur. In the late-onset form which occurs in neonatally infected mice, animals may seem healthy
until 9-12 months of age when signs of chronic illness manifest, including ruffled fur, weight loss,
and hunched posture. A form resulting in early death of neonatally exposed mice may also occur
under poorly understood conditions. Infection of humans often results in mild influenza-like
symptoms, and may or may not involve the central nervous system. Other than direct virus isolation,
a rise in antibody titer serves as the most conclusive diagnosis of infection.

E. OTHER ZOONOSES

Other zoonoses are described briefly in Table 1.1.

TABLE 1.1
Other Zoonotic Diseases
Disease Description
Monkey pox Related to smallpox; clinical signs in humans include fever, headache, sore throat, and
rash
Benign epidermal monkey pox  Primarily affects macaques and Leaf monkeys; circumscribed elevated lesions on eyelids,
(BEMP) face, and elsewhere; in humans, disease regresses in 2-3 weeks

Yaba virus Caused by a poxvirus transmitted via a mosquito vector; virus has been inoculated into

humans, but natural transmission has not been recorded; infected animals develop benign
histiocytomas that eventually regress

Copyright © 2002 by Taylor & Francis



TABLE 1.1 (Continued)
Other Zoonotic Diseases

Disease
Contagious ecthyma (ORF)
Yellow fever
Hentaviral Diseases (Korean

hemorrhagic fever, epidemic
hemorrhagic fever, Hentavirus
pulmonary syndrome,

nephropathia epidemica)
Measles

Rickettsialpox

Murine typhus

Rocky Mountain Spotted Fever

Q fever

Psittacosis

Brucellosis

Leptospirosis

Tuberculosis

Description

Caused by poxvirus of sheep and goats; characterized by epithelial proliferation and
necrosis in the skin and mucus membranes of urogenital and gastrointestinal tracts; in
humans, seen as painful nodules on hands which resolve in 1-2 mo

Caused by an RNA flavivirus transmitted by mosquitos; classic lesion is massive hepatic
midzonal necrosis; disease severity varies among species of nonhuman primates

Caused by Hantaan virus carried by wild rodents worldwide, disease involves fever and
renal and/or pulmonary involvement with headaches, diarrhea, nausea, vomiting, and
possible hemorrhagic symptoms

Caused by a morbillivirus of the family Paramyxoviridae. Highly contagious disease
with incubation time of 9-11 days; rash begins in oral cavity and spreads over face,
neck, chest, and body; natural immunity develops after capture, but vaccination may
be necessary for naive animals. Measles is not a natural disease of macaques, but is
acquired through contact with humans.

Caused by Rickettsia akarii; domestic mice are natural host, and vector is the mite,
Allodermanyssus sanguineus; self-limiting disease in man characterized by fever,
headache, myalgia, lymphadenopathy, leukopenia, eschar-like lesions, and generalized
rash

Caused by Rickettsia typhi: transmission to humans via rat fleas; clinical signs similar
to those of rickettsialpox

Caused by Rickettsia rickettssii; transmitted by ticks (Dermacentor spp.) as vectors and
reservoir hosts; mammalian hosts include wild rodents, lagamorphs, and dogs; disease
in humans includes fever, headache, myalgia, and generalized hemorrhagic rash

Caused by Coxiella burnetti; disease is widespread in sheep; dogs, cats, and chickens
can become infected; organism is shad in urine, feces, milk, and placenta of
asymptomatic ungulates; incubation is 2-3 wk and results in febrile systemic disease;
most cases resolve in 2 wk

Caused by Chlamydia psittaci; hosts include mice, guinea pigs, rabbits, cats, lambs,
calves, birds, and frogs; disease includes conjunctivitis, pneumonitis, pericarditis,
hepatitis, enteritis, urethritis, and arthritis; in humans, may be asymptomatic or present
after 1-2 weeks of incubation, frequently with respiratory symptoms

Caused in the laboratory by Brucella canis, due to use of random-source dogs; oral and
transcutaneous routes of infection occur in the laboratory; brucellosis should be
suspected when dog has history of abortion or infertility; source of infection is not
known in most human cases. Other Brucella species may be contracted through the use
of other species in the laboratory environment, i.e., goats, sheep, pigs, cattle

Leptospira spp. bacteria are found worldwide and divided into serovars based on DNA-
relatedness; reservoirs are wild and domestic animals including rats, swine, cattle, and
dogs; transmission primarily via contact with skin, especially if abraded, or mucous
membranes with infected urine-contaminated materials; may be clinically inapparent
or present with fever of sudden onset, headache, chills, severe myalgia, conjunctival
suffusion or may present with a diphasic fever, meningitis, rash, hemolytic anemia,
hemorrhage into skin and mucous membranes, hepatorenal failure, jaundice, mental
confusion/depression, myocarditis, and pulmonary involvement.

Caused by Mycobacterium acid-fast bacilli; natural reservoirs are cattle, birds, and
humans, with many other species susceptible: outbreaks occur in nonhuman primates,
with Old World species more susceptible than New World monkeys and great apes;
tuberculosis can occur in every organ system, although respiratory system is most
familiar form
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TABLE 1.1 (Continued)

Other Zoonotic Diseases

Disease

Campylobacteriosis

Salmonella

Shigellosis

Streptobacillus moniliformis

Yersinia

Dermatophilosis

Erysipeloid

Listeriosis

Pseudomonas

Dermatomycoses (ringworm)

Toxoplasmosis

Amebiasis

Balantidiasis

Giardiasis

Description

Caused by Campylobacter spp. which has been isolated from dogs, cats, hamsters, ferrets,
nonhuman primates, rabbits, swine, cattle, sheep, chickens, turkeys, and wild birds;
disease in humans is self-limiting and usually brief; clinical symptoms include
abdominal pain, fever, and diarrhea

Caused by over 1600 serotypes worldwide; two most common in laboratory colonies are
Salmonella typhimunum and Salmonella enteritidis, due primarily to contaminated
laboratory feed; acute gastroenteritis is most common presenting symptom; some cases
proceed to septicemia after bacterial invasion of gut wall

Caused by Shigella spp., including S. flexneri, S. sonnie, and S. dysenteriae, all found in
nonhuman primates; humans are main reservoir; nonhuman primates acquire disease after
contact with infected primates or through contaminated facilities, food, or water; children
may exhibit more severe disease with symptoms of dysentery with blood and mucus in feces

Common in wild rodents, rare in laboratory rats, causes rat-bite fever (Haverhill Fever)
in man, organism inhabits oropharynx of rat and is transmitted by bite

Species which are zoonotic in laboratory animals include Y. pseudotuberculosis, V.
enterocolitica, and Y. pestis; Y. pseudotuberculosis and Y. enterocolitica produce
mesenteric lymphadenitis, septicemia, and appendicitis in humans; infection can occur
through feces-contaminated food, or through direct contact with infected animals

Caused by Dermatophilus congolensis; experimentally transmitted to mice, guinea pigs,
and rabbits; produces circumscribed patches of alopecia in infected animals with
exudative dermatitis; organism may persist in the fur and infect humans

Caused by Erysipelothrix rhusiopathiae in swine, lambs, calves, poultry, fish, and wild
and laboratory mice: produces inflammatory lesions of the skin with occasional
concurrent septicemia; pigs are the most common source in the laboratory

Caused by Listeria monocytogenes; laboratory species most commonly affected are
ruminants, guinea pigs, rabbits, and chinchillas; in normal hosts, disease may be
expressed as pustular or papular cutaneous lesions or an acute, mild, febrile illness,
sometimes with influenza-like symptoms; pregnant woman and fetuses are at risk with
the potential for in utero infections and abortion

Opportunistic organism, especially for immunosuppressed animals; transmission from
the caretakers or animals has been documented, but not the reverse

Caused by three genera of fungi: Microsporum, Trichophyton, and Epidermophyton;
frequently the animals are asymptomatic and not identified until caretaker develops the
disease; transmission occurs by direct or indirect contact with infected animal;
dermatomycosis is usually self-limiting in humans and presents as scaling, erythema,
and occasional vesicles in the skin

Caused by Toxoplasma gondii; felines develop intestinal infection followed by shedding
of oocysts resulting in transmission to humans; human infection is common, but clinical
symptoms rare; congential infection can lead to systemic disease with neuropathological
lesions

Caused by Entamoeba histolytica; parasite is commonly found in feces of normal
monkeys and apes, but may also cause severe clinical disease; most cases of human
disease exhibit no clinical symptoms; mild diarrhea to acute bloody or mucoid dysentery
with fever or chills may occur after invasion of colon wall

Caused by Balantidium coli: common in domestic swine and also found in humans, great
apes, and several monkey species; most infections are asymptomatic

Caused by Giardia spp.; found worldwide among all classes of vertebrates with no
apparent host specificity; dogs and nonhuman primates may serve as reservoirs for
human infection; in humans, infection often causes chronic or intermittent diarrhea,
with light-colored, soft, and mucoid stools
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TABLE 1.1 (Continued)
Other Zoonotic Diseases

Disease

Pneumocystis pneumonia

Cyptosporidiosis

Description

Caused by Pneumocystis carinii; latent infections occur in rodents, lagomorphs,
nonhuman primates, and domestic and zoo animals; zoonotic transmission has not been
proven but may be possible; disease occurs in immunodeficient individuals or those
with other debilities; frequently fatal and characterized by alveolitis as lungs fill with
white foamy fluid containing parasites

Caused by Cryptospridium parvum; affects epithelial cells of GI, biliary, and respiratory
tract of humans, birds, fish, reptiles, rodents, cats, dogs, cattle, and sheep; diarrhea is
major symptom in man, remitting in < 30 days in most immunologically competent
people; may be fatal in immunodeficient persons

SECTION 11. RECOGNITION AND CONTROL OF DISEASE

Adequate veterinary care and daily observation of animals are essential for the recognition and
control of disease. Diseases are transmitted by the following routes:

» Vector: A living carrier that transfers an infective agent from one host to another.

» Fomite: An inanimate object that is not intrinsically harmful, but is able to harbor
pathogenic microorganisms.

» Genes: Inheritable abnormalities and mutations may result in disease states.

There are several procedures that can be instituted to control disease. Some routine procedures

are listed below.

 Closely observe each animal at the time of receipt, and reject any animal(s) exhibiting
abnormal physical, behavioral, or physiological conditions.

* Isolate and quarantine each new shipment of animals until their health status can be verified.

« Establish procedures that maintain barriers between animals and personnel (e.g., gloves,
masks, and protective clothing); between animals and animals (e.g., changing gloves and
disinfecting equipment between animals); and between animals and equipment (e.g.,
disinfect cleaning utensils and sanitize caging).

« Establish animal health and monitoring programs matched to the quality and types of
animals and needs of the research laboratory.

Daily observation of animals allows early detection of signs of disease. While checking the general
physical condition of each animal, the caretaker should also look for any signs of injury and/or
abnormal physiological findings. Observations of any of the conditions listed in Table 1.2 should be

TABLE 1.2

Abnormal Conditions in Laboratory Animals

Abnormal physical conditions

Nonspecific signs of injury

Abnormal physiological
findings

Dehydrated, emaciated, listless, prostrate, dyspnea, alopecia, circling/head tilt, coughing,
sneezing, discharges, scratching, unkempt, abscess/tumor(s), diarrhea, few or no feces,
blood in feces, worms in feces, vomitus, bloody vomitus, worms in vomitus

Limping, paralysis, ataxia, dilated pupils, convulsions, fractures, hemorrhage, wounds,
contusions

Lack of urine, excess urination, few or no feces, anorexia, decreased water intake,
excessive water intake
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followed by diagnosis, prognosis, and treatment, after consultation with the attending veterinarian. If
necessary, animals should be euthanized to control disease and alleviate pain and distress.

SECTION 12. ANIMAL NUTRITION

All animals require regular amounts of clean pure water and food. Fortunately, there are a variety
of “complete balanced diets” available commercially for various laboratory species. These diets
have been designed to provide the necessary fats, carbohydrates, proteins, fiber, vitamins, and
minerals needed by the particular species. Researchers often select “certified” diets for use in their
laboratories because these have been assayed for levels of various potential contaminants (e.g.,
aflatoxins and heavy metals; chlorinated hydrocarbons and polychlorinated biphenyls; and organ-
ophosphate pesticides). Similarly, in many laboratories, the water supplied to the animals is analyzed
at regular intervals to ensure potability and absence of contaminants which may negatively impact
animal health and research objectives. It is advisable that researchers closely review and retain all
reports of food and water analyses. Some of the various types and sources of commercial laboratory
diets are listed in Table 1.3. Various nutritional deficiencies which may affect laboratory animals
are presented in Table 1.4.

TABLE 1.3
Types and Sources of Commercial Laboratory Diets

Source Species Diet Types
Purina Mills, Inc. Rat/mouse/hamster 5001 Laboratory Rodent Diet; 5002 Certified Rodent Diet; 5008
505 N. 4t St. Formulab Diet; 5010 Laboratory Autoclavable Rodent Diet; 5014
Richmond, IN 47374 Certified Autoclavable Rodent Diet; 5L36 Certified Rodent Opti-
(765) 962-9561 Diet; 5P07 Prolab RMH 1000; 5P06 Prolab RMH 2000; 5P14 Prolab
www.labdiet.com RMH 2500; 5R24 Autoclavable Prolab RMH 2500; 5P00 Prolab

RMH 3000; 5P04 Autoclavable Prolab RMH 3500; 5053 Pico*Lab
Rodent Diet 20; 5061 Pico-Vac Lab Rodent Diet; 5P75 and 5P76
Prolab Isopro RMH 3000

Rat 5012 Rat Diet

Mouse 5015 Mouse Diet; 5020 Mouse Diet 9F; 5021 Autoclavable Mouse
Breeder Diet; 5058 PicoLab Rodent Diet 20; 5062 Pico-Vac Mouse
Diet 20

Rabbit 5304 Autoclavable Rabbit Diet; 5321 Laboratory Rabbit Diet; 5322

Certified Rabbit Diet; 5325 Certified High Fiber Rabbit Diet; 5326
Laboratory Rabbit Diet HF; 5P25 Prolab Hi-Fiber Rabbit; 5p26
Prolab Rabbit Diet

Guinea Pig 5025 Guinea Pig Diet; 5026 Certified Guinea Pig Diet; 5L08 Guinea
Pig Diet, Autoclavable 20; 5P18 Prolab Guinea Pig
Mini-Pig 5080 Laboratory Mini-Pig Starter Diet; 5L80 Laboratory Mini-Pig

HF Grower Diet; 5081 Laboratory Mini-Pig Grower Diet; 5082
Laboratory Mini-Pig Breeder Diet; 5084 Laboratory Porcine Grower
Diet; 5P94 Prolab Mini-Pig Diet

Dog 5006 Laboratory Canine Diet; 5007 Certified Laboratory Canine Diet;
5L18 Laboratory High Density Canine Diet; 5P40 Prolab Canine
1600; 5P41 Prolab Canine 2000

Cat 5003 Laboratory Feline Diet

Ferret 5280 Ferret Diet; 5L14 High Density Ferret Diet

Avian 5065 Laboratory Chick Diet S-G; 5070 Laboratory Cage Layer Diet
Ruminant 5508 Rumilab Diet
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TABLE 1.3 (Continued)
Types and Sources of Commercial Laboratory Diets

Source Species Diet Types

Primate 5037 & 5038 Monkey Diet Jumbo and Monkey Diet; 5040 New World
Primate Diet; 5045 & 5047 High Protein Monkey Diet and Jumbo;
5048 Certified Primate Diet; 5049 & 5050 Laboratory Fiber-Plus
Monkey Diet and Jumbo; 5052 Fiber-Balance Monkey Diet; 5K91
Certified Hi-Fiber Primate; 5P46 Prolab Primate 18
*Pico diets are irradiated

Harlan Teklad Rodents 2014 Protein Rodent Maintenance Diet (14%)
P.O. Box 44220 2014S Protein Rodent Maintenance Diet (14%) (Sterilizable)
Madison, WI 53744-4220 2016 Protein Rodent Diet (16%)
Toll Free: (800) 483-5523 2016S Protein Rodent Diet (16%) (Sterilizable)
Voice: (608) 277-2070 2018 Protein Rodent Diet (18%)
FAX: (608) 277-2066 2018S Protein Rodent Diet (18%) (Sterilizable)
www. Harlan.com/teklad/ Rabbits 2030 Rabbit Diet
global/index 2031 High Fiber Rabbit Diet

Guinea Pig 2040 Guinea Pig Diet

2041 High Fiber Guinea Pig Diet
Primates 2050 Protein Primate Diet (20%)

2055 Protein Primate Diet (25%)

2021 Protein Dog Diet (21%)

2025 Protein Dog Diet (25%)

2027 Protein Dog Diet (27%)
Cats 2060 Cat Diet

The above diets are standard diets. Harlan Teklad also provides services to custom design diets such as the examples listed
below:

purified mineral deficient
vitamin deficient adjusted calories
adjusted protein amino acid diet
adjusted carbohydrate adjusted fat
essential fatty acid atherogenic
deficient basal mixes

rabbit diets with cholesterol
isoflavone reduced
basal mixes

TABLE 1.4
Nutritional Deficiencies of Laboratory Animals
Nutritional
Deficiency Species Affected Symptom(s)
Vitamin A All species Night blindness, dryness and thickness of cornea and conjunctiva,
skin lesions
Vitamin C Primates and guinea pigs  Scurvy conditions, breakdown of connective tissues
Vitamin D All species Lameness, enlargement of long bones with softening and
deformation of all bones
Vitamin E All species Weak muscles, poor growth, low reproduction
Vitamin K All species (the guineapig  Slow blood clotting time

may be an exception)
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TABLE 1.4 (Continued)

Nutritional Deficiencies of Laboratory Animals

Nutritional
Deficiency Species Affected

Vitamin B, All species

Vitamin B, All species

Nicotinic acid All species

Vitamin B, All species

Biotin Mice (raw egg whites or
sulfur drugs can result in
a deficiency for any
mammal)

Folic acid All species

Choline All species

Vitamin B, All species

Calcium All species

Phosphorus All species

Magnesium All species

Sodium All species

Chlorine All species

Potassium All species

Iron All species

Copper All species

lodine All species

Cobalt Guinea pig

Symptom(s)

Gastrointestinal, nervous, cardiovascular symptoms

Skin lesions or mucous membrane lesions, cardiac problems in
dogs, collapse, comma

Skin, gastrointestinal, nervous symptoms, inflammation of the
mouth in dogs

Convulsions, nausea, dermatitis, anemia

Skin lesions

Anemia, diarrhea in primates

Weight loss, reduced reproduction and lactation
Anemia

Lameness

Lameness

Low blood pressure, nervous symptoms

Reduced growth, eye disturbances, low protein digestion
Abnormal fluid and pH balances

Reduced appetite and growth

Anemia

Anemia, hair loss, dermatosis

Weak newborns, decreased basal metabolism rate
Anemia

A. Foop AND WATER REQUIREMENTS

Approximate daily food and water requirements for various species are presented in Table 1.5.
Most toxicology studies employ ad libitum feeding conditions in which animals are allowed
to regulate their own dietary intake to meet energy requirements. However, the use of ad libitum

TABLE 1.5

Approximate Daily Food and Water Requirements for

Various Species

Species Daily Food Requirement  Daily Water Requirement
Mouse 369 3-7ml
Rat 10-20 g 20-30 ml
Hamster 7-15¢g 7-15 ml
Guinea pig 20-30 g? 12-15 mi/100 g
Rabbit 75-100 g 80-100 ml/kg
Cat 100-225 g 100-200 ml
Dog 250-1200 g 100-400 ml/day
Primate 40 g/kg? 350-1000 ml

2 Like humans, guinea pigs and nonhuman primates require a continuous
supply of vitamin C (ascorbic acid) in the diet.
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feeding for long-term rodent bioassays has recently received increased attention since it appears
that this practice impacts longevity, carcinogenesis, and overall animal health.

B. FasTING

Like humans, animals are often fasted in preparation for blood collection. Generally, fasting periods
of 18-24 hours may be safely utilized for most species. However, for mice, fasting periods of 18-24
hours may lead to severe debility, dehydration, and even death. Therefore, it is recommended that
fasting periods of no longer than 4-6 hours be used for this species.

SECTION 13. ANESTHESIA AND ANALGESIA*
A. GENERAL CONSIDERATIONS

As stated earlier, investigators using live animals must employ appropriate anesthetic, analgesic,
and sedative agents when necessary to control pain and distress, unless use of such agents would
interfere with the specific objectives of the research. If these agents are not used, both the Animal
Welfare Act and Guide for the Care and Use of Laboratory Animals require that the procedures
be directly supervised by the responsible investigator in accordance with all regulations and
guidelines governing these situations. If pain-relieving procedures are not employed, the investigator
must provide well-documented evidence demonstrating that the use of such agents would interfere
with the results of the study.

B. CONTROLLED SUBSTANCES

To comply with these regulations, it is imperative that appropriate pain-relieving agents be available
and that appropriate methods of administration and dosages be established. Because many pain-
relieving agents are controlled substances, the use and handling of these agents are regulated by
the Controlled Substances Act (84 Stat. 1242; 21 U.S.C. 801). This statute is specifically admin-
istered by the U.S. Drug Enforcement Agency (DEA). Among other requirements, users of con-
trolled substances must ensure that drug supplies are adequately protected (stored in a secure cabinet
or safe) and inventoried in accordance with the requirements of the statute.

C. RELEvANT DEFINITIONS

* Analgesia: The relief of pain without loss of consciousness.

« Tranquilization: A state of behavioral change in which the animal is relaxed, unconcerned
by its surroundings, and often indifferent to minor pain.

* Sedation: Mild state of central nervous system (CNS) depression in which the animal is
awake, but calm.

* Local anesthesia: Loss of sensation in a limited area.

 Regional anesthesia: Insensibility in a larger but still limited area.

¢ Preanesthesia: A state produced by the concomitant use of several drugs to decrease
anxiety without producing excessive drowsiness, to facilitate smooth, rapid induction of
general anesthesia without prolonging emergence, provide amnesia for the perioperative
period while maintaining cooperation prior to loss of consciousness, relieve preoperative
and postoperative pain, and minimize some of the undesirable effects of anesthesia, i.e.,
salivation, bradycardia, and postanesthetic vomiting.

* General anesthesia: A state of controlled and reversible unconsciousness characterized
by lack of pain (analgesia), lack of memory (amnesia), and relatively depressed reflex
responses without affecting the animal’s vital systems, i.e., respiration and circulation.

* See Additional Related Information at the end of this chapter.
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« Surgical anesthesia: Generally referred to as a surgical plane of anesthesia representing
Stage Ill, plane 2 of the classical stages and planes of anesthesia; a medium depth of
anesthesia suitable for most surgical procedures.

D. GENERAL PRrINCIPLES REGARDING ANESTHESIA, ANALGESIA,
AND TRANQUILIZATION

The health of the animal should be carefully evaluated before instituting any anesthetic, analgesic,
or tranquilizing procedure, and the specific drug(s) selected should provide the minimal level of
CNS depression necessary. In addition, before undertaking any procedure, the investigator should
closely consider the effect of the technique on experimental objectives, including potential drug
interactions and interferences with test substance(s) (e.g., competing metabolic pathways, etc.).

E. STAGES oF ANESTHESIA

Indicators of anesthesia are commonly divided into four classic stages based on the depth of
consciousness, presence or absence of reflex reactions, and degree of CNS and physiological
depression. Stage | is characterized by disorientation, normal or panting respiration (20-30
breaths/min., unchanged heart rate, centrally positioned eyeball, normal pupil size, pupillary
response to light, good muscle tone, and the presence of all reflexes. Stage Il is marked by
“excitement” with possible struggling, vocalization, paddling, chewing, or yawning; irregular res-
piration with possible holding of breath or hyperventilation; increased heart rate; centrally positioned
eyeball or possible nystagmus (rapid involuntary oscillation of eyeball), possible dilation of pupils;
pupillary response to light; good muscle tone; and presence of all reflexes with some possibly
exaggerated. These first two stages represent presurgical anesthetic depths. Stage Il anesthesia is
subdivided into four different “planes” of progressively deeper unconsciousness. In plane 1 (light
anesthesia), respiration is regular with a rate of 12-20 breaths/min.; pulse is strong (>90 beats per
min., [bpm]); the animal may respond with movement, eyeballs may be centrally positioned or there
may be nystagmus; pupil size is normal and responds to light; muscle tone is good and swallowing
reflex is poor or absent and others present but diminished. In plane 2 (medium or surgical anesthesia),
respiration may be shallow at 12-16 breaths/min.; heart rate >90 bpm; heart and respiration rates
may increase in response to surgical activity; eyeballs may be ventrally rotated; pupil size moderately
dilated; pupillary light response sluggish; muscle tone relaxed and patellar, ear flick, palpebral and
corneal reflexes may be present, but others absent. In plane 3 (deep anesthesia), respiration is shallow
at <12 breaths/min.; heart rate is 60-90 bpm with increased capillary refill time [CRT] and reduced
strength of pulse; there is no response to surgical activity; eyeballs may be central or rotated ventrally;
pupils are moderately dilated; pupillary light response if very sluggish; muscle tone greatly reduced
and all reflexes are diminished or absent. In plane 4 (overdose), respiration is jerky; heart rate <60
bpm with prolonged CRT and pale mucous membranes; there is no response to surgical activity;
eyeballs are centrally positioned; pupils are widely dilated; pupillary light response is absent; muscle
tone is flaccid and there is no reflex activity. In Stage IV, the animal is moribund with loss of
thoracic breathing, cardiovascular collapse, centrally positioned eyeballs; absence of pupillary light
response flaccid muscle tone and absence of all reflexes.

The characteristics of the various stages and planes of anesthesia may vary with the anesthetic
agent used, the species of animal, and the condition of individual animals with regard to study
specific treatments prior to anesthesia.

F. MEeETHODS OF ADMINISTRATION

Anesthetic agents are commonly administered by parenteral injection, inhalation, tracheal intuba-
tion, or topical application. For inhalant anesthetics, use of appropriate equipment (i.e., gas
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anesthesia machine) is highly recommended to help assure proper control of exposure. Masks or
cones may be used with gas anesthesia machines to initially induce anesthesia, or to maintain
animals at the desired level of anesthesia.

Injectable compounds may be administered by various routes (e.g., 1V, IM, IP, or SC) for the
purpose of preanesthesia, or to obtain a surgical level of anesthesia. However, in all cases, dosages
and drugs must be calculated carefully and animals closely monitored throughout the anesthesia
procedure. In larger species, tracheal intubation is often used for administration of inhalant anes-
thetics because this method allows for oxygen administration and forced ventilation, if necessary.
When selecting an anesthetic agent and method of administration, the investigator must consider
several factors, including the species, age, type and duration of surgery, available equipment, and
personal knowledge. Of course, all procedures involving anesthesia and surgery must be supervised
by a qualified veterinarian.

G. ComMoONLY Usep ANESTHETIC, ANALGESIC, AND TRANQUILIZING AGENTS

Some of the more commonly used anesthetic, analgesic, and tranquilizing agents are briefly
described below.

* Atropine sulfate: Anticholinergic agent often used as a preanesthetic to help decrease
salivation, promote bronchodilation, prevent vagally induced bradycardia and reduced
cardiac output, and reduce gastrointestinal activity.

» Acepromazine maleate: A phenothiazine sedative with antiemetic, antidysrhythmic, and
antihistaminic properties.

» Chlorpromazine hydrochloride: This phenothiazine derivative potentiates barbiturate
anesthesia.

» Diazepam (Valium): Schedule 1V drug with anticonvulsant and muscle relaxation
properties.

» Narcotic agents: These agents produce hypnotic and analgesic effects, with resulting
depression of cardiovascular and thermoregulatory systems (e.g., morphine, meperidine,
etorphine (M99), and fentanyl).

» Morphine: May cause atropine-sensitive bradycardia and adverse gastrointestinal
disturbance.

» Meperdine (Demerol): Usually preferred over morphine because it produces fewer
adverse side effects.

 Fentanyl: A potent short-acting narcotic used in Innovar-Vet (see below).

 Etorphine Hydrochloride (M99): Commonly used to immobilize zoo animals and
wild game.

« Innovar-Vet: Combination of narcotic analgesic fetanyl (0.4 mg/ml) and tranquilizer
droperidol (20 mg/ml) which produces good analgesia and muscle relaxation.

* Rompun (Xylazine): Non-narcotic sedative and analgesic muscle relaxant with a wide
margin of safety.

 Ketamine hydrochloride (Vetalar)(Ketaset): (Changed to a Schedule 111 drug by the DEA
in August, 1999): Dissociative anesthetic agent that produces a state of chemical restraint
and anesthesia. Reflexes remain intact. Excessive salivation may be controlled with
atropine. Ketamine hydrochloride has a wide margin of safety and relatively short
duration and recovery time, with minimal adverse side effects.

* Medetomidine hydrochloride (Domitor): A synthetic a,-adrenoreceptor agonist which
produces sedation and analgesia for clinical and minor surgical procedures not requiring
muscle relaxation. Domitor can be reversed with Atipamezole hydrochloride (Antisedan).

« Pentobarbital sodium (Nembutal): Long-acting barbiturate with a small margin of safety.
Produces severe CNS depression and general anesthesia with increasing dose.
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« Thiamylal sodium (Surital): Short-acting barbiturate (approximately 15-30 minutes).

 Chloralhydrate: A hypnotic Schedule 1V drug with a narrow margin of safety and weak
analgesic properties.

« Diethylether: Inhalant anesthetic has so many shortcomings that it should not be used.
Although it provides good analgesia and muscle relaxation, vapors irritate the respiratory
mucosa and it is EXTREMELY FLAMMABLE AND EXPLOSIVE.

 Halothane (Flurane): This highly volatile inhalant anesthetic produces reasonably good
analgesia and muscle relaxation, but is a potent cardiovascular depressant. A vaporizer
is essential to produce precise concentrations.

« Methoxyflurane(Metafane): Nonexplosive inhalant anesthetic of relatively low volatility
that produces good analgesia and muscle relaxation. Produces cardiovascular and respi-
ratory depression.

« Isoflurane (AErrane®): Nonflammable, nonexplosive general inhalation anesthetic agent.
Produces profound respiratory depression. Increasing depth of anesthesia may increase
hypotension and respiratory depression.

« Nitrous oxide: Potent inhalant anesthetic which is nonirritating, nonexplosive, and often
used in conjunction with other agents.

Dosages and routes of administration of several commonly used anesthetic agents are presented
in Table 1.6.

H. Species PecuLIARITIES AND CONTRAINDICATIONS
1. Mouse

* Use of chloroform in the mouse can cause renal tubular calcification and/or necrosis,
especially in males. The DBA/2 mouse strain is particularly susceptible to these effects.

2. Rat

» Use of methoxyflurane is contraindicated in the Fischer 344 rat because this inhalant
anesthetic may produce a diabetes-like syndrome in this strain.

3. Guinea Pig

« Intramuscular injection of Innovar-Vet should be avoided in guinea pigs because this can
produce severe tissue necrosis.

» Repeated exposure to halothane in the guinea pig can produce hepatotoxicity. In addition,
guinea pigs routinely hold their breath when first exposed to the irritating vapors (e.g.,
from halothane or chloroform). Thus, methoxyflurane is considered a safer alternative
for this species.

» The larger cecum of the guinea pig can act as an anesthetic reservoir.

4. Rabbit

» A combination of 35 mg ketamine with 5 mg xylazine/kg given IM is a safe and effective
method of anesthesia in the rabbit (20-75 minutes).

 The rabbit possesses a unique hypnotism/immobilization reflex.

» Like the guinea pig, the large cecum of the rabbit may act as an anesthetic reservoir.

5. Cat

» The use of morphine is contraindicated in the cat.
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TABLE 1.6

Typical Routes and Dosages of Several Sedative, Analgesic, and Anesthetic Agents?

Dosage and Route in Species

Agents Mouse
Chlorpromazine (mg/kg)  3-35 (IM)
6 (IP)
Promazine (mg/kg) 0.5 (IM)
Acepromazine (mg/kg) —
Meperidine (mg/kg) 60 (IM)
40 (IP)
Innovar-Vet (ml/kg) 0.05 (IM)
Ketamine (mg/kg) 25 (1V)
25-50 (IP)
22 (IM)
Pentobarbital (mg/kg) 35 (V)
40-70 (IP)
Thiopental (mg/kg) 25-50 (1V)

Rat

1-20 (IM)
4-8 (IP)
0.5-1 (IM)

44 (IM)
50 (IP)
25 (IV)
0.13-0.16 (IM)

25 (IV)
50 (IP)
22 (IM)
25 (IV)
40-50 (IP)
40 (IM)
25-48 (IP)

Hamster

0.05 (IM)

0.5-1 (IM)

2 (IM)

40 (IM)
100(1P)

50-90 (IP)

Note: See Chapter 22, Section 9 for additional information on anesthetics.

Guinea Pig
5-10 (IM)

0.5-1 (IM)

1(IP)
2 (IM)

0.08-0.66 (IM)
22-64 (IM)

24 (IV)

30 (IP)

55 (IM)
20 (IP)

Rabbit
10-25 (IM)

1-2 (IM)
1.(IM)

10 (IV)

0.2-0.3 (IM)
22-44 (IM)
25 (IV)

40 (IP)
25-50 (IV)

Dog

1-6 (IM)
0.5-8 (PO)
2-4 (IM)
0.5-1 (IM)

1-3 (PO)
0.4-10 (IM)

0.13-0.15 (IM)

30 (IV)

16 (IV)

Primate

1-6 (IM)
2-4 (IM)
0.5-1 (IM)

3-11 (IM)

0.05 (IM)

5-15 (IM)

25-35 (IV)

25 (IV)

aDrugs and dosages presented are to serve only as a guideline. Selection and administration of specific agents and dosages should be supervised by a

qualified veterinarian.
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6. Primate

 Tranquilizers should never be used as the sole method of restraint for primates.

» The most commonly used immobilization agent for primates is 10-40 mg/kg ketamine
given IM.

 For general surgical procedures, inhalation anesthesia is best, with 0.1 mg/kg atropine
sulfate to control salivation.

SECTION 14. EUTHANASIA

Over the years, a number of acceptable and effective methods have been developed and utilized to
induce euthanasia in various species. A detailed discussion of these and other euthanasia methods
may be found in the 2000 Report of the AVMA Panel on Euthanasia.> The ultimate goal of
euthanasia is to induce humane death, without causing unnecessary anxiety, pain, or distress to the
animal. To achieve this, the euthanasia method must produce rapid CNS depression and insensitivity
to pain to minimize potential stress and/or anxiety which might otherwise occur before uncon-
sciousness. Thus, when employed in an appropriate manner, a good euthanasia method will induce
CNS depression and rapid unconsciousness, followed by respiratory or cardiac arrest, and subse-
quent loss of brain function.

Unfortunately, there are a number of euthanasia techniques that, although generally recognized
as humane, possess a high degree of intrinsic unpleasantness. Thus, researchers are challenged to
select euthanasia techniques that (1) induce humane death without causing pain or distress to the
animals, (2) do not negatively impact on experimental objectives and postmortem evaluations, and
(3) do not produce an unnecessary level of unpleasantness for those involved. With regard to this
latter consideration, it should be emphasized that some intrinsically unpleasant methods of eutha-
nasia are nonetheless humane. Before using these “unpleasant methods,” researchers are encouraged
to educate personnel concerning the lack of an acceptable alternative method, and to have appro-
priate and detailed documentation supporting the need for the particular euthanasia method selected.
Finally, it is imperative that individuals involved in performing any euthanasia procedure be properly
trained and possess a demonstrated proficiency in the particular technique before undertaking the
procedure with any animal.

A. MobEs oF ACTION

Euthanasia agents produce death by three primary mechanisms: (1) direct or indirect hypoxia, (2)
direct depression of neurons essential for life functions, or (3) physical disruption of brain activity
via destruction of essential neuronal components. Agents that induce death by direct or indirect
hypoxia should produce unconsciousness before loss of motor activity to ensure a painless and
distress-free death. Agents that cause muscle paralysis without unconsciousness are therefore
unacceptable as the sole method of euthanasia (e.g., curare, succinylcholine, etc.). Agents that
produce unconsciousness and death by direct depression of neurons in the brain may produce an
initial stage of “excitement” during which muscle contraction and vocalization may occur. These
responses should not be regarded as indicators of distress because they do not seem to be
purposeful. Death from these agents is attributable to direct depression of respiratory centers
and/or cardiac arrest.

When properly implemented, physical disruption of brain activity (e.g., by concussion), direct
destruction of the brain (e.g., by penetrating captive bolt), and electrical depolarization of neurons
(e.g., by electrocution) are effective methods for the rapid induction of unconsciousness and death.
However, these methods are often aesthetically objectionable for those involved. Exaggerated
muscle activity may follow unconsciousness from these methods; however, the animal is not thought
to experience pain or distress in the unconscious state.
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B. EuTtHANASIA METHODS AND AGENTS

The selection of a particular euthanasia method requires consideration of several factors, including
the age and species to be euthanized; ability of the method/agent to induce unconsciousness and
death without causing pain or distress; training and skill of personnel; reliability and irreversibility
of the method; safety of personnel; and compatibility of the method with experimental objectives
and endpoints. Euthanasia agents and methods which are currently considered acceptable or “con-
ditionally acceptable” by the AVMA Panel are presented for several common laboratory species
in Table 1.7. The characteristics and modes of action of these agents/methods are summarized in
Table 1.8 and briefly described below.

TABLE 1.7
Acceptable and “Conditionally Acceptable” Methods for Euthanasia of Several

Common Laboratory Species®

Agents/Methods?
Species Acceptable Conditionally Acceptable

Cats Inhalant anesthetics, CO, CO,, N,, Ar
barbiturates

Dogs Inhalant anesthetics, CO, CO,,  N,, Ar, electrocution, penetrating captive bolt
barbiturates

Rabbits Inhalant anesthetics, CO, CO,,  N,, Ar, cervical dislocation, decapitation,
barbiturates penetrating captive bolt

Rodents and other Inhalant anesthetics, CO, CO,, N,,Ar, cervical dislocation, decapitation

small animals barbiturates
Nonhuman primates  Barbiturates Inhalant anesthetics, CO, CO,, Ar

2 See Table 1.8 for other conditions and requirements of “acceptable” and “conditionally acceptable”
euthanasia methods.

1. Inhalant Agents

The suitability of a particular inhalant agent depends on whether the animal experiences distress
before loss of consciousness. Additional considerations common to all inhalant agents are listed
below.

* In general, unconsciousness is more rapid and euthanasia is more humane when the
animal is rapidly exposed to a high concentration of the agent.

» Most inhalant agents are hazardous to humans. Therefore, appropriate safety precautions
must be followed to ensure personnel safety.

» Compared to adult animals, neonates are often more resistant to the effects of inhalant
agents due apparently to increased resistance to hypoxia.

Inhalant anesthetics, such as ether, halothane, methoxyflurane, isoflurane, and enflurane, have
been used in overdose for euthanasia of smaller animals. Exposure is usually accomplished using
a small chamber (e.g., a bell jar) containing cotton or gauze soaked with the inhalant anesthetic
agent. The use of suspended wire flooring in the chamber allows equilibration of the chamber
atmosphere, while avoiding direct contact by the animal with the irritating liquid anesthetic.

a. Advantages

« Inhalant anesthetics are useful for euthanasia of small animals in which venipuncture
may be difficult.
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TABLE 1.8

Summary of the Characteristics of Several Euthanasia Methods

Euthanasia Method Classification

Inhalant anesthetics Acceptable
Carbon dioxide Acceptable
Carbon monoxide Acceptable
Barbiturates Acceptable

Inert gasses (Ni, Ar)  Conditionally acceptable

Cervical dislocation

Conditionally acceptable

Decapitation Conditionally acceptable

Mechanism of Action

Hypoxia due to depression of
vital centers

Hypoxia due to depression of
vital centers

Hypoxia due to inhibition of
O,-carrying capacity of
hemoglobin

Hypoxic due to depression of
vital centers

Hypoxic hypoxemia

Hypoxia due to disruption of
vital centers, direct depression
of brain

Hypoxia due to disruption of
vital centers, direct depression
of brain

Species

Small animals such as rats,
mice, hamster, and guinea pigs
via chamber administration

Small animals such as rats,
mice, hamsters, and guinea
pigs via chamber
administration

Most small species including
dogs, cats, and rodents

Most species

Cats, small dogs, rodents,
rabbits, and other small
species

Mice, rats <200 g, and rabbits

<1 kg

Rodents and small rabbits

Effectiveness

Moderately rapid onset of
anesthesia; initial excitation
may occur

Effective in adult animals; may
be prolonged in immature and
neonatal animals

Effective and acceptable with
proper equipment and
operation

Highly effective when
administered appropriately

Effective, but other methods are
preferable; acceptable only if
animal is heavily sedated or
anesthetized

Effective and irreversible;
requires training, skill, and
IACUC approval;
aesthetically displeasing

Effective and irreversible;
requires training, skill, and
IACUC approval;
aesthetically displeasing

Personnel Safety

Minimize exposure to
personnel by scavenging or
venting

Minimal hazard

Extremely hazardous; difficult
to detect

Safe, except human abuse
potential of controlled
substances(s)

Safely used in ventilated area

Safe

Potential injury due to
guillotine
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 Halothane, enflurane, isoflurane, and methoxyflurane are nonflammable and nonexplo-
sive under conditions of routine use.

b. Disadvantages
« Struggling and anxiety may develop during induction due to irritating vapors.
« Ether is extremely flammable and explosive.
* Inhalant anesthetic vapors may be harmful to humans, particularly to the developing
conceptus during the early stages of pregnancy.

c. Recommendations
« Chamber administration of the inhalant anesthetics listed above is acceptable for eutha-
nasia of small animals such as rats, mice, hamsters, and guinea pigs. However, if possible,
use of ether should be avoided because it is extremely flammable and potentially explo-
sive. In addition, appropriate safety precautions should be used with all inhalant anes-
thetic agents to avoid exposure of laboratory personnel.

2. Carbon Dioxide

Carbon dioxide (CO,) is a nearly odorless, nonflammable, and nonexplosive gas that has been used
extensively as an inhalant euthanasia agent for a number of species.

a. Advantages
» CO, produces rapid depressant and anesthetic effects.
* CO, may be obtained in compressed cylinders.
» CO, is inexpensive, nonflammable, and nonexplosive; it does not pose a particular safety
hazard to personnel under conditions of normal use.
e CO, does not distort cellular architecture.

b. Disadvantages
« There are no major disadvantages concerning the use of CO, as an euthanasia agent.
However, it should be noted that because CO, is heavier than air, incomplete chamber
filling may permit taller or climbing animals to avoid exposure. In most instances,
prefilling the chamber with the desired CO, atmosphere will avoid this potentially
stressful situation for the animal(s).

c. Recommendations

» Chamber administration of CO, is an effective and often desirable method of euthanasia
for small animals such as rats, mice, hamsters, and guinea pigs, provided that the chamber
is not overcrowded. CO, is not recommended for larger animals such as rabbits, cats,
and dogs, because these species may exhibit signs of distress before the onset of anes-
thesia and narcosis. CO, is best provided from pressurized tanks that allow precise
regulation of CO, inflow. Effective exposure conditions for most smaller species are a
CO, concentration of 70% (i.e., 70% CO, and 30% O,), and a flow rate which displaces
approximately 20% of the chamber volume per minute.

3. Carbon Monoxide

Carbon monoxide (CO) is a colorless, odorless gas that is flalmmable and potentially explosive at
concentrations above 10%. In humans and animals, CO acts as a cumulative poison by combining
with hemoglobin and blocking the uptake of oxygen by red blood cells, leading to fatal hypoxemia.
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Although CO has been shown to induce unconsciousness in animals with minimal discernible
discomfort, the many dangers associated with CO outweigh its routine use in most laboratory settings.
Nonetheless, CO inhalation is an acceptable method for euthanasia of many species, including dogs
and cats, provided that compressed CO is used and the following precautions are taken:

« Personnel must be thoroughly instructed in the use of CO and its associated hazards and
limitations.

e The CO source and chamber must be in a well-ventilated area, preferably outdoors.

e The chamber must be well lit and have viewing ports that allow observation of the
animals.

» The CO flow rate must be adequate to rapidly achieve a CO concentration of at least 6%.

« If the CO chamber is inside, CO monitors must be placed in the room to warn personnel
of hazardous CO concentrations.

4, Inert Gases

Inert gases such as nitrogen and argon are colorless, odorless, nonflammable, and nonexplosive
gases that have been used to induce euthanasia by hypoxemia. Although these gases are readily
available and minimally hazardous to personnel, their use requires prior sedation or anesthesia
of the animal to avoid discernible hypoxemia and ventilatory stimulation which commonly
precede death and are obviously distressing. In addition, when preanesthesia is used, the time
to death is often delayed. Consequently, inert gases should be used for euthanasia only when
animals have been heavily sedated and chamber oxygen concentrations of less than 2% can be
rapidly achieved.

5. Chloroform

Chloroform presents a significant hazard due to its known potent hepatotoxicity and suspected
carcinogenicity in humans. Therefore, chloroform is not recommended for euthanasia.

6. Barbiturates and Barbiturate Combination Drugs

There are several commercially available euthanasia products that are formulated to include a
barbituric acid derivative such as phenobarbital and local anesthetic agent(s). These products are
often categorized as Schedule 111 drugs, making them somewhat easier to obtain and store compared
with Schedule Il drugs such as phenobarbital. These agents are acceptable and effective for
euthanasia when properly used. Combination drugs containing neuromuscular blocking agents are
not acceptable for euthanasia.

7. Chloral Hydrate

Chloral hydrate causes death by hypoxemia resulting from depression of the respiratory center.
However, because this depression is slow, it may be preceded by aesthetically objectionable
symptoms such as muscle spasms, gasping, and vocalization. Thus, chloral hydrate is not considered
acceptable for euthanasia of dogs, cats, or other small animals.

8. T-61 Euthanasia Solution

T-61, an injectable nonbarbiturate, non-narcotic combination of three drugs, is no longer manufac-
tured or commercially available in the United States.
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9. Unacceptable Injectable Agents

The following injectable agents are considered unacceptable for euthanasia when used alone:
strychnine, nicotine, caffeine, magnesium sulfate, potassium chloride, and all neuromuscular block-
ing agents.

10. Cervical Dislocation and Decapitation

Physical methods of euthanasia such as cervical dislocation and decapitation are considered by
most to be aesthetically displeasing. However, when properly used by skilled personnel, these
methods may cause less fear and anxiety, and may be more rapid, painless, and humane than other
methods of euthanasia. In the laboratory, cervical dislocation and decapitation may be useful
euthanasia techniques for small animals when other methods or agents may interfere with experi-
mental objectives and results. However, before using these methods, it is imperative that personnel
are properly trained and experienced, and that approval is obtained from the Institutional Animal
Care and Use Committee.

a. Recommendations

Physical euthanasia methods such as cervical dislocation and decapitation are recommended only
when scientifically justified and when other acceptable methods have been clearly ruled out. Use
of these procedures must be preapproved by the Institutional Animal Care and Use Committee.
Animals should be sedated or unconscious before using these techniques, if practical. When properly
performed, cervical dislocation is considered humane for poultry, mice, rats weighing less than 200
g, and rabbits weighing less than 1 kg.

11. Verification of Death

Regardless of the specific euthanasia method used, it is imperative that death be verified by
examining the animal for cessation of vital signs. Of course, the specific means for confirming
death requires professional judgment and training.

SECTION 15. SOURCES OF LABORATORY ANIMALS

There are a number of reliable sources from which laboratory animals may be purchased. Company
names, addresses, telephone numbers, and available species from several suppliers are presented
in Table 1.9.
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TABLE 1.9

Names, Addresses, and Phone Numbers of Several Animal Suppliers

Avian
Cats

Facility

Ace Animals, Inc., PA

Alder Ridge Farms, Inc., PA

Animal Biotech Industries, PA

Archer Farms, MD

B&K Universal, Inc., CA

Barton's West End Facilites, NJ
BIOQUAL, Inc., MD

Butler Farms USA, Inc., NY

Cedar River Laboratories, IA X
Charles River Laboratories, MA

CLEA Japan/Pegasus, NJ

Covance, PA

Crest Caviary, CA

Cytogen Res & Dev, MA

Davidson's Mill Breeding Laboratories, NJ
Elm Hill Breeding Labs, Inc., MA
Hare-Marland/Rabbits for Research, NJ
Harlan Sprague Dawley, Inc., IN X
Hilltop Lab Animals, Inc., PA
HSD/Ridglan, IN

INTEGRA Biosciences, Inc., MD

Jackson Laboratory, ME

Kiser Lake Kennels X
LABS of Virginia, SC

Liberty Research, Inc., NY X
Lixit Animal Care Products, CA X X
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Cattle

Chinchillas

Dogs

Gerbils

Guinea Pigs

x

Hamsters

Mice

x

Oppossum

Primates
Rabbits

Rats

x

Sheep

x

Swine

Woodchucks

Contact Information

(610) 367-6047 netjunction.com/aceanimals
(717) 727-3458

(215) 766-7413 animalbiotech.com
(410) 879-4110

(510) 490-3036 bku.com

(908) 637-4427

(301) 251-0633

(315) 587-2295 infor@marfarms.com
(515) 228-2212

(800) 522-7287 criver.com

(609) 737-3961 straube.com

(717) 336-4921 covance.com

(408) 728-5265

(617) 325-7774

(732) 821-9094

(978) 256-2545 elmhilllabs.com
(973) 728-3745

(317) 894-7521 harlan.com

(724) 887-8480 edmied@aol.com
(317) 894-7521

(301) 874-5790

(800) 422-6423 micetech@jax.org
(937) 362-3193 kiserlakekennels.com
(803) 589-5190

(607) 565-8131

(707) 252-1622


http://www.harlan.com/

TABLE 1.9 (Continued)

Names, Addresses, and Phone Numbers of Several Animal Suppliers

Facility

LSR Industries, WI

Mallinckrodt Medical, Inc., MO
Marshall Farms USA, Inc., NY
Moulton Chinchilla Ranch, MN
Myrtle's Rabbitry, Inc., TN
Northeastern Wildlife, NY

Osage Research Primates, MO
Primate Products, FL

Robinson Services, Inc., NC
Schroer Mfg. Co. (Shor-Line), MO
Simonsen Laboratories, Inc., CA
Sinclair Research Center, Inc., MO
SINCONBREC USA, Inc., IL
Taconic Farms, Inc., NY

Thomas D. Morris, Inc., MD
Three Springs Scientific, PA
VWR Scientific Products, PA
Western Oregon Rabbit Co., OR
White Eagle Laboratories, Inc., PA
Zivic-Miller Laboratories, Inc., PA

Avian

Cats

Cattle

Chinchillas

Dogs

Gerbils

Guinea Pigs

Hamsters

Mice

Oppossum

Primates
Rabbits
Rats

X X

x

Sheep

Swine

Woodchucks

Contact Information

(414) 835-2742 calesser@execdc.com
(314) 654-7908 mallinckrodt.com

(315) 587-2295 marshallpet.com/index01
(507) 288-6334

(800) 424-9511

(607) 334-5809 whipplej@norwich.net
(573) 348-8002 geocities.com/ResearchTriangle/Lab/9341/index
(305) 471-9557 hemi.com/~Ispi

(910) 940-2550 keurobl@aol.com

(816) 471-0488

(408) 847-2002 simlab.com

(573) 446-6464 gbouchard@sockets.net
(847) 734-1662

(518) 537-6208 taconic.com

(410) 356-6780

(215) 257-6055

(610) 431-1700 vwrsp.com

(541) 929-2245

(215) 348-3868

(724) 452-5200 zivic-miller.com
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SECTION 16. SPECIES DATA

The following sections provide some general information concerning the husbandry and biology
of several species commonly used in research.

A. MOUSE (Mus mMuscuLUs)
1. Breeds and Strains

There are a variety of mouse breeds and strains which are available from commercial sources.
Inbred strains are produced by 20 or more consecutive generations of brother x sister matings, with
the primary objective of reducing genetic variability by increasing homozygosity at genetic loci.
This results in a high degree of uniformity in the physical and physiological traits of the various
inbred strains.

Outbred strains, on the other hand, are produced through the mating of totally unrelated
individuals. This frequently results in the production of offspring that show more vigor than the
parental animals in terms of growth, survival and fertility. The offspring of such matings (F1
hybrids) are heterozygous at all loci in which the parental animals differed. These F1 hybrids can
be reproduced only from the designated parental strains.

Random breeding is a mating technique in which mating is undertaken with animals from the
same stock, but without regard to genetic background. The primary purpose of this technique is to
preserve genetic variability in the stock. Some of the more common mouse strains are listed and

briefly described in Table 1.10.

TABLE 1.10
Common Strains of Laboratory Mice

Strain Description
CD-1 Mice Outbred albino strain descended from “Swiss” mice
CF-1 Mice Outbred albino strain not descended from “Swiss” mice

Swiss-Webster Mice
SKH1 (Hairless) mice

Outbred albino strain from selective inbreeding of Swiss mice by Dr. Leslie Webster
Outbred strain that originated from an uncharacterized strain

BALB/c mice Inbred albino strain developed originally by H.J. Bagg (Bagg albino)

C3H mice Inbred agouti strain developed originally from “Bagg albino” female and DBA male

C57BL/6 mice Inbred black strain developed originally by C.C. Little

DBA/2 mice Inbred non-agouti, dilute brown strain developed originally by C.C. Little; oldest of all inbred
mouse strains

FVB mice Inbred albino strain derived originally from outbred Swiss colony

AKR mice Inbred albino strain originally developed by Furth as a high leukemia strain

B6C3F1 mice Hybrid agouti strain from female C57BL/6N x male C3H/He

DBF1 mice Hybrid black strain from female C57BL/6N x male DBA/2N

CAF1 mice Hybrid albino strain from female BALB/cCAn x male A/HeN

CDF1 mice Hybrid brown strain from female BALB/cAnNN x male DBA/2N

CB6F1 mice Hybrid black strain from female BALB/cAnNN x male C57BL/6N

Nude CD-1 mice

Nude BALB/cAnN mice

Outbred hairless albino strain that is athymic and thus immunodeficient (unable to produce
T-cells)

Inbred hairless albino strain that is athymic and thus immunodeficient (unable to produce
T-cells)

Transgenic Lines (National Institute of Environmental Health Sciences is exploring the utility of genetically altered mice
to study mechanisms of carcinogenesis, namely, the Tg.AC (carrier of an activated mouse H-ras oncogene) and the p53+
(heterozygous for the wild-type tumor suppressor gene Trp53).
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TABLE 1.10 (Continued)
Common Strains of Laboratory Mice

Strain Description

Tg.AC mouse Produced in FVB/N mice by pronuclear injection of a v-Ha-ras transgene linked to a fetal C-
globulin promotor and an SV-40 polyadenylation/splice sequence. These mice respond as if
genetically initiated, rapidly developing epidermal papillomas in response to topical tumor
promotor or carcinogen treatment.

P53df mouse This line has 1 functional wild-type p53 allele and 1 inactivated allele, imparting sensitivity to
the mutational and carcinogenic effects of genotoxic chemicals. The p53 gene, often mutated
or deleted in human and rodent tumors, is critical to cell cycle control and DNA repair.

2. Handling and Restraint

Handling and restraint of the mouse requires training and experience because of the mouse’s small
size and agile movement. The mouse is usually picked up by the tail, placed on a secure surface
such as the forearm or table top, and then restrained by gently grasping the loose skin behind the
neck and over the back, while maintaining a grip on the tail. The handler must use a firm but
gentle grip to minimize twisting and movement of the animal that could potentially result in self-
injury. Excessive pressure or force during handling and restraint could easily result in spinal
separation or other injury to the mouse. Furthermore, extra care should be exercised when removing
the mouse from a cage with a wire floor as the animal will forcefully grip the cage bottom to
avoid removal.

3. Housing

Mice may be housed individually or with several animals per cage in plastic shoebox-type caging
or suspended stainless steel caging. When housed in plastic shoeboxes, mice should be provided
with some type of bedding material such as processed hardwood chips or ground corncobs. Fresh
water may be provided using water bottles or via an automatic watering system. However, when
using an automatic watering system, the line pressure must low enough to allow the animal to
easily activate the sipper mechanism without receiving a frightening high-pressure “squirt” in the
face. In addition, whenever possible, gang housing of adult males should be avoided because male
mice will form a pecking order when placed together, and serious injury or death may result due
to extensive fighting between cage mates. Minimum cage space requirements for mice are presented
in Table 1.11.

TABLE 1.11
Minimum Cage Space Requirements for Mice?
Body Weight Floor Area/Mouse Cage Height

© (s9. in.) (in)
>10 6.0 5
10-15 8.0 5
15-25 12.0 5
>25 >15.0 5

2 As per the Guide for the Care and Use of Laboratory Animals, 1996.
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4, Environmental Conditions

Environmental conditions recommended for mice by the Guide are as follows:

Room temperature: 64-79°F, 18-26°C
Relative humidity: 30-70%
Room air changes: 10-15/hour

Environmental controls should be set toward the middle of the room temperature and relative
humidity ranges to avoid extremes and large fluctuations in these environmental variables. The
Guide does not specify any particular lighting cycle for mice; however, a 12 hour light/12 hour
dark cycle is used routinely for this species.

5. Physical and Physiological Parameters

Physical and physiological parameters of laboratory mice are listed in Table 1.12.

TABLE 1.12

Physical and Physiological Parameters of Mice*672

Life span

Male adult weight

Female adult weight

Birth weight

Adult food consumption
Adult water consumption
Male breeding age/weight
Female breeding age/weight
Placentation

Estrus cycle

Gestation period

Weaning age/weight
Average litter size

Mating system(s)

Adult blood volume
Maximum safe bleed

Red cell count

White cell count
Hemoglobin

Hematocrit

Mean corpuscular volume
Mean corpuscular hemoglobin
Mean corpuscular hemoglobin concentration
Platelet count

Heart rate

Respiration rate

Rectal temperature

Urine pH

Urine volume

Chromosome number

1-2yr

20-35¢g

20-35¢g

1.0-15¢g

3-6 g/day

3-7 mi/day

6-8 wk/20-35 g

6-8 wk/20-30 g
Discoidal endotheliochorial
4-5 days (polyestrous)
19-21 days

21 days/8-12 g

10-12 pups

1:1 or 1 male to multiple females
6-7% of body weight
7-8 mi/kg

7-12 x 10%/mm?

3-12 x 10%/mm?3
13-17 g/dl

40-54%

43-54

13-18

31-34

1000-1600 x 103/mm3
300-600 beats/min
90-180 breaths/min
37.5°C

6.0-7.5

1-3 mi/day

2n =40

2 See Chapters 2, 5, 11, 12, and 18 for more detailed information.
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6. ldentification, Bleeding, Anesthesia, and Euthanasia Methods for Mice

TABLE 1.13
Identification, Bleeding, Anesthesia, and Euthanasia Methods
for Laboratory Mice

Identification methods

Ear tags

Ear punch, notch

Tail tatoo identification number

Subcutaneously implanted transponder
Bleeding methods

Orbital sinus

“Tail Nick”

Via heart after euthanasia
Anesthesia methods

Ketamine/xylazine, methoxyflurane, barbiturates, pentobarbital (5 mg/100 g IP)
Euthanasia methods

Barbiturate overdose

CO, inhalation

Cervical dislocation

7. Diseases

Various diseases and adverse health conditions of laboratory mice are identified and briefly
described in Table 1.14.

TABLE 1.14
Various Diseases and Adverse Health Conditions of Laboratory Mice*8°

Disease/Health
Condition Etiology, Clinical Signs, Symptoms, and/or Pathology

Tyzzer’s Caused by the bacterium Clostridium piliforme, an obligate intracellular organism
that causes enterohepatic disease in many domestic and laboratory animal species;
usually subclinical but immunosuppressant drugs may precipitate epidemics; signs
include diarrhea, poor coat, and sudden death in young; focal necrosis in liver and
inflammation of ileum may be seen at necropsy.

Murine respiratory mycoplasmosis ~ Caused by bacterium Mycoplasma pulmonis; relatively common chronic disease

(MRM) characterized by inflammation of respiratory tract and middle ear; signs in mice
include chattering and dyspnea; lesions include bronchitis, bronchopneumonia,
rhinitis, and otitis media. Other mycoplasma organisms infect mice affecting the
reproductive and central nervous systems.

Klebsiellsis Caused by bacterium Klebsiella pneumonia; nonspecific signs include dyspnea,
sneezing, cervical lymphadenopathy, inappetence, hunched posture, and rough coat;
cervical, pharyngeal, renal, and hepatic abscesses; granulomatous pneumonia.

Staphylococcosis Caused by bacterium Staphylococcus aureus; normal inhabitant of the skin; may
cause skin and facial abscesses in nude mice.
Pseudotuberculosis Caused by bacterium Corynebacterium kutscheri; infection usually inapparent but

may cause nasal/ocular discharge, dyspnea, arthritis, or skin abscesses; focal caseous
abscesses in liver, lungs, kidneys, and lymph nodes.

Helicobacter hepaticus Causes chronic hepatitis and may be associated with increased incidence of hepatic
neoplasms; mice may be infected with H. bilis, H. muridarum, H. rappini, and possibly
others. H. muridarum may be associated with chronic gastritis and one or more of the
above may be associated with chronic enterocolitis in immunodeficient mice.
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TABLE 1.14 (Continued)

Various Diseases and Adverse Health Conditions of Laboratory Mice*89

Disease/Health
Condition

Sendai virus

Pneumonia virus of the mouse
(PVM)

K virus (Kilham virus of mice)

Epizootic diarrhea of infant mice
(EDIM)

Reovirus-3

Murine hepatitis virus (MHV)

Mouse pox (ectromelia)

Lymphocytic choriomeningitis

Murine cytomegalovirus

Mouse thymic virus

Polyomavirus

Minute virus of mice (MVM)
Theiler’s mouse encephalomyelitis

Pneumocystis carinii

Protozoan parasites

Fighting

Hair chewing (barbering)

Ringtail

Etiology, Clinical Signs, Symptoms, and/or Pathology

Caused by Paramyxovirus; clinically inapparent chronic infection or clinically
apparent acute infection; variable signs may include chattering, mild respiratory
distress, prolonged gestation, poor growth, and death in young; concurrent
pulmonary infections may occur.

Caused by Pneumovirus: common in laboratory rodents worldwide; subcinical in
euthymic rodents.

Caused by Polyomavirus; wild mice are natural host; natural infection is subclinical.

Caused by a rotavirus virus; mustard colored feces; rectal impaction follows intestinal
inflammation.

Natural infections are usually subclinical and have little significance for most studies.
Caused by Coronavirus (25 different strains isolated); mice are natural host; clinically
apparent infection in naive infant mice; diarrhea with high mortality may occur.
Caused by ectromelia virus; natural transmission due to direct contact and fomites;
clinical manifestations may include variable mortality, facial edema, swelling of
feet, and necrotic amputation of limbs or tail; necrosis of liver, spleen, and lymphoid

tissue in acute disease.

Caused by Arenavirus; may cause significant zoonotic infection in those working
with transplantable rodent tumors and rodent cell lines; wild mice are principal
reservoir; only infected mice and hamsters are known to transmit virus; natural
infection of adult mice ranges from inapparent to severe disease with high mortality;
clinical symptoms in humans are usually flu-like (see zoonoses).

Common subclinical infection of submaxillary salivary glands of wild mice;
infrequent natural infections in laboratory mice; used as an animal model for human
cytomegalovirus.

Natural infections are subclinical; wild and laboratory mice are hosts; prevalence in
mouse stocks is unknown; characteristic lesion is lymphoid necrosis in thymus,
nodes, and spleen.

Highly contagious but of limited significance as natural infection of mice; major
importance is as model for viral carcinogenesis and cell transformation; prevalence
is poorly understood.

Caused by Parvovirus: wild and laboratory mice are natural hosts; highly contagious
but natural infections are inapparent and not known to produce disease.

Caused by Picornavirus: laboratory mice and rats are natural hosts but infection is
probably rare; predominant lesion is poliomyelitis.

Caused by what molecular genetic data confirm to be a fungus. Not pathogenic for
immunocompetent hosts; steroids, low-protein diets, and immunodeficent genotypes
can precipitate expression of varying degrees of interstitial pneumonia.

Cryptosporidium muris, C. parvum; Eimeria spp.; Giardia muris and Spironucleus
muris can effect various levels of the gastrointestinal tract.

Trauma due to fighting often results in morbidity and mortality in male mice housed
together; fighting usually occurs at night; bite and scratch wounds often become
infected; may be prevented by grouping males at weaning rather than later.

Alopecia in cage mates is most common in pigmented mice; early indication is loss
of whiskers; alopecia of the muzzle, head, and trunk is common.

Condition of young rats and mice characterized by annular constriction and
subsequent edema, necrosis, and sloughing of the tail; may be prevented by providing
relative humidity S 50%; much more common in rats than mice.
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B. RAT (RATUs NORVEGICUS)

1. Breeds and Strains

The laboratory rat is derived from the wild brown or “Norway” rat. Outbred strains include the
Sprague-Dawley, Wistar, and Long-Evans rats. Inbred strains include the Fischer 344, Spontaneous
Hypertensive, and Wistar Kyoto rat. Physiologically, the rat is similar to other single-stomached
animals, except rats do not possess a gall bladder. Common breeds and strains of rats that are
available from several commercial suppliers are presented in Table 1.15.

TABLE 1.15
Common Strains of Laboratory Rats
Strain Description

Sprague-Dawley rats Outbred albino strain originated by R.W. Dawley from a hybrid hooded male and
female Wistar rat.

Wistar rats Outbred albino strain originated at the Wistar Institute.

Long-Evans rats Outbred white with black or occasional brown hood; originated by Drs. Long and
Evans by cross of white Wistar females with wild gray male.

Zucker rats Outbred obese strain with four principal coat colors (predominately brown; brown
+ white; predominately black; or black + white).

Fischer 344 (F-344) rats Inbred albino strain originated from mating #344 of rats obtained from local breeder
(Fischer).

Lewis rats Inbred albino strain originally developed by Dr. Lewis from Wistar stock.

Wistar Kyoto (WKY) rats Inbred albino strain originated from outbred Wistar stock from Kyoto School of
Medicine.

Brown Norway rats Inbred non-agouti brown strain originated from a brown mutation in a stock of rats

trapped from the wild at the Wistar Institute in 1930.
Spontaneously hypertensive (SHR)  Inbred albino strain developed from Wistar Kyoto rats with spontaneous
rates hypertension.

2. Handling and Restraint

Laboratory rats can be handled easily if they are treated kindly. Frequent handling usually makes the
rat even more gentle and easy to handle. Rats may be picked up by gently grasping the animal around
the torso. If necessary, rats may be picked up by grasping the base of the tail and then immediately
transferring the animal to a more stable position. However, when using this technique, it is important
to grasp near the base and not the tip of the tail because this could easily injure the animal.

3. Housing

The rat is a most adaptive creature; however, this does not preclude the need for appropriate housing
and husbandry standards. Like mice, rats may be housed individually or with several animals per
cage in plastic shoebox-type caging or suspended stainless steel caging. When housed in plastic
shoeboxes, rats should be provided with some type of bedding material such as processed hardwood
chips or ground corncobs. Fresh water may be provided using water bottles or via an automatic
watering system. For newly weaned rats, it is advisable to gang house the animals for several days
after receipt (e.g., 2-3/cage) to allow the animals to become accustomed to the food and water
sources. This is particularly true if the animals are to be introduced to an automatic water system
for the first time.

Each rat should be checked daily to ensure that an adequate supply of fresh food and water is
available. In addition, the health of each animal should be verified at the time of receipt and on a
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daily basis thereafter by trained and qualified personnel. Minimum cage space requirements for

the laboratory rat are presented in Table 1.16.

TABLE 1.16

Minimum Cage Space Requirements for Rats?

Body Weight
@

<100
100-200
200-300
300-400
400-500

>500

Floor Area/Rat
(sg. in.)

17.0
23.0
29.0
40.0
60.0

>70.0

Cage Height
(in.)
7

ENEENEENEENEEN

2 As per the Guide for the Care and Use of Laboratory Animals, 1996.

4. Environmental Conditions

Environmental conditions recommended for rats by the Guide are as follows:

Room temperature: 64-79°F, 18-26°C

Relative humidity: 30-70%
Room air changes: 10-15/hour

Environmental controls should be set toward the middle of the room temperature and relative
humidity ranges to avoid extremes and possible large fluctuations in these variables. The Guide
does not specify any particular lighting cycle for rats; however, a 12 hour light/12 hour dark cycle

is routinely used for this species.

5. Physical and Physiological Parameters

Physical and physiological parameters for laboratory rats are listed in Table 1.17.

TABLE 1.17

Physical and Physiological Parameters of Rats*672

Life span

Male adult weight
Female adult weight
Birth weight

Adult food consumption
Adult water consumption
Male breeding age/weight
Female breeding age/weight
Placentation

Estrus cycle

Gestation

Weaning age/weight
Average litter size
Mating system(s)

Adult blood volume
Maximum safe bleed
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2-3yr

350-400 g

180-200 g

5-6¢

10-20 g/day

20-30 ml/day

10-12 wk/300-350 g
8-10 wk/200-300 g
Discoidal hemochorial
4-5 days (polyestrous)
20-22 days

21 days/35-45 g
10-12 pups

1:1 or 1 male to multiple females
6-7% of body weight
5-6 ml/kg



TABLE 1.17 (Continued)
Physical and Physiological Parameters of Rats*672

Red cell count 6-10 x 108/mm?
White Cell Count 7-14 x 103/mm3
Hemoglobin 11-18 g/dl
Hematocrit 34-48%

Mean corpuscular volume 50-65

Mean corpuscular hemoglobin 19-23

Mean corpuscular hemoglobin concentration ~ 32-38

Platelet count 800-1500 x 10%/mm3
Heart rate 250-500 beats/min
Respiration rate 80-150 breaths/min
Rectal temperature 37.5°C

Urine pH 6.0-7.5

Urine volume 10-15 ml/day
Chromosome number 2n =42

2 See chapters 2, 5, 10, 11, 12, and 18 for more detailed information.

6. Identification, Bleeding, Anesthesia, and Euthanasia Methods for Rats

TABLE 1.18
Identification, Bleeding, Anesthesia, and Euthanasia Methods for Laboratory Rats

Identification methods
Ear tags
Ear punch, notch
Tail tatoo identification number
Subcutaneously implanted transponder
Bleeding methods
Orbital sinus
Tail vein and artery
Anesthesia methods
75 mg/kg ketamine and 5 mg/kg xylazine
4-5 mg/100 g body weight sodium pentobarbital
Euthanasia methods
CO, inhalation
Sodium pentobarbital overdose

7. Diseases

Various diseases and adverse health conditions of laboratory rats are identified and briefly described
in Table 1.19.

TABLE 1.19

Various Diseases and Adverse Health Conditions of Laboratory Rats*8°

Disease/Health Condition Etiology, Clinical Signs, Symptoms, and/or Pathology

Mycoplasma pulmonis Bacterial infection which is common in conventionally reared rats and mice; responsible

for rhinitis, otitis, laryngitis, tracheitis, bronchiolitis, bronchopneumonia, and additionally
perioophoritis and salphingitis. Other mycoplasma species have been isolated from rats
but M. pulmonis is the only significant pathogen.
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TABLE 1.19 (Continued)
Various Diseases and Adverse Health Conditions of Laboratory Rats*8°

Disease/Health Condition Etiology, Clinical Signs, Symptoms, and/or Pathology

Klebsiellosis Caused by bacterium Klebsiella pneumonia; rats with natural disease may have
submaxillary, parotid, or inguinal lymph node abscesses.

Tyzzer’s disease Caused by bacterium Clostridium piliforme; may occur in mice, rats, gerbils, hamsters,

guinea pigs, rabbits, cats, dogs, nonhuman primates, horses, and other species; has been
reported in Europe, North America, and Asia; most outbreaks in laboratory rats and mice
have occurred in conventional colonies; usually subclinical; signs may include diarrhea,
poor coat, and sudden death in young; focal necrosis in liver and inflammation of ileum.

Bordetellosis Caused by bacterium Bordetella bronchiseptica that is a common inhabitant of the
respiratory tract of rats and mice; may cause pneumonia usually in association with a
primary pathogen such as mycoplasma.

Pasteurellosis Caused by bacterium Pasteurella pneumotropica, an opportunistic organism; associated
with abortion and respiratory, ear, reproductive, mammary gland, conjunctival and skin
lesions; usually a co-pathogen with respiratory pathogens such as Sendai virus and
mycoplasma.

Sendai virus Caused by Paramyxovirus; extremely contagious; clinically inapparent chronic infection or
clinically apparent acute infection; variable signs may include chattering, mild respiratory
distress, prolonged gestation, poor growth, and death in young; concurrent pulmonary
infections may occur.

Sialodacryoadenitis (SDA) Caused by Coronavirus; highly contagious; one of the most common viruses in laboratory
rats; virus is present in tissues of infected rats for only about 7 days; suckling rats may
have mild transient signs (e.g., conjunctivitis); alternatively, sudden high prevalence of
overt disease may occur with signs such as cervical edema, sneezing, photophobia, nasal
and ocular discharge, and corneal lesions; there is usually high morbidity and no mortality;
histopathological changes in salivary and lacrimal glands are characteristic.

Rat parvoviruses Rat Virus (RV), H-1 Virus, and Rat Parvovirus (RPV); all are common, but only RV is
associated with natural disease. RV is usually subclinical, but can be associated with fetal
resorption, neonatal cerebellar hypoplasia with ataxia, hepatitis, jaundice, steatorrhea, and
hemorrhages in adults especially when immunosuppressed.

Pneumonia virus of mice Caused by Pneumovirus; common infection in laboratory rodents worldwide; active
infection lasts about 9 days; natural infections are subclinical in euthymic rodents.
Ringtail Condition of young rats and mice characterized by annular constriction and subsequent

edema, necrosis, and sloughing of the tail; much more common in rats; may be prevented
by providing relative humidity $50%.

C. GuINEA PiG (CAviA PORCELLUS)
1. Breeds and Strains

Compared with the variety of mouse and rat strains which are available commercially, relatively
few strains of guinea pigs are produced commercially for research purposes. The most commonly
used guinea pig strains are albino outbreds of the Dunkan-Hartley and Hartley varieties. These
strains have short, smooth hair and characteristic nonpigmented eyes.

Hairless guinea pigs such as the IAF strain are available from Charles River Laboratories,
Wilmington, MA. Although these guinea pigs are a bit more expensive than the standard Hartley
guinea pig, the absence of hair and intact immune system of the hairless guinea pig makes it an
attractive alternative for dermal studies, such as delayed contact hypersensitivity or photoirritation
and photosensitization studies. Consequently, the hairless guinea pig seems to be gaining in pop-
ularity among scientists involved in dermatological research.
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2. Handling and Restraint

Although the guinea pig is probably the most nervous and panicky species used in research, it
generally will not scratch or bite when picked up, provided it is well supported. It is advisable to
approach and handle the guinea pig in a quiet and confident manner to avoid inducing any
unnecessary stress in the animal. The guinea pig may be picked up easily by placing one hand
firmly around the animal’s thorax and the other hand beneath the body to support the animal’s
weight. The guinea pig will often wiggle and vocalize (whistle) when handled.

3. Housing

Because guinea pigs cannot jump or climb very well, they may be housed in relatively shallow cages
with solid bottoms or wire flooring. If solid-bottom caging is used, the animals should be provided
with some type of bedding material, such as processed hardwood chips. If suspended stainless steel
caging is used, the wire floor must not allow the animal’s feet to extend between the grids or the
animal may be injured accidentally. Water may be supplied to guinea pigs using water bottles or by
an automatic watering system. Each guinea pig should be checked daily to ensure that it has an
adequate supply of fresh, uncontaminated food and water. Like humans and nonhuman primates,
guinea pigs require regular doses of vitamin C (ascorbic acid) to avoid developing scurvy. Fortunately,
commercial diets are available that contain an adequate supplement of vitamin C for this species.

The health of each animal should be verified at the time of receipt and on a daily basis thereafter
by trained and qualified personnel. Guinea pigs can be rather messy laboratory animals because
they quickly foul their cages and seem to enjoy spilling their food and playing with their water
sippers. Therefore, the condition of the cages and bedding should be monitored closely and cleaned
regularly to provide a suitable habitat for the animals. Minimum cage space requirements for the
guinea pig are as follows:

TABLE 1.20

Minimum Cage Space Requirements for

Guinea Pigs?

Body Weight  Floor Area/Guinea Pig  Cage Height
() (sg. in.) (in)
3350 60.0 7
>350 >101.0 7

2 As per the Guide for the Care and Use of Laboratory
Animals, 1996.

4. Environmental Conditions

Environmental conditions for guinea pigs recommended by the Guide are as follows:

Room temperature: 64-79°F, 18-26°C
Relative humidity 30-70%
Room air changes: 10-15/hour

Environmental controls should be set toward the middle of the room temperature and relatively
humidity ranges listed above to avoid extremes and large fluctuations in these environmental
variables. The Guide does not specify any particular lighting cycle for guinea pigs; however, a 12
hour light/12 hour dark cycle is routinely used for this species.
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5. Physical and Physiological Parameters

Physical and physiological parameters of guinea pigs are listed in Table 1.21.

TABLE 1.21

Physical and Physiological Parameters of Guinea Pigs*67a

Life span

Male adult weight
Female adult weight
Birth weight

Adult food consumption
Adult water consumption
Dietary peculiarities
Male breeding age/weight
Female breeding age/weight
Placentation

Estrus cycle

Gestation

Weaning age/weight
Litter size

Mating

Adult blood volume
Maximum safe bleed
Red cell count

White cell count
Hemoglobin

Hematocrit

Platelet count

Heart rate

Respiration rate

Rectal temperature

Urine pH

Urine volume
Chromosome number

4-6 yr

1,000-1,200 g
850-900 g

90-120 g

20-30 g/day

12-15 m1/100 g
Vitamin C required to avoid scurvy
11-12 wk/600-700 g
7-8 wk/350-450 g
Discoidal hemochorial
16-18 days

65-70 days

7-14 days/150-200 g
2-5

1M:1F or 1M:10F
6-7% body weight
7-8 ml/kg

4.5-7 x 10%/mm3
5-15 x 10%/mm?3
11-17 g/dl

39-47%

250-750 x 103/mm?
230-300 beats/min
60-110 breaths/min
39.5°C

8.0-9.0

15-75 ml/day

2n = 64

2 See Chapters 5, 11, 12, and 18 for more detailed information.

6. ldentification, Bleeding, Anesthesia, and Euthanasia Methods

for Guinea Pigs

TABLE 1.22

Identification, Bleeding,

Anesthesia, and Euthanasia

Methods for Laboratory Guinea Pigs

Identification methods
Ear tags

Subcutaneously implanted transponder

Bleeding methods

Cardiac puncture (only with prior anesthesia)

Anesthesia methods

Ketamine, methoxyflurane, isoflurane, pentobarbital

Euthanasia methods
CO, inhalation

Sodium pentobarbital overdose
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7. Diseases

Various diseases and adverse health conditions of guinea pigs are identified and briefly described

in Table 1.23.

TABLE 1.23

Various Diseases and Adverse Health Conditions of Guinea Pigs*®

Disease/Health
Condition

Antibiotic-induced
toxicity

Conjunctivitis

Lymphadenitis (lumps)

Metastatic calcification

Muscular dystrophy

Parasitic diseases

Pneumonia

Pregnancy toxemia

Ringworm

Scurvy

Slobbers

Etiology, Clinical Signs, Symptoms, and/or Pathology

Guinea pigs and hamsters are highly susceptible to the toxic effects of many antibiotics; toxicity
results from overgrowth of Clostridium difficile and subsequent elaboration of toxins;
enterocolitis with diarrhea and death may occur in 3-7 days.

Often caused by Chlamydia psittaci; Salmonella spp., Streptococcus spp., Staphylococcus spp.,
and Pasteurella multocida may also be involved; clinical signs include conjunctival hyperemia
and chemosis with purulent ocular exudate; may be treated with ophthalmic antibiotics.

Inflammation and enlargement of the cervical lymph nodes is common in guinea pigs; usually
caused by Streptococcus zooepidemicus; clinical findings are large unilateral or bilateral
swellings or abscesses in the ventral neck region; organisms may gain entry to lymphatics from
abrasions of the oral mucosa, thus avoid abrasive materials in feed or litter; affected animals
should be culled.

Occurs most often in male guinea pigs >1 yr old, but is usually clinically inapparent; signs include
stiff joints and high mortality; calcium deposits may be seen in the lungs, liver, heart, aorta,
stomach, colon, kidneys, joints, and skeletal muscles at necropsy; may be due to diets low in
magnesium and potassium.

Guinea pigs are extremely sensitive to vitamin E deficiency; clinical signs are stiffness, lameness,
and refusal to move; microscopic lesions include coagulative necrosis, inflammation, and
proliferation of skeletal muscle fibers.

Several protozoa (Toxoplasma gondii, Eimeria caviae, Encephalitozoon cuniculi), nedatodes
(Paraspidodera uncinata), and lice (Gyropus ovalis, Gliricola porcelli) may infect guinea pigs.

May be caused in guinea pigs by several bacteria (e.g., Bordetella bronchiseptica, Streptococcus
zooepidemicus, Streptococcus pneumoniae, Klebsiella pneumoniae, and Patteurella
pneumotropica); clinical signs are respiratory distress; affected animals should be culled.

Metabolic disorder caused by obesity and stress which might induce temporary anorexia during
late pregnancy; clinical findings are anorexia, adipsia, muscle spasms, coma within 48 hr of
onset, and death within 4-5 days; laboratory findings are aciduria, proteinuria, hyperlipemia,
and fatty degeneration of parenchymatous organs.

Dermatomycotic infection usually caused in guinea pigs by Trichophyton mentagophytes; signs
are alopecia (usually starting at head), characterized by crusty, flaking lesions of the skin; facial
lesions are common and disease may spread over the posterior regions; contagious to man and
other animals.

Caused by vitamin C deficiency; guinea pigs cannot synthesize or appreciably store vitamin C;
clinical signs include unsteady gait, painful locomotion, hemorrhage of gums, swelling of joints,
and emaciation; may be prevented by providing 15-25 mg of vitamin C per day; vitamin C is
stable for 3 mo in commercial guinea pig diets that are properly stored after milling.

Actually represents several conditions characterized by wet, matted hair around the mouth, chin,
and ventral neck; drooling occurs whenever mastication is impaired (e.g., from dental
abnormalities such as malocclusion or mandibular deformity); incisor teeth may be clipped to
improve occlusion; mandibular deformity may result from subacute scurvy, folate deficiency or
excess dietary fluoride.
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D. RABBIT (ORYCTOLAGUS CUNICULUS)
1. Breeds and Strains

There are more than 100 different breeds and varieties of rabbits recognized by the American
Rabbit Breeders Association. However, relatively few breeds are used for research purposes. Two
breeds which have been used quite extensively for research include the New Zealand White rabbit
and the Dutch Belted rabbit.

The New Zealand White (NZW) rabbit is an albino breed with rather large ears and characteristic
nonpigmented eyes. This breed commonly attains a mature body weight of approximately 4.5 kg
(approximately 10 pounds). In contrast, the Dutch Belted rabbit is a nonalbino breed that is usually
black with a white stripe on the face and around the thorax. This breed has a mature body weight
which is substantially less than that of the NZW rabbit, in the range of 2 to 2.5 kg (approximately
4.5 to 5 pounds).

2. Handling and Restraint

As with all species, it is essential that personnel receive proper, supervised training in appropriate
handling and restraint techniques before working with rabbits. The rabbit should NEVER BE
PICKED UP BY THE EARS ALONE because this will undoubtedly result in injury to the animal,
and possibly to the caretaker. If handled incorrectly, the rabbit usually becomes excited and kicks
viciously with its powerful back legs while twisting and contorting its body. This often leads to
spinal injury to the animal.

The best method for picking up the rabbit is to grasp the scruff of the neck with one hand,
while supporting the rump of the animal with the other hand. A gentle but firm grip is necessary
to control the animal and to reduce anxiety and fear which are associated with restraint and lifting
of the animal. Because all rabbits resist restraint to some degree, handlers should wear long sleeves
or other protective covering to avoid being scratched.

3. Housing

In the laboratory setting, rabbits are usually housed in individual, suspended stainless steel cages
with wire or slatted metal flooring. Fresh water may be supplied by water bottles or via an automatic
watering system. Commercial rabbit feed is usually supplied using “J-type” feeders in which the
curved lower portion dwells inside the cage and the square “hopper” portion is attached to the
outside of the cage. Because male rabbits commonly express urine outside their cages, it is desirable
to use some type of feeder lid to avoid contamination of the food supply of animals on lower cage
levels. Food may be provided ad libitum, or on a restricted daily basis (e.g., 30-60 g/kg per day
for an adult rabbit). When fed ad libitum, rabbits (like some humans) often gorge themselves and
eat more than is really needed. A large NZW rabbit can usually maintain its body weight while
being fed no more than 110-150 g of pellets per day.

Rabbits produce two types of feces that are known as “day feces” and “night feces.” The day
feces are hard and round, whereas the night feces are soft and covered by gray mucus. The night
feces are consumed by the rabbit directly from the anus in a practice known as “coprophagy.” This
provides the rabbit with some benefit in the way of increased digestibility of protein and vitamins.
Because of this practice, overnight fasting of rabbits will rarely, if ever, result in complete emptying
of the stomach. Use of cages with wire flooring does not in any way reduce or eliminate coprophagy.

As with all species, the health of each rabbit should be verified at the time of receipt and on
a daily basis thereafter by trained and qualified personnel. The condition of the animals’ cages
should be closely monitored and cleaned regularly to provide a suitable habitat for the animals.
Minimum cage space requirements for rabbits are presented in Table 1.24.
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TABLE 1.24
Minimum Cage Space Requirements for Rabbits?

Body Weight Floor Area/Rabbit Cage Height
(kg) (sq. ft.) (in)
<2 15 14
2-4 3.0 14
4-5.4 4.0 14
>5.4 $5.0 14

2 As per the Guide for the Care and Use of Laboratory Animals, 1996.

4. Environmental Conditions

Environmental conditions recommended for rabbits by the Guide are as follows:

Room temperature: 61-72°F, 16-22°C
Relative humidity: 30-60%
Room air changes: 10-15/hour

Environmental controls should be set toward the middle of the room temperature and relative
humidity ranges just described to avoid extremes and large fluctuations in these environmental
variables. The Guide does not specify any particular lighting cycle for rabbits; however, a 12 hour
light/12 hour dark cycle is routinely used for this species.

5. Physical and Physiological Parameters

Physical and physiological parameters for laboratory rabbits are listed in Table 1.25.

TABLE 1.25

Physical and Physiological Parameters of Rabbits*672
Life span 5-7 yr

Male adult weight 4.0-5.5 kg

Female adult weight 4.5-5.5 kg

Birth weight 90-110 g

Adult food consumption 75-100 g

Adult water consumption 80-100 ml/kg body weight

Dietary peculiarities Pelleted diet

Male breeding age/weight
Female breeding age/weight
Placentation

Estrus cycle

Gestation

Weaning age/weight
Litter size

Mating system(s)

Adult blood volume
Maximum safe bleed

Red cell count

White cell count
Hemoglobin

Hematocrit
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6-7 mo/3.5-4.0 kg

5-6 mo/4.0-4.5 kg
Discoidal hemoendothelial
Polyestrous, induced
30-32 days

6-7 wk/1.0-1.5 kg

4-12

1:1 or via artificial insemination

6% of body weight
6.5-7.5 ml/kg
4.5-7.0 x 108/mm3
5-12 x 10%/mm?
11-14 g/dl
32-48%



TABLE 1.25 (Continued)
Physical and Physiological Parameters of Rabbits*¢72

Mean corpuscular volume 58-72

Mean corpuscular hemoglobin 18-24

Mean corpuscular hemoglobin concentration ~ 30-35

Platelet count 250-750 x 103/mm?3
Heart rate 250-300 beats/min
Respiration rate 35-55 breaths/min
Rectal temperature 39.5°C

Urine pH 8.2

Urine volume 50-130 ml/kg
Chromosome number 2n =44

2 See chapters 5, 11, 12, and 14 for more detailed information.

6. ldentification, Bleeding, Anesthesia, and Euthanasia Methods for Rabbits

TABLE 1.26
Identification, Bleeding, Anesthesia, and
Euthanasia Methods for Laboratory Rabbits

Identification methods

Ear studs/tags

Ear tatoo

Subcutaneously implanted transponder
Bleeding methods

Marginal ear vein

Jugular vein

Cardiac puncture (only with prior anesthesia)
Anesthesia methods

Halothane, pentobarbital, methoxyflurane, ketamine, xylazine
Euthanasia methods

Barbiturate overdose (1V)

Other chemical euthanasia solutions

7. Diseases

Various diseases and adverse health conditions of rabbits are identified and briefly described in
Table 1.27.

TABLE 1.27
Various Diseases and Adverse Health Conditions of Rabbits*?

Disease/Health
Condition Etiology, Clinical Signs, Symptoms and/or Pathology

Pasteurellosis Common and highly contagious disease caused by Pasteurella multocida; may be transmitted by
direct or indirect contact; some animals may be asymptomatic carriers; infection may manifest as
rhinitis (snuffles), pneumonia, otitis media, conjunctivitis, abscesses, genital infections, or
septicemia; best controlled by strict culling; rhinitis, abscesses, genital infection, and pneumonia
due to P. multocida and other agents are described further below.
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TABLE 1.27 (Continued)
Various Diseases and Adverse Health Conditions of Rabbits*?

Disease/Health
Condition

Rhinitis

Abscesses

Genital infections

Pneumonia

Listeriosis

Staphylococcosis

Enterotoxemia

Mucoid enteropathy

Tyzzer’s disease

Hepatic coccidiosis

Intestinal coccidiosis

Ear mites

Fur mites

Encephalitozoonosis

Etiology, Clinical Signs, Symptoms and/or Pathology

Pasteurella—induced acute, subacute, or chronic inflammation of the air passages and lungs; serous
exudate from nose and eyes may become purulent; fur on inside of front legs may become matted due

to pawing at nose; infected animals usually sneeze and cough; infection may proceed to pneumonia.

Pasteurella—induced abscesses may be found in any part of the body or head; fight wounds may
develop into abscesses; it is usually better to eliminate rather than treat affected rabbits.

Genital infections may be caused by Pasteurella or other organisms; the infections manifest as acute
or subacute inflammation of the reproductive tract; occurs more often in does than bucks; females
may exhibit yellowish gray vaginal discharge; best controlled by culling.

P. multocida accounts for most cases, but other bacteria may be involved (e.g., Klebsiella
pneumoniae, Bordetella bronchiseptica, and pneumococci); upper respiratory disease (snuffles)
often precedes pneumonia; occurrence may be directly proportional to level of ammonia in rabbitry;
affected animals usually die within 1 wk after signs appear.

Sporadic septicemic disease caused by Listeria monocytogenes and characterized by sudden deaths,
abortions, or both; clinical signs are nonspecific and may include anorexia. depression, and weight
loss; seldom affects the CNS but may spread to the liver, spleen, and gravid uterus; multiple gray-
white foci are commonly seen at necropsy.

Caused by Staphylococcus aureus; manifests as fatal septicemia in young rabbits and suppurative
inflammation in older rabbits involving almost any organ or tissue; infected rabbits may show no
signs until resistance is decreased; abscesses develop in chronic infections; usually fever,
depression, anorexia, and then death in acute septicemia.

Explosive diarrheal disease of young rabbits (e.g., 4-8 wk of age) which occasionally affects adults;
one recognized cause is Clostridium spiroforme; signs are lethargy, rough coat, greenish brown
fecal staining, and death within 48 hr; necropsy shows fluid-distended intestine with petechiae on

serosal surface.

Diarrheal disease which may occur in rabbits of any age; exact etiology is unknown; clinical signs
are mucoid feces, anorexia, lethargy, dehydration, rough coat, bloated abdomen, and perineal area
covered with mucus and feces; impaction of cecum and gelatinous mucus in the colon are common
necropsy findings.

Caused by Bacillus piliformis; produces severe diarrhea and death in young rabbits; characterized
by profuse diarrhea, anorexia, dehydration, lethargy, and death in 1-3 days; bacterium may affect
other species.

Caused by Eimeria stiedae; transmission is by ingestion of sporulated oocysts; severity of disease
depends on the number of oocysts ingested; rabbits may fail to make normal gains, but infection
is usually asymptomatic; small yellowish white nodules are found throughout the hepatic
parenchyma at necropsy; microscopically, nodules are composed of hypertrophied bile ducts;
oocysts may be demonstrated by fecal flotation and microscopic examination.

Caused by E. magna, E. irresidua, E. media, E. perforans, or other Eimeria spp.; like hepatic
coccidiosis, transmission is by ingestion of sporulated oocysts; may occur in rabbits receiving the
best of care; infections are usually mild with no clinical signs; intestines may become thickened
and pale; oocysts may be demonstrated by fecal flotation and microscopic examination.

The ear mite, Psoroptes cuniculi, is a common parasite of rabbits; common signs are head shaking,
ear flopping, and ear scratching; ears can be treated by removing exudate and applying miticide
for dogs and cats, or light mineral oil alone; treatment should be repeated in 6-10 days and
continued as necessary; ivermectin has been shown effective in treating ear mites.

Infestation is usually asymptomatic unless animals become debilitated; infestations are common
by Cheyletiella parasitovorax and Listrophorus gibbus; occasional small scabs and sores may be
seen on the necks of adult animals.

Widespread protozoal infection of rabbits caused by Encephalitozoon (Nosema) cuniculi;
occasionally infects mice, guinea pigs, rats, and dogs; usually no clinical signs are seen; pitting
of the kidneys may be seen at necropsy; microscopic lesions consist of focal granulomas and
pseudocysts in the brain and kidneys.
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TABLE 1.27 (Continued)
Various Diseases and Adverse Health Conditions of Rabbits*?

Disease/Health
Condition

Pinworms

Pox Viruses
Orthopox

Leporipox

Papova Viruses
(Papillomatosis)

Viral hemorrhagic
disease

Broken back
Cannibalism
Dental malocclusion

Hair chewing and
hairballs

Ulcerative
pododermatitis
(sore hocks)

Etiology, Clinical Signs, Symptoms and/or Pathology

The rabbit pinworm, Passalurus ambiguus, is usually not clinically significantly; adult worm lives
in cecum or anterior colon; not transmissible to man.

Caused by Rabbitpox Virus which is closely related to vaccinia virus and the same as rabbit plaque
or “pockless” rabbitpox; transmission is via direct contact (nasal secretions); clinical signs include
fever, nasal and ocular discharge, enlarged lymph nodes, and typical pox lesions in the skin with
associated high mortality; lesions include papules or nodules in the dermis (central necrosis with
mononuclear cell infiltration), possible necrosis and hemorrhages in lung, spleen, lymph nodes,
liver, testis, ovary and uterus.

Rabbit Myxoma Virus is world wide; transmission is mechanical via direct contact or arthropod
vectors; rare in laboratory rabbits, endemic in the wild with 99% mortality in susceptible
Oryctolagus sp.; lesions vary markedly due to virulence and resistance factors; clinical signs
include dermal masses, gleatinous edema, especially around body orifices and face; lesions in the
skin display proliferation of “myxoma cells” (undifferentiated stellate mesenchymal cells) in
dermis with abundant mucinous matrix; epidermis may be hyperplastic to degenerate with
numerous eosinophilic intracytoplasmic inclusions; hemorrhage or necrosis, as well as, myxoma
cells may be seen in other organs.

Rabbit Fibroma Virus (Shope Fibroma Virus) occurs under natural conditions in cottontail rabbit;
has been experimentally induced Oryctolagus sp.; transmission is mechanical via arthropods;
infection may be limited to subcutaneous rubbery masses that develop 3-5 days post exposure
(PE), these masses display mesenchymal/fibroblastic proliferation in the superficial dermis with
epithelial hyperplasia extending into the mass, at 10-15 days PE regression can be seen with
infiltration of lymphocytes and plasma cells, and necrosis; lesions associated with a sub-type
metastatic virus consist of subcutaneous fibromas at 3—-6 days PE with systemic metastases, and
reduced T and B-cell response in the spleen, death by PE day 10-14 from bronchopneumonia.

Cottontail Rabbit Papilloma Virus (CRPV) is also called Rabbit or Shope Papilloma Virus; natural
infection in wild rabbits, rare in domestic rabbits; infects skin, never the oral cavity; spread by
direct contact and insects; lesions include long keratinized papillary projections (warts) that may
persist for months; this lesion may progress to squamous cell carcinoma.

Oral Papillomatosis Virus (OPV) infects nonkeratinized surfaces only; usually ventral aspects of
tongue or, rarely, ventral oral cavity; never elsewhere on the body; growths are typically solitary
and papillary that regress in weeks to 1-2 years; the CRPV and OPV are distinctly different viruses
and do not cross react.

Highly contagious acute infection primarily of domestic rabbits; causative agent is a calicivirus
lactating and gestating females are most susceptible; rabbits are often found dead with no prior
signs; clinical signs in protracted cases include dyspnea, congestion of eyelids, abdominal
respiration, and tachycardia; death may be preceded by violent cage activity such as rapid turns
and flips; bloody nasal discharge is sometimes seen; gross lesions are generally limited to
congestion of the respiratory tract and liver; microscopically there may be marked focal coagulative
hepatic necrosis; focal necrosis of the myocardium may also be seen.

Fracture or dislocation of lumbar vertebrae is common; signs include posterior paresis or paralysis
and urinary and fecal incontinence; this condition warrants immediate euthanasia

Young does may kill and consume their young for any number of reasons; cannibalism of dead
young is a natural nest-cleaning activity.

Overgrowth of incisors can result in difficulty in eating and drinking; this can be corrected by
cutting the teeth from time to time.

Hair may accumulate in the stomach due to grooming; excessive hair may produce blockage
resulting in anorexia, weight loss, and death.

Commonly caused by body-weight pressure on wire-floored cages; factors such as accumulation
of urine-soaked feces and the type of wire flooring can influence development; there is no effective
treatment; affected animals should be culled.
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E. Doc (CANIS FAMILARIS)
1. Breeds and Strains

A variety of breeds and strains of dogs are used for laboratory studies. For toxicology investigations,
the pure-bred beagle is probably the most popular breed owing to its uniform and relatively small
size, docile temperament, physiological similarities to humans, and ability to adapt well to cage
life. Beagles and other pure-bred strains produced specifically for research purposes are available
from a number of USDA licensed commercial suppliers (see Table 1.9). These “bred for research”
dogs offer the additional advantages of known genetic pedigrees and documented health histories
and therapeutic treatments.

2. Receipt

As with all species, the health of each dog should be verified at the time of receipt and on a daily
basis thereafter by trained and qualified personnel. On receipt, each dog should be given a thorough
physical examination by a qualified veterinarian. The extent of this examination may vary, but, as
a minimum, it should include general physical appearance and behavior, assessment of heart and
lung sounds, presence of external parasites, condition of gums and teeth, mobility, and presence
of any abnormal secretions or signs of gastrointestinal disturbance. Additional evaluations should
be undertaken as deemed appropriate by the veterinarian or required by laboratory standard oper-
ating procedures. These may include fecal flotation for internal parasites, hematology and clinical
chemistry assessments, ophthalmological examinations, and ECG measurements.

Each dog must have a certificate of health that has been completed by a licensed veterinarian
and states that the animal was determined to be in acceptable condition no longer than 10 days
before shipping. The date of last access to feed and water must appear on the paperwork accom-
panying each dog and on the dog’s transport cage. The paperwork must also provide a place to
document that feed was offered at least every 24 hours for dogs 16 weeks of age or older, and at
least every 12 hours for dogs less than 16 weeks of age. Potable water must be offered at least
once every 12 hours to all dogs in transit.

3. Handling and Restraint

Compassionate treatment and common sense are the cornerstones of proper management of dogs
and other laboratory species. Specifications for the humane handling, care, treatment, and trans-
portation of dogs (and cats) may be found in Part 3, Subpart A of the Animal Welfare Act.! Other
regulations concerning USDA licensing, registration, research facilities, veterinary care, animal
identification, required records, and regulatory compliance may be found in Part 2, Subpart A of
the Animal Welfare Act.

The dog may be handled and restrained in a safe manner, provided that personnel are properly
trained and experienced in appropriate handling and restraint techniques. Smaller dogs such as the
beagle may be lifted by extending one arm under the abdominal area in front of the hind legs and
the other arm in front of the chest area. Like other species, dogs should be handled in a firm but
gentle manner.

During experimental manipulation (e.g., dose administration, clinical and physical examina-
tions, blood sampling, electrocardiograms, etc.), it is wise to employ a team of two individuals,
one to provide restraint and reassurance to the dog while the other performs experimental proce-
dures. For some experimental techniques, the dog may be placed in a suspended upright position
using a body sling designed for this purpose. Alternatively, the dog may be placed and manually
restrained on top of an examination table. Irrespective of the method used, the presence of a second
individual is most helpful to provide reassurance to the animal during restraint.

Occasionally, even docile breeds such as the beagle may become aggressive and require
muzzling and/or chemical restraint to protect laboratory personnel. Muzzles may be purchased for
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this purpose, or simply prepared by wrapping the animals snout with gauze. When aggressive
animals are encountered, the investigator and facility veterinarian should attempt to determine the
reason for the adverse behavior and take immediate action. If the animal is injured, it should be
euthanized. If the aggressive behavior is a manifestation of experimental treatment, immediate steps
should be taken to ensure the safety of laboratory personnel. Of course, these latter comments
apply to all species used in laboratory research.

4. Housing

Although the dog is hardier than many laboratory species, it must still be provided with a safe and
comfortable habitat which protects the animal from extreme temperatures and weather conditions
that may be uncomfortable or hazardous to the animal.

Dogs may be housed in cages, pens, or runs, with one or more dogs per primary enclosure.
However, if housed in group pens or runs, only compatible animals should be placed together.
Primary enclosures must be designed and constructed in a suitable and structurally sound manner.
The enclosures must be kept in good repair with surfaces that can be readily cleaned and sanitized.
Floors must protect the animals feet and legs from injury. If mesh or slatted floors are used, the
dog’s feet must not be allowed to pass through the floor openings. Primary enclosures must be
cleaned daily and sanitized a minimum of once every 2 weeks. Animals are not to be wetted or
contaminated by water from other cages during the cleaning process.

All dogs must have easy and convenient access to fresh food and water. Food must be provided
at least once each day, except as otherwise might be required to provide adequate veterinary care.
The food must be uncontaminated, wholesome, palatable, and of sufficient quantity and nutritive
value to maintain the normal condition and weight of the animal. If potable water is not continually
available to the animal, it must be offered as often as necessary to ensure the health and well-being
of the dog (i.e., not less than twice daily for at least 1 hour each time). Minimum cage space
requirements for the dog are presented in Table 1.28.

TABLE 1.28

Minimum Cage Space Requirements for Dogs?

Body Weight Floor Area/DogP Cage Height?
(kg)? Type of Housing? (sq. ft.) (in.)
<15 Pen/run 8.0 Not Applicable
15-30 Pen/run 12 Not Applicable
>30 Pen/run 24 Not Applicable
<15 Cage 8.0 32
15-30 Cage 12 36
>30 Cage —b —b

2 As per the Guide for the Care and Use of Laboratory Animals, 1996.
b These guidelines may require modification based on the body conformation
of individual animal and breed.

According to the Guide, some dogs, especially those toward the upper limit of each weight
range, may require additional floor space or cage height to ensure compliance with the Animal
Welfare Act. These regulations mandate that the height of each cage be sufficient to allow the dog
to stand in a “comfortable position” and that the minimum square footage of floor space be equal
to the “mathematical square of the sum of the length of the dog in inches, as measured from the
tip of the nose to the base of the tail, plus 6 inches, expressed in square feet.” As an example, the
floor space calculation for a dog measuring 28 inches from the tip of the nose to the base of the
tail would be:
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(28in.+61in.)* _

- =8.0sq. ft.
144 in. (1 sq. ft.)

5. Environmental Conditions

Environmental conditions recommended for dogs by the Guide are as follows:

Room temperature: 64-84°F, 18-29°C
Relative humidity: 30-70%
Room air changes: 10-15/hour

Environmental controls should be set toward the middle of the room temperature and relatively
humidity ranges stated above to avoid extremes and large fluctuations in these environmental
variables. The Guide does not specify any particular lighting cycle for dogs; however, a 12 hour
light/12 hour dark cycle is routinely used for this species.

6. Exercise

Dogs 12 weeks old or older which are housed separately from other dogs must be given an
opportunity to exercise regularly if their cage size is less than two times the required size. Dogs
which are gang housed in a pen that meets 100% of the required floor space (i.e., the sum of each
dogs requirement) are not required to be provided with additional exercise. The specific exercise
program must be approved by the attending veterinarian and IACUC. The program must be in the
written form of a standard operating procedure and records documenting the regimen must be
maintained for each dog. Each dog that is denied contact with another dog must have positive daily
physical contact with an animal handler.

Exercise exemptions for health reasons deemed necessary by the veterinarian must be in written
form and, unless the health condition is permanent, must be reviewed by the veterinarian every
30 days. The IACUC must also agree to the proposed exercise exemption and must review the
proposal at least once each year. If the principle investigator determines that the exercise is
detrimental to the research protocol for scientific reasons, exercise may be eliminated, provided
that the IACUC approves of this action. In this case, the committee’s approval must be in the
IACUC-approved protocol.

7. Physical and Physiological Parameters

Physical and physiological parameters for dogs are listed in Table 1.29.

TABLE 1.29

Physical and Physiological Parameters of Dogs*7 2
Life span 12-14 yr

Male adult weight 6-25 kg

Female adult weight 6-25 kg

Birth weight 300-500 g

Adult food consumption 250-1,200 g/day
Adult water consumption 100-400 ml/day

Breeding age (males) 9-12 mo

Breeding age (females) 10-12 mo

Estrus cycle Biannual, monestrus

Gestation 56-58 days

Weaning age 6-8 wk

Litter size 4-8

Mating Pairs, 1 male to multiple females
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8.

TABLE 1.29 (Continued)
Physical and Physiological Parameters of Dogs*7 2

Adult blood volume
Maximum safe bleed
Red cell count
White cell count

8-9%, 75-110 ml/kg
8-10 ml/kg

5.5-8.5 x 106/mm3
6-14 x 103/mm3

Hemoglobin 13-18 g/dl
Hematocrit 38-52%

Platelet count 200-600 x 10%3/mm3
Heart rate 80-140 beats/min
Respiration rate 10-30 breaths/min
Rectal temperature 38.5°C

Urine pH 7.0-7.8

Urine volume 25-45 ml/kg
Chromosome number 2n =178

2 See Chapters 5, 11, 12, and 18 for more detailed information.

Identification, Bleeding, Anesthesia, and Euthanasia Methods for Dogs

TABLE 1.30

Identification, Bleeding, Anesthesia, and Euthanasia Methods

for Laboratory Dogs

Identification methods

Chain collar with metal (numbered) tag
Letter tattoo on ear or flank

Cage card + individual animal records

Subcutaneously implanted transponder

9.

Bleeding methods

Cephalic, saphenous, femoral, and jugular veins

Anesthesia methods

Halothane, isoflurane, tranquilizers, narcotics, sodium pentobarbital

Euthanasia methods

Overdose of anesthetic drugs or chemical euthanasia solutions (e.g., sodium pentobarbital)

Diseases
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Various diseases and adverse health conditions of dogs are identified and briefly described in Table
1.31.

TABLE 1.31
Various Diseases and Adverse Health Conditions of Dogs*®

Disease/Health
Condition Etiology, Clinical Signs, Symptoms and/or Pathology

Distemper (hardpad disease)  Caused by a paramyxovirus; highly contagious systemic disease characterized by diphasic
fever, leukopenia, gastrointestinal and respiratory catarrh, and frequent pneumonic and
neurological complications; suspected cause of multiple sclerosis in man; hyperkeratosis
of footpads may occur; CNS signs include localized twitching, paresis, or paralysis, and
convulsions with salivation and chewing movements; seizures may become more frequent
and severe; atrophy of thymus is a consistent postmortem finding; prevention is available
via vaccination.

Parvovirus An enteritis of acute onset and varying morbidity and mortality; dogs of all ages may be
affected, but puppies seem to be more susceptible; older and immune-impaired dogs may
also be more susceptible to the virus; virus produces two different disease forms
(myocarditis and enteritis); intestinal crypts become infected resulting in collapse of villi
and necrosis of crypt cells; clinical signs include anorexia, lethargy, and rapid dehydration;
lymphopenia (but not leukopenia) is found in most affected dogs; death may follow due
to dehydration, electrolyte imbalance, endotoxic shock, or secondary septicemia; small
intestine is primarily affected in enteric form of disease; pulmonary edema is main finding
in myocardial form; prevention is available via vaccination.

Hepatitis virus Contagious disease with signs that vary from slight fever to severe depression, marked
leukopenia, prolonged bleeding time, and death; caused by canine adenovirus-1; clinical
signs include apathy, anorexia, thirst, conjunctivitis, ocular discharge, nasal discharge,
and occasional abdominal pain; disseminated intravascular coagulation is common; liver,
kidneys, spleen, and lungs are the main target organs; hepatic cell necrosis and “paint
brush” hemorrhages of the gastrointestinal tract, lymph nodes, thymus, and pancreas are
observed postmortem; 25% of recovered dogs develop bilateral cornealopacity;
prevention is available via vaccination which is often given with distemper
immunizations.

Canine herpesvirus Fatal viral infection of puppies worldwide; transmission occurs between susceptible puppies
and the infected dam; death usually occurs at 1-3 wk; characteristic lesions consist of
disseminated focal necrosis and hemorrhages; no vaccine is available, however, subsequent
litters receive maternal antibodies in the colostrum and disease does not develop.

Canine coronavirus Highly contagious gastrointestinal disease of dogs characterized by emesis and diarrhea;
signs are similar to parvovirus but usually milder; prevention is available via vaccination.
Parainfluenza virus Virus is capable of causing disease by itself, but is probably more often involved as a

primary infection followed by secondary invaders; clinical signs include fever, anorexia,
serous nasal discharge, lacrimation, and coughing; histological lesions include
bronchiolitis and alveolitis with marked congestion and hemorrhage; prevention is
available via vaccination.

Brucellosis Caused by Brucella canis; disease disseminates rapidly among dogs closely kenneled; both
sexes seem to be equally susceptible; primary signs are abortion, stillbirths, and conception
failures; infected dogs develop generalized lymphadenitis, epididymitis, periorchitis, and
prostatitis; transmission is congenital, venereal, or by ingestion of contaminated materials;
bacteremia may persist for up to 2 yr; attempts at immunization have not been uniformly
successful.
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TABLE 1.31 (Continued)
Various Diseases and Adverse Health Conditions of Dogs*®

Disease/Health
Condition

Infectious tracheobronchitis

(kennel cough)

Coccidiosis

Giardiasis

Babesiosis

Mange

Heartworm

Roundworm

Stronglyoidosis

Etiology, Clinical Signs, Symptoms and/or Pathology

Highly contagious but generally a mild and self-limiting disease that affects dogs of all ages
and results from inflammation of the upper airways; may progress to fatal
bronchopneumonia in puppies or chronic bronchitis in adult dogs; spreads rapidly among
susceptible dogs; canine parainfluenza virus, canine distemper virus, canine adenovirus-2,
or Bordetella bronchiseptica may act as primary pathogens; concurrent infections with
several pathogens is common; prominent clinical sign is harsh dry cough which may be
followed by retching and gagging; development of more severe signs indicates complicating
systemic infection such as distemper or bronchopneumonia; dogs should be immunized
against distemper, parainfluenza, and canine adenovirus-2.

Approximately 22 species of coccidia infect the intestinal tract of dogs; the most common
coccidia of dogs are Cystoisospora spp.; common clinical signs in severe cases are diarrhea
(sometimes bloody), weight loss, and dehydration; may be treated with coccidiostatic agents
such as sulfadimethoxine or nitrofurazone.

Intestinal protozoan which causes acute enteritis; trophozoites of Giardia canis may be
detected by direct saline smears of fecal samples; ova may be detected by fecal flotation.

Caused by a protozoan, B. canis, transmitted by a variety of tick genuses. The organism
parasitizes red blood cells leading to anemia, fever, lethargy, and poor appetite; in more
severe cases, severe depression, drooling, vomiting, jaundice, hemoglobinuria (due to
intravascular hemolysis), mucosal petechiae and congestion, ulcerative stomatitis, and
angioneurotic edema of the head, legs, and body occur; disseminated intravascular
coagulation is a consistent occurrence in severe B. canis; B. gibsoni is another agent of
canine babesiosis, but is apparently restricted to Asia; extravascular hemolysis is the rule
with B. gibsoni in which splenomegaly and death due to anemia are common.

Contagious skin disease caused by several species of mites; may be transmitted by larvae,
nymphs, and fertilized females; signs include alopecia and pruritis with intense irritation;
if untreated, infestation can lead to emaciation, debilitation, and even death; sarcoptic mites
burrow in the skin and cause intense itching, scratching, chewing, and rubbing; this often
leads to inflammation and secondary infections; skin becomes dry, thickened, wrinkled,
and crusty; demodectic mites feed on cells of the hair follicles and are more likely to
produce localized lesions.

Clinical or subclinical disease complex caused by the filarial worm Dirofilaria immitis;
occurs frequently in mosquito-infected areas; duration and severity of infection determine
the severity of clinical signs; common findings are coughing, decreased exercise tolerance,
and weight loss; large numbers of worms in right atrium and vena cava can cause death;
treatment is difficult; affected dogs are not suitable for research.

Roundworms are relatively common in dogs, especially puppies; Toxocara canis is the most
important species because it is fatal in young pups and larvae may migrate in man; infected
dogs fail to grow and exhibit dull coats and distended abdomens; signs in severe infestations
include pneumonia, ascites, fatty degeneration of liver, and mucoid enteritis; worms may
be vomited or voided in feces: animals may be treated with piperazine salts or broad-
spectrum compounds such as dichlorvos, febantel, or ivermectin.

Small slender nematode (Strongyloides stercoralis) parasite that inhabits the small intestine
of dogs; worms are practically transparent; infections are usually associated with warm,
wet, crowded, unsanitary housing; presence of clinical signs indicates heavy infection;
these include blood-streaked mucoid diarrhea, emaciation, and reduced growth; in advanced
stages there is shallow rapid breathing and pyrexia (indicates grave prognosis); common
postmortem findings are pneumonia with large areas of consolidation, marked enteritis
with hemorrhage, mucosal exfoliation, and profuse mucus secretion.
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TABLE 1.31 (Continued)
Various Diseases and Adverse Health Conditions of Dogs*®

Disease/Health
Condition Etiology, Clinical Signs, Symptoms and/or Pathology

Stomach worm Stomach nematodes of dogs (Physaloptera spp) occur throughout the world; these parasites
cause gastritis and duodenitis resulting in vomiting, anorexia, and dark feces; anemia and
weight loss may develop in heavy infections; treatment with pyrantel and carbon disulfide
is effective.

Hookworms Ancylostoma caninum is the principal cause of canine hookworm disease; a characteristic
change in young pups is acute normocytic, normochromic anemia followed by
hypochromic, microcytic iron deficiency anemia; this is often fatal; anemia results from
blood sucking and ulceration when A. caninum shift feeding sites; hydremia, emaciation,
and weakness develop in chronic disease.

Whipworm The whipworm (Trichuris vulpis) commonly inhabits the cecum in infected dogs; no signs
are seen in light infestations; weight loss and diarrhea may become pronounced as the
worm burden increases; fresh blood may accompany the feces and anemia occasionally

follows.
Cestode (tapeworm) Adult cestodes such as Dipylidium caninum and Taenia pisiformis may inhabit the intestine
infections of dogs, but rarely cause serious disease; if present, clinical signs may depend on the degree

of infection, age, condition, and breed of host; clinical signs may vary from unthriftiness
and malaise to colic and mild diarrhea.

Fleas Ubiquitous blood-sucking ectoparasites, principally of dogs and cats; may cause pruritus
and severe dermatological problems; act as intermediate hosts for the tapeworm
D. caninum: adult fleas can jump long distances and attach to potential hosts; pruritus is
usually the first sign of flea infestation in dogs.

Otitis externa Acute or chronic inflammation of the epithelium of the external auditory meatus, sometimes
involving the pinna; characterized by erythema, discharge, desquamation, and varying
degrees of pain and pruritis; this is the most common disease of the ear canal of dogs.
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ADDITIONAL RELATED INFORMATION

TABLE 1.32
Guiding Principles in the Use of Animals in Toxicology

1. The use, care, and transportation of animals for training and for toxicological research and testing for the purpose of
protecting human and animal health and the environment must comply with all applicable animal welfare laws.

2. When scientifically appropriate, alternative procedures that reduce the number of animals used, refine the use of whole
animals, or replace whole animals (e.g., in vitro models, invertebrate organisms) should be considered.

3. For research requiring the use of animals, the species should be carefully selected and the number of animals kept to
the minimum required to achieve scientifically valid results.

4. All reasonable steps should be taken to avoid or minimize discomfort, distress, or pain of animals.

5. Appropriate aseptic technique, anesthesia, and postoperative analgesia should be provided if a surgical procedure is
required. Muscle relaxants or paralytics are not to be used in place of anesthetics.

6. Care and handling of all animals used for research purposes must be directed by veterinarians or other individuals trained
and experienced in the proper care, handling, and use of the species being maintained or studied. Veterinary care is to
be provided in a timely manner when needed.

7. Investigators and other personnel shall be qualified and trained appropriately for conducting procedures on living animals,
including training in the proper and humane care and use of laboratory animals.

8. Protocols involving the use of animals are to be reviewed and approved by an institutional animal care and use committee
before being initiated. The composition and function of the committee shall be in compliance with applicable animal
welfare laws, regulations, guidelines, and policies.

9. Euthanasia shall be conducted according to the most current guidelines of the American Veterinary Medical Association
(AVMA) Panel on Euthanasia or similar bodies in different countries.

From Society of Toxicology (1999). With permission.

TABLE 1.33
General Information Sources for the Care and Use of Research Animals

1. Public Health Service Policy on Humane Care and Use of Laboratory Animals. PHS (Public Health Service), 1996, U.S.
Department of Health and Human Services, Washington, D.C. 22 pp. [PL 99-158. Health Research Extension Act, 1985].

2. The Animal Welfare Act of 1966 (P.L. 89-544) as amended by the Animal Welfare Act of 1970 (P.L. 91-579); 1976
Amendments to the Animal Welfare Act (P.L. 94-279); the Food Security Act of 1985 (P.L. 99-198), Subtitle F (Animal
Welfare File Name: PL99198); and the Food and Agriculture Conservation and Trade Act of 1990 (P.L. 101-624), Section
2503, Protection of Pets (File Name: PL 101624). Rules and regulations pertaining to implementation are published in
the Code of Federal Regulations, Title 9 (Animals and Animal Products), Chapter 1, Subchapter A (Animal Welfare).
Available from Regulatory Enforcement and Animal Care, APHIS, USDA, Unit 85, 4700 River Road, Riverdale, MD
20737-1234, File Name 9CFR93. www.nal.usda.gov/awic/legislat/awicregs.html
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TABLE 1.33 (Continued)
General Information Sources for the Care and Use of Research Animals

3. Guide for the Care and Use of Laboratory Animals. Institute of Laboratory Animal Resources, Commission on Life
Sciences, National Research Council, National Academy Press, Washington, D.C., 1996 or succeeding revised editions.
www.nap.edu/readingroom/books/labrats

4. International Guiding Principles for Biomedical Research Involving Animals. Council for International Organizations
of Medical Sciences (CIOMS), Geneva, 1985.

5. Interdisciplinary Principles and Guidelines for the Use of Animals in Research, Testing, and Education. Ad Hoc Animal
Research Committee, New York Academy of Sciences, 1988.

6. Recognition and Alleviation of Pain and Distress in Laboratory Animals. A report of the Institute of Laboratory Animal
Resources Committee on Pain and Distress in Laboratory Animals. NCR (National Research Council). Washington,
D.C.: National Academy Press, 1992.

7. Education and Training in the Care and Use of Laboratory Animals: A Guide for Developing Institutional Programs.
AVMA (American Veterinary Medical Association). Report of the AVMA panel on euthanasia. J. Am. Vet. Med. Assoc.
218(5), 669-696, 2001.

8. Guide to the Care and Use of Experimental Animals. CCAC (Canadian Council on Animal Care) Vol. 1, 2" ed. Edited
by E. D. Olfert, B. M. Cross, and A. A. McWilliam. Ontario, Canada: Canadian Council on Animal Care, 1993. 211 pp.

Compiled by the Society of Toxicology.

TABLE 1.34
Commonly Used Anesthetics

This table lists injectable anesthetics and preanesthetics used in various animal species. The medications are
sometimes used in combination to produce anesthesia. These combinations are indicated by brackets where
applicable. For example, atropine, morphine, and pentobarbital can be used in combination in dogs. Atropine and
morphine are administered 30 minutes before pentobarbital to reduce paraympathetic secretions and to provide
analgesia. The routes of exposure listed are those generally used. Other routes of administration may be used for
some of the medications. The reader should consult the reference for information on alternate routes and dosage

information.
Time?
Species Anesthetic (min) Route® Dose (mg/kg)

Mouse Amobarbital v 54
Barbital v 234
Chloral hydrate IP 400
o-Chloralose IP 114
Chlorobutanol (in 50% alcohol) IP 175
Droperidol(2%)-Fentanyl (0.04%) IP 0.02-0.05¢
Etomidate IP 22-25
Hexobarbital v 47
Ketamine v 50
Ketamine IP 100-200
Ketamine IM 400
Pentobarbital v 35
Phenobarbital v 134
Probarbital IP 75
Secobarbital v 30
Thiamylal v 25-50
Thiopental v 25
Tribromoethanol v 120
Urethan IP 1500

Rat Acepromazine IP 12
Ketamine IP 120

Copyright © 2002 by Taylor & Francis



Amobarbital v 55

Barbital IP 190
Chloral hydrate IP 300
o-Chloralose IP 55
a-Chloralose v 100
Diallybarbituric Acid SC 60
Droperidol(2%)-Fentanyl(0.04%) IM 0.3¢
Droperidol(2%)-Fentanyl(0.04%) IP 0.13¢
Hexobarbital IP 75
Inactin IP 100
Ketamine IP 100
Ketamine IM 100
Ketamine IP 40-160
Methohexital IP 375
Pentobarbital v 25
Pentobarbital IP 35
Chloral hydrate IP 160
Pentobarbital IP 10
Ketamine IP 75
Phenobarbital IP 40
Phenobarbital v 100

TABLE 1.34 (Continued)
Commonly Used Anesthetics

Time?
Species Anesthetic (min) RouteP Dose (mg/kg)

Probarbital SC 225
Secobarbital v 175
Thiopental v 25
Tiletamine-Zolazepam (1:1) IM 20-30
Tribromoethanol IP 550
Urethane IP 780
Urethane SC 1,200
Xylazine IM 6
Ketamine IM 80

Guinea pig Amobarbital v 50
Chloral hydrate IP 400
Chlorobutanol (in 50% alcohol) IP 175
Droperidol(2%)-Fentanyl(0.04%) IM 0.66-0.88°
Droperidol(2%)-Fentanyl(0.04%) IP 0.8
Ketamine IM 44-256
Pentobarbital IP 30
Pentobarbital IM 15-30
Pentobarbital v 30
Pentobarbital IP 35
Chloral hydrate IP 160
Phenobarbital IP 100
Secobarbital v 20
Thiopental v 20
Tribromoethanol v 100
Urethane IP 1,500

Rabbit Amobarbital v 40
Barbital v 175

Copyright © 2002 by Taylor & Francis



a-Chloralose v 120

Chloral hydrate \Y 200
Diallylbarbituric acid v 50
Droperidol(2%)-Fentanyl(0.04%) M 0.22¢
Hexobarbital v 25
Ketamine v 15-20
Ketamine 1M 44
Morphine 30 SC 10
Chlorobutanol (in 50% alcohol) PO 175
Paraldehyde \Y 300
Pentobarbital v 30
Pentobarbital IP 40
Pentobarbital v 25-40
Phenobarbital \Y} 200
Probarbital IP 66
Secobarbital v 225
Thiamylal V1P 45-50
Thiopental v 20
Tribromoethanol v 80
Urethane v 1,000
Urethane IP 700
Pentobarbital IP 40
Xylazine IM 5

TABLE 1.34 (Continued)
Commonly Used Anesthetics

Time?

Species Anesthetic (min) Route® Dose (mg/kg)
Xylazine IM 5
Ketamine IM 50

Cat Amobarbital v 11
Barbital v 200
Chloral Hydrate PO 250

__oa-Chloralose v 75
o-Chloralose v 50
| Urethane v 50
[~ a-Chloralose v 80
| Pentobarbital v 12
[ o-Chloralose v 80
| Pentobarbital v 6
Diallylbarbituric acid \Y 36
Hexobarbital v 25
Ketamine IM 11-33
Ketamine v 11-22
[ Ketamine IM 6.6-22
| Acepromazine 1V,IM 0.22-0.55
[ Ketamine IM 6.6-22
| Diazepam 1V,IM 0.33-1.1
[ Ketamine 10-15 IM 10-15
| Pentobarbital v 30
[ Ketamine IM 6.6-22
| Xylazine IM 0.44
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Pentobarbital IP 20
Barbital IP 200
Methohexital v 11
Paraldehyde v 300
Pentobarbital v 25
Phenobarbital IP 180
Secobarbital v 25
Thiamylal v 17.6
Thiamylal i.thoracic 25
Thiopental v 28
Tiletamine-Zolazepam (1:1) IM 6-13
Tribromoethanol v 100
~ Urethane v 1250
Urethane IP 400
| a-Chloralose IP 50
[~ Urethane IP 280
| Diallylbarbituric acid IP 70
[ Urethane 1P 360
| Diallylbarbituric acid IP 90
[~ Urethane IP 250
| Pentobarbital IP 30
TABLE 1.34 (Continued)
Commonly Used Anesthetics
Time?
Species Anesthetic (min) Route® Dose (mg/kg)
Dog B Acepromazine 10-15 IM 0.55
Ketamine 5 IM 11-22
| Thiamylal \Y To effect
Amobarbital v 50
__ Barbital v 220
Barbital v 250
| Thiopental \Y 15
[ Barbital v 220
| Pentobarbital \Y} 15
Chloral hydrate v 125
o-Chloralose \Y} 100
Dial-urethane v 10¢
Droperidol(2%)-Fentanyl(0.04%) 1M 0.05-0.15¢
Droperidol(2%)-Fentanyl(0.04%) v 0.03-0.09°
_ Etomidate v 1.5-3
o-Chloralose v 100
| a-Chloralose v 0. I7¢
B Morphine IM 2
| a-Chloralose v 100
[ Morphine 30 sC 1
| a-Chloralose v 100
[ Morphine 60 sC 1
a-Chloralose v 80
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[ a-Chloralose v 50

Thiopental v 15
Morphine 30 SC 10
Chlorobutonal (in 50% alcohol) PO 225
Morphine SC 1
Thiopental v 20
Hexobarbital v 30
Methohexital \Y 11
__ Paraldehyde v 300
Pentobarbital IP 30
| Pentobarbital v 64
[ Pentobarbital v 10
| a-Chloralose v 80
[ Morphine 30 sC 10
| Pentobarbital v 20
[ Morphine 30 IM 2
| Pentobarbital v 15
[ Morphine 60 IM 3
| Pentobarbital v 12

TABLE 1.34 (Continued)
Commonly Used Anesthetics

Time?

Species Anesthetic (min) Route® Dose (mg/kg)
Atropine 30 SC 1
Morphine 30 SsC 10

| Pentobarbital v 30
__ Phenobarbital v 80
Phenobarbital v 200
| Thiopental v 15
[ Promazine 5 IV,IM 4.4
| Ketamine IM 17.6
[ Promazine 5 IV,IM 4.4
| Ketamine v to effect
Secobarbital PO 40
Thiamylal v 17.6
Tiletamine-Zolazepam (1:1) IM 6-13
Thiopental v 25
Tribromoethanol v 125
_ Urethane v 1,000
Urethane IP 500
| a-Chloralose IP 50
[ Urethane v 480
o-Chloralose v 48
| Morphine v 2
[ Morphine 60 sC 2
Urethane v 250
| a-Chloralose v 60
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[ Morphine 60 sc 3 n
Urethane v 50
o-Chloralose v 13

| Diallylbarbituric Acid v 8 n

[ Morphine 30 sc 5 B

| Urethane PO 1,500 N

[ Xylazine 5 v 1 B

| Ketamine v 10 n

Monkey Amobarbital v 40
Dial-Urethane v 0.7¢c
Droperidol(2%)-Fentanyl(0.04%) IM 0.11¢
Ketamine v 28-45
Ketamine IM 7-40
Ketamine 10-15 IM 18
Thiamylal v 15
Pentobarbital v 20-33
Pentobarbital IP 30
Pentobarbital v 25
Phenobarbital IP 100
Secobarbital v 175
Tiletamine-Zolazepam(l:1) IM 3
Thiamylal v 25

TABLE 1.34 (Continued)
Commonly Used Anesthetics

Time?
Species Anesthetic (min) Route® Dose (mg/kg)
Xylazine 10-15 IM 6
Ketamine v To effect
Xylazine IM 6
Ketamine M 7-40

2 The numbers refer to time elapsed (in minutes) before the injection of the following drug.

b Most common route of administration. IM = intramuscular; IP = intraperitoneal; I\V= intravenous; PO = per o0s
(orally).

¢ Dose is given as ml/kg.

4 mg/kg/min infusion.

From Borchard, R.E., Barnes, C.D., and Eltherington, L.G., Drug Dosage in Laboratory Animals. A Handbook,
3rd ed., CRC Press, Boca Raton, FL, 1992. With permission.

TABLE 1.35
Advantages and Disadvantages for Anesthetic Agents and Adjuncts
Agent Advantages Disadvantages
1. Injection Anesthetics Inexpensive, easy to use, rapid onset. Constantly changing anesthetic state.
Poor reproducibility.
a-Chloralose Less reflex depression than Low water solubility. Inject warm or in
barbiturates. Catecholamine release a 10% solution with propylene glycol
may support circulation. 200.
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TABLE 1.35 (Continued)

Advantages and Disadvantages for Anesthetic Agents and Adjuncts

Agent
Dial (Ciba)?

Droperidol-Fentanyl

Etomidate

Ketamine

Methohexital

Pentobarbital

Thiamylal

Thiopental

Tiletamine-Zolazepam
Urethane

2. Inhalation Anesthetics

Cyclopropane

Diethyl ether

Floroxene

Copyright © 2002 by Taylor & Francis

Advantages

More rapid onset and less toxic than
urethane alone. Less reflex
depression than with barbiturate
alone.

1V use not generally required.
Analgesic; can antagonize opioid
component (fentanyl).

Potent hypnotic, wide margin of safety,
rapid induction.

IV use not generally required. Large
margin of safety; no cardiovascular

nor respiratory depression. Analgesic.

Very short duration (< 15 min, may be
a disadvantage). Recovery from
metabolism (use in low fat animal).

Rapid onset. High water solubility.

Short duration (15-30 min). Recovery
from redistribution (metabolism
later). Good anesthesia and
relaxation.

Short duration (15-30 min). Useful to
include anesthesia prior to inhalation
agents.

Similar to ketamine-diazepam
combinations.

Little reflex depression. High water
solubility. Long duration.

Constant and reproducible anesthesia;
therefore, less data variability.

Rapid induction. Easy to measure—as
difference from oxygen.

Respiratory stimulation. Good muscle
relaxation.

Cardiovascular stimulation. Little
respiratory depression.

Disadvantages

Urethane toxicity limits use to acute
experiment.

Cardiac and respiratory depression.
Transient behavioral changes.
Thermoregulatory upset; vomition,
defecation.

Not analgesic in subanesthetic doses.

Poor relaxation and poor recovery;
convulsive, hallucinogenic. Retention
of reflexes. Used in combination with
phenothiazines, benzodiazepines, and
xylazine to overcome disadvantages.

1V use required; short duration; violent
recovery possible. Metabolism
required; low margin of safety.

1V use required generally. Marked
cardiovascular and reflex depression.
Extravascular — severe
inflammation, sloughing.

Longer duration in animals with low
body fat. IV use generally required.
Cardiovascular and respiratory
depression; low margin of safety.

Solution rapidly decomposes. Fat
solubility — remains in the body a
long time.

Liver and bone marrow toxicity. Used
only in acute experiments.

More skill required. Some need
expensive equipment. Alveolar
tension difficult to monitor in animal
smaller than rat.

Explosive, circulatory adaptation.
Tendency to laryngospasm.

Slow induction and slow recovery.
Explosive and stimulates secretions.
Long duration in body fat.
Circulatory adaptation occurs.

Irritating and explosive over 4%.
Circulatory adaptation. Metabolized
in the body.



TABLE 1.35 (Continued)

Advantages and Disadvantages for Anesthetic Agents and Adjuncts

Agent

Halothane

Isoflurane

Methoxyflurane

Nitrous oxide

. Adjuncts to Anesthesia
Atropine

Benzodiazepine tranquilizers
(Diazepam)

Phenothazine tranquilizers
(Chlorpromazine)

Curate

Succinylcholine

Narcotics (morphine)

Xylazine

Copyright © 2002 by Taylor & Francis

Advantages

Rapid induction, rapid recovery. Non-
explosive and potent.

Low metabolism. Nonexplosive. No
circulatory adaptation — “constant”
anesthetic state. Rapid induction,
rapid recovery.

Potent and nonexplosive. Nonirritating
to respiratory tract. Good analgesia
(postanesthetic) and muscle
relaxation. Precision vaporizers not
needed.

Not metabolized. Easily measured and
used. Analgesic, additive to other
anesthetics.

Facilitate induction and maintenance
of anesthesia, improve safety.

Decreases respiratory secretion and
vagal bradycardia.

Used with several anesthetics,
especially dissociative types (e.g.,
ketamine). Improves induction and
recovery; better relaxation (allows
intubation).

Preanesthetic sedation. Reduces dose
of anesthetic required.

Immobility with minimal anesthesia or
with nitrous oxide. “Ordinary doses”
do not enter brain.

Rapid onset and short duration. Can
titrate 1V. Immobility with minimal
anesthesia.

Analgesia and sedation facilitate
anesthesia. Use as only anesthetic if
support ventilation.

Preanesthetic sedation; reduces dose of
anesthetic; analgesic. Emetic action
(especially in cats; may be a
disadvantage). Antagonized by a,
blockers (e.g., yohimbine)

Disadvantages

Expensive. Cardiovascular depression
and adaptation. Sensitization of
myocardium to catecholamines. Poor
analgesia; metabolized. Need
precision vaporizers. Malignant
hyperthermia implications.

Expensive. Cardiorespiratory
depression. Need precision
vaporizers.

Slow induction and slow recovery.
Alveolar-arterial gradient. High fat
solubility — long duration in body.
High oxygen flows to vaporize.
Highly metabolized. Ages rubber
equipment.

Only analgesia in safe concentrations.
Need muscle relaxants to prevent
movement. Hypoxia and diffusion
hypoxia.

Injectable drugs and not advised for
acute experiments.

Ganglionic blockade and CNS effects.

Many pharmacological actions,
especially cardiovascular depression.
Prolonged recovery.

Release histamine. Need artificial
ventilation. Must use analgesics.

Increased Serum K*. Implicated in
malignant hyperthermia. Other
cholinergic actions. Must use
analgesics.

Release histamine. Respiratory
depression causing delay in induction
of inhalation anesthesia.

Cardiorespiratory depression; emesis;
severe CNS depression.



TABLE 1.35 (Continued)
Advantages and Disadvantages for Anesthetic Agents and Adjuncts

Agent Advantages Disadvantages

@ Contains: urethane, 400 mg/ml; diallybarbituric acid, 100 mg/ml.

From Borchard, R.E., Barnes, C.D., and Eltherington, L.G., Drug Dosage in Laboratory Animals. A Handbook, 3rd ed.,
CRC Press, Boca Raton, FL, 1992. With permission.
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SECTION 1. INTRODUCTION

This chapter presents information on designing and implementing acute, subchronic, and chronic
toxicity studies and on interpreting results of these studies. Sample designs are provided to present
an overview of typical studies of various duration in rodent and non-rodent species. A variety of
government guidelines and regulations for study design have been published; several of these are
summarized in tables presented in this chapter. Samples of much of the documentation necessary
to implement a study in our laboratory, as well as checkliststo confirm that all appropriate prestudy
tasks have been performed, are presented for guidance in the type of information required to initiate
a toxicity study. Tables presenting guidelines for many of the logistical and scientific decisions
which must be made to select appropriate doses, dose volumes, dosing apparatus, and dose admin-
istration procedures summarize several formal and informal “rules’ used in our and other labora-
tories. Formulas and sample cal culations are provided for calculating doses, dietary concentrations,
and test material requirements. Guidelines for types of clinical signs and their experimental sig-
nificance, aswell ashistorical control valuesfor rodent body weight, food consumption, and survival
in our laboratory, are provided for use in evaluating experimental results and interpreting the data.
One particularly useful table summarizes the types of organ weight changes which would be
expected as aresult of food deprivation and resultant decreases in body weight gain; thisis helpful
in differentiating truly toxic effects from those which are secondary to decreases in weight gain
associated with palatability problems or other causes.

It is important to remember that the information and guidelines provided are basic, general
suggestions which will apply in many situations but which must be reviewed carefully to assure
that they address specific needs. The toxicologist designing and interpreting a study will have
information on scientific and regulatory concerns which may require modification of “standard”
designs and procedures. It should also be noted that some of the information is specific to our
laboratory and, although it should provide useful guidance, it may not be completely transferable
to other situations.

SECTION 2. SAMPLE STUDY DESIGNS

The following tables illustrate sample study designs commonly used for toxicity studies. Studies
in rodents and non-rodents are presented. Common species in these categories are:

Rodents: Commonly used are rats and mice. Studies conducted in rabbits, which are nonro-
dents, frequently follow similar designs.
Nonrodents: Commonly used are dogs and nonhuman primates.

TABLE 2.1
Experimental Design — Acute Toxicity Study (Rodent)

No. of Animals

Initial Necropsy, Day 15

Doses (mg/kg)? Males Females Males Females

Limit Test (performed if material is expected to be nontoxic)
b 5 5 AS AS

ED;, Test [performed if more than 50% of animals in limit test exhibit
mortality (LD;, study) or other effects (ED;, study)]
¢ 5 5 AS A.S
¢ 5 5 A.S. A.S.
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TABLE 2.1 (Continued)
Experimental Design — Acute Toxicity Study (Rodent)

No. of Animals

Initial Necropsy, Day 15

Doses (mg/kg)? Males Females Males Females
¢ 5 5 A.S. A.S.
¢ 5 5 A.S A.S.

a mg/kg = milligrams of test material per kilogram of body weight; A.S. = all
survivors; complete postmortem evaluations are also performed on animals that are
found dead or euthanatized in a moribund condition during the course of the study.
b Regulatory-specified limit dose (usually 2000 mg/kg orally and 2000 mg/kg dermally)
or dose sdlected as a reasonable multiple (10-100x) of potential human exposure.

¢ Two to four doses lower than the limit dose are selected to produce a range of
effects from a no-effect dose to one which produces slightly less-pronounced effects
than thelimit dose. (If arange of mortality is seen, these data can be used to calculate
an LDg, value.) Doses may be administered concurrently (if adequate preliminary
information is available to select appropriately) or stepwise, with new doses selected
based on the results of preceding doses.

TABLE 2.2

Experimental Design — Acute Toxicity Study (Nonrodent)

Doses (mg/kg)

Dose
Sequence

1st (a)
2nd (b)
3rd (c)
4th (d)
5th (e)
6th (f)

Limit Test (performed if material is expected to be nontoxic)
Number of Animals

Initial Necropsy Day 15
Males Females Males Females
2-3 2-3 A.S. A.S.

Up and Down Test (performed if toxicity is expected)®
Number of Animals

Clinical Laboratory
Dose Level (mg/kg)© Studies®

Effect seen at

preceding dose  No effectseen at Microscopic
(severe toxicity) preceding dose Initial! Pretest Termination Necropsy Pathology

— a 1 1 1 1 AR
a+m axm 1 1 1 1 A.R.
b+m bxm 1 1 1 1 A.R.
c+m cxm 1 1 1 1 AR
d+m dxm 1 1 1 1 AR.
e+m exm 1 1 1 1 A.R.

a Regulatory-specified limit dose or dose selected as a reasonable multiple (10-100x) of potential human exposure.

b m= multiplier (generally between 1.5 and 3; usually 2); A.R. = as required Optional. These are sometimes performed to
assess target organ toxicity.

¢ Theinitia dose (a) should he close to the estimated EDq; if this estimate is poor, it would be best to err on the low side.
d Either sex may be used for the first dose (). Subsequent animals will generally be of a different sex than the previous
one. Attempts should be made to dose animals of both sexes at both toxic and nontoxic levels.

e Optional. These are frequently performed to assess target organ toxicity. Terminal studies are performed on al survivors
14 days after dosing; attempts are made to collect samples from moribund animals.

Adapted from Bruce, R.D., An up-and-down procedure for acute toxicity to testing, Fund. Appl. Toxicol., 5, 151, 1985.%
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TABLE 2.3
Experimental Design — Range-Finding Study (Rodent)?

Number of Animals

Week 2 or 4¢
Dose Clinical Laboratory Microscopic
(mg/kg/day Initial Studies Necropsy Pathology*
Group or ppm)® Males  Females  Males Females Males Females Males Females
| 0oe 5 5 5 5 AS AS 5 5
I} * 5 5 5 5 AS AS AR AR
Il * 5 5 5 5 AS AS AR AR
v * 5 5 5 5 AS. AS. AR AR
\% * 5 5 5 5 A.S A.S. 5 5

a A.S. = All survivors, complete postmortem evaluations are also performed on animals that are found dead or
euthanatized in a moribund condition during the course of the study. A.R. = as required; examinations of tissues from
animals at lower dose levels may be performed if indicated by findings in high-dose animals. mg/kg/day = milligrams
of test material per kilogram of body weight per day; or ppm = parts per million (dietary concentration).

b Doses should be selected to produce a range of effects from a no-effect dose to one which produces clear toxicity.
A minimum of three dosesis recommended. More doses may be used to increase likelihood of achieving an appropriate
range of effects.

¢ Two weeks is a common duration and is a recommended minimum. Four-week studies are frequently performed to
provide additional information.

d Optional. Microscopic examination of tissues from control and high-dose animals may be performed to assess target
organ toxicity.

e Control animals receive vehicle in the same volume as high-dose animals or receive untreated diet.

TABLE 2.4
Experimental Design — Range-Finding Study (Nonrodent)?

Number of Animals

Clinical Laboratory

Dose Level Studies Pretest and Necropsy Microscopic
(mg/kg/day Initial Week 2 or 4¢ Week 2 or 4¢ Pathology!
Group or ppm)® Males  Females  Male Females  Male Females Male Females
| 0° 1 1 1 1 AS AS 1 1
I} * 1 1 1 1 AS AS 1 1
Il * 1 1 1 1 AS AS 1 1
v * 1 1 1 1 AS AS 1 1
\ * 1 1 1 1 A.S. AS. 1 1

a A.S. = al survivors; complete postmortem evaluations are also performed on animals that are found dead or
euthanatized in a moribund condition during the course of the study; mg/kg/day = milligrams of test material per
kilogram of body weight per day; or ppm = parts per million (dietary concentration).

b Doses should be selected to produce a range of effects from a no-effect dose to one which produces clear toxicity.
A minimum of three doses is recommended. More doses may be used to increase likelihood of achieving an appropriate
range of effects.

¢ Two weeks is a common duration and is a recommended minimum. Four-week studies are frequently performed to
provide additional information.

d Optional. Microscopic examination of tissues may be performed to assess target organ toxicity.

e Control animals receive empty capsules, vehicle in the same volume as high-dose animals, or untreated diet.
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TABLE 2.5
Experimental Design — Subchronic Toxicity Study (Rodent): 4 Weeks

Number of Animals

Week 4

Dose Level Clinical Laboratory Microscopic

(mg/kg/day Initial Studies Necropsy Pathology
Group or ppm)® Males Females  Males Females  Males Females Males Females
| (control) 0° 5 5 5 5 A.S. A.S. 5 5
11 (low) * 5 5 5 5 A.S. A.S. AR AR
11 (mid) * 5 5 5 5 AS AS AR AR
IV (high) * 5 5 5 5 AS. AS. 5 5

a A.S. =dll survivors; complete postmortem eval uations are al so performed on animals that are found dead or euthanatized
in amoribund condition during the course of the study. A.R. = as required: (1) target organs/tissues identified by Group
IV evaluations; (2) macroscopic lesions; mg/kg/day = milligrams of test material per kilogram of body weight per day;
or ppm = parts per million (dietary concentration).

b Doses should be selected to produce no effect at the low dose and clear toxicity (without significant mortality) at the
high dose.

¢ Control animals receive vehicle in the same volume as high-dose animals or receive untreated diet.

TABLE 2.6
Experimental Design — Subchronic Toxicity Study (Rodent): 13 Weeks?

Number of Animals

Month 3
Dose Level Clinical Laboratory Microscopic
(mg/kg/day Initial Studies Necropsy Pathology
Group or ppm)® Males Females Males Females Males Females Males Females

| (control) 0d 5-10 5-10 5-10 5-10 A.S AS 5-10 5-10
Il (low) * 5-10 5-10 5-10 5-10 A.S. A.S. A.R. A.R.
I (mid) * 5-10 5-10 5-10 5-10 A.S. A.S. A.R. A.R.
1V (high) * 5-10 5-10 5-10 5-10 A.S. A.S. 5-10 5-10

a A.S. = dl survivors; complete postmortem evaluations will also be performed on animals that are found dead or
euthanatized in amoribund condition during the course of the study. A.R. = asrequired: 1) target organs/tissues identified
by Group IV evaluations; 2) macroscopic lesions; mg/kg/day = milligrams of test material per kilogram of body weight
per day; or ppm = parts per million (dietary concentration).

b Doses should be selected to produce no effect at the low dose and clear toxicity (without significant mortality) at the
high dose.

¢ 5 or 10 animals per sex are used, depending on type of test material and government agency to which study will be
submitted.

d Control animals receive vehicle in the same volume as high-dose animals or receive untreated diet.
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TABLE 2.7
Experimental Design — Subchronic Toxicity Study (Nonrodent): 4 Weeks

Number of Animals?

Clinical Laboratory

Dose Level Studies Necropsy Microscopic
(mg/kg/day Initial Pretest and Week 4 Week 4 Pathology
Group or ppm)® Males Females  Males Females Males Females Males Females
I (control) o 4 4 4 4 AS. AS. 4 4
Il (low) * 4 4 4 4 A.S. A.S. 4 4
11 (mid) * 4 4 4 4 A.S. A.S. 4 4
IV (high) * 4 4 4 4 AS. AS. 4 4

a A.S. =l survivors; complete postmortem evaluations are also performed on animals that are found dead or euthanatized
in a moribund condition during the course of the study; mg/kg/day = milligrams of test material per kilogram of body
weight per day; or ppm = parts per million (dietary concentration).

b Doses should be selected to produce no effect at the low dose and clear toxicity (without mortality) at the high dose.

¢ Control animals receive empty capsules, vehicle in the same volume as high-dose animals, or untreated diet.

TABLE 2.8
Experimental Design — Subchronic Toxicity Study (Nonrodent): 13 Weeks

Number of Animals?

Clinical Laboratory

Dose Level Studies Necropsy Microscopic
(mg/kg/day Initial Pretest and Month 3 Month 3 Pathology
Group or ppm)® Males  Females  Males Females  Males Females Males Females
| (control) 0° 4 4 4 4 A.S. A.S. 4 4
Il (low) * 4 4 4 4 A.S. A.S. 4 4
11 (mid) * 4 4 4 4 AS. AS. 4 4
IV (high) * 4 4 4 4 AS. AS. 4 4

a A.S. = al survivors; complete postmortem eval uations are al so performed on animals that are found dead or euthanatized
in a moribund condition during the course of the study; mg/kg/day = milligrams of test material per kilogram of body
weight per day; or ppm = parts per million (dietary concentration).

b Doses should be selected to produce no effect at the low dose and clear toxicity (without mortality) at the high dose.
¢ Control animals receive empty capsules, vehicle in the same volume as high-dose animals, or untreated diet.
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TABLE 2.9
Experimental Design — Chronic Toxicity Study (Rodent): 6 Months

Number of Animals?

Clinical Laboratory

Dose Levelb Studies® Necropsy Microscopic
(mg/kg/day Initial Months 3, 6 Month 6 Pathology
Group or ppm) Males Females  Males Females Males Females Males Females
| (control) (0 20 20 20 20 A.S. A.S. 20 20
Il (low) * 20 20 20 20 A.S. A.S. AR AR
I (mid) * 20 20 20 20 A.S. A.S. AR AR
IV (high) * 20 20 20 20 A.S. A.S. 20 20

a A.S. =all survivors; complete postmortem eval uations are a so performed on animal s that are found dead or euthanatized
in amoribund condition during the course of the study; A.R. = as required: 1) target organs/tissues identified by Group
IV evaluations, 2) al tissues from animal's found dead or euthanatized in a moribund condition during the study; 3) gross
lesions; mg/kg/day = milligrams of test material per kilogram of body weight per day; or ppm = parts per million (dietary
concentration).

b Doses should be selected to produce no effect at the low dose and clear toxicity (without significant mortality) at the
high dose.

¢ Hematology and clinical chemistry evaluations are performed (urinalysis is optional and is generally only performed
when specific effects are anticipated).

d Control animals receive vehicle in the same volume as high-dose animals or receive untreated diet.

TABLE 2.10
Experimental Design — Chronic Toxicity Study (Nonrodent): 9 Months

Number of Animals?

Clinical Laboratory

Dose Level Studies® Necropsy Microscopic
(mg/kg/day Initial Months 3, 6, 9 Month 9 Pathology
Group or ppm)® Males Females  Males Females Males Females Males Females
| (control) od 4 4 4 4 AS AS 4 4
I (low) * 4 4 4 4 A.S. A.S. 4 4
1 (mid) * 4 4 4 4 AS. AS. 4 4
IV (high) * 4 4 4 4 AS. AS. 4 4

a A.S. = al survivors; complete postmortem evaluations are also performed on animals that are found dead or eutha-
natized in a moribund condition during the course of the study; mg/kg/day = milligrams of test material per kilogram
of body weight per day; or ppm = parts per million (dietary concentration).

b Doses should be selected to produce no effect at the low dose and clear toxicity (without mortality) at the high dose.
¢ Hematology and clinical chemistry evaluations are performed (urinalysis is optional and is generally only performed
when specific effects are anticipated).

d Control animals receive empty capsules, vehicle in the same volume as high-dose animals, or untreated diet.
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SECTION 3. REGULATORY GUIDELINES —
STUDY REQUIREMENTS

A. LisT oF GUIDELINES AND AGENCIES
1. Toxicology Testing

a. General (International) Harmonization

At the time of publication of this book (2001) efforts continue to establish guidelines that are
accepted by regulatory agenciesin all countries and by all regulatory agencies within each country.
However, harmonized, universally accepted guidelines for acute, subchronic, and chronic toxicity
testing have not yet been established. The most universally accepted guidelines are those published
by the Organization for Economic Cooperation and Development (OECD) and accepted in many
countries. These guidelines were developed for international use and were considered to be “ade-
quate for the evaluation of most chemicals” Initial drafts were issued in 1979 by the lead countries
(U.SA. and U.K.) and they are reviewed and updated periodicaly.
OECD Guidelines for Acute Subchronic and Chronic Oral and Dermal Toxicity Studies are:

Duration Guideline No. Issue Date Title

Acute 401 2/24187 Acute Oral Toxicity
402 2/24/87 Acute Dermal Toxicity
420 7/117/92 Acute Oral Toxicity — Fixed Dose Method
423 3/22/96 Acute Oral Toxicity — Acute Toxic Class Method
425 9/21/98 Acute Oral Toxicity — Up-and-Down Procedure

Subchronic 407 7127/95 Repeated Dose 28-Day Oral Toxicity study in Rodents
408 9/21/98 Repeated Dose 90-day Oral Toxicity study in Rodents
409 9/21/98 Repeated Dose 90-day Oral Toxicity study in Nonrodents
410 5/12/81 Repeated Dose Dermal Toxicity: 21/28-Day Study
411 5/12/81 Subchronic Dermal Toxicity: 90-Day Study

Chronic 452 5/12/81 Chronic Toxicity Studies
453 5/12/81 Combined Chronic Toxicity/Carcinogenicity Studies

b. Pharmaceuticals

U.SA.: The U.S. Food and Drug Administration (FDA) regulates approval of drugs. Although
specific “Points to Consider” documents have been issued for some types of drugs, no
detailed protocol requirements exist for acute, subchronic, and chronic toxicity evaluations.

Europe: European Community (EC). The Rules Governing Medicinal Products in the Euro-
pean Community — Volume I11. Guidelines on the Quality, Safety and Efficacy or Medic-
ina Product for Human Use. January 1989.

Japan: IMHW (Japanese Ministry of Health and Welfare): Guidelines for Toxicity Studies
of Drugs; Notification No. 88 of the Pharmaceutical Affairs Bureau, August 10, 1993.

c. Food Additives
FDA Bureau of Foods: Toxicological Principles for the Safety Assessment of Direct Food Additives
and Color Additives Used in Food, 1982 (The “Redbook™).

Draft revisions were published for comment in 1993 but are not yet finalized.

Guidelines, presented in Appendix |l (Guidelines for Toxicological Testing), for Acute, Sub-
chronic, and Chronic Oral Toxicity Studies are:
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Pages

1-7

8-18
19-29
3041
42-52

Guideline for:

Acute Oral LDg, Toxicity Studies

Short-Term Continuous Exposure Oral Toxicity Study [4 Weeks]
Subchronic Oral Toxicity Studies [90 Days]

Long-Term Toxicity in the Rodent

Long-Term Toxicity in the Dog

d. Agricultural and Industrial Chemicals

InAugust 1998, the United States Environmental Protection Agency devel oped a series of guidelines
for the testing of pesticides and toxic substances. These were developed by the Office of Prevention,
Pesticides and Toxic Substances (OPPTS) and are referred to as the OPPTS guidelines. They
harmonize, update, and supersede previous guidelines developed specifically for agricultural chem-
icals (FIFRA, Federal Insecticide, Fungicide and Rodenticide Act) and industrial chemicals (TSCA,
Toxic Substances Control Act).

Guidelines for Acute, Subchronic and Chronic Oral and Dermal Toxicity Studies are:

Duration

Acute

Subchronic

Chronic

Guideline

OPPTS 870.1100
OPPTS 870.1200
OPPTS 870.3100
OPPTS 870.3150
OPPTS 870.3200
OPPTS 870.3250
OPPTS 870.4100
OPPTS 870.4300

Title

Acute Oral Toxicity Study

Acute Dermal Toxicity Study

90-Day Oral Toxicity in Rodents

90-Day Oral Toxicity in Nonrodents
21/28-Day Dermal Toxicity

90-Day Dermal Toxicity

Chronic Toxicity

Combined Chronic Toxicity/Carcinogenicity

Japan continues to have separate guidelines for agricultural and industrial chemicals:

Agricultural Chemicals
Japan: IMAFF (Japanese Ministry of Agriculture, Forestry and Fisheries) Guidance on
Toxicology Study Data for Application of Agriculture Chemical Registration 59 Nohsan
No. 4200, January 28, 1985.

Industrial Chemicals

Japan: MITI (Ministry of International Trade and Industry): The Law Concerning Examina-
tion and Regulation of Manufacture, etc. of Chemical Substances (Chemical Substances

Control Law), enacted April 1, 1987.

2. Regulatory Guidelines — Good Laboratory Practices

a. International

OECD Principles of Good Laboratory Practices [ENV/MC/CHEM (98) 17].

b. Europe

European Economic Community (EEC) Good Laboratory Practice Regulations Council Directive

1999/11/EC.
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c. USA.

Food Additives and Pharmaceuticals: Part 58 of 21 CFR (FDA Good Laboratory Practice

Regulations).

Agricultural Chemicals: Part 160 of 40 CFR (EPA/FIFRA Good Laboratory Practice

Standards).

Industrial Chemicals: Part 792 of 40 CFR (EPA Good Laboratory Practices — TSCA).

d. Japan

Pharmaceuticals. Japanese Ministry of Health and Welfare (IMHW) Good Laboratory Reg-
ulations (Ordinance No. 21, 26 March 97).

Agricultural Chemicals: Japanese Ministry of Agriculture, Forestry and Fisheries (IMAFF)
Good Laboratory Practice Regulations, Notification No. 6283).

Industrial Chemicals: Japanese Ministry of International Trade and Industry (MITI). Good
Laboratory Practice Standards Applied to Industrial Chemicals. (Notification No. 85).

B. SummMARY/CoOMPARISON TABLES

TABLE 2.11

Animal Requirements — Standard Study Guidelines

Acute

Oral studies are most
commonly performed
in rodents (rats and/or
mice);
dermal studies are
generally performedin
rabbits and/or rats. If

Species

dogs are used, an “up-

and-down” study (see
Table 2) is usually
performed

“Adults’ or “young
adults’ are usually
specified

Rats: 200-300 g

Age/weight
at initiation
of treatment

Rabbits: 2-3 kg

No. of groups  Limit Test: one

Acute Toxicity: three or
more (low-, medium-,
and high-effect dose
levels)P

Subchronic (2-, 3-, or 4-Week,

90-Day) Chronic
Oral Rodent Rat Rodent Rat
Nonrodent Dog Nonrodent  Dog
Dermal Rat, rabbit?
Ora Rat Before6 wk (no  Rat Before 6 wk (no more
more than 8 than 8 wk)
wk)
Dog 4-6 mo (no Dog 4-6 mo (no more than 9
more than 9 mo)
mo)
Derma  Rat, rabbit? Adult: Rats:
200-300 g
Rabbits:
2-3 kg

At least four (control plus at least three
dose levels)
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TABLE 2.11 (Continued)
Animal Requirements — Standard Study Guidelines

Subchronic (2-, 3-, or 4-Week,

Acute 90-Day)

No of animals 5 per sex (some Rats 10/sex
per group guidelinesrequireboth
sexesfor only onedose

level)>

Exceptions:
1 OECD: 5/sex
for 2-, 3-, and
4-wk studies:

2 Redbook:
20/sex for 90-
day studies

Dogs 4/sex

a Guinea pigs are aso acceptable but are seldom used.

Exception:
JMHW: 3/sex

Chronic

Rat 20/sex  Exception:

JMHW: 10/sex

Dog 4/sex  Exception:

IJMHW: 3/sex

b Refinements using fewer animals for acute oral toxicity studies have been developed (OECD guidelines 420, 423, and 425).

TABLE 2.12

Body Weight and Food Consumption Intervals — Standard Study Guidelines

Study Type Intervals

Body Weights

Acute and subchronic  Pretest and weekly

Exceptions

Chronic Pretest, weekly through 13 wk, every 4 wk 1. OECD: at approximately 3-mointervals
(or approximately monthly) thereafter after 13 wk
2. Redbook: weekly for dogs
Food Consumption
Subchronic Pretest and weekly
Chronic Pretest, weekly through 13 wk, every 4 wk 1. OECD: at approximately 3-mointervals
(or approximately monthly) thereafter after 13 wk
2. Redbook: weekly for dogs
3. IMHW: weekly for dietary
administration
TABLE 2.13

Ophthalmology Intervals — Standard Study Guidelines (Subchronic

and Chronic Studies)?

Duration
2-4 Weeks 3 Months Chronic

Guideline Intervals Groups Intervals Groups Intervals Groups
OECD N.S. N.S. Pre & Term C&H N.S. N.S.
EC N.S. N.S. N.S. N.S. N.S. N.S.
IJMHW R - Rx All R - Rx All R - Rx All

NR-Pre& Rx All NR-Pre& Rx All NR - Pre & Rx All
Redbook Pre & Term C&H Pre & Term C&H Pre, every 3mo C&H
OPPTS Pre & Term C&H Pre & Term C&H Pre & Term C&H
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TABLE 2.13 (Continued)
Ophthalmology Intervals — Standard Study Guidelines (Subchronic
and Chronic Studies)?

Duration
2-4 Weeks 3 Months Chronic
Guideline Intervals Groups Intervals Groups Intervals Groups
JMAFF Pre & Term C&H Pre & Term C&H Pre & Term All
MITI N.S. N.S. N.A. N.A. N.S. N.S.

a N.S. = not specified; N.A. = not applicable (no guideline); R = rodent; NR = nonrodent; Pre = pretest
(beforeinitiation of dosing); Term = termination of dosing; C & H = at least control and high-dose groups;
all groups if findings in high-dose group; Rx = at least once during treatment.

TABLE 2.14
Clinical Pathology Intervals — Standard Study Guidelines (Subchronic and Chronic Studies)?
Duration
2-4 Weeks 3 Months Chronic
No. Animals
(per sex/
Guideline Intervals Animals Studies Intervals Animals Studies Intervals group) Studies
OECD Term All H,C R: Term All H,C 3,6,12,1824 mo  R: 10 H,U,C
(HU)
NR:PRR,T All H,CU 6,12,1824 mo (C) NR: al
EC R: Term All HCU R:Term All HCU R: Term All H,C,U
NR: Pre & NR: Pre& NR: Pre & Term
Term Term
JMHW R: Term Allp HCU R: Term AllP HCU R HC:TermU: AllP H,C,U
R
NR: Pre& All HCU NR:BR,T All HCU NR:HC:PRT All
Term U:
Pre, R
Redbook  Term R: 5/sex H,C Term All H,C NR: Pre, every 3 R: 10 H,C
N.R: all mo; NR: al
Term
OPPTS Term All H,C R: Term All H,C Every 6 mo, Term R: 10 H,U,C
(HU)
NR:PRR, T Pre, R, Term (C) NR: all
JMAFF N.R. N.R. N.A. R: Term All H,C,U¢ Every 6 mo, Teem R: 10 H,C,U
NR: PR, T NR: all
MITI N.S. N.S. H,C N.A. N.A. N.A. N.S. N.S. H,C,U

a N.S. = not specified; N.A. = not applicable (no guideline); N.R. = not required; R = rodent (rabbits included for dermal
studies,); NR = non-rodent; P or Pre = pretest (before initiation of dosing); T or term = termination of dosing; R = at least
once during treatment; H = hematology; C = clinica chemistry; U = urinalysis.

b Urinalysis can be performed on a fixed number of animals per group.

¢ Urinalysis performed at termination only (if considered necessary).

d Differential counts should also be performed on animals in deteriorating health.

¢ Urinalysis on rodents only.
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TABLE 2.15
Hematology Parameters of Subchronic and Chronic
Studies — Standard Study Guidelines

Hematology

All Guidelines

Erythrocyte count
Hematocrit
Hemoglobin concentration
Leukocyte count (total and differential)
Some measure of clotting function
Suggestions: Clotting time

Platelet count

Prothrombin time (PT)

Activated partial thromboplastin time (APTT)

Exceptions/Additions
OPPTS: MCV, MCH, MCHC
MHW: in addition, reticulocyte count, PT, APTT
IMAFF: specifies platelet count
MITI chronic studies: in addition, reticulocyte count; specifies platelet count
EC: Guidelines do not specify parameters.

TABLE 2.16
Clinical Chemistry Parameters of Subchronic and Chronic Studies —
Standard Study Guidelines

Guidelines?

Parameter OECD JMHW RDBK OPPTS JMAFF MITI
Alkaline phosphatase X X X X
Alanine aminotransferase (ALT) X X X X X X
Aspartate aminotransferase (AST) X X X X X X
v-glutamyltransferase (GGT) X X X X
Glucose X X X X X X
Bilirubin: total X X X x¢
Creatinine X X X X X
Urea (BUN) X X X X X X
Total protein X X X X X X
Albumin X X X X X
Albumin/globulin ratio X
Electrolytes (Na, K, Cl, Ca, P) X X X X X X
Cholesterol X X X
Triglycerides X X X
Ornithine decarboxylase (ODC) b b b
Protein-el ectrophoretogram X
Lactate dehydrogenase ¢
Creatine kinase ¢
Phosphotipids c
Uric acid ¢

a EC guidelines do not specify parameters.
b Ornithine decarboxylase is a tissue enzyme; no acceptable analytical procedure for blood exists.
¢ Chronic studies only.
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TABLE 2.17
Urinalysis Parameters of Subchronic and Chronic Studies —
Standard Study Guidelines

Guideline2

MITI
Parameter OECD MHW  OPPTS JMAFF (chronic)

Appearance
Volume
Specific gravity
Protein
Glucose
Ketones
Occult blood® X
Sediment microscopy®

pH X
Bilirubin

Urobilinogen

Electrolytes (Na, K, etc.)

X X X X X

X X X X X
X X X X X X X X
o X X X X

X X X X

X X X X X X X X X X X
X X X

a EC guidelines do not specify parameters; other guidelines do not recommend
routine urinalyses.

b Semiquantitative evaluation.

¢ When necessary.

TABLE 2.18
Organ Weight Requirements — Standard Study Guidelines
Organ to be Guideline?

Weighed OECD JMHW RDBK OPPTS JMAFF  MITI
Adrena glands X X X X X X
Kidneys X X X X X X
Liver X X X X X X
Testes X X X X X X
Epididymides X
Ovaries X X X X
Thyroid/ NR b NR NR NR
Parathyroids
Brain X X X Chronic  Chronic
Heart X X Chronic
Lungs b Chronic
Spleen X X X Chronic
Pituitary X Chronic
Salivary gland b
Seminal Vesicles b
Thymus X b X
Uterus X b X

a EC guidelines do not specify organs to be weighed. NR = non-rodent.
b Guidelines state that these organs are “often weighed.”
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TABLE 2.19
Microscopic Pathology Requirements of Subchronic and Chronic Studies
(Rodents) — General — Standard Study Guidelines

Intermediate Doses

Control and
High-Dose Target Early

Groups  All Tissues®  Organs®  Lesions/Masses  Deathsc Lungs! Liver Kidneys
OECD X X x c
JMHW X X
Redbook X X X x® Cc Cc c
OPPTS X X X x©
JMAFF X X X X X X X
MITI X X

Note: Nonrodents: most guidelines recommend examinations for all animals. Exception: OECD 90-
day study: control and high-dose, all tissues; intermediate dose, target organs.

a Tissues listed in Tables 20 or 21. C = chronic studies only; SC = subchronic studies only.

b Target organs: organs for which possible test material-related effects are seen in high-dose animals.
¢ Animals found dead or euthanatized in moribund condition before study termination (all tissues).

d Examination recommended, primarily for evidence of infection.

¢ Not required for 21/28-day studies.

f Not required for dermal studies.

TABLE 2.20
Microscopic Pathology Requirements — Tissues Most Often Recommended for Subchronic
Studies — Standard Study Guidelines

OECD RDBK
28 90 28 90
Tissues? Day Day EC JMHW  Day Day JMAFF OPPTS MITI

Adrenal glands X X X X R X X X X
Bone (sternum/femur/ S, ForV S F S S F X F+
vertebrag/rib)
Bone marrow (sternum/ X X S, ForV S F R S S F X F+
femur/vertebraglrib)
Brain (Medulla/pons, cerebrum, X X X X R X X X +
cerebellum)
Esophagus X X X X X X X
Heart X X X X X X X X X
Kidney X X X X X X *x X X
Large intestine (cecum, colon, X X Colon X R X X X

rectum)
Liver X X X X X X *X X X
Lung (with mainstem bronchi) X X X X X X X X +
Lymph node (representative) X X X X R X X X
Ovaries X X X X X X X X +
Pancreas X X X X X X X
Pituitary X X X X X X
Prostate X + X X X X +
Sdlivary glands + X X X X X
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TABLE 2.20 (Continued)
Microscopic Pathology Requirements — Tissues Most Often Recommended for Subchronic
Studies — Standard Study Guidelines

OECD RDBK
28 90 28 90
Tissues? Day Day EC JMHW Day Day JMAFF OPPTS  MITI

Small intestine (duodenum, X X X X R X X X

ileum, jgjunum)
Spleen X X X X X X X X X
Stomach X X X X R R X X +
Testes (with X X X X X X X X +
epididymides)
Thymus X X X X X X X
Thyroid (with parathyroids) X X X X X X X +
Trachea X X X X X X X
Urinary bladder X X X X X X X +
Uterus X X X X R X X X
Gross |lesions/masses/ target X X X X X X *x X X

organs

a * = 21/28 day dermal studies; + = examination/preservation required only if indicated by signs of toxicity or target organ
involvement (for, MITI, preservation suggested, examination not required); R = tissue required for rodents only.

TABLE 2.21
Microscopic Pathology Requirements — Tissues Occasionally Recommended for Subchronic
Studies — Standard Study Guidelines

OECD RDBK
Tissue? 28 Day 90Day EC JMHW 90 Day OPPTS JMAFF MITI

Aorta X X X X
Eyes + X X X + +
Gallbladder (not present in rats) X X X X X
Lacrimal gland (rodent only) X
Larynx X
Mammary gland + X X X ? ?
Muscle (skeletal, usualy biceps +

femoris)
Nasopharyngeal tissue X
Nerve (peripheral/sciatic) X X X X X
Seminal vesicles (not present in dogs) + X X X X
Skin x) X (x) *X
Spinal cord (no. of sections; total no. 3 3 X X 2 +3 X

indicated)
Tongue X
Vagina X
Zymbal glands +

a @ fromfemalesonly; * 21/28 day dermal studies + examination/preservation required only if indicated by signs of toxicity
or target organ involvement (for MITI, preservation suggested examination not required); R = tissue required for rodents
only; () = dermal only.
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TABLE 2.22

Microscopic Pathology Requirements — Standard Study Guidelines — Tissues Most Often
Recommended for Chronic Studies

Tissues?

Adrenal glands

Bone (sternum/femur/vertebrae)

Bone marrow (sternum/femur/
vertebrae)

Brain (medulla/pons, cerebrum,
cerebellum)

Esophagus

Heart

Kidney

Large intestine (cecum, colon, rectum)

Liver

Lung (with mainstem bronchi)

Lymph node (representative)

Mammary gland

Ovaries

Pancreas

Pituitary

Prostate

Sdlivary glands

Small intestine (duodenum, ileum,
jelunum)

Spleen

Stomach

Testes (with epididymides)

Thymus

Thyroid (with parathyroids)

Trachea

Urinary bladder

Uterus

Gross lesiong/masses/target organs

a @ from females.

OECD EC

X X
S F S, ForV
S S ForV

Colon

><><><><><><+g><><><><><><><
X

X X X X X X X X X

X X X X X X X X X
X X X X X X X X X

JMHW

X
S F
S F

X X X X X X X X X X X X X X

X X X X X X X X X

RDBK

X

X X X X X X X X X X X X X X (72}

X X X X X X X X X

OPPTS

X
X
X

X X X X X 0O X X X X X X X

X X X X X X X X X

JMAFF

X
S F
S F

X X X X X X +0 X X X X X X X

X X X X X X X X X

MITI

X
S ForV
S

X X X X X X +#© X X X X X X X

X X X X X X X X X

TABLE 2.23

Microscopic Pathology Requirements — Tissues Occasionally Recommended for Chronic
Studies — Standard Study Guidelines

Tissue

Aorta

Eyes

Gallbladder (not present in rats)
Lacrima gland (rodent only)
Larynx

Fallopian tubes

Muscle (skeletal, usually biceps femoris)

Nerve (peripheral/sciatic)
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TABLE 2.23 (Continued)

Microscopic Pathology Requirements — Tissues Occasionally Recommended for Chronic
Studies — Standard Study Guidelines

Tissue OECD EC JMHW RDBK JMAFF OPPTS MITI
Nose X
Pharynx X
Seminal vesicles (not present in dogs) X X X X X
Skin X X X X X
Smooth muscle
Spinal cord (number of sections; total 3 X X X 3 X
number indicated)
Tongue X X
Vagina X
SECTION 4. STUDY IMPLEMENTATION
A. ProtocorL CoMPONENTS CHECKLIST
Thisis aform used in our laboratory to outline protocol components.
ProtocoL & PricE REQUEST
Sponsor: Date of Contact:
Address: Date Rec'd by B.D.:
Contact Recipient:
Attention: Program (Y/N):
Information
Agent: Requested: (1 Protocol (1 Cost
Industry: [ Brochures (1 Other:
Srupy TypPe
AcuTE Toxicity CARDIOVASCULAR
[ Toxicity (LCqsy/LDs) [ Range-Finding [ Range-Finding
[ Irritation [ Oncogenicity [ Cardio Monitoring
[ Dermal Sensitization B/M& K [ Toxicity/Oncogenicity [ Telemetry
a a
NEUROTOXICITY REPRODUCTION
[ Range-Finding [ Range-Finding [J Two Generation
[ Developmental [ Reproduction (Seg ) [ Male Fertility
a [ Developmental (Seg 11) [ Dominant Lethal
[ Peri/Post (Seg 111) a
DuRATION OF StuDY
[ Hous [ Days [ Weeks [ Months [ Years
SPECIES/STRAIN
1 Rat/ Mouse/ ([ Monkey/
[ Dog [ Ferret [ Chicken [ Rabbit [ Guinea Pig (1 Other/
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RouTE of ADMINISTRATION

ORAL INHALATION DerRmAL
[ Diet (dAdj. dcConst. [ Head-Only [ Abraded #:
[ Gavage [ Capsule [ Nose-Only [ Non-abraded #:
[ Nasogastric (1 Whole-Body (1 Occluded (1 Semi-Occluded
a d |
OcCULAR INJECTION/INFUSION OTHER
[ Washed #: (d subQ awr O div Qdvagina
[ Unwashed #: [ Infusion (Continuous) [ Nasal
W [ Infusion (Intermittent) |
d
FREQUENCY OF ADMINISTRATION
[ Single [ Daily #: (J Weekly #: a hr/ days/week (1 Other
REGULATORY GUIDELINE
[ OPPTS (1 FDA/Pharmacuetical [ OECD a MITI
1 IMAFF [ EEC dWHO
[ FDA/Red Book d IMHW [ Non-Regulatory (1 Other
ExPERIMENTAL DESIGN
Group | 1l 11 v \% VI
M|F M|F M|F M|F M|F M|F

Dosage 1 ppm [ mg/kg A ml/kg d mg/M?3

A ml(cc) A

NUMBER OF ANIMALS

(MaiN Stupy)

(1 Satellite/Recovery

Ophthalmology

1 Intervals: Main Study
Satellite/Recovery

Hematology

1 Intervals: Main Study
Satellite/Recovery

1 Standard Battery (J Additional

(see attached)
Clinical Chemistry
A Intervals: Main Study

1 Standard Battery

Satellite/Recovery

(1 Additional (see
attached)

Urinalysis

A Intervals:

1 Standard Battery

Main Study

Satellite/Recovery

(1 Additional (see
attached)
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Group | I n Y, v VI
M|F M|F M|F M|F M|F M| F

Toxico/Pharmacokinetics

1 Intervals: Main Study
1 Timepoints: Satellite/Recovery
dPlasma [ Serum O In-House Analysis [ Shipped To Sponsor
ECG
1 Intervals: Main Study

Satellite/Recovery

Blood Pressure
1 Intervals: Main Study
Satellite/Recovery

Necropsy

1 Interim Sacrifice

1 Terminal Sacrifice

(1 Recovery Sacrifice

(1 Organ Weights

[ Microscopic Examination
Analytica

1 Dose Medium I Product Chemistry d RIA 1 ADME

Other

(1 Special Stains [ Special Statistical Package Status Reports: (1 Weekly (1 Monthly O Interim Only 1 Term Only

B. StupY INITIATION CHECKLIST

The following checklist presents activities to be completed plus items to be addressed before
initiation of the study.

1. PROTOCOL
a Finalized/scientific review and approval
b. IACUC review and approval
c. QA GLP review and approval
d. Distributed to appropriate personnel

2. TEST ANIMALS
a Room assigned
b. Ordered
c. Received
d. Health examination completed (including prestudy EKG, ophthalmology, vaccinations,
vaccinations and TB testing as required)
e. Assigned to groups; assignment reviewed and approved

3.  PRESTUDY CLINICAL PATHOLOGY (if required)
a Scheduled
b. Completed
c. Reviewed by Study Director (animal selection)
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4. STUDY SCHEDULE
a. Completed
b. Distributed

5.  TEST MATERIAL
a. Amount needed cal culated/confirmed
b. Received
c. Storage:
d. Handling instructions (personnel protection)
1) Technica materia
2) Dosing solutions, treated feed, etc.

6. PRESTUDY ANALY SIS OF DIETS/DOSE FORMULATIONS (if required)
a Method provided
b. Method validated
¢. Scheduled
d. Completed

7. DOSES, DOSE SOLUTIONS, DIET PREPARATION
a Doses/concentrations selected
b. Mixing instructions
1) Developed/provided to appropriate personnel
2) Prestudy mix completed
3) Analysis required/completed
Required Completed
Type: Homogeneity
Stability
Concentration

8. WASTE DISPOSAL
a. Technical materia
b. Dosing solutions, treated feed, etc.
¢. Procedures to minimize waste

9. EXPECTED TOXICITY AND CLINICAL SIGNS

10. SUBCONTRACTORS (including pathology, clinical pathology, metabolism, microbiology)
a Reguired
b. QA notified
If required, list below subcontractor’s name and address, work to be performed by the
subcontractor, handling instructions, and the person responsible for shipment:

11. NECROPSY PROCEDURES (specia instructions, e.g., photos of gross lesions, paired
organs weighed together or separately, unusual fixative)
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12.  TOXICOKINETIC SAMPLES (blood, urine, etc.)
a Type
b. Preservative/anticoagulant, etc.
c. Storage/transfer instructions

13.  REPORT SCHEDULE
a Status reports — frequency

Weekly

Monthly
. Special data handling/statistics
. Final draft — date required
. Histopathology — date required
. Final report — date required

® o 0T

C. GLP ProtocoL Review CHECKLIST*

Thisis a checklist used by Huntingdon Life Sciences’ Quality Assurance Unit to review protocols
for GLP Compliance.

Sponsor, Study No. + = Requirement Met
0 = Requirement Not Met
Date; NA = Not Applicable
Circle Agency EDA EPA OECD MHW MAFF MITI NON
1. A descriptive title and statement of purpose
of the study. - - - - - - -
2. Identification of the test and control article

by name and/or code number.

3. The name and address of the test facility and

the sponsor. - - - - - _ -
da. Proposed experimental start date. NA - - NA - - -
4b. Proposed termination date. NA - - NA NA - -
4c. Proposed duration of study. NA NA NA NA - - NA
5. Justification for selection of the test system. NA . - - - - -
6. Where applicable, the number, body weight

range, sex, source of supply, species, strain,

substrain and age of the test system. - - - - - - -
7. The procedure for unique ID of the test - - NA - - - -

system.
8. A description of the experimental design,

including the method for control of bias. - - - - - - -
9. A description and/or identification of the diet

used in the study, to include statement of

contaminants. - - NA - - - -
10a.  Route of administration. - - - - - - -
10b.  Reason for route. NA - - o - - -
10c. Reason for frequency and duration. NA NA NA - o - NA

11. Dose levelsin appropriate units, and method
and frequency of administration.

12. Method degree of absorption is measured. NA NA NA - - - -
13. Type/frequency of test measurements. _ _ _ . . _ _
14. Records to be maintained. _ _ _ . . . .
15a.  Date sponsor approved, and dated study

director signature. - - - - NA - -
15h.  Signed by test facility management. NA NA NA - - - NA
16. Proposed statistical methods - - NA - - - -
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Circle Agency EDA EPA OECD MHW MAFEF MITI NON

17. Reference to OECD or other test guidelines. NA NA - NA NA NA NA
18. Environmental conditionsfor the test system. NA NA NA _ - - NA
19. Test, control and reference substances or

mixturesappropriately tested (or to be tested)

for identity, strength, purity stability,

uniformity and solubility. - - - - - - -
D. Test AND/OR CONTROL MATERIAL HANDLING INFORMATION
Thisis aform used in our laboratory to obtain information about materials to be tested.

STUDY NO(S):

TEST AND/OR CONTROL MATERIAL

HANDLING INFORMATION

This form is designed to specify test material handling and disposition instructions and to provide procedures (if known)
in case of accidental exposure to the substance. As with al data, this information will be considered confidential and will
be available only to persons involved with the study or studies using this substance. Please provide as complete information

as possible for each category below and/or attach the information in your own form and return:
1. IDENTIFICATION
Test Material (name or Code Number)

Batch or Lot Number:
Physical Description:
Purity:
Density (if known):
pH (if applicable):

Test Material is Soluble in (check one): __ Water; _ Acetone; Alcohol; Qil; Other ( )

1. STORAGE INFORMATION - Materia should be stored in:
Temperature-monitored room (60-85°F); _ Freezer; _ Refrigerator; Other ( )

1. STABILITY

Length of time material is stable under conditions described above:

Expiration date: Indicated on label: YES/NO (circle one)

Unknown Less than Upto Upto Other

Stahility in common vehicles: 4 Hours 4 Hours 24 Hours ()

Water:

Methylcellulose:

Corn oil:

Organic solvents (acetone, ethanal):

Other ( ):

If stability of neat material or of material in vehicle to be used in study is not known:
Instructions for analysis will be provided.
Samples are to be submitted to Sponsor for analysis.
Analysis will not be required.
V. HANDLING (EMPLOYEE SAFETY) INFORMATION
KNOWN HAZARDS: (If available, attach summary of pertinent results of any previous toxicity studies).
Approximate rodent oral LD, = _ mg/kg (if unavailable, enter NK, not known).
Is material a probable eye/skin irritant: YES/NO (circle one).
OTHER PERTINENT
INFORMATION:
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PRECAUTIONS: Use of protective clothing (laboratory coats), latex gloves, safety glasses and
dust mask is routine. Precautions in excess of the above should be specified:
Routine precautions adequate. Other:

IN CASE OF EMERGENCY RELATED TO THIS SUBSTANCE, CONTACT:
of a
(Person) (Company) (Phone Number)
\Y DISPOSITION
All material will be returned to the Sponsor. Person and address to whom samples are to be returned:
Name: Shipping Instructions:

Address:

Note: Please enclose appropriate shipping labels for return.
V1. SIGNATURE

Information submitted by:

Company: Date:

E. Frow CHART/TIME LINES FOR CONDUCT OF STUDY

Product Development
1997 1998 1999 2000 2001
Task Name Q2 Q3 Q41 Q1 | Q2103104101 [0Q2]Q3]04]01 10210304 ][0l
TEST MATERIAL RECEIPT|

ANALYTICAL

Method Development

RODENT STUDIES

ACUTE RAT i

In-life study

Report

4 WEEK-RANGE FIND

Animal Acclimation

In-Life Study

Report

3 MONTH RAT

Animal Acclimation

In-Life Study

Report

CHRONIC (24 MONTH)

Animal Acclimation

|

In-Life Study

Report

I

FIGURE 2.1 Flow chart/time line for rodent studies.
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Product Development
1997 1998 1999 2000 2001
Task Name QZ! Q3 | Q04 | 01 | Q2 | 03 | 04 | O1 | Q2] 03] 04]01]02]03]04]01
CANINE STUDIES ! H H H H
ACUTE (Up & Down) '_
In-life study =.
Report -
RANGE-FIND ——
Animal Acclimation dl
In-Life Study -
Report
3 MONTH 1
Animal Acclimation -
In-Life Study [ —
Report :—.
CHRONIC (9 MONTH) 1
Animal Acclimation -i
In-Life Study '—
Report h
FIGURE 2.2 Flow chart/time line for nonrodent studies.
F. SAMPLE STUDY SCHEDULE
PROPOSED STUDY SCHEDULE
STUDY NUMBER:____ EXAMPLE ___ PAGE_1 OF_1
PREPARED BY: DATE: APPROVED BY: DATE:
VERIFIED BY: DATE: SCHEDULED BY: DATE:
cc
YEAR O | YEAR STUDY (¢}
2001 STUDY B F|F|B 2001 B F F|B
DATE | DAY | WK | EVALUATIONS | W | | O | S | DATE | DAY | WK EVALUATIONS W | Of S
7/1 8/1 14 J J| Y
712 8/2 15 3 W
713 8/3 16
714 8/4 17
7/5 -13 | -1 | Animal Receipt N 8/5 18
716 -12 8/6 19
n7 -11 8/7 20
718 -10 8/8 21 J J| Y
719 -9 8/9 22 4 W
7/10 -8 8/10 23
7/11 -7 Vet. Examination | / J/ 8/11 24
7112 —6 0 W 8/12 25
7/13 -5 8/13 26
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7/14 —4 8/14 27
7115 -3 Ophthalmology 8/15 28 J/ Jl Y
7116 -2 8/16 29 5 | Ophthalmology, Urine
7117 -1 8/17 30 Hematology, Necropsy
7/18 0 Sort and Eartag J/ J v/ | 818
7/19 1 1 Initiate treatment W 8/19
7120 2 8/20
7121 3 8/21
7122 4 8/22
7123 5 8/23
724 6 8/24
7125 7 J J|v | 825
7126 8 2 W 8/26
7127 9 8/27
7128 10 8/28
7/29 11 8/29
7/30 12 8/30
7/31 13 8/31
BW — BODY WEIGHT GENERAL NOTES:
FI — FEEDER IN

W —WEIGHED FEEDER

N — NON-WEIGHED FEEDER
FO — FEEDER OUT
OBS — OBSERVATIONS

G. ANIMAL SELECTION — RANDOMIZATION PROCEDURES

Rodents are generally assigned to studies by use of computer programs which sort animals by
weight and assign them to groups in a manner that results in similar mean weights.

Thefollowing procedures are used in our laboratory to assign small numbers of animals (usualy
dogs or monkeys) to groups:

1. Eliminate from selection any animals considered unsuitable on the basis of pretest
examinations and evaluations.

2. List animals in ascending or descending order based on body weights.

3. Determinethe number of blocks per sex and the number of animals per block by referring
to the protocol. The number of blocks per sex is equal to the number of groups and the
number of animals per block is equal to the number of animals per group. For example,
if the study design calls for 4 groups of 5 animals per sex, then the number of blocks
per sex equals 4 with 5 animals in a block.

4. Distribute the animals into the blocks so that the body weight means for each block are

comparable.

Do not place littermates (dogs) in the same blocks.

6. Use arandom numbers table to assign the blocks to study groups as follows:

a. Assign atwo-digit number to each block (00—99).

b. When an assigned number is reached on the table, assign this block to Group I.

c. Continue across the rows until the next assigned number is reached. If the block
assigned to this number is a different sex than the first number found, assign this
block as Group I. If it is the same sex as the first block assigned, assign this block
to Group Il.

d. Continue in this manner until al the blocks are assigned to dose groups.

o
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SECTION 5. DOSE/VEHICLE SELECTION
AND DOSE FORMULATION*

A. DEFINITIONS RELATIVE TO DOSEs/DOSE SELECTION

1.

ED.,: The median effective dose, i.e., the dose for which half (50%) of the animals exhibit an effect

Acute Studies

(E) and half of the animals exhibit no effect.

The effect may be defined as a specific toxic event (e.g., tremors) and is sometimes defined as
lethality (LD5,). Other subscripts may be used to designate the percentage of animals affected. For

example, the ED,, and EDg, are the doses at which 10% or 90% of the animals, respectively,
demonstrate the effect.

2.

General Studies

Limit Dose: A dose which is considered high enough that if no mortality or significant toxicity
is seen in animals receiving this dose, no higher doses are required.
Examples: Limit doses (EPA/OECD)

Acute Ora Toxicity 2,000 mg/kg
Acute Dermal Toxicity 2,000 mg/kg
21-Day Dermal Toxicity 1,000 mg/kg/day

Chronic Studies of Pesticides 1,000 mg/kg/day
Note: The “limit” dose of a hon-nutritive material added to the diet is generally considered
to be 5% (50,000 ppm).

Subchronic and Chronic Studies

ADI: Acceptable Daily Intake (established for food additives/residues and published by the
EPA).

NOEL: No observed effect level. Dose at which no effect is seen.

NOAEL.: No observed adverse effect level. Dose at which no adverse (toxic) effect is seen.

Chronic Studies

MTD: Maximum Tolerated Dose. Highest dose that can be tolerated without significant
lethality from causes other than tumors. (A frequently cited criterion for EPA studies is
that the MTD for chronic studies with pesticides is a dose which produces an approximate
10-15% decrement in body weight gain.)

HTD: Highest dose tested. Highest dose that can be expected to yield results relevant to
humans. Thisis a proposed new dose which would be selected based on an evaluation of
results of subchronic studies.

B. GEeOMETRIC PROGRESSION TABLES FOR DOSE SELECTION

Table 2.24 isaseries of approximately geometrically-spaced doses used frequently in our laboratory,

primarily for acute toxicity studies.

* See Chapter 33, Section 4 for calculations, preparation, and properties of various types of substances commonly used in

toxicology.
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TABLE 2.24
Geometric Progressions

Interval 0.1 log 0.14 log 0.3 log
Multiples of 1.26 1.43 2
Doses 04 or 0.25 0.25

0.6 035 05

0.8 0.8 05 1.0

1.0 12 0.7 2.0

13 17 1.0 4.0

16 25 14 8.0

20 35 20 16.0
25 5.0 2.8
3.2 71 4.0
4.0 10.0 5.6
5.0 14.2 8.0
6.3 20.0 11.2
8.0 284 16.0
40.3 224

C. VEHIcLEs: GUIDELINES FOR DOSING

The following are commonly used vehicles which are generally regarded as nontoxic and
nonirritating.

Ord

Water

Methylcellulose or carboxymethylcellulose (0.5 — 5% aqueous suspension)

Qil (corn, peanut, sesame)

Note: High volumes may be associated with soft stool

Dermal

Physiological saline

Water

Ethanol

Acetone

Minera oil
Parenteral

Physiological saline (sterile)

Water for injection (sterile)
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D. Dose VoLuME AND NEEDLE Size GUIDELINES

TABLE 2.25
Suggested Dose Volumes (mL/kg) for Test Material Administration
ROUTE
GAVAGE DERMAL v IP SC IM NASAL?

Species Ideal Limit Ideal Limit Ideal Limit Ideal Limit Ideal Limit Ideal Limit Ideal Limit

Mouse 10 2050 5 1525 510 3050 1-5 10-20 0.1 0.5-1 — —

Rat 10 2050 2 6 1-5 1020 510 10-20 1 1020 011 1-10 01 0.2
Rabbit 10 1020 2 8 1-3 5-10 — — 125 510 0105 1 0.2 1
Dog 10 10-20 —_ —_ 1 5-10 3 5 0.5 1-2 01-02 1 0.2 2
Monkey 10 10 — — 1 5-10 3 5 0.5 12 0105 1 0.2 1

a Nasal doses (ml/Animal, 1/2 doses per nostril) based on experience in our laboratory.

Adapted from SYNAPSE, American Society of Laboratory Animal Practitioners, Vol. 24, March 1991.2 Some adaptations have been
made based on experience in our laboratory.

TABLE 2.26
Suggested Dosing Apparatus/Needle Sizes (Gauge) for Test Material Administration?
Route
Gavage v IP SC IM
Species Recommended Ideal Range Ideal Range Ideal Range Ideal Range
Mouse Premature infant feeding tubecutto  250r 25-30 250r 22-30 250r 22-30 25o0r27 22-30
70 mm, marked at 38 mm 27 27 27
Rat 3-inch ball-tipped intubation needle 25 2530 25 2230 25 2530 25 22-30
Rabbit No. 18 French catheter, cut to 15 21 21-22 21 1823 25 22-25 25 22-30
inches, marked at 12 inches
Dog Kaslow stomach tube 12Fr > 24 21 21-22 — — 22 2023 2lor25 20-25
inches; Davol 32Fr intubation tube
Monkey  No.8Frenchtube (nasogastricgavage) 25 2530 — — 22 22-25 25 22-25

a Recommended gavage equipment and ideal needle sizes are those used in our laboratory. Suggested ranges of needle
sizes are from: Laboratory Manual for Basic Biomethodology of Laboratory Animals, MTM Associates, Inc.®

E. DermMAL ExPOSURE METHODS

Procedures used in our laboratory are:

Dose site:
¢ An area on the back is used.

« Hair is removed from the application site before administration of test material.
« Care must be taken to avoid damaging the skin during clipping. Animals with damaged

skin should not be used.

e The siteis reclipped as necessary throughout the study.
e The maximum exposure site consists of an area of skin from the scapulae to the wings
of the ilium extending to the lateral midline on either side.

 This area represents approximately 10% of the body surface.

« If no covering (occlusion) will be used, it is preferable to use a smaller area in the
scapular area to prevent/minimize ingestion of test material.
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Application procedures:

« Open, nonoccluded: The test material is spread evenly over the dose site with a glass
rod or gloved fingers. Animals (rabbits and rats) are generally fitted with polyethylene
collars to prevent ingestion.

 Occlusive covering: Thetest material isapplied and covered with an impervious material
designed to hold the material in place and prevent ingestion and evaporation.

Rabbits:
Preparation of covering:
1. Cut 4-1/2 inch wide 8-ply gauze to a length of approximately 18 inches.
2. Cut polyethylene sheeting to a size of approximately 10 x 24 inches.
3. Fold both edges of the polyethylene lengthwise toward the middle. Tape the ends
of the polyethylene to hold the folded edges.
4. Cut 2- or 3-inch-wide athletic tape (e.g., Zonas®) to a length of approximately 21
inches.
Application:
1. Apply the test material as described previously.
2. Wrap the gauze around the animal’s midsection.
3. Cover the gauze with the polyethylene sheeting.
4. Wrap each end of the polyethylene with athletic tape, making contact with the
animal’s skin. Also place apiece of athletic tape over the middle of the polyethylene
sheeting.

Rats:
Preparation of covering:

1. Cut 2- or 3-inch wide elastic adhesive bandages (e.g., Elastoplast®) to a length of
approximately 14 inches. Adjust length as needed depending on the size of the
animal.

2. Cut polyethylene sheeting to an approximate size of 3 x 4 inches.

3. Place the 3 x 4-inch sguare of polyethylene on the adhesive side of the elastic
bandage approximately 1/2 inch from one end of the bandage.

Application:

1. Apply the test material as described previously.

2. Place a gauze patch of appropriate size over the dose site.

3. Place the end of the bandage containing the polyethylene square over the patch
and wrap the bandage around the animal so that the edges of the bandage come
in contact with the animal’s skin. Apply the bandage in a manner that prevents the
animal from disturbing the dose site but does not cause undue stress.

Semiocclusive covering:
The test materia is applied beneath a gauze wrapping designed to hold the material in
place and prevent ingestion without completely occluding the dose site.
Procedures used in our |aboratory are:

Rabbits:
Preparation of covering:
1. Cut4-1/2-inchwide 8-ply gauze or asuitable substitute to alength of approximately
18 inches.
2. Cut 2-inch wide athletic tape (e.g., Zonas®) to alength of approximately 21 inches.
Application:
1. Apply test materia as described previously.
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2. Wrap the gauze around the animal to cover the dose site.

3. Place one piece of athletic tape over each edge of the gauze (upper and lower) to
secure it. The tape must come in contact with the animal’s skin to secure the
bandage.

Removal of coverings:

If necessary, cut the bandages using bandage scissors (generally used for rabhits).
Carefully remove the bandage and any underlying gauze. Remove any excess test
material from the dose site by wiping gently with gauze (dry or moistened with
warm water).

F. Boby WEIGHT/SURFACE AREA CONVERSION TABLES

TABLE 2.27
Body Weight: Surface Area Conversion Table

Representative Body Weight to Surface Area?

Species  Body Weight (kg)  Surface Area (m?  Conversion Factor (km)

Mouse 0.02 0.0066 3
Rat 0.15 0.025 5.9
Monkey 3 0.24 12
Dog 8 0.4 20
Human
Child 20 0.8 25
Adult 60 16 37

a Example: To express a mg/kg dose in any given species as the equivalent mg/m?
dose, multiply the dose by the appropriate km. In human adults, 100 mg/kg is
equivalent to 100 mg/kg x 37 kg/m? = 3700 mg/m2.

Adapted from Freireich, E.J. et al., Quantitative comparison of toxicity of anti-cancer
agents in mouse, rat, dog, monkey and man, Cancer Chemother. Rep., 50; 219, 1966.

TABLE 2.28
Equivalent Surface Area Dosage Conversion Factors?
TO
Mouse (20 g Rat (150 8)  Monkey (3 kg) Dog (8 kg Human (60 kg)

Mouse 1 12 iz 1/6 12
F  Ra 2 1 12 3 16
R Monkey 4 2 1 3/5 173
O Dog 6 4 32 1 12
M Man 12 7 3 2 1

Example: To convert a dose of 50 mg/kg in the mouse to an equivalent dose in the monkey, assuming
equivalency on the basis of mg/m?; multiply 50 mg/kg x 1/4 = 13 mg/kg.

a This table gives approximate factors for converting doses expressed in terms of mg/kg from one species
to an equivalent surface area dose expressed as mg/kg in the other species tabulated.

Adapted from Freireich, E.J. et al., Quantitative comparison of toxicity of anti-cancer agents in mouse,
rat, dog, monkey and man, Cancer Chemother. Rep., 50, 219, 1966.
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G. Dose CALCULATIONS — ORAL, DERMAL, OR PARENTERAL ADMINISTRATION

Abbreviations: ml = milliliter; mg = milligram; g = gram (equal to 1000 mg); kg = kilogram (equal
to 1000 g); b.w. = body weight (generally expressed in kilograms).

1. Dose Volume

To calculate dose volume when dose and concentration are known:

dose (mg/ kg b.w.)

Dose volume (ml / kg b.w.) = ;
concentration (mg/ ml)

Example: To determine the dose volume needed to administer 200 mg of test material per
kilogram of body weight of a dose solution containing 20 mg of test material per milliliter:

dose: 200 mg/ kg b.w.
concentration: 20 mg/ ml

= dose volume: 10 ml / kg b.w.

2. Concentration of Dosing Mixture

To calculate dose concentration when dose and desired dose volume are known:

dose (mg/ kg b.w.)
dose volume (ml / kg b.w.)

Concentration (mg/ ml) =

Example: To determine the concentration of dose solution needed to administer 200 mg of a
test material per kilogram of body weight at a dose volume of 10 ml/kg of body weight:

dose: 200 mg/ kg
dose volume: 10 ml / kg

= concentration: 20 mg/ ml

3. Individual Animal Doses

A. Solids
To calculate the weight of a solid material to be administered to an animal (used for oral
administration in capsules, dermal dosing of neat powders): Dose for animal (mg) =
dose (mg/kg b.w.) x animal’s body weight (kg).
Example: To administer a dose of 25 mg/kg b.w. to a dog weighing 9.4 kg: 25 mg/kg
b.w. x 9.4 kg b.w. = 235 mg.
B. Liquids
To calculate the dose volume to be administered to an individual animal: Dose volume
for animal (ml) = dose volume (ml/kg b.w.) x animal’s body weight (kg).
Example: To administer a dose of 6 ml of test material per kilogram of body weight to
arat weighing 325 g:

Convert body weight to kilograms: 325 grams x 0.001 kg/g = 0.325 kg
Calculate dose: 6 mi/kg b.w. x 0.325 kg b.w. = 1.95 ml
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4. Adjustment for Active Ingredient

If doses are to be administered as doses of pure material or active ingredient, the dose must be
adjusted as follows: Desired dose of active ingredient x (100%/% active ingredient) = calculated
total dose.

Example: To administer a dose of 10 mg/kg b.w. of active ingredient of a test material which
is 85% active.

10 mg/ kg x % =11.76 mg / kg (dose to be administered)

5. Dose Solution Conversions

To convert percent to milligrams per milliliter; Concentration in % x 10 = concentration in mg/ml.
Rationale: A 100% mixture contains 1g (or 1000 mg)/ml. Therefore:

100% = 1000 mg/ml
10% = 100 mg/ml
1% = 10 mg/ml

Example: To determine the concentration in milligrams per milliliter of a 30% w/v (weight/vol-
ume) solution:

30% wi/v x 100 = 300 mg/ml

H. CALCULATIONS FOR DIETARY AND DRINKING WATER ADMINISTRATION

Abbreviations: t.m. = test material; mg = milligram; g = gram (equal to 1000 mg); kg = kilogram
(equal to 1000 g); b.w. = body weight (generally expressed in kilograms); f.c. = food consumption.

1. Calculation of Concentration — General

» Conversions
Concentrations are usually expressed as ppm (parts per million) or %. Conversion: % x
10,000 = ppm.
For solids (dietary administration)
1 ppm = 1 mg of test material per kg of mixture
1% = 10,000 mg of test material per kg of mixture
For liquids (drinking water administration)
1 ppm = 1 mg of test material per liter of mixture
1% = 10,000 mg of test material per liter of mixture
 Cdculation of amount of test material needed
To calculate the amount of test material needed when desired concentration and total
amount of diet are known:
Desired concentration (ppm) x required amount of diet (kg) = amount of test material
needed (mg).
Example: To prepare 20 kg of adiet containing 6 ppm of test material:

6 ppm = 6 mg/kg
6 mg/kg x 20 kg = 120 mg

Therefore, mix 120 mg of test material in 20 kg of diet.
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« Adjustment for active ingredient
If doses are to be administered as doses of pure material or active ingredient, the concen-
tration must be adjusted as follows. Desired concentration of active ingredient x
(100%/% active ingredient) = calculated concentration.
Example: To prepare 20 kg of diet containing 6 ppm of active ingredient of atest material
which is 80% active:

6 ppm = mg/kg x 100/80 = 7.5 mg/kg
7.5 mg/kg x 20 kg = 150 mg

Therefore, mix 150 mg of test material in 20 kg of diet.
« Adjustment for high test material concentrations
When high concentrations of test material are used, displacement of diet must be consid-
ered and an appropriate adjustment made. Thisisusually done when the amount of test
material to be added is5 g or more. The correction is made by subtraction of an equiv-
alent weight of diet rounded to the nearest 10 g as shown below:

Test Material (g)  Feed Displaced (g)

5.0-15.0 10
15.1-25.0 20
25.1-35.0 30
35.145.0 40
45.1-55.0 50

Example: To prepare 60 kg of a diet containing 30 g of test material (concentration of
500 ppm):

30 g of test materia displaces 30 g of feed
60 kg of diet = 60,000 g of diet
60,000 g of diet — 30 g of test material = 59,970 g of feed

Therefore, mix 30 g of test material with 59,970 g of feed.

2. Adjustment of Concentration for Body Weight

Dietary concentrations are often adjusted to administer a specified amount of test material per unit
of body weight each day, e.g., mg/kg b.w./day. Each time the diet is prepared, adjustments are
made based on body weight and food consumption data from the preceding interval (s) and the new
concentration is calculated as follows:

« Calculation of dietary concentration
Dietary concentration (mg test material/kg diet) = desired dose (mg/kg b.w./day) + pre-
dicted food consumption (g diet/kg b.w./day) x 1000 (g/kg).
In our laboratory, predictions are made as follows:
* Predicted food consumption
The preceding interval’ sfood consumption (expressed as grams of food consumed per an-
imal per day) and a predicted body weight are used as follows: Predicted food con-
sumption (g diet/kg b.w./day) = previous food consumption (g diet/day) + predicted
body weight (kg).
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 Predicted body weight is calculated as follows: Predicted body weight (kg) = current

weight (kg) x 1.33 — previous weight (kg) x 0.33.

Example: To calculate the dietary concentration needed to administer 100 mg of test ma-
terial per kg b.w. per day during Week 3 to a group of rats which had a mean body
weight of 200 g at the end of Week 1 and 249 g at the end of Week 2 and a mean food
consumption value of 120 g of food per animal during a 6-day measurement period
(20 g per animal per day) during Week 2.

1. Caculate predicted body weight:

To predict the Week 3 weight of a group of rats which had mean weights of 200 g at
the end of Week 1 and 249 g at the end of Week 2:

This week's (Week 2) weight x 1.33 249x 1.33=331¢
Last week's (Week 2) weight x 0.33 200x 0.33=66g

Predicted Week 3 weight: 331 — 66 = 265 g
2. Calculate predicted food consumption:

Prevmusyveek sf.c.. 20g/ day — 755 diet / kg bw. / day
Predicted b.w.: 265 g

3. Calculate dietary concentration:

100 mg t.m./kg b.w./day (dose) + 75.5 g diet/kg b.w./day (predicted f.c.) x 1000
=1324.5 g t.m./kg diet

Check: Based on prediction, rat consumes 75.5 g/kg b.w./day of diet containing
1324.5 mg/kg of test material. 1324.5 mg test material/kg of diet x 0.0755 kg of diet
= 100 mg test material/kg b.w./day.

3. Test Material Intake

To calculate actual test material intake (dose): Dose (mg of t.m./kg b.w./day) x dietary concentration
(mg t.m./g of diet) x diet consumed (g diet/kg b.w./day).

Example: To determine the dose of test material received by a rat which consumed 120 g of
diet/kg b.w./day of a diet containing 800 ppm of test material.

e 800 ppm = 800 mg t.m./kg of diet = 0.8 mg t.m./g of diet
* 0.8 mgt.m./g of diet x 120 g of diet/kg b.w./day = 96 mg t.m./kg b.w./day

4. Approximate Conversion Factors (ppm to mg/kg/day)

When diets of a constant concentration are administered throughout a study, the actual test material
intake per unit of body weight decreases as the animal grows older. Approximate conversion factors,
assuming normal food consumption, to convert ppm in diet to mg test material/kg b.w./day are in
Table 2.29.
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TABLE 2.29
Conversion Factors (ppm to mg/kg)?

Conversion Factor

Species Age (Divide ppm by)
Mice Young (1-12 wk of study) 5
Older (13-78 wk of study) 6-7
Rats Young (1-12 wk of study) 10
Older (13-104 wk of study) 20
Dogs 40

a Example: To estimate the approximate test material intake of
rats receiving a 1000 ppm dietary concentration during a 4-week
study: 1000 ppm + 10 = 100 mg/kg b.w./day.

I. CALculATION OF TEST MATERIAL REQUIREMENTS

1. Amount of Material Needed for Capsule Administration or Dermal
Administration of Neat Material

Sum of doses (mg/kg b.w./day) x number of animals per group x b.w. (kg)2 x number of days.
aGuidelines: Average Body Weight (kg).

Rat Mouse Rabbit

Duration
of Study  Sprague-Dawley F344 CD-1  B6C3F1  NZW

<4 wk 0.300 0.200 0.030 0.025 3
<12 wk 0.400 0.250 0.035 0.030 4
>12 wk 0.500 0.350 0.040 0.035 4

Nonhuman Primate

Cynomolgus Rhesus  Dog

<12 wk 3 4 10
>12 wk 4 6 12

Notes: Thisis an approximate minimal amount. A safety factor of 20-50% is usually added to
allow for remixes, etc. Adjustment for active ingredient should be made if required.

Example: To calculate the amount of material needed for a 4-week study in dogs with doses
of 10, 30, and 100 mg/kg b.w./day and a group size of 4 dogs/sex.

e Sum of doses (10 + 30 + 100) = 140 mg/kg/day
» 140 mg/kg/day x 8 dogs x 10 kg x 30 days = 336,000 mg (336 g) with safety factor
(additional 50%) request approximately 500 g.

2. Amount of Material Needed for Administration in a Solution
or Suspension

1. Calculate amount of solution to be prepared at each interval (i.e., each mix): Dose (ml/kg
b.w./ day) x b.w. x number of animals x number of days = ml/interval.
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Example: To calculate the volume to be prepared to administer 10 mi/kg b.w./day to
rats for a 6-month study in 20 rats per sex per group with dose solutions prepared weekly.

10 mi/kg b.w./day x 0.500 kg per rats x 40 rats x 8 days = 1600 ml

2. Calculate amount of materia to be used for each mix: Sum of concentrations (mg/ml)
x volume (ml) = amount needed (mg).
Example: To calculate test material needs when 1600 ml of dose solution per week
per dose level are mixed and dose concentrations are 20, 40, and 80 mg/ml:
e Sum of concentrations: 20 + 40 + 80 = 140 mg/ml
e 140 mg/ml x 1600 ml/wk = 224,000 mg (224 g) per week.
3. Cdculate amount of test material needed for entire study: mg or g/interval x number of
intervals = mg or g needed.
Example: To calculate the total amount of material needed for the exampl es presented
above: 224 g/week x 27 weeks (one additional week added for pretest mix) = 5824 g,
with safety factor (additional 20%), request approximately 7000 g.

3. Amount of Material Needed for Dietary Administration

1. Caculate the amount of dietary mixture to be prepared at each interval (i.e., each mix):

Amount of feed per animal per interval x number of feeders to be prepared. The amount
of feed depends on size of feeders. In our laboratory, the following are used: mice, 64
o/wk; rats, 275 g/wk; dogs, 3.5 kg/wk (400 g/day).

In our laboratory, we prepare 5-10% more feeders than needed for rodents (minimum
of two extra feeders per group) and one extra feeder per dog per week.

Example: To calculate the amount of diet to be mixed each week for a group of 10
rats per sex:

275 g of feed/rat/wk x 20 rats = 5500 g
plus 10% (two additional feeders) = 550 g
Total = 6000 g

A safety factor of 500 to 1000 additional grams may be added here.
2. Calculate the amount of test material to be used for each batch of diet to be mixed: Sum
of concentrations (mg t.m./kg diet) x batch size (kg) = mg of t.m. needed per batch.
a. For studies with the same concentration throughout the study: Sum of concentrations
= sum of dose levels.
Example: To cal culate the amount of material needed per week to administer dietary
concentrations of 100, 200, and 400 ppm to groups of 10 rats per sex
» Sum of concentrations (100 + 200 + 400) = 700 ppm (mg t.m./kg diet)
e 700 mg t.m./kg diet x 6 kg diet = 4200 mg (4.2 g)
b. For studies with adjustment of concentration based on body weights and food con-
sumption:

Sum of dose levels (mg/ kg / day)

Sum of concentrations= -
Predicted feed consumed (g/ kg b.w. / day) x 1000

The following numbers, based on historical control data, are used in our laboratory
for estimating the predicted feed consumed.

Copyright © 2002 by Taylor & Francis



Amount of Feed Consumed

Duration of Study (g feed/kg b.w./day)

(wk) Rat Mouse
4 100 250
12 80 215
26 70 190
>26 50 165

Example: To calculate the amount of material needed per week to administer doses
of 50, 250, and 1250 mg/kg b.w./day to groups of 10 rats per sex for 4 weeks.
e Sum of concentrations (50, 250, and 1250) = 1550 mg/kg b.w./day
1550 mg/ kg b.w. / day
100 g/ kg b.w. / day x 1000
e 0.1155 mg t.m./kg diet x 6 kg diet = 693 mg
3. Cadculate amount of test material needed for entire study: mg or g/interval x number of
intervals = mg or g needed.
Example a: To calculate the total amount of test material needed for a 13-week study
in which dietary concentrations of 100, 200, and 400 ppm are administered to groups
of 10 rats per sex.

=0.1155mg/ kg diet

4.2 glweek x 14 weeks (one additional week added for pretest mix) = 58.8 g,
with safety factor (additional 20-25%), request approximately 70-75 g.

Example b: To calculate the total amount of test material needed for a 4-week study
in which dietary doses of 50, 250, and 1250 mg/kg b.w./day are administered to groups
of 10 rats/sex.

693 mg/wk x 5 wk (one additional week added for pretest mix) = 3465 mg (3.465 @)
with safety factor (additional 50%), request approximately 5 g.
4. Examples of Calculation Sheets Used In Our Laboratory

1. Test material calculations for a constant concentration dietary study.
The study has four groups with 50 rats/sex/group. The dose levels are 0, 30, 100, and
300 ppm.

Test Material Calculation Sheet: Constant Concentration Diet

Duration: 105 wk Sponsor code:
Test material: Study No.:
Percent active: 100 AICF = 100% active: 1

Batch size calculation

No. of kg Calculated
Groups  Feeders/Group*  (Feed)/Animal/wk  Batch Size

-1V 110 x 0.275 30.25 kg
Mixed Batch Size: 31.5 kg/group/wk
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Test material/batch calculations

Dose Mixed Batch Test Material
Group Level (ppm) (mg/kg) x AICF X Size (kg) = per Batch
Il 30 30 X 1 x 315+1000 =  0.945gwk
I 100 100 X 1 X 31.5 + 1000 = 3.15 g/iwk
\Y 300 300 X 1 X 31.5 + 1000 = 9.45 g/wk
Total = 13545 g/wk

Total test material requirements
Total per No. of Test Material
Batch X  Mixes x  Safety Factor Required

135459 x 106 X 1.2 + 1000 1.7 kg

AICF = active ingredient correction factor.

*Includes extra feeders

. Test material calculations for an adjusted concentration dietary study. The study has four
groups with 50 rats/sex/group. The dose levels are 0, 30, 100, and 300 mg/kg/day.

Test Material Calculation Sheet: Adjusted Concentration Diet Calculations

Test Material: Sponsor code:

Percent active: 98% Study No:

AICF = 100/% active: 1.02 Study duration: 105 Weeks

Batch Size Calculations

Group & No. of Feeders/ kg (Feed Presented) Calculated Mixed
Sex Sex/Group* Animal/Wk Batch Size Batch Size

-V & 55 X 0.275 = 15.1 kg 16.5 kg

-V ? 55 X 0.275 = 15.1 kg 16.5 kg

Amount of Test Material Required for Study Completion

Sum of the dose level (mg/ kg / day) o Combined mixed batch size o No. of
1000 x amount consumed / animal / day (g/ kg/ day) (male+female) inkilograms Wk

Sdfety  Test Material

AICF =

x x Factor Required
_ 0 33%106x1.02x12 = 37 kg
1000 % 50

AICF = active ingredient correction factor.

* |ncludes extra feeders.

3. Test material calculations for an oral intubation study. The study has four groups with

10 dogs/sex/group. The dose levels are 0, 30, 100, and 300 mg/kg/day, and the dose
volume is 5 ml/kg. The test material is prepared on a weekly basis.

Test Material Calculation

Study duration: 13 wk Sponsor code;
Test Material: Study No.:
Percent active: 100 AICF = 100% active: 1

Batch Size Calculations
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No. of Mixed

Group & Dose Volume Animals No. of Batch Batch
Sex b.w. (kg) (ml/kg) per Goup Doses Size Size (ml)
-1V 12 X 5 X 20 X 7 = 8400 = 10,080

Test material/batch calculations

Dose Test
Dose Level Volume Conc. Batch Material

Group  (mg/kg day) (ml/kg) (mg/ml) (ml) AICF ®
] 30 + 5 = 6 X 10,080 x 1+1000 = 60.48
i 100 + 5 = 20 X 10080 x 1+1000 = 201.60
v 300 + 5 = 60 x 10080 x 1+1000 = 604.80
Total per batch = 866.88

Total test material requirements
Test Material

Total per Batch No. of Safety Required
(kg) X Mixes x  Factor = (kg)
0.867 X 14 X 12 = 15

AICF = active ingredient correction factor.

J. PROCEDURES FOR PREPARATION OF DOSE SOLUTIONS/SUSPENSIONS
AND Test DIETS

The following are samples of standard procedures used in our laboratory. Individual procedures
are developed as needed, based on the properties of the test material. Preliminary analyses are
performed to confirm adequacy of preparation procedure.

1. Preparation of Dose Solutions/Suspensions

Materials:  Test materia
Vehicle

Equipment: Balances
Besakers (or volumetric flasks)
Weighing spatulas
Glassine weigh paper of weigh boats
Sonicator (if needed)
Stir plates and stir bars (if needed)
Calculation sheet

Procedure (Sample) for Suspension Preparation

=

Remove vehicle (methylcellulose) from refrigerator 1 hour before mixing.

2. Using aweigh boat or weigh paper, weigh out the specified amount of test material (as
per the current calculation sheet). Carefully transfer the test material into a 50-ml beaker.

3. Add approximately 2 ml of vehicle (methylcellulose) to the beaker, and begin stirring
until a paste is formed. Continue adding vehicle (methylcellulose) to the beaker until
reaching 3/4 of the total volume, rinsing off the spatula at this time.

4. Repeat steps 1 and 2 for each concentration to be prepared.
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ISPl

Place the beakers in a sonicator for approximately 15 minutes.

Remove the beakers from the sonicator and Q.S. each suspension with methylcellulose.
Add a stir bar to the beakers, and allow the suspensions to stir on the stir plates for
approximately 30 minutes.

Transfer to appropriately labeled storage containers.

2. Preparation of Test Diets

Materials;  Test materia

Certified rodent diet No. 5002 med

Equipment: Balances

Scales

Mixers: mortar/pestle, Hobart mixer, Twinshell mixer
Weigh boats or glassine weigh paper

Weighing spatulas

Appropriately labeled test material transfer containers
Appropriately labeled diet storage buckets
Calculation sheet

Handling Precaution (Specified as Necessary):

Respirator type: Disposable dust/mist facemask

Gloves/hand protection: Natural rubber or latex

Eye protection: Safety glasses with sideshields

Foot protection: Disposable shoe covers

Head protection: Bouffant cap

Outer clothing: White Tyvek suit or gray lab coat
Procedure (Sample)

1. Weigh out the specified amount of test material using a weigh boat or weigh paper and
transfer to appropriate container.

2. Weigh out the specified amount of diet into diet storage bucket.

3. Prepare an initia premix as follows: Place approximately 10 g of untreated feed from
the diet storage bucket into a mortar. Pour the test material into the layer of feed in the
mortar. Rinse the test material container with several grams of untreated feed (from the
diet bucket), add this rinse to the mortar. Pestle mixture until homogeneous.

4. Prepare an additional premix as follows. Place approximately 2 kg of untreated feed
(from the diet bucket) into the bowl of the Hobart mixer. Pour the initial premix (from
the mortar) into the Hobart mixer bowl. Rinse the mortar and pestle with several grams
of untreated diet (from the bucket) to incorporate any residual test material, and add this
rinse to the bowl of the Hobart mixer. Pour an additional 2.0 kg of diet (from the diet
bucket) into the bowl of the Hobart mixer. Using the paddle blade, run the Hobart mixer
on speed 1 for approximately 10 minutes.

5. Complete mix as follows: Pour approximately half the diet remaining in the bucket into

a Twinshell mixer. Add the premix from the Hobart mixer and rinse the Hobart bowl
with several grams of untreated diet (from the diet bucket); add thisrinse to the Twinshell.
Pour remaining diet into the Twinshell mixer and run the mixer for approximately 15
minutes. On completion, empty the mix into the appropriate dose group bucket (lined
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with a plastic bag). Attach the dose group identification tag to the bucket. Repeat for
each concentration.

K. ANALYSES OF DOSING SOLUTIONS/SUSPENSIONS AND DIETS

The following are recommended procedures.

1. Method Validation

Analytical methods are devel oped and/or validated in thetesting facility’slaboratory. The designated
vehicle (or diet) is mixed with the test material at concentrations over the range expected to be
administered during the study. Mixtures are assayed according to the proposed method. The data
obtained are evaluated for reproducibility of results. Means and standard deviations are computed
for multiple extractions and injections of the low- and high-concentration mixtures. Modifications
are made as necessary until acceptable results are obtained.

2. Homogeneity Analyses

Before initiation of the study, batches of the low- and high-concentration mixtures are prepared.
Three samples each from the top, middle, and bottom portion of each mix are taken for analysis.
If the data demonstrate that the mean of the values for the three levels are within £10% (solutions)
or £15% (diets) of each other and of the nominal (desired) concentration, the batch is considered
homogeneous.

3. Stability Analyses

Stability of the test material in the mixture under storage conditions to be used for the study are
determined for at least 2 weeks. Duplicate samples of the low- and high-concentration mixtures
are assayed 4, 7, and 14 days after preparation (samples for homogeneity assays, evaluated on the
day of preparation, are used to establish concentration at time of preparation). If the data indicate
the test material isunstable at room temperature, frozen or refrigerated storage stability is evaluated.

4. Confirmation of Concentrations During Study

Solutions/suspensions or diets for al dose levels are assayed weekly for the first 4 weeks (one
sample per concentration is taken and two subsamples are analyzed). Subsequent assays are
performed at monthly intervals for the remainder of the study. The concentration determined in the
batch must be within +10% (solutions) or £15% (diets) of each other before the mixtures are
acceptable. If mixtures are not within the acceptabl e range, new mixtures are prepared and analyzed.

5. Summary

The number of analyses performed is as follows:

Homogeneity Analyses

9 samples per concentration x 2 concentrations = 18
1 control sample (vehicle) = 1
Total = 19

Stability Analyses

2 samples per concentration x 2 concentrations x 3 intervals = 12
1 control sample x 3 intervals = 3
Total = 15
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Confirmation of Concentration

4-Wk 24-Mo

Study Study
Two samples per concentration x concentrations x 4-27 intervals =24 162
1 control sample x 4-27 intervals = 4 27
Total =28 189

SECTION 6. EXPERIMENTAL EVALUATIONS

A. CunicaL SigNs ofF Toxicity

TABLE 2.30
Clinical Signs of Toxicity

Clinical Observation

|. Respiratory: blockage in the
nostrils, changes in rate and
depth of breathing, changes in
color of body surfaces

I. Motor activities: changes in
frequency and nature of
movements

Copyright © 2002 by Taylor & Francis

Observed Signs

A. Dyspnea difficult or labored

breathing, essentially gasping for
air, respiration rate usually slow
1. Abdominal breathing: breathing
by diaphragm, greater deflection
of abdomen upon inspiration

2. Gasping: deep labored
inspiration, accompanied by a
wheezing sound

B. Apnea atransient cessation of
breathing following a forced
respiration

C. Cyanosis: bluish appearance of tail,
mouth, foot pads

D. Tachypnea: quick and usually
shallow respiration

E. Nostril discharges: red or colorless

A. Decrease or increase in
spontaneous motor activities,
curiosity, preening, or locomotions

B. Somnolence: animal appears
drowsy, but can be aroused by
prodding and resumes normal
activities

C. Loss of righting reflex: loss of
reflex to maintain normal upright
posture when placed on the back

D. Anesthesia: loss of righting reflex
and pain response (animal will not
respond to tail and toe pinch)

E. Catalepsy: animal tends to remain
in any position in which it is
placed

F. Ataxia inability to control and
coordinate movement whileanimal
is walking with no spasticity,
epraxia, paresis, or rigidity

Organs, Tissues, or Systems Most
Likely To Be Involved

CNS respiratory center, paralysis of
costal muscles, cholinergic inhibition

CNS respiratory center, pulmonary
edema, secretion accumulation in
airways (increase cholinergic)

CNS respiratory center, pulmonary
cardiac insufficiency

Pulmonary-cardiac insufficiency,
pulmonary edema

Stimulation of respiratory center,
pulmonary-cardiac insufficiency

Pulmonary edema, hemorrhage
Somatomotor, CNS

CNS sleep center

CNS, sensory, heuromuscular
CNS, sensory
CNS, sensory, neuromuscular,

autonomic

CNS, sensory, autonomic



TABLE 2.30 (Continued)
Clinical Signs of Toxicity

Clinical Observation

I1l. Convulsion (seizure): marked
involuntary contraction or
seizures of contraction of
voluntary muscle

IV. Reflexes

V. Ocular signs
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Observed Signs

. Unusual locomotion: spastic, toe

walking, pedaling, hopping, and
low body posture

. Prostration: immobile and rests on

belly

. Tremors: involving trembling and

quivering of the limbs or entire
body

Fasciculation: involving
movements of muscles, seen onthe
back, shoulders, hind limbs, and
digits of the paws

. Clonic convulsion: convulsive

dternating contraction and
relaxation of muscles

. Tonic convulsion: persistent

contraction of muscles, attended by
rigid extension of hind limbs

. Tonic-clonicconvulsion: bothtypes

may appear consecutively

. Asphyxial convulsion: usualy of

clonic type, but accompanied by
gasping and cyanosis

. Opisthotonos: tetanic spasm in

which the back is arched and the
head is pulled towards the dorsal
position

. Corneal (eyelid closure): touching

of the corneacauses eyelidsto close

. Pinnal: twitch of external ear

dlicited by light stroking of inside
surface of ear

. Righting
. Myotact: ability of animal to retract

its hind limb when limb is pulled
down over the edge of a surface

. Light (pupillary): constriction of

pupil in the presence of light

. Startle reflex: response to externa

stimuli such as touch, noise

. Lacrimation: excessive tearing,

clear or colored

. Miosis: congtriction of pupil

regardless of the presence or
absence of light

. Mydriasis: dilation of pupils

regardless of the presence or
absence of light

. Exophthalmos: abnormal

protrusion of eye from orbit

Organs, Tissues, or Systems Most
Likely To Be Involved

CNS, sensory, neuromuscular

CNS, sensory, neuromuscular

Neuromuscular, CNS

Neuromuscular, CNS, autonomic

CNS, respiratory failure,
neuromuscular, autonomic

Sensory, neuromuscular

Sensory, neuromuscular, autonomic

CNS, sensory, neuromuscular
Sensory, neuromuscular

Sensory, neuromuscular,
autonomic
Sensory, neuromuscular

Autonomic

Autonomic

Autonomic

Autonomic



TABLE 2.30 (Continued)
Clinical Signs of Toxicity

Clinical Observation

VI. Cardiovascular signs

VII. Salivation
VIII. Piloerection
IX. Anagesia

X. Muscle tone

XI. Gastrointestinal signs: dropping
(feces)

Emesis
Diuresis

XIl. Skin

B.

Observed Signs

. Ptosis: dropping of upper eyelids,

not reversed by prodding animal

. Chromodacryorrhea (red

lacrimation)

. Relaxation of nictitating membrane
. Corneal opacity, iritis,

conjunctivitis

. Bradycardia: decreased heart rate
. Tachycardia: increased heart rate

. Vasodilation: redness of skin, tall,

tongue, ear, foot pad, conjunctivae,
and warm body

. Vasoconstriction: blanching or

whitening of skin, cold body

. Arrhythmia: abnormal cardiac

rhythm

. Excessive secretion of saliva: hair

around mouth becomes wet

. Contraction of erectiletissueof hair

follicles resulting in rough hair

. Decrease in reaction to induced

pain (e.g., hot plate)

. Hypotonia generalized decreasein

muscle tone

. Hypertonia: generalizedincreasein

muscle tension

. Solid, dried, and scant

. Loss of fluid, watery stool
. Vomiting and retching

. Red urine (Hematuria)
. Involuntary urination
A.

Edema: swelling of tissue filled
with fluid
Erythema: redness of skin

Organs, Tissues, or Systems Most
Likely To Be Involved

Autonomic
Autonomic, hemorrhage, infection

Autonomic
Irritation of the eye

Autonomic, pulmonary-cardiac
insufficiency

Autonomic, pulmonary-cardiac
insufficiency

Autonomic, CNS, increased cardiac
output, hot environment

Autonomic, CNS, cold environment,
cardiac output decrease

CNS, autonomic, cardiacpulmonary
insufficiency, myocardiac infarction

Autonomic

Autonomic

Sensory, CNS

Autonomic

Autonomic

Autonomic, constipation, GI moatility

Autonomic, diarrhea, GI motility

Sensory, CNS, autonomic (in rat,
emesis is absent)

Damage in kidney

Autonomic, sensory

Irritation, renal failure, tissue damage,
long term immobility

Irritation, inflammation, sensitization

From Chan, PK. and Hayes, A.W., Principles and methods for acute toxicity and eye irritancy, in Principles and Methods
of Toxicology, 2nd ed., Raven Press, New York, 1989.5 With permission.

TABLE 2.31
Autonomic Signs

Sympathomimetic
Sympathetic block

Parasympathomimetic
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Piloerection
Partial mydriasis
Ptosis

Diagnostic if associated with sedation
Salivation (examined by holding blotting paper)



TABLE 2.31 (Continued)
Autonomic Signs
Miosis
Diarrhea
Chromodacryorrhea in rats
Parasympathomimetic block Mydriasis (maximal)
Excessive dryness of mouth (detect with blotting paper)

From Chan, PK. and Hayes, A.W., Principles and methods for acute toxicity and eye irritancy,
in Principlesand Methods of Toxicology, 2nd ed., Raven Press, New York, 1989.5With permission.

TABLE 2.32
Toxic Signs of Acetylcholinesterase Inhibition
Muscarinic Effects? Nicotinic Effects® CNS Effects®
Bronchoconstriction Muscular twitching  Giddiness
Increased bronchosecretion Fasciculation Anxiety
Nausea and vomiting (absent  Cramping Insomnia
in rats) Muscular weskness  Nightmares
Diarrhea Headache
Bradycardia Apathy
Hypotension Depression
Miosis Drowsiness
Urinary incontinence Confusion
Ataxia
Coma
Depressed reflex
Seizure

Respiratory depression

a Blocked by atropine.
5 Not blocked by atropine.
¢ Atropine might block early signs.

From Chan, PK. and Hayes, A.W., Principles and methods for acute toxicity and
eye irritancy, in Principles and Methods of Toxicology, 2nd ed., Raven Press,
New York, 1989.5 With permission.

B. Formuras/METHODS FOR CALCULATING ED,,
1. Standard Acute Toxicity Study

The following methods are generally used for calculating ED,, (LD,,) values for acute toxicity
studies in rodents: Finney (1971);¢ Litchfield and Wilcoxon (1949);” Miller and Tainter (1944).2

2. Up-and-Down Study

The following is used for the up-and-down toxicity study (Brucet). The ED,, is computed by
following the procedure on pages 386—388 of Introduction to Statistical Analysis, Dixon, W.J. and
Massay, F.J., 3rd ed., McGraw-Hill, New York, 1969, (presented below with permission). Note that
in applying the formula, X, should be the logarithm of the final dose and d is the logarithm of m.
The result of applying the formula is the logarithm of the ED,,. The antilogarithm of this result is
the ED,,.
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STATISTICAL ANALYSISFOR N SMALL

In analyses of measured response the usua t test and analysis-of-variance procedures are widely used
for (1) comparing mean response between two or more groups and (2) separating the components of
variation due to the design variables of an experiment by the use of factorial designs, Latin squares,
and so on. The same analyses are desirable when the basic measurement is an all-or-none response.
Such comparisons or analyses can more easily be made from shorter series of trials.

The method given in Sec. 19.3 provides estimates of p and ¢ for a long series of trials, and a
satisfactory estimate of p can be obtained by that method for series of as few as 10 or 15 trials when
the starting level is not too far from the mean. However, even shorter series are desirable when the
elapsed time for observing the response is long or when several series are to be tested concurrently,
with each series at some different level of an associated variable. For very short series the estimate of
1 is somewhat dependent on the starting level, and if a predetermined number of tests are performed
the standard error of the mean will also depend on the starting level.

This section presents a modified up-and-down estimate of p which is amost independent of the
choice of starting level and has a smaller and uniform standard error. This is accomplished by allowing
the sample size to vary dlightly, depending on the outcome of the first few trials, and by using the list
of estimates provided in Table 19-3 for each particular sequence of results.

The trials are performed in the same up-and-down manner described in the first sections of this
chapter, except that the testing continues for atotal number of tests N’ performed in each series, which
is determined by choosing a “nominal” sample size N. This nominal N is the total number of trials
reduced by one less than the number of like responses at the beginning of the series.

EXAMPLE 19-3. A test-series shown in Fig. 19-4 with the outcome O, X, X, O, X, O hasN’ =
6. Since the response changed after the first trial, N is al'so 6. For the series O, O, O, X, X, O, X, O,
where there are three like responses at the beginning, we have N'= 8 and N = 6.

We obtain several estimates of P, with equal standard errors by continuing testing in each series so
that each series is of the same nominal sample size. If, for example, we wish the standard error of P, to
be 560, we seefrom Table 19-3 that anominal sampleof size6isrequired. Thusfour additional observations
will be needed after the first reversal of response. For example, a sequence starting O, X, or O, O, X, or
O,0,0, X,andsoon, or X, O, or X, X, O, and so on would be followed by four more observations.

The resulting configuration of responses and nonresponses for each series is referred to in Table
19-3, and we compute

X + kd

where X, = the last dose administered; k = the tabular value; d = the interval between dose levels.
Table 19-3 lists all solutions for all N" and for N < 6. If the series begins with more than four like
responses, that is, N’ — N > 3, the entry in the final column of Table 19-3 may be used (except for five
tabular entries where an additional increment in the third decimal place is indicated). The estimate for
Example 19-3 is P,, = 0.602 + (.831 x .301) = 852.
For N greater than 6, P,, may be estimated by computing for the last N trials the mean of the test
levels corrected by afactor which is dependent on the constants A and C of Table 19-4. The estimate is

&+E(A+C)
N N

where the X;'s are the test levels and A and C are obtained from Table 19-4. In Table 19-4 n, refers
to the number of O’s and n, to the number of X’s in the final N trials. The standard error of this
estimated mean is approximately 62/ N. The additional adjustment C, which improves this estimate,
particularly for the smaller sample sizes, is based on the initial trials. This adjustment has little effect
except in a few cases with small probability of occurrence, that is, where there are great differences
of the number of X’sand O’sin the final N trials and where the series starts with a compensating run
of O’sor X’s, respectively. If the use of this adjustment has any appreciable effect on the estimate it
is advisable to investigate the possible disagreement of the experimental situation with the assumptions
of this model; for example, the assumption that the interval may be very much smaller than o or that
the sampling is not all from the same population.
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Log dose | Results of tests

1.204 X
903 | O X X
.602 O O
301

TaBLE 19-3

Ficure 19-4

Results of six testsin an

up-down experiment.

Values of k for estimating Pg, from up-and-down sequence of trials of nominal
length N. The estimate of Pg, is X; + kd, where X; is the final test level and d is the
interval between dose levels. If the table is entered from the foot, the sign of k is

to be reversed.
Second part k For Test Series Whose First Part Is
of series O OO0 OO0 0000
2| x -500 -.388 -378 =377 | O
3| xO .842 .890 .894 894 | Ox
X X -178 .000 .026 028 | OO
4] x OO .299 314 .315 315 | O xx
x O x -500 -439 -432 -432 | OxO
xx O 1.000 1.122 1.139 1240 | OO x
X X X 194 449 .500 506 | OO O
5| x O OO -157 =154 -.154 -154 | Ox x x
x O O x -878 -861 —-.860 -860 | OxxO
x O x O .701 737 741 741 | OxOx
x O X X .084 .169 181 182 | Ox OO
xx OO .305 372 .380 381 | OO x x
x x O x -305 -169 -144 -142 | OO xO
pd X xx O 1.288 1.500 1.544 1549 | O O O x
I X X X X 555 897 .985 1.000"* | OO O O
D 6| xO000O —547 —B47T  —547 _B547 | Ox x x x
1= xOOOx -1250 -1.247 -1.246 -1.246 | O x x xO
(% xOOx0O 372 .380 .381 381 | O x xO x
x O O x x -.169 -144 -142 =142 | Oxx OO
xOx0OO .022 .039 .040 .040 | Ox O x x
x O x O x -500 -458 —.453 -453 | OxOx0O
xOxxO 1.169 1.237 1.247 1248 | Ox O O x
X O X X X .611 732 .756 758 | OxO OO
xxO OO —.296 —.266 —.263 -263 | OO xxx
xx O O x -831 - 763 —-753 =752 | O O xxO
xxOxO .831 .935 .952 954 | OO xOx
X X O X X .296 463 .500 50471 1 OOxOO
xxx OO .500 .648 .678 68l | OO Oxx
X X X O X -.043 .187 244 252711 OO0 O0OxO
XXX x O 1.603 1.917 2.000 2014t | OO O Ox
X X X X X .893 1.329 1.465 14961 | OO OOO
X X X X X X X X X x | Second part
— k For Series Whose First Part Is of series
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550
760

670

.61c

.360

Standard Error of Pg,



The estimates are given in Table 19-3 for each possible configuration of responses, with the
assumption that the proportion of successes is given by anormal cumulative distribution. For estimates
as given in Table 19-3 it is assumed that d = 6. Fortunately, estimates for this design with N > 3 prove
to have standard errors which depend very little on the actual value of ¢ and, in addition, are amost
independent of the starting level and of w. This is approximately true even when the spacing d differs
from G.

TaBLE 19-4

Values of A and C for approximate estimate of P> for N > 6.
The estimate is N, - d(A + C)/N, where the X/'s are the test
levelsof thefinal N trialswith n, nonresponses and n, responses
and d is the interval between dose levels. C = 0 for a series
whose first part isa single O or x.

C For Test Series Whose First Part Is
Ny — Ny A OO0 OO0 O0O0OO 00000
5 10.8 0 0 0 0
4 772 | O 0 0 0
3 5.22 .03 .03 .03 .03
2 3.20 .10 .10 .10 .10
1 153 .16 17 17 17
0 0 44 .48 48 .48
-1 -1.55 .55 .65 .65 .65
-2 -330 | 114 1.36 1.38 1.38
-3 522 | 177 2.16 2.22 2.22
-4 —7.55 | 248 3.36 3.52 3.56
-5 -10.3 35 4.8 5.2 53
n,— Ny -A X X X X X X X X X XX X X X
—C For Test Series Whose First Part Is

C. HistoricaL CoNTROL DATA — RODENT BoDY WEIGHTS
AND Foob CONSUMPTION

The following are representative mean values from several chronic studies conducted in our
laboratory. (Age at week — 1 is approximately 5 weeks.)

TABLE 2.33
Body Weight and Food Consumption — CD-1 Mice
Males Females
Body Weight  Food Consumption = Body Weight  Food Consumption
Week ® (g/kg/day) ® (g/kg/day)
-1 23.64 — 19.24 —
0 27.46 235.55 21.62 293.20
1 28.82 212.60 22.66 267.00
2 30.00 198.36 24.24 262.42
3 31.02 196.14 24.80 273.80
4 31.92 196.60 25.92 252.74
5 32.46 182.76 26.32 269.70
6 33.36 181.46 27.06 245.48



TABLE 2.33 (Continued)
Body Weight and Food Consumption — CD-1 Mice

Males Females
Body Weight  Food Consumption = Body Weight Food Consumption
Week ® (g/kg/day) ® (g/kg/day)
7 34.44 170.20 27.80 247.56
8 34.40 180.72 27.96 240.86
9 34.88 169.70 28.50 222.38
10 35.08 166.00 28.90 216.24
11 35.36 166.90 29.26 211.50
12 36.14 153.94 29.34 209.74
13-14 36.30 166.34 29.80 218.14
1718 37.62 146.16 30.98 209.00
21-22 38.00 152.86 3154 204.54
25-26 38.24 153.40 32.28 190.88
27-30 38.40 149.40 32.30 190.95
31-34 39.40 134.50 33.12 177.30
35-38 39.66 135.48 33.48 166.90
39-42 40.26 136.42 33.28 180.42
43-46 40.03 131.80 34.10 165.70
47-50 40.40 126.46 34.34 156.52
51-54 39.90 128.72 35.10 149.16
55-58 40.16 135.80 34.46 173.96
59-62 39.80 137.88 35.20 158.84
63-66 40.46 133.70 34.76 172.72
67-70 40.24 133.18 34.78 161.12
71-74 39.88 142.22 35.14 167.62
75-79 40.56 142.66 35.48 171.02
TABLE 2.34
Body Weight and Food Consumption — Sprague-Dawley Rats
Males Females
Body Weight  Food Consumption  Body Weight  Food Consumption
Week (8 (g/kg/day) ® (g/kg/day)
-1 132.46 — 103.82 —
0 188.64 146.00 139.14 122.30
1 236.12 115.98 161.56 122.58
2 286.94 101.12 182.80 111.00
3 327.78 90.28 203.46 104.30
4 362.78 82.02 222.10 94.04
5 393.70 75.12 232.70 87.44
6 417.26 68.98 243.04 84.82
7 432.70 63.32 250.68 77.12
8 446.16 62.08 255.40 76.44
9 457.80 58.44 261.36 73.40
10 475.74 60.96 268.62 75.84
11 481.42 57.14 274.52 73.34
12 497.12 59.78 278.24 73.26

=
w

508.12 56.14 282.46 70.68



TABLE 2.34 (Continued)
Body Weight and Food Consumption — Sprague-Dawley Rats

Males Females
Body Weight  Food Consumption = Body Weight  Food Consumption
Week ® (g/kg/day) (® (g/kg/day)
17-18 549.84 50.30 299.70 67.42
21-22 577.62 47.62 311.82 63.30
25-26 603.22 45.04 327.22 62.18
29-30 616.76 44.36 334.22 61.84
33-34 635.46 43.94 348.96 61.74
37-38 651.96 42.60 363.38 58.44
41-42 660.34 41.12 374.96 56.40
45-46 678.16 40.12 389.65 52.63
49-50 695.72 39.24 409.40 52.34
53-54 703.72 39.20 412.76 51.28
57-58 720.88 37.70 430.90 49.16
6162 728.74 37.56 441.18 48.82
6566 735.76 38.00 455.06 48.26
69-70 735.04 38.46 460.24 48.24
72-74 737.54 37.80 465.70 47.78
7778 736.58 39.34 467.70 46.78
81-82 738.04 38.48 471.72 47.74
85-86 733.70 39.22 473.98 47.38
89-90 725.80 38.52 479.42 47.82
93-94 723.62 37.92 490.06 45.68
97-98 721.50 37.48 494.10 45.04
101-102 703.84 35.60 498.56 44.10
TABLE 2.35
Body Weight and Food Consumption — Fischer 344 Rats
Males Females
Body Weight  Food Consumption  Body Weight  Food Consumption
Week (8 (g/kg/day) () (g/kg/day)
-1 86.03 — 68.43 —
0 118.27 137.73 89.90 146.93
1 151.50 112.73 108.07 124.63
2 183.60 99.33 123.70 107.00
3 211.07 85.73 135.70 96.43
4 228.17 77.73 142.80 90.93
5 244.10 75.07 150.60 89.03
6 256.27 67.13 155.77 80.47
7 263.53 63.07 162.07 72.73
8 275.23 60.40 164.40 69.67
9 281.90 56.17 166.47 68.20
10 290.47 54.20 170.20 66.27
11 296.60 55.63 172.23 67.40
12 300.23 54.40 173.07 69.10
13 301.10 54.25 174.75 64.10

=
(o]

319.07 51.10 181.53 65.63



TABLE 2.35 (Continued)
Body Weight and Food Consumption — Fischer 344 Rats

Week

20
24
28-30
32-34
36-38
40-42
44-46
48-50
52-54
56-59
6062
6466
68-70
72-74
76-78
80-82
84-86
88-90
92-94
96-98
100-102

Males Females
Body Weight  Food Consumption = Body Weight  Food Consumption
® (g/kg/day) ® (g/kg/day)
331.67 48.17 186.87 62.63
343.40 47.97 193.67 62.07
355.70 46.67 201.90 59.87
366.23 45.33 206.70 60.00
374.67 44.23 211.37 61.10
382.90 44.07 215.40 58.27
384.13 42.63 218.90 56.00
385.90 38.17 223.53 57.07
396.23 44.17 228.47 57.37
400.87 43.57 236.17 55.23
401.90 40.97 241.47 50.63
404.87 43.77 246.37 53.43
406.57 44.37 253.80 54.60
410.20 43.67 259.53 54.57
404.93 46.00 265.07 54.77
394.77 43.60 262.80 51.50
393.60 43.37 264.47 50.37
397.07 43.73 270.70 51.50
39143 42.93 275.13 50.83
388.77 42.47 277.17 49.63
388.03 43.33 277.70 51.57

D. ErrecTt OF DEcReASED BoDY WEIGHTS ON ORGAN WEIGHTS OF RATS

TABLE 2.36
Effect of Decreased Body Weights on
Relative Organ Weights® of RatsP

Decrease No Change Increase
Liver (?) Heart Adrenal glands (?)
Kidneys Brain

Prostate Epididymides

Spleen Pituitary

Ovaries Testes
Thyroid (?)
Uterus

a Relative weights = organ/body weight ratios (?)
? = Differences slight or inconsistent.

b For absolute weights, all except thyroids decrease.
Summary of results reported in: Schwartz, E. R. et
a.,’° Scharer, K.1t




E. RODENT SURVIVAL RATES

TABLE 2.37

Monthly Survival Rates of Untreated CD-1 Mice in Chronic
Toxicity Studies Conducted Between 1985 and 1992

Males Females
Month of Mean % No. of  Mean % No. of
Study Survival +SD  Studies Survival +SD  Studies
1 99.7 0.7 21 99.9 0.4 20
2 99.6 0.8 21 99.7 0.7 20
3 99.2 1.3 21 99.5 0.9 20
4 98.7 15 21 99.4 0.9 20
5 98.1 1.6 21 99.4 0.9 20
6 97.8 15 21 99.0 15 20
7 97.4 1.6 21 98.4 19 20
8 96.6 2.2 21 98.1 19 20
9 95.7 2.6 21 97.5 2.0 20
10 94.8 3.2 21 96.9 2.0 20
11 93.4 3.2 21 96.0 2.3 20
12 92.6 3.7 21 95.1 34 20
13 89.5 7.0 21 929 4.3 20
14 86.7 75 21 90.0 4.3 20
15 83.1 75 21 87.3 4.3 20
16 76.8 9.0 21 81.9 6.3 20
17 69.4 10.6 21 76.0 7.8 20
18 59.7 12.9 21 67.0 10.4 20
TABLE 2.38

Eighteen-Month Survival Rates of Untreated CD-1 Mice in Chronic Toxicity

Studies Between 1985 and 1992

Study Route of
Code  Administration
Diet
Diet
Diet
Diet
Diet
Gavage
Diet
Diet
Diet
Diet
Gavage
Diet
Diet

IM

OZZIXR"Rowe—IOTMMOO®>

Termination

Date

3/87
6/87
1/88
3/88
4/88
11/88
1/89
8/89
1/90
3/90
4/90
7/90
12/90
91

Supplier?

CR-K
CR-K
CR-K
CR-K
CR-K
CR-K
CR-K
CR-K
CR-K
CR-K
CR-K
CR-K
CR-K
CR-K

Survivorship®

Male Female
Incidence % Incidence %
26/48 54 27149 55
30/50 60 32/50 64
38/65 58 46/65 71
27/50 54 33/50 66
46/69 67 56/69 81
38/66 58 33/67 49
24147 51 26/47 55
33/49 67 27/46 59
32/50 64 28/45 62
30/48 63 — —
25/59 43 42/59 71
35/51 68 39/50 78
25/50 50 31/49 63
19/48 40 25/49 51



TABLE 2.38 (Continued)
Eighteen-Month Survival Rates of Untreated CD-1 Mice in Chronic Toxicity
Studies Between 1985 and 1992

Survivorship®

Study Route of Termination Male Female

Code  Administration Date Supplierr  Incidence % Incidence %
P Diet 8/91 CR-P 37/50 74 36/50 72
Q Diet 9/91 CR-P 46/50 92 42/50 84
R Diet 4/92 CR-K 24/50 48 34/49 69
S Diet 5/92 CR-K 32/50 64 30/50 60
T Diet 6/92 CR-K 26/60 43 49/60 82
U Diet 9192 CR-K 28/50 56 38/48 79
\% Diet 11/92 CR-K 39/48 81 33/49 67

a Supplier: CR-K, Charles Rive-Kingston, NY, CR-P, Charles River-Portage, MI.
5 Animals killed accidentally were excluded from calculations of survivorship.
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TABLE 2.39

Monthly Survival Rates of Untreated Sprague-Dawley
Rats in Chronic Toxicity Studies Conducted Between
1984 and 1992

Males Females
Month of Mean % No. of  Mean % No. of
Study Survival #SD  Studies  Survival +SD  Studies
1 99.8 0.6 19 99.8 0.6 19
2 99.4 1.0 19 99.8 0.6 19
3 99.1 13 19 99.7 1.0 19
4 98.9 14 19 99.5 1.1 19
5 98.6 1.9 19 99.4 1.1 19
6 98.1 2.1 19 99.1 1.4 19
7 97.7 21 19 99.1 1.4 19
8 97.2 21 19 98.8 1.4 19
9 96.9 21 19 98.2 1.9 19
10 96.5 2.0 19 97.8 2.1 19
11 95.3 2.6 19 97.1 2.7 19
12 94.5 3.2 19 96.2 3.0 19
13 93.2 4.3 19 94.9 3.2 19
14 91.9 4.0 19 93.5 3.7 19
15 89.9 51 19 91.2 4.4 19
16 86.4 6.5 19 88.8 5.0 19
17 82.9 7.6 19 84.5 6.3 19
18 78.5 8.7 19 80.6 77 19
19 72.0 9.9 19 74.4 7.9 19
20 66.4 9.7 19 68.9 9.7 19
21 57.8 9.0 18 61.7 11.2 19
22 50.3 9.9 18 56.5 12.2 19
23 43.0 10.6 18 49.7 12.7 19
24 34.7 89 18 42.3 12.2 19

TABLE 2.40
Twenty-Four-Month Survival Rates of Untreated Sprague-Dawley Rats in
Chronic Toxicity Studies Conducted Between 1984 and 1992

Study
Code

DD
EE
FF
GG
HH
I
BV
KK
LL
MM

Route of
Administration
Diet
Diet
Diet
Diet
Diet
Diet
Diet
Gavage
Diet
Gavage

Termination

Date

7/86
7/86
10/86
12/87
1/88
3/88
5/88
11/88
4/89
10/89

Supplier?

CR-P
CR-P
CR-K
CR-P
CR-K
CR-K
CR-P
CR-K
CR-K
CR-K

Survivorship®

Male Female
Incidence %  Incidence %
27/55 49 22/55 40
20/70 29 31/70 44
20/55 36 25/55 45
20/63 32 31/63 49
21/50 42 21/50 42
15/50 30 24/50 48
27/60 45 28/50 56
20/60 33 19/60 32
21/55 38 24/54 44
17/60 28 14/60 23



TABLE 2.40 (Continued)
Twenty-Four-Month Survival Rates of Untreated Sprague-Dawley Rats in
Chronic Toxicity Studies Conducted Between 1984 and 1992

Study
Code

NN
00
PP
QQQ
RR
Ss
TT
uu
vV

a Supplier: CR-K, Charles River-Kingston, NY; CR-P, Charles River-Portage, MI.
b Animals killed accidentally were excluded from calculations of survivorship.

Route of
Administration
Diet
Diet
Diet
IntraM uscular
Diet
Diet
Diet
Diet
Diet

Termination

Date Supplier?

11/89 CR-K
7/90 CR-K
8/90 CR-K

12/91 CR-K
5/92 CR-K
4/92 CR-K

10/92 CR-K

11/92 CR-K

12/92 CR-K

Survivorship®

Male Female

Incidence % Incidence %
22/52 42 23/50 46
20/52 38 19/54 35
17/53 32 21/52 40
— — 41/50 82
21/50 42 21/50 42
7/46 15 16/50 32
26/58 45 22/60 37
13/60 22 21/60 35
13/49 27 17/50 34

FIGURE 2.4 Mean monthly survival — rats.
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SECTION 1. COMPARISON OF MAJOR STUDY DESIGNS

TABLE 3.1

Comparison of Dermal Irritation Study Designst>

Category

Number of animals
Species
Preliminary screens

Control group
Preparation of skin

Application site

Application area

Patch types

Occlusion

Preparation of test substance

Dose level

Exposure interval

No. of applications

Test substance residue removal
Observation intervals
Minimum observation period
Maximum observation period

Category

Number of animals
Species
Preliminary screens
Control group
Preparation of skin

Application site
Application area
Patch types

Occlusion

Preparation of test substance

Dose level

EPA-OPPTS (870.2500)

At least three healthy adults
Albino rabbit recommended

May not test if: pH < 2, > 11.5, dermal LD, < 200 mg/kg, dermal limit test at 2000
mg/kg did not produce irritation, a validated and accepted in vitro test demonstrates
corrosive properties, or corrosive potential is predicted from structure—activity

relationships.
None required
Clip or shave ~ 24 hr before test
Use only healthy, intact skin
Dorsal area of trunk
~ 6 cm?

Gauze patch held loosely in contact with skin using nonirritating tape

Semiocclusive dressing

Solids: pulverized if necessary, moistened sufficiently with water or suitable vehicle to

ensure good skin contact
Liquids: generally used undiluted
Solids: 0.5 g
Liquids: 0.5 ml

4 h (3 min, 1 h if corrosion is anticipated)

One
Water or another appropriate solvent

30-60 min, 24, 48, and 72 h after patch removal

72 h
14 days

Japanese-MAFF (Current)

At least six young adults

Albino rabbit

May not test if: pH <2, > 11.5
None required

Clip or shave ~ 24 hr before test

Dorsal area of trunk

~ 6 cm?

Gauze patch held loosely in contact with
skin using nonirritating tape

Semiocclusive dressing preferred;
occlusive may be appropriate

Solids: Pulverized if necessary, moistened
sufficiently with water or suitable vehicle

Liquids: Generally used undiluted

Solids: 0.5 g
Liquids: 0.5 ml

Copyright © 2002 by Taylor & Francis

Japanese-MAFF (Draft)

At least three young adults

White rabbit

May not test if: pH <2, > 115

None required

Clip ~ 24 hr before test

Use only healthy, intact skin

Dorsal area of trunk

~ 6 cm?

Gauze patch held in contact with skin
using nonirritating tape

Semiocclusive dressing preferred;
occlusive may be appropriate

Solids: crushed if necessary, moistened
thoroughly with water or suitable vehicle
to ensure good skin contact

Liquids: Applied undiluted

Solids: 0.5 g

Liquids: 0.5 mi



TABLE 3.1 (Continued)

Comparison of Dermal Irritation Study Designs'-5

Category

Exposure interval

No. of applications
Test substance residue removal
Observation intervals

Minimum observation period
Maximum observation period

Category
Number of animals

Species
Preliminary screens

Control group
Preparation of skin

Application site
Application area
Patch types

Occlusion
Preparation of test substance

Dose level

Exposure interval

No. of applications

Test substance residue removal
Observation intervals

Minimum observation period
Maximum observation period

Japanese-MAFF (Current)

4h

One

Water or another appropriate solvent

30-60 min, 24, 48, and 72 h after patch
removal

72 h

14 days

European-OECD

Generally three healthy adults, one animal
may sometimes be used

Albino rabbit recommended

Do not test if: pH < 2, > 11.5, material is
highly toxic by dermal route, dermal limit
test at 2000 mg/kg did not produce
irritation, in vitro test indicate corrosive
properties

None required

Closely clip ~ 24 h before test; use only
healthy, intact skin

Dorsal area of trunk

~ 6 cm?

Gauze patch held loosely in contact with
skin using nonirritating tape

Semiocclusive

Solids: Pulverized if necessary, moistened
with smallest amount of water or suitable
vehicle to ensure good skin contact

Liquids: Applied undiluted

Solids: 0.5 g

Liquids: 0.5 ml

4 h, may be reduced to 1 h or 3 min

One

Water or another appropriate solvent

60 min, 24, 48, and 72 h after patch
removal

72 h

Not indicated

Japanese-MAFF (Draft)

4 h (3 min, 1 h, 4 h to the first animal if
severe potential irritation/corrosion is
anticipated)

One

Water or another appropriate solvent

30 or 60 min, 24, 48, and 72 h after patch
removal

72 h

14 days

European-EEC

At least three healthy adults, one animal
may sometimes be used

Albino rabbit recommended

Do not test if: pH < 2, > 11.5, material is
highly toxic by dermal route, dermal limit
test at 2000 mg/kg did not produce
irritation, in vitro test indicate corrosive
properties

None required

Clip or shave ~ 24 h before test; use only
healthy, intact skin

Dorsal area of trunk

~6cm?

Gauze patch held loosely in contact with
skin using nonirritating tape

Semi-occlusive or occlusive

Solids: Pulverized if necessary, moistened
sufficiently with water or suitable vehicle
to ensure good skin contact

Liquids: Applied undiluted

Solids: 0.5 g

Liquids: 0.5 ml

4 h, may be reduced to 1 h or 3 min

One

Water or another appropriate solvent

60 min, 24, 48, and 72 h after patch
removal

72 h

14 days
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TABLE 3.2

Comparison of Sensitization Study Designs.5-

Category

Acceptable test methods

Species
Number and sex
Control animals

Dose level
Preparation of skin

Observation of animals

Body weights

Category

Acceptable test methods

Species
Number and sex
Control animals

Dose level
Preparation of skin
Observation of animals

Body weights

Category

Acceptable test methods

Species
Number and sex

EPA OPPTS 870.2600

Buehler Test,? Guinea Pig Maximization Test
(GPMT),2 Open Epicutaneous Test, Mauer
Optimization Test, Split Adjuvant
Technique, Freund’s Complete Adjuvant
Test, Draize Sensitization Test

Guinea pig

Dependent on method used

Periodic (every 6 months) use of a positive
control substance with an acceptable level of
reliability for the test system selected is
recommended; irritation controls may or
may not be used

Dependent on method used

Clipping, shaving, or depilation depending on
method used

Skin reactions are to be graded and recorded
after the challenge exposure at the time
specified by the methodology selected
(usually 24, 48, and 72 h)

Initial and terminal body weights required

Japanese-MAFF (current)

Draize Test, Freund’s Complete Adjuvant Test,
Mauer Optimization Test, Buehler Test,? Open
Epicutaneous Test, Guinea Pig Maximization
Test,? Split Adjuvant Technique

Guinea pig

Dependent on method used

Use of a positive control substance for the
reliability of the test system selected is
recommended

Dependent on method used

Dependent on method used

Dependent on method used

Initial and terminal body weights required

European-OECD

Buehler Test, Guinea Pig Maximization
Test,? other methods may be used provided
that they are well validated and scientific
justification is given

Guinea pig

Dependent on method used

Copyright © 2002 by Taylor & Francis

Japanese-MHW

Adjuvant and Patch Test; Buehler Test;?
Draize Test; Freund’s Complete Adjuvant
Test; Maximization Test;* Open
Optimization Test; Split Adjuvant Test

Guinea pig

Dependent on method used

Positive controls are required; preferred
substances include p-phenylenediamine,
1-chloro-2,4-dinitrobenzene, neomycin
sulfate, and nickel sulfate

Dependent on method used
Dependent on method used

Skin reactions are to be noted at 24, 48, or 72
h after challenge exposure

Initial and terminal body weights required

Japanese-MAFF (draft)

Buehler Test,* Guinea Pig Maximization
Test,? other methods may be used provided
that they are well validated and scientific
justification is given

Guinea pig

Dependent on method used

Positive control are required to evaluate the
responsivity of the test system

Dependent on method used

Dependent on method used

Skin reactions are to be graded and recorded
after the challenge exposure at the time
specified by the methodology selected
(usually 24, 48, and 72 h)

Initial and terminal body weights required

European-EEC

Buehler Test, Guinea Pig Maximization
Test,? other methods may be used provided
that they are well validated and scientific
justification is given

Guinea pig

Dependent on method used



TABLE 3.2 (Continued)
Comparison of Sensitization Study Designs.5-

Category

Control animals

Dose level
Preparation of skin

Observation of animals

Body weights

European-OECD

Mild-to-moderate positive controls are
required every 6 months (response of at least
30% in an adjuvant test and 15% in a
nonadjuvant test should be expected);
preferred substances are
hexylcinnamicaldhyde,
mercaptobenzothiazol, and benzocaine;
others are accepted with justification

Dependent on method used

Clipping, shaving, or depilation depending on
method used

24 and 48 h after patch removal at challenge

Initial and terminal body weights required

2 These test methods are the most widely used.

European-EEC

Mild-to-moderate positive controls are
required every 6 months (response of at least
30% in an adjuvant test and 15% in a
nonadjuvant test should be expected);
preferred substances are phenylenediamine,
2,4-dinitrochlorobenzene, potassium
dichromate, neomycin sulfate, and nickel
sulfate, or others that are known sensitizing
substances from the literature

Dependent on method used

Clipping, shaving, or depilation dependent on
method used

All skin reactions from induction and
challenge procedures should be recorded and
reported

Initial and terminal body weights required

SECTION 2. COMPARISON OF REGULATORY GUIDELINES

TABLE 3.3

Quick Reference Chart for Common U.S. Test Guidelines'-1°

Regulatory Group Dermal

U.S. Environmental Protection

Agency (EPA)

U.S. Consumer Product Safety

Commission (CPSC)

U.S. Department of
Transportation (DOT)
U.S. Food and Drug

Administration (FDA)

U.S. Pharmacopeia (USP)

Reference

Health Effects Test Guidelines,
August 1998

Subchapter C—Federal
Hazardous Substances Act
Regulations, 16 CFR Part 1500,
January 1993 (FHSA)

49 CFR, Part 173, October 1998
(DOT)

Toxicological Principles for the
Safety Assessment of Direct
Food Additives and Color
Additives Used in Food,
Redbook 11, 1993 (FDA)

The U.S. Pharmacopeia, USP24
and The National Formulary,
NF 19, January 1, 2000 (USP)

Specific Section for

OPPTS 870.2500

Section 1500.41

Sections 173.136, 173.137

Not specified

Chapter 88

Dermal
Sensitization

Dermal
Irritation
OPPTS 870.2600

Section 1500.3

Not specified

Not specified

Not Specified
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TABLE 3.4

Quick Reference Chart for Common Foreign Test Guidelines?457:810.11.16

Regulatory Group

Government of Canada,
Environment Canada, and
Health and Welfare Canada
(CEPA)

European Organization for
Economic Cooperation and
Development (OECD)

European Economic Community

(EEC)

Japanese Ministry of Forestry and
Fisheries (MAFF)

Japanese Ministry of Forestry and
Fisheries (MAFF)

Japanese Ministry of Health and
Welfare (MHW)

Specific Section for

Dermal Dermal
Reference Irritation Sensitization
Canadian Environmental Section 5.1 Section 5.1

Protection Act, Guidelines for
the Notification and Testing of
New Substances: Chemicals and
Polymers, March 1993

Guidelines for Testing of
Chemicals, Section 4, Health
Effects, July 1992

Part B: Methods for the
Determination of Toxicity,
December 1992

Agricultural Chemicals Lawsand  pp. 25-26
Regulations, Testing Guidelines
for Toxicology Studies, January
1985

Guidelines on the Compiling of pp. 9-11

the Results on Toxicity (draft)
December 1987

1990 Guidelines for Toxicity
Studies of Drugs Manual,
September 1989

Subsection 404

No. L 383 A/124, B.4

Not specified

Subsection 406

No. L 383 A/131, B.6

pp. 27-29

pp. 16-19

Chap. 7, pp. 75-80

TABLE 3.5

Quick Reference Chart for Miscellaneous Test Guidelinest’2

Regulatory Group

International Maritime Organization

(IMO)

Occupational Safety and Health
Administration (OSHA)

American Society for Testing and
Materials (ASTM)

The Cosmetic, Toiletry and Fragrance

Association, Inc. (CTFA)

Reference

International Maritime Dangerous
Goods Code

OSHA’s Hazard Communication
Standard, 29 CFR 1900.1200,
Appendix A, August 1987

Annual Book of ASTM Standards, F719
(13.01), E993 (11.04), F720 (13.01)

CTFA Safety Testing Guidelines,
Sections Il and IV

Study Type

Dermal corrosion

Dermal irritation and sensitization

Dermal irritation and sensitization

Dermal irritation and sensitization
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TABLE 3.6
Comparison of Excerpts from Selected Dermal Irritation Test Guidelines

EPA OPPTS 870.2500

(a) Scope — (1) Applicability. This guideline is intended to meet testing requirements of both the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA) (7 USC 136, et seq.) and the Toxic Substances Control Act (TSCA) (15 USC 2601).

(2) Background. The source of materials used in developing this harmonized OPPTS test guideline are 40 CFR 798.4470
Primary Dermal Irritation; OPP 81-5 Primary Dermal irritation (Pesticide Assessment Guidelines, Subdivision F — Hazard
Evaluation; Human and Domestic Animals); EPA report 540/09-82-025, 1982; and OECD 404 Acute Dermal Irritation/Corrosion.

(b) Purpose. Determination of the irritant and/or corrosive effects on skin of mammals is useful in the assessment and
evaluation of the toxic characteristics of a substance where exposure by the dermal route is likely. Information derived from
this test serves to indicate the existence of possible hazards likely to arise from exposure of the skin to the substance.

(c) Definitions. The definitions in section 3 of TSCA and in 40 CFR Part 792 — Good Laboratory Practice Standards
(GLP) apply to this test guideline. The following definitions also apply to this test guideline.

“Dermal corrosion” is the production of irreversible tissue damage in the skin following the application of a test substance.

“Dermal irritation” is the production of reversible inflammatory changes in the skin following the application of a test
substance.

“Pharmacological effect” means any chemically induced physiological changes in the test animal.

“Target Organ” means any organ of a test animal showing evidence of an effect of chemical treatment.

(d) Principle of the test methods. (1) The substance to be tested is applied in a single dose to the skin of several
experimental animals, each animal serving as its own control [except when severe irritation/corrosion is suspected and the
stepwise procedure is used (see paragraph (f)(1)(iii))]. The degree of irritation is read and scored at specified intervals and
is further described to provide a complete evaluation of the effects. The duration of the study should be sufficient to permit
a full evaluation of the reversibility or irreversibility of the effects observed but need not exceed 14 days.

(2) When testing solids (which may be pulverized if considered necessary), the test substance should be moistened
sufficiently with water or, where necessary, a suitable vehicle, to ensure good contact with the skin. When vehicles are
used, the influence of the vehicle on irritation of skin by the test substance should be taken into account. Liquid test
substances are generally used undiluted.

(e) Initial considerations. (1) Strongly acidic or alkaline substances, for example, with a demonstrated pH of 2 or less,
or 11.5 or greater, need not be tested for primary dermal irritation, owing to their predictable corrosive properties.

(2) It is unnecessary to test materials which have been shown to be highly toxic (LDs, less than 200 mg/kg) by the
dermal route or have been shown not to produce irritation of the skin at the limit test dose level of 2000 mg/kg body weight.

(3) It may not be necessary to test in vivo materials for which corrosive properties are predicted on the basis of results
from well validated and accepted in vitro tests. If an in vitro test is performed before the in vivo test, a description or
reference to the test, including details of the procedure, must be given together with results obtained with the test and
reference substances.

(4) It may not be necessary to test materials for which corrosive potential is predicted from structure-activity relationships.

() Test procedures — (1) Animal selection — (i) Species and strain. The albino rabbit is recommended as the preferred
species. If another mammalian species is used, the tester should provide justification/reasoning for its selection.

(if) Number of animals. At least three healthy adult animals (either sex) should be used unless justification/reasoning
for using fewer animals is provided. It is recommended that a stepwise procedure be used to expose one animal, followed
by additional animals to clarify equivocal responses.

(iii) Stepwise exposure of animals. A single rabbit may be used if it is suspected that the test material might produce
severe irritation/corrosion. Three test patches are applied concurrently or sequentially to the animal. The first patch is
removed after 3 min. If no serious skin reaction is observed, the second patch is removed after 1 h. If observations indicate
that exposure can be continued humanely, the third patch is removed after 4 h and the responses graded. If a corrosive
effect is observed after an exposure of up to 4 h, then further animal testing is not required. If no corrosive effect is observed
in one animal after a 4-h exposure, the test is completed using two additional animals, each with one patch only, for an
exposure period of 4 h. If it is expected that the test substance will not produce severe irritancy or corrosion, the test may
be started using three animals, each receiving one patch for an exposure period of 4 h.
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TABLE 3.6 (Continued)
Comparison of Excerpts from Selected Dermal Irritation Test Guidelines

(2) Control animals. Separate animals are not recommended for an untreated control group. Adjacent areas of untreated
skin of each animal may serve as a control for the test.

(3) Dose level. A dose of 0.5 ml of liquid or 500 mg of solid or semisolid is applied to the test site.

(4) Preparation of test area. Approximately 24 h before the test, fur should be removed from the test area by clipping
or shaving from the dorsal area of the trunk of the animals. Care should be taken to avoid abrading the skin. Only animals
with healthy intact skin should be used.

(5) Application of the test substance. (i) The recommended exposure duration is normally 4 h unless corrosion is observed
[see paragraph (f)(1)(ii)]. Longer exposure may be indicated under certain conditions (e.g., expected pattern of human use
and exposure). At the end of the exposure period, residual test substance should generally be removed, where practicable,
using water or an appropriate solvent, without altering the existing response or the integrity of the epidermis.

(if) When vehicles are used, the influence of the vehicle on irritation of skin by the test substance should be taken into
account. If a vehicle is used, it should not alter the absorption, distribution, metabolism, retention or the chemical properties
of the test substance nor should it enhance, reduce, or alter its toxic characteristics. Although water or saline is the preferred
agent to be used for moistening dry test materials, other agents may be used providing the use is justified. Acceptable
alternatives include: gum arabic, ethanol and water, carboxymethyl cellulose, polyethylene glycol, glycerol, vegetable oil,
and mineral oil.

(iii) The test substance should be applied to a small area (approximately 6 cm?) of skin and covered with a gauze patch,
which is held in place with nonirritating tape. In the case of liquids or some pastes, it may be necessary to apply the test
substance to the gauze patch and apply that to the skin. The patch should be loosely held in contact with the skin by means
of a suitable semiocclusive dressing for the duration of the exposure period. Access by the animal to the patch and resultant
ingestion/inhalation of the test substance should be prevented.

6. Observation period. The duration of the observation period need not be rigidly fixed. It should be sufficient to fully
evaluate the reversibility or irreversibility of the effects observed. It need not exceed 14 days after application.

7. Clinical examination and scoring. (i) After removal of the patch, animals should be examined for signs of erythema
and edema and the responses scored within 30-60 min, and at 24, 48, and 72 h after patch removal.

(ii) Dermal irritation should be scored and recorded according to the grades provided in the guidelines. Further
observations may be needed, as necessary, to establish reversibility. In addition to the observation of irritation, any lesions
and other toxic effects should be fully described.

(g9) Data and reporting — (1) Data summary. Data should be summarized in tabular form, showing for each individual
animal the irritation scores for erythema and edema at 30 to 60 min, and 24, 48, 72 h after patch removal, any other dermal
lesions, a description of the degree and nature of the irritation, corrosion and reversibility, and any other toxic effects
observed.

(2) Evaluation of results. The dermal irritation scores should be evaluated in conjunction with the nature and reversibility
or otherwise of the responses observed. The individual scores do not represent an absolute standard for the irritant properties
of a material. They should be viewed as reference values which are only meaningful when supported by a full description
and evaluation of the observations.

(3) Test report. In addition to the reporting recommendations as specified under 40 CFR part 792, subpart J, the following
specific information should be reported:

(i) Species, strain, sex, age, and source of test animal.

(ii) Rationale for selection of species (if species is other than the species preferred or required by the OPP toxicology
data requirements for pesticide registration).

(iii) Tabulation of erythema and edema data and any other dermal lesions/responses for each individual animal at each
observation time point (e.g., 30-60 min and 24, 48, 72 h until end of test/reversibility).

(iv) Description of any lesions observed.

(v) Narrative description of the degree and nature of irritation or corrosion observed.

(vi) Description of any systemic effects observed.

(vii) Description of any pretest conditioning, including diet, quarantine, and treatment of disease.

(viii) Description of caging conditions including number (and any change in number) of animals per cage, bedding
material, ambient temperature and humidity, photoperiod, and identification of diet of test animal.

(ix) Manufacturer, source, purity, and lot number of test substance.

(x) Physical nature and, where appropriate, concentration and pH value for the test substance.
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(xi) Identification and composition of any vehicles (e.g., diluents, suspending agents, and emulsifiers) or other materials
used in administering the test substance.

(xii) A list of references cited in the body of the report, i.e., references to any published literature used in developing
the test protocol, performing the testing, making and interpreting observations, and compiling and evaluating the
results.

Japanese-MAFF (Current)

1. Purpose. The purpose of this study is to obtain the data which will make the basis to establish safe handling procedures
in use.

2. Test Substance. The end-use product should be used. However, strongly acidic or alkaline substances (approximately
pH 2 or less or pH 11.5 or greater) might not be tested.

3. Test Animals. At least six of young adult albino rabbits should be used.

4. Exposure Conditions.

(1) Approximately 24 hours before the test, fur should be removed from the dorsal area of the trunk of the test animals
by clipping or shaving.

(2) When testing solids (which may be pulverized if considered necessary), the test substance should be moistened
sufficiently with water or, where necessary, a suitable vehicle, to ensure good contact with the skin. When vehicles are
used, the influence of the vehicle should be taken into account. Liquid test substances are generally used undiluted.

(3) A dose of 0.5 ml of liquid or 0.5 g of solid or paste is applied to the test site.

(4) The test substance should be applied to a small area (approximately 6 cm?) of skin and covered with a gauze patch,
which is held in place with non-irritating tape. In the case of liquids or some pastes, it may be necessary to apply the test
substance to the gauze patch and then apply that to the skin. The patch should be loosely held in contact with the skin by
means of a suitable semi-occlusive dressing for the duration of the exposure period. (However, the use of occlusive dressing
maybe considered appropriate in some cases.)

(5) Exposure duration is for four hours. At the end of the exposure period, residual test substance should generally be
removed by using water or an appropriate solvent.

5. Clinical Examination and Scoring. After removal of the patch, animals should be examined for signs of erythema
and edema and the responses scored within 30 minutes or 60 min, and then at 24, 48 and 72 h after patch removal. Dermal
irritation is scored and recorded according to the grades in Table 3.8. Further observations may be needed, as necessary,
to establish reversibility. It need not normally exceed 14 days after application. In addition to the observation of irritation,
any lesions and other toxic effects should be fully described.

Japanese-MAFF (Draft)

1. Objective

This test seeks to provide information on potential skin irritation or corrosion forming a basis for establishing the safe
method of handling the agrochemical during use.
2. Test substance

The preparation. However this test should not be undertaken with strongly acidic or alkaline materials (generally those
up to pH 2 and from pH 11.5) as these may be expected to be corrosive.
3. Test animal species and age

Young adult white rabbits are used. Three or more are used.

4. Method of administration

(1) About 24 h before the test, the hair in the dorsal region of the trunk of the test animals is clipped short. Care is
taken not to damage the skin and only animals with healthy, undamaged skin are used.

(2) If the test substance is a solid, it is moistened thoroughly with water or a suitable vehicle to ensure good contact
with the skin. If necessary it may also be crushed. Care must also be taken that the vehicle used has no effects on the test.
Test substances in liquid form are applied undiluted.

(3) 0.5 ml of liquid test substance and 0.5 g of solid or paste test substances are applied to the test site.
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(4) The test substance is applied to a small area of skin (about 6 cm?), covered with a gauze patch and secured with
nonirritant tape. For liquid or paste materials, a method may also be adopted in which the test substance is applied to the
gauze patch and the gauze patch applied to the skin. Contact between the patch and skin is maintained with a suitable
semiocclusive dressing during the exposure period (an occlusive dressing may be used in some cases). Untreated skin of
the animal is taken as the control.

(5) The exposure period is normally 4 hours. Test substance remaining at the end of the period of application is removed
with water or a suitable vehicle.

5. Points to note regarding administration

(1) If severe potential irritation/corrosion is suspected

(1) If the test substance is suspected of being severely irritating or corrosive, a test is conducted in one animal.

1) If the test substance is suspected of being corrosive, three test patches are applied simultaneously to one animal. The
first patch is removed after three min. If no strong skin reaction is observed, the second patch is removed after one hour.
If it is judged in terms of the humane treatment of the animal at this stage that the exposure can be extended to 4 h, the
third patch is removed after 4 h and the reactions are graded. If a strong irritant reaction is observed after 3-min or 1-h
exposure, the remaining patches are removed and the test stopped immediately. The three patches may also be applied
successively to different sites on the same animal for examination.

2) If severe irritation is suspected with the test substance, one patch is applied to one animal for 4 h.

3) If no severe irritation or corrosion is observed after a 4-h exposure, two more animals are tested with one patch each
for 4 h.

(2) If it is anticipated that severe irritation/corrosion will not occur with the test substance, the test is started using three
animals and one patch is applied to each for 4 h.

6. General condition and scoring

The animals are examined and scored for signs of erythema and edema 30 or 60 minutes, and 24, 48, and 72 h after
removal of the patch.

Skin irritation is scored and recorded in accordance with the evaluation scores given in the appendix. If necessary,
subsequent examinations are given to demonstrate reversibility. There is generally no need to go beyond 14 days. In addition
to examining for irritation, any serious injury or other toxic actions are recorded thoroughly.

European-OECD

Introduction

1. OECD Guidelines for Testing of Chemicals are periodically reviewed in light of scientific progress. In the review,
special attention is given to possible improvements in relation to animal welfare. This updated version of the original
guideline 404 (adopted in 1981) is the outcome of a meeting of OECD experts held in Paris in May 1991.

2. The main differences between this and the original version of the guidelines are (a) the inclusion of data from in
vitro tests in the information on which a decision not to proceed to an in vivo test can be based; and (b) the possibility to
use one animal in a first step of the in vivo procedure allowing certain chemicals to be exempted from further testing.

3. Definitions used are set out in the Annex.

Initial Considerations

4. In the interests of animal welfare, it is important that the unnecessary use of animals is avoided, and that any testing
which is likely to produce severe responses in animals is minimized. Consequently, test substances meeting any of the
following criteria should not be tested in animals for dermal irritation/corrosion:

(i) Materials that have predictable corrosive potential based on structure-activity relationships and/or physicochemical
properties such as strong acidity or alkalinity, e.g., when the material to be applied has a pH of 2 or less or 11.5 or greater
(alkaline or acidic reserve (1) should also be taken into account);

(i) materials which have been shown to be highly toxic by the dermal route;

(iii) materials which, in an acute dermal toxicity test (2), have been shown not to produce irritation of the skin at the
limit test dose level of 2000 mg/kg body weight.

In addition, it may not be necessary to test in vivo materials for which corrosive properties are predicted on the basis
of results from in vitro tests (3).
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Principle of the In Vivo Test

5. The substance to be tested is applied in a single dose to the skin of one or more experimental animals, untreated skin
areas of the test animal(s) serving as control. The degree of irritation is read and scored at specified intervals and is further
described in order to provide a complete evaluation of the effects. The duration of the study should be sufficient to evaluate
fully the reversibility of the effects observed. Animals showing severe distress and/or pain at any stage of the test must be
humanely killed.

Description of the In Vivo Method
Selection of Animal Species
6. Several mammalian species may be used. The albino rabbit is the preferred species.

Number and Sex of Animals
7. Three healthy adult animals are required for the complete test. Male and/or female animals can be used. Additional
animals may be used to clarify equivocal responses. Sometimes the test can be performed with one animal only.

Housing and Feeding Conditions

8. Animals should be individually housed. The temperature of the experimental animal room should be 20°C (+ 3°C)
for rabbits, 22°C (+ 3°C) for rodents and the relative humidity 30-70%. Where the lighting is artificial, the sequence should
be 12 h light, 12 h dark. Conventional laboratory diets are suitable for feeding and an unrestricted supply of drinking water
should be available.

Preparation of the Animals

9. Approximately 24 h before the test, fur should be removed by close-clipping the dorsal area of the trunk of the
animals. Care should be taken to avoid abrading the skin and only animals with healthy intact skin should be used.

10. Some strains of rabbit have dense patches of hair which are more prominent at certain times of the year. Such areas
of dense hair growth should not be used as patch sites.

Procedure
Application of the Test Substance

11. The test substance should be applied to a small area (approximately 6 cm?) of skin and covered with a gauze patch,
which is held in place with non-irritating tape. In the case of liquids or some pastes, it may be necessary to apply the test
substance to the gauze patch and then apply that to the skin. The patch should be loosely held in contact with the skin by
means of a suitable semi-occlusive dressing for the duration of the exposure period. Access by the animal to the patch and
resultant ingestion/inhalation of the test substance should be prevented.

12. Liquid test substances are generally used undiluted. When testing solids (which may be pulverized if considered
necessary), the test substance should be moistened with the smallest amount of water, or where necessary a suitable vehicle,
needed to ensure good contact with the skin. When vehicles are used, the influence of the vehicle on irritation of the skin
by the test substance should be taken into account.

13. At the end of the exposure period, normally 4 h, residual test substance should be removed, where practicable, using
water or an appropriate solvent without altering the existing response or the integrity of the epidermis.

Dose Level
14. A dose of 0.5 ml of liquid or 0.5 g of solid or semi-solid is applied to the test site.

Exposure of One Animal

15. If it is suspected that the test substance might produce severe irritancy/corrosion, a single animal test should be
employed. When it is suspected that the substance may cause corrosion, three test patches are applied simultaneously to
the animal. The first patch is removed after three minutes. If no serious skin reaction is observed, the second patch is
removed after one hour. If the observations at this stage indicate that the exposure can humanely be allowed to extend to
four hours, the third patch is removed after four hours and the responses are graded. If a corrosive effect is observed after
either three minutes or one hour exposure, the test is immediately terminated by removal of the remaining patches.
Alternatively, three patches may be applied sequentially. When it is suspected that the substance may cause severe irritancy,
a single patch should be applied to the animals for four hours.
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Exposure of a Further Two Animals
16. If neither a corrosive effect nor a severe irritant effect is observed after a four hour exposure, the test should be
completed using two additional animals, each with one patch only, for an exposure period of four hours.

Exposure of Three Animals
17. If it is expected that the test substance will not produce severe irritancy or corrosion, the test may be started using
three animals, each receiving one patch for an exposure period of four hours.

Observation Period
18. The duration of the observation period should not be fixed rigidly but should be sufficient to evaluate fully the
reversibility of the effects observed.

Clinical Observations and Grading of Skin Reactions

19. Animals should be examined for signs of erythema and oedema and the responses scored at 60 min, and then at
24, 48, and 72 h after patch removal. Dermal irritation is scored and recorded according to the grades in the table below.
Further observations may be needed to establish reversibility. In addition to the observation of irritation, all lesions and
other toxic effects should be recorded and fully described.

Data and Reporting
Data

20. Data should be summarized in tabular form, showing for each individual animal the irritation scores for erythema
and oedema at 60 minutes, 24, 48, and 72 hours after patch removal, all lesions, a description of the degree and nature of
irritation, corrosion or reversibility, and any other toxic effects observed.

Test Report
21. The test report must include the following information:
Test substance:
e physical nature and, where relevant, physicochemical properties;
» identification data.
Vehicle:
e justification for choice of vehicle.
Test animals:
e species/strain used;
¢ number, age and sex of animals;
e source, housing conditions, diet, etc.;
« individual weights of animals at the start and at the conclusion of the test.
Test conditions:
« technique of patch site preparation;
e details of patch materials used and patching technique;
e details of test substance preparation, application and removal.
Results:
« tabulation of irritation response data for each individual animal for each observation time period (e.g., 60 min, 24, 48,
and 72 h after patch removal);
» description of all lesions observed;
« narrative description of the degree and nature of irritation observed, and any histopathological findings;
» description of any other toxic effects in addition to dermal irritation/corrosion.
Discussion of the results:
If an in vitro test is performed before the in vivo test, the description or reference of the test, including details of the
procedure, must be given together with results obtained with the test and reference substances.
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European-EEC

1.4 Principle of the Test Method
Initial Considerations

Careful consideration needs to be given to all the available information on a substance to minimize the testing of
substances under conditions that are likely to produce severe reactions. The following information may be useful when
considering whether a complete test, a single-animal study, or no further testing is appropriate.

i) Physiochemical properties and chemical reactivity. Strongly acidic or alkaline substances (demonstrated pH of 2 or
less or 11.5 or greater, for example) may not require testing for primary dermal irritation if corrosive properties can be
expected. Alkaline or acidic reserve should also be taken into account.

ii) If convincing evidence of severe effects in well validated in vitro tests is available, a complete test may not be required.

iii) Results from acute toxicity studies. If an acute toxicity test by the dermal route has been conducted with the substance
at the limit test dose level (2,000 mg/kg body weight), and no skin irritation was observed, further testing for skin irritation
may be unnecessary. In addition, testing of materials which have been shown to be highly toxic by the dermal route is
unnecessary.

The substance to be tested is applied in a single dose to the skin of several experimental animals, each animal serving
as its own control. The degree of irritation is read and graded after a specific interval, and is further described to provide
a complete evaluation of the effects. The duration of the observations should be sufficient to evaluate fully the reversibility
of the effects observed.

Animals showing severe and enduring signs of distress and pain may need to be humanely killed.

1.6 Description of the Test Method
1.6.1. Preparations

Approximately 24 hours before testing, fur should be removed, by clipping or shaving, from the dorsal area of the trunk
of the animal.

When clipping or shaving the fur, care should be taken to avoid abrading the skin. Only animals with healthy intact
skin should be used.

Some strains of rabbit have dense islets of hair which are more prominent at certain times of the year. Test substances
should not be applied to these zones of dense hair growth.

When testing solids (which may be pulverized if considered necessary) the test substance should be moistened sufficiently
with water or, where necessary, a suitable vehicle, to ensure good contact with the skin. When vehicles are used, the
influence of the vehicle on irritation of skin by the test substance should be taken into account. Liquid test substances are
generally used undiluted.

1.6.2. Test Conditions
1.6.2.1. Experimental Animals
Although several mammalian species may be used, the albino rabbit is the preferred species.

1.6.2.2. Number of Animals

If it is suspected from in vitro screening results or other considerations that the substance might produce necrosis (i.e.,
be corrosive) a single-animal test should be considered. If the results of this test do not indicate corrosivity, the test should
be completed using at least two additional animals.

For the complete test, at least three healthy adult animals are used. Separate animals are not required for an untreated
control group. Additional animals may be required to clarify equivocal responses.

1.6.2.3. Dose Level
Unless there are contra-indications 0.5 ml of liquid or 0.5 g of solid or semi-solid is applied to the test site. Adjacent
areas of untreated skin of each animal serve as controls for the test.

1.6.2.4. Observation Period
The duration of the observation period should not be fixed rigidly. It should be sufficient to evaluate fully the reversibility
or irreversibility of the effects observed, but need not normally exceed 14 days after application.
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1.6.3. Procedure

Animals should be caged individually. The test substance should be applied to a small area (approximately 6 cm?) of
skin and covered with a gauze patch, which is held in place with non-irritating tape. In the case of liquids or some pastes
it may be necessary to apply the test substance to the gauze patch and then apply that to the skin. The patch should be
loosely held in contact with the skin by means of a suitable occlusive or semi-occlusive dressing for the duration of the
exposure period. Access by the animal to the patch and resultant ingestion/inhalation of the test substance should be
prevented.

At the end of the exposure period, residual test substance should be removed, where practicable, using water or an
appropriate solvent, without altering the existing response or the integrity of the epidermis.

Exposure duration normally is four hours.

If it is suspected that the substance might produce necrosis (i.e., be corrosive), the duration of exposure should be
reduced (e.g., to one hour or three minutes). Such testing may also employ a single animal in the first instance and, if not
precluded by the acute dermal toxicity of the test compound, three patches may be applied simultaneously to this animal.
The first patch is removed after three minutes. If no serious skin reaction is observed, the second patch is removed after
one hour. If the observations at this stage indicate that a four-hour exposure is necessary and can be humanely conducted,
the third patch is removed after four hours and the responses are graded. In this case (i.e. when a four-hour exposure has
been possible), the test should then be completed using at least two additional animals, unless it is not considered humane
to do so (e.g., if necrosis is observed following the four hour exposure).

If a serious skin reaction (e.g., necrosis) is observed at either three minutes or one hour, the test is immediately
terminated.

Longer exposures may be indicated under certain conditions, e.g., expected pattern of human use and exposure.

1.6.3.1. Observation and Grading

Animals should be observed for signs of erythema and oedema and the response graded at 60 minutes, and then at 24,
48, and 72 hours after patch removal. Dermal irritation is graded and recorded according to the system in Table 3.8. Further
observations may be needed if reversibility has not been fully established within 72 hours. In addition to the observation
of irritation, any serious lesions such as corrosion (irreversible destruction of skin tissue) and other toxic effects should be
fully described.

Techniques such as histopathological examination or measurement of skin-fold thickness may be used to clarify doubtful
reactions or responses masked by staining of the skin by test substance.

2. Data

Data should be summarized in tabular form, showing for each individual animal the irritation gradings for erythema
and oedema throughout the observation period. Any serious lesions, a description of the degree and nature of irritation,
reversibility or corrosion and any other toxic effect observed should be recorded.

3. Reporting

3.1 Test Report
The test report shall, if possible, include the following information:

« species, strain, source, environmental conditions, diet, etc.;

« test conditions (including the relevant physicochemical properties of the chemical, the technique of skin preparation
and cleansing, and the type of dressing: occlusive or semi-occlusive);

« tabulation of irritation response data for each individual animal for each observation time period (e.g., 1, 24, 48, and
72 hours, etc., after patch removal);

« description of any serious lesions observed, including corrosivity;

e description of the degree and nature of irritation observed and any histopathological findings;

¢ description of any toxic effects other than dermal irritation,

« discussion of the results;

« interpretation of the results.
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EPA OPPTS 870.2600

This guideline is one of a series of test guidelines that have been developed by the Office of Prevention, Pesticides and
Toxic Substances, United States Environmental Protection Agency for use in the testing of pesticides and toxic substances,
and the development of test data that must be submitted to the agency for review under Federal regulations.

The Office of Prevention, Pesticides and Toxic Substances (OPPTS) has developed this guideline through a process of
harmonization that blended the testing guidance and requirements that existed in the Office of Pollution Prevention and
Toxics (OPPT) and appeared in Title 40, Chapter I, Subchapter R of the code of Federal Regulations (CFR), the Office of
Pesticide Programs (OPP) which appeared in publications of the National Technical Information Service (NTIS), and the
guidelines published by the Organization for Economic Cooperation and Development (OECD).

The purpose of harmonizing these guidelines into a single set of OPPTS guidelines is to minimize variations among
the testing procedures that must be performed to meet the data requirements of the U.S. Environmental Protection Agency
under the Toxic Substance Control Act (15 U.S.C. 2601) and the Federal Insecticide, Fungicide and Rodenticide Act (7
U.S.C. 136, et seq.).

(a) Scope. (1) Applicability. This guideline is intended to meet testing requirements of both the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA) (7 USC 136, et seq.) and the Toxic Substances Control Act (TSCA) (15 USC 2601).

(2) Background. The source materials used in developing this harmonized OPPTS test guideline are the OPPT 40 CFR
798.4100 Dermal Sensitization; OPP 81-6 Dermal Sensitization (Pesticide Assessment Guidelines, Subdivision F-Hazard
Evaluation; Human and Domestic Animals); EPA report 540/09-82-025, 1982; and OECD 406 Skin Sensitization.

(b) Purpose. In the assessment and evaluation of the toxic characteristics of the substance, determination of its potential
to provoke skin sensitization reactions is important. Information derived from test for skin sensitization serves to identify
the possible hazard to a population repeatedly exposed to the test substance. While the desirability of skin sensitization
testing is recognized, there are some real differences of opinion about the best method to use. The test selected should be
a reliable screening procedure which should not fail to identify substances with significant allergenic potential, while at the
same time avoiding false negative results.

(c) Definitions. (1) “Challenge exposure” is an experimental exposure of a previously treated subject to a test substance
following an induction period, to determine if the subject will react in a hypersensitive manner.

(2) “Induction exposure” is an experimental exposure of a subject to a test substance with the intention of inducing a
hypersensitive state.

(3) “Induction period” is a period of at least 1 week following an induction exposure during which a hypersensitive
state is developed.

(4) “Skin sensitization” (“allergic contact dermatitis™) is an immunologically mediated cutaneous reaction to a substance.
In the human, the responses may be characterized by pruritis, erythema, edema, papules, vesicles, bullae, or a combination
of these. In other species, the reactions may differ and only erythema and edema may be seen.

(d) Principle of the test method. Following initial exposure(s) to a test substance, the animals are subsequently subjected,
after a period of not less that 1 week, to a challenge exposure with the test substance to establish whether a hypersensitive
state has been induced. Sensitization is determined by examining the reaction to the challenge exposure and comparing this
reaction to that of the initial induction exposure. The test animals are initially exposed to the test substance by intradermal
and/or epidermal application (induction exposure). Following a rest period of 10 to 14 days (the induction periods), during
which an immune response may develop, the animals are exposed to a challenge dose. The extent and degree of skin reaction
to the challenge exposure is compared with that demonstrated by control animals that undergo sham treatment during
induction and then receive the challenge exposure.

(e) Test procedures. (1) Any of the following seven test methods is considered to be acceptable. It is realized, however,
that the methods differ in their probability and degree of reaction to sensitizing substances.

(i) Buehler test;

(ii) Guinea pig maximization test;

(iii) Open epicutaneous;

(iv) Mauer optimization test;

(v) Split adjuvant technique;

(vi) Freund’s complete adjuvant test;

(vii) Draize sensitization test;
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(2) The GPMT of Magnusson and Kligman, which uses adjuvant, and nonadjuvant Buehler test are given preference
over other methods. Although strong preference is given to either the Buehler test or the GPMT, it is recognized that other
tests may give useful results. If other tests are used, the tester should provide justification/reasoning for their use, methods
and protocols must be provided, and each test should include a positive and a negative control group.

() Screening tests. The mouse ear swelling test (MEST) or the local (auricular) lymph node assay (LLNA) in the mouse
may be used as screening tests to detect moderate to strong sensitizers. If a positive result is seen in either assay, the test
substance may be designated a potential sensitizer, and it may not be necessary to conduct a further test in guinea pigs. If
the LLNA or MEST does not indicate sensitization, the test substance should not be designated a nonsensitizer without
confirmation in an accepted test with guinea pigs.

(9) Animal selection. (1) Species and strain. The young adult guinea pig is the preferred species. Commonly used laboratory
strains should be employed. If other species are used, the tester should provide justification/reasoning for their selection.

(2) Housing and feeding. The temperature of the experimental animal room should be 20+3°C with the relative humidity
30-70%. Where the lighting is artificial, the sequence should be 12 h light/12 h dark. Conventional laboratory diets may be
used with an unlimited supply of drinking water. It is essential that guinea pigs receive an adequate amount of ascorbic acid.

(3) Number and sex. The number and sex will depend on the method used. If females are used, they should be nulliparous
and not pregnant.

(4) Control animals. (i) The sensitivity and reliability of the experimental technique used should be assessed every 6
months in naive animals by the use of positive control substance known to have mild-to-moderate skin-sensitizing properties.
In a properly conducted test, a response of at least 30% in an adjuvant test and at least 15% in a nonadjuvant test should
be expected for mild-to-moderate sensitizes. Preferred substances are hexylcinnamicaldhyde (CAS No. 101-86-0), mercap-
tobenzothiazole (CAS No. 149-30-4), benzocaine (CAS No. 94-09-7), dinitro-chloro-benzene (CAS No. 97-00-7), or DER
331 epoxy resin. There may be circumstances where, given adequate justification, other control substances meeting the
above criteria may be used.

(ii) Depending upon the test selected, animals may be used as their own controls, but usually there will be a separate
group of sham-treated animals that are exposed to the test substance only after the induction period, whose reactions are
compared to those of the animals that have received both induction and challenge exposures. Control groups which provide
the best design should be used. Some cases may best be served by both naive and vehicle control groups.

(5) (i) The dose level will depend upon the method selected.

(6) (i) Skin reactions should be graded and recorded after the challenge exposures at the time specified by the
methodology selected. This is usually at 24 and 48 h. Additional notations should be made as necessary to fully describe
unusual responses.

(ii) Regardless of method selected, initial and terminal body weights are to be recorded.

(7) Procedures. (i) The procedures to be used are those described by the methodology chosen.

(h) Data and reporting. Data should be summarized in tabular form, showing for each individual animal the skin reaction,
results of the induction exposure, and the challenge exposure at times indicated by the method chosen. As a minimum, the
erythema and edema should be graded and any unusual findings should be recorded.

(1) Evaluation of the results. The evaluation of results will provide information on the proportion of each group that
became sensitized and the extent (slight, moderate, severe) of the sensitization reaction in each individual animal.

(2) Test report. In addition to the information required by 40 CFR part 158 (for pesticides) and

40 CFR part 792 subpart J (for toxic substances), the test report shall include the following information:

(i) A description of the methods used and the commonly accepted name;

(ii) Information on positive control study, including:

(A) Positive control used;
(B) Method used; and
(C) Time conducted.

(iii) The number, species, strain, age, source, and sex of the test animals;

(iv) Individual weights of the animals at the start of the test and at the conclusion of the test;

(v) A brief description of the grading system; and

(vi) Each reading made on each individual animal.

(vii) The chemical identification and relevant physicochemical properties of the test substance.
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(viii) The vehicles used for induction and challenge, and justification for their use, if other than water or physiological
saline. Any material that might reasonably be expected to react with or enhance or retard absorption of the test substance
should be reported.

(ix) The total amount of test substance applied for induction and challenge, and the technique of application in each case.

(x) Description of any pretest conditioning, including diet, quarantine, and treatment of disease.

(xi) Description of caging conditions including number (and any change in number) of animals per cage, bedding
material, ambient temperature and humidity, photoperiod, and identification of diet of test animal.

(xii) Histopathological findings, if any.

(xiii) Discussion of results.

(xiv) Manufacturer, source, purity, and lot number of test substance.

(xv) Physical nature and, where appropriate, concentration and pH value for the test substance.

(xvi) A list of references cited in the body of the report, i.e., references to any published literature used in developing
the test protocol, performing the testing, making and interpreting observations, and compiling and evaluating the results.

Japanese-MHW
2. Selection of Test Methods
These test methods are given as examples because they have been adopted in most laboratories, and because that they
all represent well established assay techniques with a high degree of reproductibility. Generally, original reports pertaining
to the individual test methods are cited herein, although some of these tests are in use with modifications. Testing procedure
need not be limited to those cited herein, and in cases where any other test method is employed, justification of its application
should be stated along with citation of the appropriate literature.

(a) Adjuvant and patch test

The test comprises intradermal injections of FCA and abrasion of the skin, topical application of the test substance onto
the scratched region, and covering of the test site with an occlusive patch for sensitization. The topical challenge is made
without a covering. The test is used for such test substances which are not injectable intradermally.

(b) Buehler test

This test also employs topical application of the test substance. The test site is covered with an occlusive patch and a
wrapping and the topical challenge is carried out with a wrap, as during induction, to enhance penetration and prevent
evaporation of the test substance.

(c) Draize test

The test method was the first predictive sensitization assay accepted by regulatory agencies. It is characterized by the
intradermal introduction of a dilution of the test substance for sensitization, and a challenge by subsequent intradermal
injection.

(d) Freund’s complete adjuvant test
The test comprises intradermal injections of the test substance incorporated in a 1:1 mixture of FCA and distilled water.

(e) Maximization test
The maximization test, as described in the Guidelines, combines FCA, sodium lauryl sulfate, intradermal injection and
occlusive topical application of the test substance during the sensitization period.

(f) Open epicutaneous test
This test closely simulates the conditions of drug use in humans by utilizing repeated topical application of the test
substance.

(g) Optimization test
The optimization test is analogous to Draize test but involves the use of FCA for sensitization and an intradermal
challenge with covering of the test site.

(h) Split adjuvant test
The test utilizes skin damage caused by the application of dry ice onto a shaved area of skin, and FCA as an adjuvant.
The test substance is applied topically with a dressing.
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Whichever test method is selected, it is impracticable to accomplish a perfect prediction of the sensitizing potential of
a substance in humans based solely on results of the test, but the test results may provide important information valid for
the extrapolation of data to the conditions of human use.

In the current Guidelines, the spirit of concern for research animals is incorporated. Test methods, for example, are
roughly divided into two groups: those involving the use of an adjuvant and those which do not, so as to systematically
minimize the types of tests to be adopted. Thus, scientific considerations have been made for the reduction of the number
of animals used in tests. They are, in brief, 1) reduction of the number of animals used in tests, 2) limitation of types of
testing methods and delineation of test methods that may be selected, 3) classification of the test methods according to
assay sensitivity, and so forth.

3. Selection of Test Animals

Primarily, animals highly susceptible to the sensitizing action of the test substance are to be selected as a test system.
In all the test methods mentioned above, regardless, the animal species used is the guinea pig. Young, healthy adult albino
guinea pigs (usually between 1 and 3 months of age) weighing not more than 500 g at the start of the test are used as a
rule. They may be male or female, or of both sexes, and, in the case of females, the animals should be nonpregnant and
nulliparous.

This animal species is selected primarily for the reasons that guinea pigs are known to elicit, if at all, reactions similar
to those that occur in man and that a substantial amount of background laboratory data has been accumulated for this species.

4. Number of Animals

An extreme reduction in the number of animals used in tests may render statistical data analysis meaningless. Only
the minimum number of animals required for test groups (groups subject to sensitization with the test substance) and
control groups (positive control and control groups) are stated in these Guidelines. If any influence of the minimized
number of animals on test results is anticipated, the number should be increased appropriately. The above stated minimum
number of animals (5/group) may suffice only for such circumstances where the response is either obviously negative or
strongly positive. It follows that, otherwise, each test group need consist of at least 10 animals and each control group of
at least 5 animals.

5. Positive Controls

Positive controls are required as references for comparative assessments of the responsiveness of animals used and of
the sensitizing potency of the drug substance being tested. Compounds currently in use for this purpose include: p-phe-
nylenediamine (CAS No. 106-50-3), 1-chloro-2,4-dinitrobenzene (CAS No. 97-00-7), neomycin sulfate (CAS No.
1405-10-3) and nickel sulfate (CAS No. 7786-81-4), but any other suitable sensitizers documented in the biomedical
literature may also be used.

6. Test Methods

Detailed accounts are given of the maximization test (Magnusson and Kligman) and the adjuvant and patch test, under
Description of the Test Procedure in the Guidelines, while the other six test methods are only cited. All the test methods
mentioned in the Guidelines may be regarded as essentially equivalent and none given a preference to others. That is, any
of the test methods mentioned above may be adopted.

The maximization test and adjuvant and patch test are selected as examples to be detailed on the rationale that those
involving the use of Freund’s complete adjuvant are likely to be superior in assay sensitivity to those not using it.

It is most desirable to conduct the testing stepwise in evaluating a substance for skin sensitizing potential. In the first
step, one of the five tests incorporating the use of the adjuvant is to be performed to ascertain if the property of the test
substance is to be further assessed by comparison with a known sensitizing substance or by conducting a test not involving
the use of an adjuvant so as to permit evaluation of the intensity of sensitization by the test substance.

All these tests are designed to determine the potential of test substances to induce hypersensitivity by, in general,
exposure (sensitization) of experimental animals to the test substance and a challenge exposure (elicitation) after a subsequent
rest period of about 2 weeks. Test results are for sensitizing potential interpreted by comparing cutaneous responses of
experimental animals with those of controls. Each of the test methods described has advantages and drawbacks and, therefore,
it is most desirable that the tests by performed properly by personnel well versed in these aspects.
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In preparing animals for tests, they should be randomly allocated to experimental groups. Test sites on the skin must
be clipped free of hair or shaven prior to administration of the test substance.
Study conditions must be carefully set up since test results may vary with the conditions.

7. Dose Levels

In case where graded dose levels appropriate to the assay are employed, the physicochemical properties of the test
substance, such as the solubility at test concentrations and the tolerated local or systemic dose need be taken into account.
The concentrations of the test substance for sensitizing and challenge chosen for the assay may be justified whenever
deemed necessary.

8. Observation Parameters

Body weights of animals must be recorded at least at the initiation and at the completion of testing. All animals should
be observed for any signs of skin irritation during the sensitization period. Skin reactions are to be noted at 24, 48, or 72
hours after challenge exposure, and interpreted for sensitizing activity of the test substance. The reactions must be rated as
specified for each test. All observed cutaneous reactions and any adverse findings noted must be recorded.

9. Reporting of Test Results

It is advisable that test results be summarized by tabulation or other means in such a way that the skin reactions of
individual animals at respective periods of observation can be clearly recognized.

In reporting the test results, data concerning the following parameters must be included:

1) Strain of guinea pigs used.

2) Number, age in weeks, and sex(es) of animals used.

3) Individual animal body weights at the start and at the completion of test.

4) All reactions observed in animals, along with details of reactions if any scoring system or classification scheme is

employed.
5) Evaluation of test results, and comments.

10. Evaluation of Test Results

The skin sensitizing potential of the test substance should be evaluated according to the reactions observed in animals
in the test group and in each control group. Interpretation of the test results must be based on evaluation of the potential
of the test substance to sensitize the skin. Basically, it is to be made according to the evaluation criteria specified in the
literature reporting the test method.

In cases where the incidence of a positive skin reaction is to be assessed, it is advisable that increased numbers of
animals be used in test and control groups, and that data obtained be processed by an appropriate statistical procedure.

What should be noted here is that the tests mentioned herein, unfortunately, are not necessarily adequate as assays for
predicting the sensitizing potential of the test substance in humans. To evaluate the sensitizing activity of the material,
therefore, the material is first to be subjected to any one of the test methods involving the use of an adjuvant and determined
thereby as to whether it has sensitizing activity or not. If the material has proven to be positive, then it should be further
assessed, preferably by a test method not involving the use of an adjuvant in order to make practical risk assessment and
classification of the test substance.

Japanese-MAFF (Current)
1. Purpose
The purpose of this study is to obtain the data which will make the basis to establish safe handling procedures in use.

2. Test Substance
The end-use product should be used. However, strongly acidic or alkaline substance (approximately pH 2 or pH 11.5

or greater) might not be tested.

3. Test Animals
At least one mammalian species should be used. The young adult guinea pig is the preferred species.
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4. Test Methods
Any of the following seven test methods is considered to be acceptable. Use of a positive control substance for the
reliability for the test system selected is recommended.
Draize Test
Freund’s Complete Adjuvant Test
Mauer Optimisation Test
Buehler Test
Open Epicutaneous Test
Guinea Pig Maximization Test
Split Adjuvant Technique

Japanese-MAFF (draft)
1. Objective

This test seeks to provide information on potential skin sensitization forming a basis for establishing the safe method
of handling the agrochemical during use.
2. Test substances

Basic compound and preparation
3. Test animal species, age, and sex

Young adult guinea pigs are used. Females are nulliparous, nonpregnant animals.

4. Test methods

The test methods which are undertaken with a relatively high frequency are the guinea pig maximization test (GPM
method) and the Buehler test (Buehler method). However, if information about sensitization is available, the test method
therein may be substituted.

A positive control group is also provided in order to evaluate the responsivity of the test system.

5. Test procedures

Both the GPM method and the Buehler method are described in detail in the guidelines.

(1) Number of animals. This is dependent on the method used.

(2) Dose settings. The maximum concentration of the test substance used in exposure for sensitization is one to which
there is satisfactory resistance systemically but producing mild to moderate skin irritation. The maximum concentration of
test substance used for challenge exposure is the highest at which no irritation is shown. Two or three animals are used to
determine the appropriate concentration of the test substance.

(3) Sensitization. Procedures are dependent on the method used.

(6) Examination. About 21 h after removing the patches, the challenged area is shaved if necessary. Three hours later
(about 48 h after the start of application of the challenging patches), the skin is examined for any reaction which is then
recorded in accordance with the grades shown in the table. Skin reactions are observed and recorded again 24 h after the
first examination.

Table: Evaluation criteria for challenge patch test reaction

No visible change 0
Diffuse or patchy erythema 1
Moderate and chronic erythema 2
Marked erythema and oedema 3

(8) Examination of general condition. All skin reactions and all abnormal findings which occur as a result of sensitization
and challenge are recorded.

European-OECD
Introduction
2. Currently, quantitative structure—activity relationships and in vitro models are not yet sufficiently developed to play
a significant role in the assessment of the skin-sensitization potential of substances which therefore must continue to be
based on in vitro models.

Copyright © 2002 by Taylor & Francis



TABLE 3.7 (Continued)
Comparison of Excerpts from Selected Sensitization Test Guidelinest-*

3. The guinea pig has been the animal of choice for predictive sensitization tests for several decades. Two types of tests
have been developed: adjuvant tests in which sensitization is potentiated by injection of Freund’s complete adjuvant (FCA),
and nonadjuvant tests. In the original guideline 406, four adjuvant test and three nonadjuvant tests were considered to be
acceptable. In this updated version, the guinea pig maximization test (GPMT) of Magnusson and Kligman which uses
adjuvant and the nonadjuvant Buehler test are given preference over other methods and the procedures are presented in
detail. It is recognized, however, that there may be circumstances where other methods may be used to provide the necessary
information on sensitization potential.

4. The immune system of the mouse has been investigated more extensively than that of the guinea pig. Recently, mouse
models for assessing sensitization potential have been developed that offer the advantages of having an end point which is
measured objectively, being of short duration, and treating a minimal number of animals. The mouse ear swelling test
(MEST) and the local lymph node assay (LLNA) appear to be promising. Both assays have undergone validation in several
laboratories and it has been shown that they are able to detect reliably moderate to strong sensitizes. The LLNA or the
MEST can be used as a first stage in the assessment of skin sensitization potential. If a positive result is seen in either
assay, a test substance may be designated as a potential sensitizer, and it may not be necessary to conduct a further guinea
pig test. However, if a negative result is seen in the LLNA or MEST, a guinea pig test (preferably a GPMT or Buehler test)
must be conducted using the procedure described in this guideline.

5. Definitions:

““Skin sensitization” (allergic contact dermatitis): An immunologically mediated cutaneous reaction to a substance. In
the human, pruritis, erythema, edema, papules, vesicles, bullae, or a combination of these may characterize the responses.
In other species the reactions may differ and only erythema and edema may be seen.

“Induction exposure” An experimental exposure of a subject to a test substance with the intention of inducing a
hypersensitive state.

“Induction period”” A period of at least 1 week following an induction exposure during which a hypersensitive state
may develop.

““Challenge exposure” An experimental exposure of a previously treated subject to a test substance following an induction
period, to determine if the subject reacts in a hypersensitive manner.

General Principle of Sensitization Tests in Guinea Pigs

6. The test animals are initially exposed to the test substance by intradermal injection and/or epidermal application
(induction exposure). Following a rest period of 10 to 14 days (induction period), during which an immune response may
develop, the animals are exposed to a challenge dose. The extent and degree of skin reaction to the challenge exposure in
the test animals is compared with that demonstrated by control animals which undergo sham treatment during induction
and receive the challenge exposure.

Elements Common to Sensitization Tests in Guinea Pigs
Sex of Animals

7. Male and/or female healthy young adult animals can be used. If females are used they should be nulliparous and
nonpregnant.

Housing and Feeding Conditions

8. The temperature of the experimental animal room should be 20°C (+ 3°C) and the relative humidity 30-70%. Where
the lighting is artificial, the sequence should be 12 h light, 12 h dark. For feeding, conventional laboratory diets may be
used with an unlimited supply of drinking water. It is essential that guinea pigs receive an adequate amount of ascorbic acid.

Preparation of the Animals

9. Animals are acclimatized to the laboratory conditions for at least 5 days prior to the test. Before the test, animals
are randomized and assigned to the treatment groups. Removal of hair is by clipping, shaving or possibly by chemical
depilation, depending on the test method used. Care should be taken to avoid abrading the skin. The animals are weighed
before the test commences and at the end of the test.

Reliability Check
10. The sensitivity and reliability of the experimental technique used should be assessed every six months by use of
substances which are known to have mild-to-moderate skin sensitization properties.
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11. In a properly conducted test, a response of at least 30% in an adjuvant test and at least 15% in a non-adjuvant test
should be expected for mild/moderate sensitisers. Preferred substances are hexyl cinnamic aldehyde (CAS No. 101-86-0),
mercaptobenzothiazole (CAS No. 149-30-4) and benzocaine (CAS No. 94-09-7). There may be circumstances where, given
adequate justification, other control substances meeting the above criteria may be used.

Removal of the Test Substance
12. If removal of the test substance is considered necessary, this should be achieved using water or an appropriate
solvent without altering the existing response or the integrity of the epidermis.

Description of the Guinea Pig Methods
13.-36. Both the guinea pig maximization test and the Buehler test methods are described in the guideline.

Data and Reporting
Data
37. Data should be summarized in tabular form, showing for each animal the skin reactions at each observation.
Test Report
38. The test report must include the following information:
Test substance:
— physical nature and, where relevant, physicochemical properties
— identification data
Vehicle:
— justification of choice of vehicle
Test animals:
— strain of guinea pig used
— number, age, and sex of animals
— source, housing conditions, diet, etc.
— individual weights of animals at the start and at the conclusion of the test
Test conditions
— technique of patch site preparation
— details of patch materials used and patching technique
— result of pilot study with conclusion on induction and challenge concentrations to be used in the test
— details of test substance preparation, application, and removal
— vehicle and test substance concentrations used for induction and challenge exposures and the total amount of substance
applied for induction and challenge.
Reliability check:
— a summary of the results of the latest reliability check including information on substance, concentration, and vehicle
used.
Results:
— on each animal including grading system
— narrative description of the nature and degree of effects observed
— any histopathological findings
Discussion of results
— If a screening assay is performed before the guinea pig test, the description or reference of the test, including details
of the procedure, must be given together with results obtained with the test and reference substances.

European-EEC
Method
1.1 Introduction
Remarks:
The sensitivity and ability of tests to detect potential human skin sensitizers are considered important in a classification
system for toxicity relevant to public health. There is no single test method which will adequately identify all substances
with a potential for sensitizing human skin and which is relevant for all substances.
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Factors such as the physical characteristics of a substance, including its ability to penetrate the skin, must be considered
in the selection of a test.

Tests using guinea pigs can be subdivided into the adjuvant-type tests, in which an allergic state is potentiated by
dissolving or suspending the test substance in Freunds Complete Adjuvant (FCA), and the non-adjuvant tests.

Adjuvant-type tests are likely to be more accurate in predicting a probable skin sensitizing effect of a substance in
humans than those methods not employing Freunds Complete Adjuvant and are thus the preferred methods.

The Guinea Pig Maximization Test (GPMT) is a widely used adjuvant-type test. Although several other methods can
be used to detect the potential of a substance to provoke skin sensitization reaction, the GPMT is considered to be the
preferred adjuvant technique.

With many chemical classes, non-adjuvant tests (the preferred one being the Buehler test) are considered to be less
sensitive.

In certain cases there may be good reasons for choosing the Buehler test involving topical application rather than the
intradermal injection used in the Guinea Pig Maximization Test. Scientific justification should be given when the Buehler
test is used.

The Guinea Pig Maximization Test (GPMT) and the Buehler test are described in this method. Other methods may be
used provided that they are well-validated and scientific justification is given.

Regardless of the methods used, the sensitivity of the strain of guinea pig being used for skin sensitization testing must
be checked at regular intervals (six months) using a known mild to moderate sensitizer and a satisfactory number of positive
responses obtained.

1.3. Reference Substances
The following substances, diluted as necessary, are recommended, as well as any other sensitizing substance known
either from the literature or which belongs to the group of the substance being tested.
* p-phenylenediamine
CAS No. 106-50-3
» 2,4-dinitrochlorobenzene
CAS No. 97-00-7
¢ potassium dichromate
CAS No. 7778-50-9
* neomycin sulphate
CAS No. 1405-10-3
e nickel sulphate
CAS No. 7786-81-4

1.4. Principle of the Test Methods

Following initial exposure to a test substance (the ‘induction’ period) the animals are subjected approximately two
weeks after the last induction exposure to a ‘challenge’ exposure to the test substance in order to establish if a hypersensitive
state has been induced. Sensitization is determined by examining the skin reaction to the challenge exposure.

1.5 Quality Criteria
None.
1.6 Description of the Test Method
The guinea pig maximization test (GPMT) and the Buehler test are described in the guideline.

2. Data (GPMT and Buehler test)
Data should be summarized in tabular form, showing for each animal the skin reactions at each observation.

3. Reporting (GPMT and Buehler test)
3.1 Test Report (GPMT and Buehler test)
The test report shall, if possible, include the following information:
— strain of guinea pig used
— test conditions, vehicle and test substance concentrations used for induction and challenges
— number, age, and sex of animals
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— individual weights of animals at the start and at the conclusion of the test

— discussion of the results

— interpretation of the results
3.2 Evaluation and Interpretation (GPMT and Buehler test)

There are limitations in the extent to which the results of animal and in vitro tests can be extrapolated directly to humans
and this must be borne in mind when tests are evaluated and interpreted. When available, evidence of adverse effects in
humans may be of relevance in determining the potential effects of chemical substances on the human population.

SECTION 3. MATERIALS AND PROCEDURES FOR
PERFORMING DERMAL IRRITATION STUDIES?-33

A. THE OccLubep DErMAL IRRITATION TEST IN RABBITS
1. Materials

a. Gauze Dressing

Type: Ace-Tex Corporation nonsterilized
Thickness: 4-ply gauze dressing
Size: 1 x 1 inch

b. Tape — Nonirritating

Type: Blenderm® . . . (Medical-Surgical Division/3M, St. Paul, MN)
Size: 1 inch wide

c. Occlusive Materials
Type: Impervious material (e.g., plastic wrap)

d. Binding Materials

Elastic wrap

Type: Rubber elastic bandage: Ace® Bandage or Coban® (Medical-Surgical Division/3M, St. Paul,
MN), or Expandover® (Sherwood Medical, St. Louis, MO)

Size: Adequate wrapping of the entire test site

e. Securing Materials
Type: Zonas® (Johnson & Johnson Medical Inc., Arlington, TX) porous athletic tape
Size: 2 inches wide

f.  Elizabethan or similar Collars: Optional.

g. Animal Species
New Zealand white rabbits.

2. Procedures

The hair is removed from a sufficient area on the rabbit’s back on the day before dosing. Care should
be taken to avoid abrading the skin during the clipping procedure. On the day of dosing, the test
site (approximately 1 x 1 inch square of intact skin) should be designated and the gauze patch (1 x
1 inch) should be secured to the animal on at least two cut edges of the gauze patch, using the
nonirritating Blenderm tape. The test substance, either 0.5 ml or 0.5 g, should be administered under
the gauze dressing and the remaining cut edges secured to the animal’s back with nonirritating tape.

Copyright © 2002 by Taylor & Francis



Liquids are administered as received, powders should be moistened with a suitable vehicle before
application (e.g., distilled water). If the test article is a solid or powder that does not work well as
a paste (e.g., does not spread well), 0.5 g of the test article will be applied to an approximate 1 x
1 in. 4-ply gauze patch and will be moistened with the appropriate amount of distilled water or
suitable vehicle (generally 0.5 ml) and the gauze patch applied to the test site. An impervious sheet
of material (e.g., plastic wrap) is then wrapped around the trunk of the animal. The elastic wrap is
then wrapped around the animal’s torso and is secured in place using the Zonas athletic tape. The
Zonas is wrapped around the outermost portion of the elastic wrap at the cranial and caudal ends.
An Elizabethan or similar collar may then be placed around the animal’s neck. After the designated
time of exposure (i.e., 4 or 24 hours), the tape, elastic wrap, impervious wrap, and gauze patch are
removed and the test site is delineated using an indelible marker. The test site should then be rinsed
with a suitable vehicle (e.g., distilled water). At the appropriate grading intervals (e.g., 1, 24, 48,
and 72 hours after patch removal), the animals should be examined and scored for signs of erythema
and edema according to the Draize dermal grading system. Grading of the test sites may be continued
after the 72-hour scoring interval if irritation persists (e.g., day 7, day 10, day 14).

B. THe SeEmioccLubeD DERMAL IRRITATION TEST IN RABBITS
1. Materials

a. Gauze Dressing

Type: Ace-Tex Corporation nonsterilized
Thickness: 4-ply gauze dressing
Size: 1 x 1 inch

b. Tape — Nonirritating

Type: Blenderm®
Size: 1 inch wide

c. Binding Materials

Elastic wrap

Type: Rubber elastic bandage : Ace® Bandage, Coban®, or Expandovert®
Size: Adequate wrapping of the entire test site

d. Securing-Materials

Type: Zonas® porous athletic tape
Size: 2 inches wide

e. Elizabethan or similar collars: Optional.

f.  Animal Species
New Zealand White Rabbit

2. Procedures

The hair is removed from a sufficient area on the rabbit’s back on the day before dosing. Care
should be taken to avoid abrading the skin during the clipping procedure. On the day of dosing,
the test site (approximately 1 x 1 inch square of intact skin) should be designated and the gauze
patch (1 x 1 inch) should be secured to the animal on at least two cut edges of the gauze patch
using the nonirritating Blenderm tape. The test substance, either 0.5 ml or 0.5 g, should be
administered under the gauze dressing and the remaining cut edges secured to the animal’s back
with nonirritating tape. Liquids are administered as received. Powders should be moistened with a
suitable vehicle prior to application (e.g., distilled water). If the test article is a solid or powder
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that does not work well as a paste (e.g., does not spread well), 0.5 g of the test article will be
applied to an approximate 1 x 1 inch 4-ply gauze patch and will be moistened with the appropriate
amount of distilled water or suitable vehicle (generally 0.5 ml) and the gauze patch applied to the
test site. The elastic wrap is then wrapped around the animal’s torso and secured in place using
the Zonas athletic tape. The Zonas tape is wrapped around the outermost portion of the elastic
wrap at the cranial and caudal ends. An Elizabethan or similar collar may then be placed around
the animal’s neck. After the designated exposure time (i.e., 4 or 24 h), the tape, elastic wrap, and
gauze patch are removed and the test site is delineated using an indelible marker. The test site
should then be rinsed with a suitable vehicle (e.g., distilled water). At the appropriate grading
intervals (e.g., 1, 24, 48, and 72 h after patch removal), the animals should be examined and scored
for signs of erythema and edema according to the Draize dermal grading system. Grading of the
test sites may be continued after the 72-h scoring interval if irritation persists (e.g., day 7, day 10,
day 14).

C. THe NonoccLubep DerMAL IRRITATION TEST IN RABBITS
1. Materials
a. Elizabethan or similar collars or restrainer

b. Animal Species
New Zealand White Rabbit

2. Procedures

The hair is removed from a sufficient area on the rabbit’s back on the day before dosing. Care should
be taken to avoid abrading the skin during the clipping procedure. On the day of dosing, the test
site (approximately 1 x 1 inch square of intact skin) should be designated and the test substance
(0.5 ml or 0.5 g) should be administered to that area. Liquids are administered as received, powders
should be moistened with a suitable vehicle before application (e.g., distilled water). The animal
should then be placed in a restraining device or an Elizabethan or similar collar should be applied.
After the designated exposure time (i.e., 4 or 24 hours), the test site should be delineated with an
indelible marker and rinsed with a suitable vehicle (e.g., distilled water). At the appropriate grading
intervals (e.g., 1, 24, 48, and 72 hours following patch removal), the animals should be examined
and scored for signs of erythema and edema according to the Draize dermal grading system. Grading
of the test sites may be continued after the 72-hour scoring interval if irritation persists.

D. THe CorRrosIvITY TEST IN RABBITS
1. Materials

a. Gauze Dressing

Type: Ace-Tex Corporation nonsterilized
Thickness: 4-ply gauze dressing.

Size: 1 x 1 inch

b. Tape-Nonirritating

Type: Blenderm®
Size: 1 inch wide

c. Binding Materials

Elastic wrap
Type: Rubber elastic bandage: Ace® Bandage or Coban®
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d. Securing Materials

Type: Zonas® porous athletic tape
Size: 2 inches wide

e. Elizabethan or similar collars: Optional.

f.  Animal Species
New Zealand White Rabbit

2. Procedures

The hair is removed from a sufficient area on the rabbit’s back on the day before dosing. Care
should be taken to avoid abrading the skin during the clipping procedure. On the day of dosing,
each test site (approximately 1 x 1 inch square of intact skin) should be selected based on the
number of exposure periods required (i.e., 3 minutes, 1 hour, and/or 4 hours). The 1 x 1 inch gauze
dressing should be secured to the animal’s back at the designated exposure site on at least two cut
edges of the gauze patch using the nonirritating Blenderm tape. The test substance, either 0.5 ml
or 0.5 g, should be administered under the gauze dressing at each exposure site and the remaining
cut edges secured to the animal’s back. Liquids and powders should be administered as received.
If the test article is a solid or powder that does not work well as a paste (e.g., does not spread
well), 0.5 g of the test article will be applied to an approximate 1 x 1 inch 4-ply gauze patch and
will be moistened with the appropriate amount of distilled water or suitable vehicle (generally
0.5 ml) and the gauze patch applied to the test site. The elastic wrap is then wrapped around the
animal’s torso and secured in place using the Zonas athletic tape. The Zonas is wrapped around
the outer most portion of the elastic wrap at the cranial and caudal ends. If more than one exposure
interval is utilized, the elastic wrap overlying the gauze dressings may be delineated using an
indelible marker. This should aid in the unwrapping process. An Elizabethan or similar collar may
then be applied to the animal. After the designated exposure interval (i.e., 3 min, 1 h, and/or 4 h),
a window can be cut into the elastic wrap overlying the gauze patch for the appropriate test site
and the gauze patch removed. The test site should be delineated with an indelible marker and then
rinsed with a suitable vehicle (e.g., distilled water). If more than one exposure interval is utilized,
the cut out window of the elastic wrap should be secured to the animal with additional Blenderm
tape. This will help prevent possible disruption of the remaining site(s). These steps are repeated
until the last exposure interval is completed, at which time the entire elastic wrap is removed. At
the appropriate grading intervals (e.g., after patch removal and at 24, 48, and 72 h after patch
application), the animals should be examined and scored for signs of erythema and edema according
to the Draize dermal grading system. Grading of the test sites may be continued after the 72-h
scoring interval if irritation persists.

E. THE PHoTOIRRITATION TEST IN RABBITS
1. Materials

a. UVA Bulbs

Eight (nonoccluded procedure) or four (occluded procedure) Sylvania (Osram Sylvania, Danvers,
MD) F-40/350 BL blacklight flourescent or equivalent.

b. UVA/UVB Photometer
IL 1350 radiometer/photometer.

c. Irradiation Deflector
Aluminum foil.
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d. Materials for Nonocclusive Procedure
Rabbit stocks or other restraining device

e. Materials for Occlusive Procedure

1. Occlusive Materials
Type: Impervious material: plastic wrap or other suitable plastic wrap
2. Binding Materials
Type: Rubber elastic bandage: Ace® bandage, or Coban®, or Expandover®
Size: Adequate wrapping of the entire test site
3. Securing Materials
Type: Zonas® porous athletic tape
Size: 2 inches wide
4. Tape — Nonirritating
Type: Blenderm®
Size: 1 inch wide
5. Gauze Dressing
Type: Ace-Tex Corporation nonsterilized
Thickness: 4-ply gauze dressing
Size 1 x 1 in. square

f.  Animal Species
New Zealand White Rabbit

2. Procedures

a. Preliminary Procedures

The photoirritation study is conducted using three or six adult New Zealand White rabbits per
group. Animals of either sex should be utilized for the test and positive control (if utilized) groups.
On the day before dose administration, the animals selected for study should have the fur clipped
for the dorsal area of the trunk of each animal using a small animal clipper. Care should be taken
to avoid abrading the skin during the clipping procedure.

b. Nonoccluded Procedure

On the following day (day 0), the test article (or positive control material, e.g., Oxsoralen Lotion,
1% 8-MOP from CN Pharmaceuticals, Inc., Cosa Mesa, CA, if used) will be applied initially to
one small area of intact skin on the right side of each animal as follows: a 0.025 ml dose of the
test article (or positive control material, if used) will be applied to one approximate 2.5 cm x 2.5
cm test site on the animals. The test sites will be delineated with a marker. The test sites will remain
unoccluded. Immediately after application, the animals will be placed in stocks. Animals will
remain in stocks until the completion of the UVA light exposure period and completion of the left
site dose period. Approximately 2 h after test article application, excess test article may be removed
using dry gauze to have adequate UVA light exposure. The test site may be re-delineated, if needed.
Each animal will be wrapped with aluminum foil. An approximate 2.5 x 2.5 cm square section
will be cut in the aluminum foil to expose the test site on the right side. Treatment sites on the
right side will then be exposed to a target dose of 5 or 10 J/cm?2. UVA light (320 to 400 nm) will
be emitted from a bank of eight Sylvania F-40/350 BL blacklight fluorescent tubes. The peak
emission of the light source will be 360 nm. After the completion of the UVA light exposure period,
the foil will be removed. Any residual test article (from right test sites) will be removed with gauze
moistened in deionized water (or appropriate solvent) followed by dry gauze. Animals will be
removed from the stocks and the test article (or positive control material) will be applied to an area
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of intact skin approximate 2.5 x 2.5 cm on the left side of each animal. The test sites will be
delineated with a marker. The test site will remain unoccluded. The animals will be returned to the
stocks until the completion of the exposure period. Approximately 2 h after test article application
on the second test site (on the left side), any residual test article (from the left test site) will be
removed with gauze moistened in deionized water (or appropriate solvent) followed by dry gauze.
The test sites may be re-delineated, if needed. The animals will be returned to their cages.

c. Occluded Procedure

On the day of dose administration (day 0), the test article (or positive control material, if utilized)
will be applied to two small areas of intact skin of each animal as follows: 0.5 ml or 0.5 g aliquots
of the test substance should be applied to two separate areas of intact skin, one on the left side and
one on the right side of each test animal. The test substance is held in contact with the skin using
an approximately 1 x 1 in. square gauze patch secured to the animal with a nonirritating tape. An
impervious plastic wrap is placed over the trunk of the animal and further wrapped with an elastic
wrap. The elastic wrap is then secured to the animal using the athletic tape. Animals will be placed
in stocks following dosing and will remain in stocks until completion of UVA light exposure period.
Approximately 2 h after chamber application, the elastic wrap, plastic wrap, and gauze patch located
on the right side of each animal will be removed. Excess test article may be removed using dry
gauze to have adequate UVA light exposure. The test site may be re-delineated (if needed). The
patch on the left side of the animal will remain undisturbed. Each animal will be wrapped with
aluminum foil. An approximate 2.5 x 2.5 cm square section will be cut in the aluminum foil to
expose each test site on the right side. Treatment sites on the right side will then be exposed to a
target dose of 5 or 10 J/cm?2. UVA light (320 to 400 nm) will be emitted from a bank of four or
eight Sylvania F-40/350 BL blacklight fluorescent tubes. The peak emission of the light source
will be 360 nm. After the completion of the UVA light exposure period, the foil and chamber (from
the left side) will be removed. Any residual test article (from all sites) will be removed with gauze
moistened in deionized water (or appropriate solvent) followed by dry gauze. Animals will be
returned to their cages.

F. THe PHoTOIRRITATION TEST IN GUINEA PIGs
1. Materials

a. UVA Bulbs
Eight Sylvania (Osram Sylvania, Danvers, MD) F-40/350 BL blacklight flourescent or equivalent.

b. UVA/UVB Photometer
IL 1350 radiometer/photometer.

c. Irradiation Deflector
Aluminum foil.

d. Materials for Nonocclusive Procedure

Type: Buehler restainer or similar device
Type: Dental dam

e. Materials for Occlusive Procedure
1. Occlusive Materials
Type: 25 mm Hilltop® Chamber
2. Binding Materials
Type: Buehler restainer or similar device
Type: Dental dam
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f.  Animal Species
Hartley-derived albino guinea pig

2. Procedures

a. Preliminary Procedures

The photoirritation study is conducted using six adult Hartley-derived albino guinea pigs per group.
Animals of either sex should be utilized for the test and positive control (if utilized) groups. On
the day before dose administration, the animals selected for study should have the fur clipped for
the dorsal area of the trunk of each animal using a small animal clipper. Care should be taken to
avoid abrading the skin during the clipping procedure.

b. Nonoccluded Procedure

On the following day (day 0), immediately prior to application, the animals will be placed in
individual restrainers. The dental dam will be pulled taut over the back and secured to the bottom
of the restrainer. An approximate 2.5 x 2.5 cm window will be cut into the right side of the dental
dam to ensure that the test sites remain unoccluded. The restrainers will be adjusted as necessary
to minimize any discomfort of the animals. Animals will remain in restrainers until the completion
of the UVA light exposure period and completion of the left site dose period.

The test article (or positive control material, e.g., Oxsoralen Lotion 1% 8-MOP from CN
Pharmaceuticals, Cosa, CA, if used) will be applied initially to one small area of intact skin on the
right side of each appropriate animal as follows: a 0.025 ml dose of the test article (or positive
control material, if used) will be applied to one approximate 2.5 x 2.5 cm test site on the animals.
The test sites will then be delineated with a marker. The test sites will remain unoccluded.
Approximately 2 h after test article application, excess test article may be removed using dry gauze
in order to have adequate UVA light exposure. The test sites may be re-delineated, if needed. The
back of each animal will be covered with aluminum foil. An approximate 2.5 x 2.5 cm square
section will be cut in the aluminum foil to expose each test site on the right side. Treatment sites
on the right side will then be exposed to a target dose of 10 J/cm2. UVA light (320 to 400 nm) will
be emitted from a bank of eight Sylvania F-40/350 BL blacklight fluorescent tubes. The peak
emission of the light source will be 360 nm. After the completion of the UVA light exposure period,
the foil will be removed. Any residual test article (from right test sites) will be removed with gauze
moistened in deionized water (or appropriate solvent) followed by dry gauze. Animals will remain
in restrainers and an approximate 2.5 x 2.5 cm window will be cut in the dental dam on the left
side. The test article (or positive control material, if used) will be applied to an area of intact skin
on the left side of each animal. The test material will be applied to an approximate 2.5 x 2.5 cm
test site on the left side of the animals. The test site will remain unoccluded. Approximately 2 h
after test article application on the second test site (on the left side), the remaining dental dam will
be removed. Any residual test article (from the left test site) will be removed with gauze moistened
in deionized water (or appropriate solvent) followed by dry gauze. The test sites may be re-
delineated, if needed. The animals will be returned to their cages.

c. Occluded Procedure

On the day of dose administration (day 0), the test article will be applied to two small areas of
intact skin on the left and right side of each appropriate animal as follows: a 0.3 ml or 0.3 g (or
maximum dose, powders to be moistened with the appropriate vehicle) dose of the test article (or
positive control material as described previously, if used) will be applied to two 25 mm Hilltop
chambers just prior to applying the chambers to the back. The Hilltop chambers will be applied to
the back as quickly as possible. The test sites will be delineated with a marker. Immediately
following application, the animals will be placed in individual restrainers and the chamber will be
held at the designated site using rubber dental dam. The dental dam will be pulled taut over the
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back and secured to the bottom of the restrainer. The restrainers will be adjusted as necessary to
minimize any discomfort of the animals. Animals will remain in restrainers until the completion
of the UVA light exposure period. Approximately 2 h after chamber application, an approximate
2.5 x 2.5 cm square will be cut into the dental dam and the chamber located on the right side of
each animal will be removed. Excess test article may be removed using dry gauze to have adequate
UVA light exposure. The test site may be re-delineated (if needed). The chamber on the left side
of the animal will remain undisturbed. The back of each animal will be covered with aluminum
foil. An approximate 2.5 x 2.5 cm square section will be cut in the aluminum foil to expose each
test site on the right side. Treatment sites on the right side will then be exposed to a target dose
of 10 J/cm2, UVA light (320 to 400 nm) will be emitted from a bank of eight Sylvania F-40/350
BL blacklight fluorescent tubes. The peak emission of the light source will be 360 nm. After the
completion of the UVA light exposure period, the foil, the remaining dental dam, and chamber
(from the left side) will be removed. Any residual test article (from all sites) will be removed with
gauze moistened in deionized water (or appropriate solvent) followed by dry gauze.

SECTION 4. MATERIALS AND PROCEDURES FOR
PERFORMING DERMAL SENSITIZATION STUDIES?3-%0

A. THE MobiIFiED BUEHLER SENsITIZATION TEST IN GUINEA PiGs
1. Materials

a. Occlusive Materials

Type: 25 mm Hilltop® chamber (Hilltop Research, Inc., Cincinnati, OH), 2 x 2 cm Webril® patch;
(Professional Medical Products, Greenwood, SC)

b. Binding Materials

Elastic wrap
Type: Expandover®, Coban®

c. Securing Materials

Type: Conform® (Kendall Health Care Products Co. Mansfield, MA)
Size: 1 inch wide

d. Depilatory Materials
Neet® (Reckitt & Coleman Inc., Wayne, NJ) hair remover cream

e. Animal Species
Hartley albino guinea pig

2. Procedures

A topical range-finding irritation screen should generally be performed before initiating the sensi-
tization study. Four graded levels (generally 25% wi/v, 50% w/v, 75% w/v, and 100%) are used for
this procedure. Optimally, the topical range-finding study should produce no systemic toxicity and
a spectrum of dermal responses that includes grades 0 +, 1 and 2 unless the test substance is not
dermally irritating at 100%.

Based on the range-finding results, the test substance concentration used for induction should
produce no systemic toxicity and a mild to moderate dermal response (grades +, 1 or 2) unless the
test substance is not dermally irritating at 100%.

The test substance concentration used for challenge/rechallenge should produce no systemic
toxicity and dermal responses generally consisting of grades 0 to + unless the test substance is not
dermally irritating at 100%.
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3. Topical Range-Finding Study

On the day before dose administration, four topical range-finding guinea pigs should be weighed
and the hair removed from the right and left side of the animals with a small animal clipper. Care
should be taken to avoid abrading the skin during clipping procedures. On the following day, up
to four closed patches/chambers at four different concentrations of test substance can be applied
to the clipped area of each animal (one patch/chamber for each level of test substance). For liquids,
gels, and pastes, a dose of 0.3 or 0.4 ml should be placed on a 25 mm Hilltop Chamber or Webril
patch. For solids and powders, the maximum volume of solid/powder that can be contained in a
25 mm Hilltop Chamber (with cotton pad removed) should be utilized. Before chamber application,
the test substance should be moistened with a suitable vehicle (e.g., distilled water). The
patches/chambers should then be applied to the clipped surface as quickly as possible. The trunk
of the animal should be wrapped with elastic wrap which is secured with adhesive tape (if necessary)
to prevent removal of the patch/chamber and the animal returned to its cage. Approximately 6
hours after patch/chamber application, the elastic wrap, tape, and patches/chambers should be
removed. The test substance should be removed with a suitable vehicle (e.g., distilled water). The
test sites of the topical range-finding animals should be graded for irritation at approximately 24
and 48 hours after patch/chamber application using the Buehler dermal grading system.

4. Induction

On the day before the first induction dose administration (day -1), all sensitization study animals
should be weighed. The hair should then be removed from the left side of the test animals with a
small animal clipper. Care should be taken to avoid abrading the skin during clipping procedures.
On the following day (day 0), patches/chambers containing the test substance should be applied to
the clipped area of 10 to 20 test animals. For liquids, gels, and pastes, a dose of 0.3 ml or 0.4 ml
should be placed on a 25 mm Hilltop Chamber or Webril patch. For solids and powders, the
maximum volume of solid/powder that can be contained in a 25-mm Hilltop Chamber (with cotton
pad removed) should be utilized. Before chamber application, the test substance should be moist-
ened with a suitable vehicle (e.g., distilled water). The patch/chamber should then be applied to
the clipped surface as quickly as possible. The trunk of each animal should be wrapped with elastic
wrap which is secured with adhesive tape (if necessary) to prevent removal of the patch/chamber
and the animal returned to its cage. Approximately 6 hours after dosing, the elastic wrap, tape, and
patch/chamber will be removed. The test substance should be removed with a suitable vehicle (e.g.,
distilled water). The induction clipping, patch application, and grading procedure should be repeated
on study day 7 (+ 1 day) and study day 14 (+ 1 day) so that a total of three consecutive induction
exposures should be administered to the test animals. Test sites should be graded for dermal irritation
at approximately 24 and 48 h after patch application using the Buehler dermal grading system. The
application site may be moved if irritation persists from a previous induction exposure but will
remain on the left side of the animal. If a positive control group is necessary, 2, 4-dinitrochloroben-
zene (DNCB) and a-hexylcinnamaldehyde is an acceptable positive control substance and a positive
control group consisting of 10 DNCB or HCA test animals and 10 DNCB or HCA control animals
may be used. The DNCB or HCA test and DNCB or HCA control animals should be treated in
the same manner as the sensitization study test and challenge control animals throughout the study.
The DNCB concentrations standardly used for induction and challenge are 0.1 to 0.5% w/v and
0.05 to 0.1% w/v, respectively. The HCA concentrations standardly used for induction and challenge
are 3.0 to 5.0% and 1.0 to 2.5%, respectively. A response of at least 15% in a nonadjuvant test
should be expected for a mild to moderate sensitizer.

5. Challenge

On the day before challenge dose administration, the hair should be removed from the right side of
the test and challenge control animals with a small animal clipper. Care will be taken to avoid
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abrading the skin during clipping procedures. On the next day (day 28 + 1 day), patches/chambers
containing the test substance should be applied to a naive site within the clipped area of the test and
challenge control animals. For liquids, gels, and pastes, a dose of 0.3 ml or 0.4 ml should be placed
on a 25 mm Hilltop Chamber or Webril patch. For solids and powders, the maximum volume of
solid/powder that can be contained in a 25 mm Hilltop Chamber (with cotton pad removed) should
be used. Before chamber application, the test substance should be moistened with an appropriate
vehicle (e.g., distilled water). The patch/chamber should then be applied to the clipped surface as
quickly as possible. The trunk of each animal should be wrapped with elastic wrap which is secured
with adhesive tape (if necessary) to prevent removal of the patch/chamber and the animal returned
to its cage. Approximately 6 h after dosing, the elastic wrap, tape, and patch/chamber should be
removed. The test substance should then be removed with a suitable vehicle (e.g., distilled water).

Approximately 20 hours after patch/chamber removal, the test sites may be depilated (optional)
as follows:

1. Neet Hair Remover cream should be placed on the test sites and surrounding areas and
left on for no more than 15 minutes.

2. The depilatory should then be thoroughly removed with a stream of warm water. The
animals should be dried with a towel and returned to their cages.

Note: The depilatory process has an advantage of being able to view test sites without hair, however,
from time to time suspected test article/depilatory reactions may be observed producing unantici-
pated dermal responses in the test and control animals.

Test sites should be graded for dermal irritation at approximately 24 and 48 hours after patch
removal using the Buehler dermal grading system.

6. Rechallenge

If a rechallenge phase is required, the procedure should be performed on day 35 (+ 1 day). The
animal’s haircoat should again be clipped on the right side of the animal on the day before dosing.
The exposure period, dosing, wrapping, and depilation procedures should be the same as used in
the challenge procedure except that the 10 to 20 test and 10 naive rechallenge control animals and
a naive skin site is utilized.

B. THE StANDARD BUEHLER SENsITIZATION TEST IN GUINEA PiGs

1. Materials

a. Occlusive Materials
Type: 25 mm Hilltop® Chamber, 2 x 2 cm Webril® Patch

b. Binding Materials
Elastic wrap

Type: Expandover®, Coban®
c. Securing Materials
Type: Conform®

Size: 1 inch wide

d. Depilatory Materials
Neet®Hair Remover Cream

e. Animal Species
Hartley albino guinea pig
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2. Procedures

A topical range-finding irritation screen generally should be performed before initiating the sensi-
tization study. Four graded levels (generally 25% wi/v, 50% wi/v, 75% w/v, and 100%) are utilized
for this procedure. Optimally, the topical range-finding study should produce no systemic toxicity
and a spectrum of dermal responses that includes grades 0, +, 1, and 2 unless the test substance is
not dermally irritating at 100%.

Based on the range-finding results, the test substance concentration used for induction should
produce no systemic toxicity and a mild to moderate dermal response (grades +, 1 or 2) unless the
test substance is not dermally irritating at 100%.

The test substance concentration used for challenge/rechallenge should produce no systemic
toxicity and dermal responses generally consisting of grades 0 to + unless the test substance is not
dermally irritating at 100%.

3. Topical Range-Finding Study

On the day before dose administration, four topical range-finding guinea pigs should be weighed
and the hair removed from the right and left side of the animals with a small animal clipper. Care
should be taken to avoid abrading the skin during clipping procedures. On the next day, up to four
closed patches/chambers at four different concentrations of test substance can be applied to the
clipped area of each animal (one patch/chamber for each level of test substance). For liquids, gels,
and pastes, a dose of 0.3 ml or 0.4 ml will be placed on a 25-mm Hilltop Chamber or Webril patch.
For solids and powders, the maximum volume of solid/powder that can be contained in a 25-mm
Hilltop Chamber (with cotton pad removed) should be utilized. Before chamber application, the
test substance should be moistened with a suitable vehicle (e.g., distilled water). The patches/cham-
bers should then be applied to the clipped surface as quickly as possible. The trunk of the animal
should be wrapped with elastic wrap which is secured with adhesive tape (if necessary) to prevent
removal of the patch/chamber and the animal returned to its cage. Approximately 6 h after
patch/chamber application, the elastic wrap, tape, and patches/chambers should be removed. The
test substance should be removed with a suitable vehicle (e.g., distilled water). The test sites of the
topical range-finding animals should be graded for irritation at approximately 24 and 48 h after
patch/chamber application using the Buehler dermal grading system.

4. Induction

On the day before the first induction dose administration (day —1), all sensitization study animals
should be weighed. The hair should then be removed from the left side of the test animals with a
small animal clipper. Care will be taken to avoid abrading the skin during clipping procedures. On
the next day (day 0), patches/chambers containing the test substance should be applied to the clipped
area of 10 to 20 test animals. For liquids, gels, and pastes, a dose of 0.3 ml or 0.4 ml should be
placed on a 25 mm Hilltop Chamber or Webril patch. For solids and powders, the maximum volume
of solid/powder that can be contained in a 25 mm Hilltop Chamber (with cotton pad removed) should
be used. Before chamber application, the test substance should be moistened with a suitable vehicle
(e.g., distilled water). The patch/chamber should then be applied to the clipped surface as quickly as
possible. The trunk of each animal should be wrapped with elastic wrap which is secured with
adhesive tape (if necessary) to prevent removal of the patch/chamber and the animal returned to its
cage. Approximately 6 h after dosing, the elastic wrap, tape, and patch/chamber will be removed.
The test substance should be removed with a suitable vehicle (e.g., distilled water). The induction
clipping, patch application, and grading procedure should be repeated three times a week (i.e.,
Monday-Wednesday-Friday) for 3 consecutive weeks so that a total of nine consecutive induction
exposures are administered to the test animals. Test sites should be graded for dermal irritation at
approximately 24 and 48 h after patch application using the Buehler dermal grading system. The
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application site may be moved if irritation persists from a previous induction exposure but will remain
on the left side of the animal. If a positive control group is necessary, DNCB or HCA is an acceptable
positive control substance, and a positive control group consisting of 10 DNCB or HCA test animals
and 10 DNCB or HCA control animals may be used. The DNCB or HCA test and DNCB or HCA
control animals should be treated in the same manner as the sensitization study test and challenge
control animals throughout the study. The DNCB concentrations standardly used for induction and
challenge are 0.1 to 0.5% w/v and 0.05 to 0.1% w/v, respectively. The HCA concentrations standardly
used for induction and challenge are 3.0 to 5.0% and 1.0 to 2.5%, respectively. A response of at least
15% in a nonadjuvant test should be expected for a mild to moderate sensitizer.

5. Challenge

On the day before challenge dose administration, the hair should be removed from the right side of
the test and challenge control animals with a small animal clipper. Care will be taken to avoid
abrading of the skin during clipping procedures. On the next day (day 32 + 1 day), patches/ chambers
containing the test substance should be applied to a naive site within the clipped area of the test and
challenge control animals. For liquids, gels, and pastes, a dose of 0.3 ml or 0.4 ml should be placed
on a 25 mm Hilltop Chamber or Webril patch. For solids and powders, the maximum volume of
solid/powder that can be contained in a 25 mm Hilltop Chamber (with cotton pad removed) should
be utilized. Before chamber application, the test substance should be moistened with an appropriate
vehicle (e.g., distilled water). The patch/chamber should then be applied to the clipped surface as
quickly as possible. The trunk of each animal should be wrapped with elastic wrap which is secured
with adhesive tape (if necessary) to prevent removal of the patch/chamber and the animal returned
to its cage. Approximately 6 h after dosing, the elastic wrap, tape, and patch/chamber should be
removed. The test substance should then be removed with a suitable vehicle (e.g., distilled water).

Approximately 20 h after patch/chamber removal, the test sites may be depilated (optional)
as follows:

1. Neet Hair Remover cream should be placed on the test sites and surrounding areas and
left on for no more than 15 min.

2. The depilatory should then be removed thoroughly with a stream of warm water. The
animals should then be dried with a towel and returned to their cages.

Note: The depilatory process has an advantage of being able to view test sites without hair, however,
from time to time, suspected test article/depilatory reactions may be observed producing unantic-
ipated dermal responses in the test and control animals.

Test sites should be graded for dermal irritation at approximately 24 and 48 h after patch
removal using the Buehler dermal grading system.

6. Rechallenge

If a rechallenge phase is required, the procedure should be performed on day 39 (+ 1 day). The
animal’s haircoat should again be clipped on the right side of the animal on the day before dosing.
The exposure period, dosing, wrapping, and depilation procedures should be the same as used in
the challenge procedure except that the 10 to 20 test and 10 naive rechallenge control animals and
a naive skin site is utilized.

C. THE GuINEA Pic MaxiMmizaTIiON TEST
1. Materials

a. Injection Materials

Monoject® (Sherwood Medical, St. Louis, MO) or equivalent 1 cc Tuberculin syringe with 25 to
27 gauge—°/s-inch needle
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b. Occlusive Materials
Type: 2 x 2 cm Webril® patch, 2 x 4 cm Modified Webril® Patch, 25 mm Hilltop® Chamber

¢. Binding Materials

Elastic wrap
Type: Coban®

d. Securing Materials

Type: Conform® Zones® Athletic Tape
Size: 1-in. wide

e. Animal Species
Hartley albino guinea pig

2. Procedures

For the topical screen, four graded levels (generally 25% w/v, 50% wi/v, 75% wi/v, and 100%) are
used for this procedure. Optimally, the topical range-finding study should produce no systemic
toxicity and a spectrum of dermal responses that includes grades 0, #, 1 and 2 unless the test
substance is not dermally irritating at 100%.

For the intradermal screen, four graded levels (generally 0.1% w/v, 1.0% w/v, 3.0% w/v, and
5.0% wi/v) are used for this procedure. Optimally, the intradermal range-finding study should
produce no systemic toxicity and only localized reactions at the injection site (responses that do
not notably extend beyond the site of injection).

Based on this information, the test substance concentration used for intradermal induction
should produce no systemic toxicity and only localized reactions at the injection site (responses
that do not notably extend beyond the site of injection). For the topical induction, the test substance
concentration used should produce a mild to moderate dermal response (grades +, 1 or 2) unless
the test substance is not dermally irritating at 100%.

The test substance concentration used for challenge/rechallenge should produce no systemic
toxicity and dermal responses generally consisting of grades 0 to + unless the test substance is not
dermally irritating at 100%.

3. Topical Range-Finding Study

On the day before dose administration, four topical range-finding guinea pigs should be weighed
and the hair removed from the right and left side of the animals with a small animal clipper. Care
should be taken to avoid abrading the skin during clipping procedures. On the next day, up to four
closed patches/chambers at four different concentrations of test substance can be applied to the
clipped area of each animal (one patch/chamber for each level of test substance). For liquids, gels
and pastes, a dose of 0.3 ml or 0.4 ml should be placed on a 25 mm Hilltop Chamber or Webril
patch. For solids and powders, the maximum volume of solid/powder that can be contained in a
25 mm Hilltop Chamber (with cotton pad removed) should be used. Before chamber application,
the test substance should be moistened with a suitable vehicle (e.g., distilled water). The
patches/chambers should then be applied to the clipped surface as quickly as possible. The trunk
of the animal should be wrapped with elastic wrap which is secured with adhesive tape (if necessary)
to prevent removal of the patch/chamber. Approximately 24 h after patch/chamber application, the
elastic wrap, tape, and patches/chambers should be removed. The test substance should be removed
with a suitable vehicle (e.g., distilled water). The test sites of the topical range-finding animals
should be graded for irritation at approximately 24 and 48 h after patch/chamber removal using
the Buehler dermal grading system.
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4. Intradermal Range-Finding Study

On the day before dose administration, four intradermal range-finding guinea pigs should be
weighed and the hair removed from the right and left side of the animals with a small animal
clipper. Care should be taken to avoid abrading the skin during clipping procedures. On the next
day, up to four intradermal injections at four different concentrations of test substance can be
injected into the clipped area of each animal (one injection for each level of test substance). A dose
of 0.1 ml should be injected for each concentration using a syringe attached to a hypodermic needle.

The test sites of the intradermal range-finding animals should be graded for irritation at
approximately 24 and 48 h after intradermal injections using the Buehler dermal grading system.

5. Induction

On the day before intradermal dosing (day — 1), all sensitization study animals should be weighed.
The hair should then be removed from the scapular area of 10 to 20 test and 10 challenge control
animals with a small animal clipper. Care should be taken to avoid abrading the skin during clipping
procedures. On the next day (day 0), three pairs of intradermal injections should be made in the
clipped area of all sensitization study animals. The injections should be kept within an approximate
2 x 4 cm area with one row of three injections on each side of the back bone as indicated below:

. ¢ | -Injection Pair A
2cm | - e | -Injection Pair B
. ¢ | -Injection Pair C

4cm

Injections for the test animals should be as indicated: 1) Injection Pair A , 0.1 ml of a 1:1 v/v
Freund’s Complete Adjuvant in sterile water emulsion (FCA emulsion); 2) Injection Pair B, 0.1
ml of the test substance preparation; 3) Injection Pair C, 0.1 ml of the test substance in the FCA
emulsion.

Injections for the challenge control animals should be as indicated: 1) Injection Pair A, 0.1 ml
of the FCA emulsion; 2) Injection Pair B, 0.1 ml of the vehicle; 3) Injection Pair C, 0.1 ml of the
vehicle/ FCA emulsion.

On the day before topical induction, the hair should be clipped from the scapular area of the
test and challenge control animals using a small animal clipper. Care should be taken to avoid
abrading the skin during the clipping procedures. A 10% w/w sodium lauryl sulfate preparation
in petrolatum should then be applied to the 2 x 4 cm intradermal injection area so that the injection
area is sufficiently covered with the preparation (0.5 ml). On the next day (day 7 + 1 day), any
residual sodium lauryl sulfate preparation should be removed with a dry gauze, and the test animals
should receive a topical dose of the test substance. The challenge control animals should receive
a topical dose of the vehicle. Each animal’s dose first should be applied to a modified Webril
patch and the patch applied over the intradermal injection sites as quickly as possible. For liquids,
gels, and pastes, a dose of 0.8 ml should be placed on the modified Webril patch. For solids and
powders, the maximum volume of solid/powder that can be maintained on the modified Webril
patch should be used. Before solid/powder application, the test substance should be moistened
with a suitable vehicle (e.g., distilled water). The trunk of each animal should then be wrapped
with elastic wrap which is secured with adhesive tape (if necessary) to prevent removal of the
patch and the animal returned to its cage. Approximately 48 h after dosing, the elastic wrap, tape,
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and patch should be removed. The test substance should be removed with a suitable vehicle (e.g.,
distilled water).

If a positive control group is necessary, DNCB or HCA are acceptable positive control sub-
stances, and a positive control group consisting of 10 DNCB or HCA test animals and 10 DNCB
or HCA control animals may be used. The DNCB or HCA test and control animals should be
treated in the same manner as the sensitization study test and control animals throughout the study.
The DNCB concentrations standardly used for induction and challenge are 0.1 to 0.5% wi/v and
0.05 to 0.1% wl/v, respectively. The HCA concentrations standardly used for induction and challenge
are 3.0 to 5.0% w/v and 0.5 to 1.0% wi/v, respectively. A response of at least 30% in an adjuvant
test should be expected for a mild to moderate sensitizer.

6. Challenge

On the day before challenge dose administration, all test and challenge control animals should be
weighed. The hair should then be removed from the right side of the test and challenge control
animals with a small animal clipper. Care should be taken to avoid abrading of the skin during
clipping procedures. On the next day (day 21 + 1 day), the test and challenge control animals
should receive a topical dose of the test substance. For liquids, gels, and pastes, a dose of 0.3 ml
or 0.4 ml should be placed on a 25 mm Hilltop Chamber or Webril patch. For solids and powders,
the maximum volume of solid/powder that can be contained in a 25 mm Hilltop Chamber (with
cotton pad removed) should be used. The weight of the solid/powder placed in the chamber should
be recorded. Before chamber application, the test substance should be moistened with a suitable
vehicle (e.g., distilled water). The patch/chamber should then be applied to the clipped surface as
quickly as possible. The trunk of each animal should be wrapped with elastic wrap which is secured
with adhesive tape (if necessary) to prevent removal of the patch/chamber and the animal returned
to its cage. Approximately 24 h after dosing, the elastic wrap, tape, and patch/chamber should be
removed. The test substance should be removed with a suitable vehicle (e.g., distilled water). The
test sites should be graded for dermal irritation at approximately 24 and 48 hours after patch removal
using the Buehler dermal grading system.

7. Rechallenge

If a rechallenge phase is required, the rechallenge procedure should be performed on day 28
(x1 day). The animal’s haircoat should be clipped on the left side of the animal on the day before
dosing. The exposure period, dosing, and the wrapping procedures are the same as used in the
challenge procedure except that 10 naive rechallenge control animals and a naive skin site are
utilized.

D. THeE MurINE LocaL LympH Nobe Assay
1. Materials

a. Dosing Materials

1. Calibrated pipette or syringe
2. 1-cc disposable syringe, 25 to 27 gauge needle

b. Lymph Node Collection/Cell Suspension Materials
1. Tissue culture dish (e.g., 60 mm)
2. Tissue culture tube (e.g., 12 x 75 mm)
3. Centrifuge tube (e.g., 15 ml)
4. Nylon or stainless steel screen, ~100 to 200 um mesh opening, ~85 um thick
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5. Pasteur pipet
6. Forceps
7. Scintillation cocktail (e.g., Ecovolume®)

c. Animal Species
Female CBA mice.

2. Procedures

The test material is applied directly to the ears for assessing the contact hypersensitization. These
procedures evaluate the ability of the test article to cause lymphocyte proliferation as determined
by incorporation of 3H-thymidine by lymphocytes within the appropriate draining lymph nodes of
topically treated mice, which is then compared to appropriate control mice. Generally, no range-
finding animals are utilized unless there is a concern for dermal trauma (corrosion/severe irritation)
or systemic toxicity. Instead, at least three consecutive concentrations from the following range are
utilized: 100, 50, 25, 10, 5, 2.5, 1, 0.5, 0.25, and 0.1% (w/v). The selection is made to provide the
highest possible test concentration, which is generally limited by compatibility with the vehicle
chosen and the suitability of the resulting preparation for unoccluded dermal application. The
following vehicles are recommended, in order of preference: acetone—olive oil (4:1), acetone,
dimethylformamide, methyl ethyl ketone, propylene glycol, and dimethysulfoxide. Aqueous vehi-
cles are not normally recommended because of insufficient absorption during the dosing procedure;
however, aqueous-organic mixtures such as 3:1 acetone—water or 80% ethanol have been used
successfully. Materals for positive control include 2,4-dinitrochlorobenzene (DNCB), a-hexylcin-
namaldehyde (HCA), 2-mercaptobenzothiazole, and benzocaine. A threefold or greater increase in
proliferative activity of the test animals compared with concurrent vehicle treated control animals
is the criterion for a classification of skin-sensitizing activity.

3. Topical Induction

On day 0, 5 females per test article concentration and control group (and positive control test and
control group, if utilized) will be weighed and 25 pl of test article will be applied to the dorsal
surface of the left and right ear. Care will be taken to ensure that the test article will not run off of
the ear during application. Approximately 24 h later (day 1) and 48 h later (day 2), each animal will
receive additional applications as described previously. The animals will then be rested for 2 days.
The vehicle control animals (and positive control animals, if used) are treated the same as above.

4. Injection of 3H-thymidine for Lymphocyte Incorporation

On day 5 (approximately 72 h after the final application), the five females per group will receive
an intravenous injection of 3H-thymidine for lymphocyte incorporation. The injection will consist
of 0.250 ml of phosphate-buffered saline (PBS) containing 20 uCi of 3H-thymidine (specific activity
of 5.0 or 6.7 Ci/mmol). An animal will be excluded from the study if the full 0.250 ml of 3H-
thymidine/PBS is not properly injected intravenously.

5.  Lymph Node Collection

Approximately 5 h after the 3H-thymidine injections, the animals will be euthanized with carbon
dioxide and the appropriate draining (auricular) lymph nodes will be removed and pooled for each
individual animal. Care will be taken to assure that the lymph nodes are removed intact and placed
in a capped tissue culture tube (e.g. 12 x 75 mm) containing 4 ml of PBS.
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6. Cell Suspension

The lymph nodes will be transferred to a tissue culture dish (e.g., 60 mm) by pouring the PBS tube
containing the lymph nodes. The lymph nodes will be mechanically passed through a nylon or
stainless steel screen. A pasteur pipet and a small pair of forceps will be used to rinse the screen
with PBS into the tissue culture dish, which will then be rinsed with the PBS back into the culture
tube to allow the capsule debris to settle to the bottom. The PBS will then be carefully drawn off
with a pasteur pipet and will be placed in a centrifuge tube containing 6 ml of PBS (approximately
10 ml total tube volume). The cell suspensions will then be centrifuged and then resuspended in

20 ml of PBS and a second wash will be performed. After completion of the second wash, the
cells will be suspended in 3 ml of 5% trichloroacetic acid (w/v TCA in deionized water) and left
at approximately 4°C for approximately 18 h.

7. Scintillation Counting

The cell suspensions will be centrifuged and resuspended in 1 ml of 5% TCA. The individual cell
suspensions will be transferred into the appropriate scintillation vials containing 10 ml of scintil-
lation cocktail along with an additional 1 ml of TCA, which has been used to rinse the bottom
portion of the tube. The TCA and scintillation fluid will be thoroughly mixed by gently swirling
the contents of the vial until the solution becomes clear. The sample will then be counted and
recorded in disintergrations per minute (DPM).

E. THE PHoTOSENSITIZATION TEST IN MICE

1. Materials

a. UVA Bulbs
Four Sylvania® F-40/350 BL blacklight fluorescent or equivalent.
b. UVB Bulbs

Phillips® (Phillips Lighting Co. Somerset, NJ) F-40 UVB fluorescent sunlamps or equivalent.

c. UVA/UVB Photometer
IL 1350 radiometer/photometer.

d. Dyer® (Dyer Company, Lancaster, PA) Micrometer
Model D-1000.

e. lrradiation Deflector
3-mm thick sheet of plate glass (large enough to cover UVA-exposed animals).

f.  Micropipettor
Eppendorf® (Brinkman Instruments, Inc., Westbury, NY) 1 to 50 uL micropipetter.

g. Animal Species
BALB/c mice.

2. Procedures

A preliminary irritation screen should generally be included in this test to observe the degree of
primary irritation the test substance may produce. Twenty female mice, separated into 4 dose groups
(5 mice/ group), are used for this procedure. Up to four different concentrations of the test substance
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can be utilized. Each mouse should be placed in a restrainer and two measurements of ear thickness
should be performed using an engineer’s micrometer. Two different concentrations may be utilized
on each mouse, one concentration for each ear. Eight microliters of the test substance should be
used for animals in groups 3 and 4 and 8 ul of the vehicle for groups 1 and 2. The appropriate
material should be applied to both sides of the ear. After a 60-min waiting period, the ears should
be wiped with gauze moistened with an appropriate vehicle (e.g., distilled water). Mice from groups
2 and 4 should then be exposed to 10 J/cm? UVA and 25 to 60 mJ/cm? UVB. Mice in groups 1
and 3 are not irradiated. At approximately 3, 24, and 48 h postirradiation, the mice should be placed
back into the restraining device and ear measurements should once again be performed and recorded.

3. Induction

An induction phase of the photosensitization study should be initiated with an intraperitoneal
injection of cyclophosphamide (CP). A dose of 200 mg/kg CP in sterile phosphate-buffered saline
at a dose volume of 10 ml/kg should be injected approximately 3 days before the first induction.
Because the CP injections may induce toxicity and/or mortality, additional mice should be used for
this procedure to allow for a sufficient number of animals on study. On day 0, the backs of all mice
should be clipped using a small animal clipper and appropriately sized clipper blade. Standard study
designs are set up with four groups of five female mice each. The first two groups are designated
as test substance groups with the remaining two groups set up as vehicle control and ultraviolet
control groups, respectively. The mice designated for groups 1, 2, and 4 are induced on days 0, 1,
and 2. Group 3 animals are not treated during the induction phase. Mice in groups 1 and 2 should
receive 50 ul of the appropriate test substance gently rubbed into the skin on the dorsal back of
each animal on each of the induction days. Mice in group 4 should receive 50 ul of the designated
vehicle in the same manner. Each mouse is then placed in an individual compartment of an irradiation
box with a wire lid restraining device. Approximately 60 min after application of the appropriate
material, the treated area of each animal should be gently wiped against the grain of hair growth
with a gauze patch moistened with an appropriate vehicle. After the wiping procedure, animals
from group 2 should be returned to their respective cages and should not receive irradiation. Mice
in groups 1 and 4 should be exposed to 10 J/cm? UVA and 25 mJ/cm? UVB from a distance of
approximately 20 + 1.0 cm. For the UVA exposure, a 3-mm-thick sheet of plate glass should be
placed over the UVA radiometer detector during irradiation measurements to filter out any UVB
wavelengths that may be emitted. The mice from groups 1 and 4 are then exposed to UVA light
(320 to 400 nm) emitted from a bank of four Sylvania F-40/350 BL blacklight fluorescent tubes.
The bank of lights are positioned approximately 20 + 1.0 cm above the irradiation boxes containing
the mice for a target dose of 10 J/cm?. A peak emission of the UVA lights should be at 360 nm.
For the UVB exposure, the mice should be positioned under a bank of eight Phillips F40 UVB
fluorescent sunlamps for an exposure of 25 mJ/cm? UVB light. It is preferable to rotate the animals’
positions for each induction exposure so that no one group is irradiated in the same location.

4. Challenge

A challenge phase of the photosensitization study should be performed 7 days after the first
induction phase. Before challenge, each mouse should have the ear thickness measured on both
ears using an engineer’s micrometer (Model D-1000). Measurements should be read and recorded
as millimeters x 10-2. These measurements should take place while the animal is in a restraining
device. While the animal is still restrained, 8 ul of the test substance will be administered to each
side of one ear. The vehicle is then applied to both sides of the opposite ear. After approximately
60 min, the ears should be wiped with the appropriate vehicle and the animals in groups 1, 3, and
4 exposed to 10 J/cm? UVA and 25 mJ/cm? UVB as indicated previously. The group 2 mice should
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not be irradiated. Ear thickness measurements as described previously should be performed at
approximately 24 and 48 h after the challenge procedure.

5. Rechallenge

If a rechallenge phase is required, the procedure should be performed 7 days after the challenge
exposure. The exposure period, irradiation, and ear measurement procedures should be the same
as used in the challenge procedure.

F. THe PHoToseENsITIZATION TEST IN GUINEA PiGs
1. Materials

a. UVA Bulbs
Four Sylvania® F-40/350 BL blacklight fluorescent or equivalent.

b. UVA/UVB Photometer
IL 1350 radiometer/photometer.

c. Irradiation Deflector
Aluminum foil.

d. Patching Materials
Webril® patch 2 x 2 cm or 25 mm Hilltop® Chamber; rubber dental dam; Blenderm® tape.

e. Animal Species
Hartley albino guinea pig.

2. Procedures

Unless the irritation potential of the test substance is known, the study should begin with a topical
range-finding study. The range-finding study should include eight Hartley-derived albino guinea
pigs (4 males and 4 females). Up to four graded concentrations of the test substance may be used
in this procedure. On the day before dose administration, the eight guinea pigs should be weighed
and the hair removed from the left and right side of each animal using a small animal clipper. Care
should be taken to avoid abrading the skin during the clipping procedure. On the day of dose
administration, a 0.3 ml or 0.4-ml dose of the appropriate concentration of the test substance should
be administered to a 25 mm Hilltop Chamber or Webril patch and the patch immediately placed
on the right or left side of the guinea pig (one patch on either side of the back bone). Four patches
(two patches per concentration) may be applied. Immediately after application, the animals should
be placed in a Buehler restrainer and the patches occluded using rubber dental dam. The dental
dam should be pulled taut over the back of the animal and fastened to the bottom of the restrainer.
After an exposure period of 2 hours, a 2 x 2 cm square should be cut into the dental dam and the
patch removed from the right side of each animal. The patch on the left side of the animal should
remain intact. The back of each animal should then be covered with aluminum foil. An approxi-
mately 2 x 2 cm square section should be cut in the aluminum foil on each animal to expose the
test site on the right side. The treated sites on the right side of the animal should then be exposed
to UVA light (320 to 400 nm) at a target dose of 10 J/cm?2. Any heavy residual test substance is
removed with dry gauze before irradiation to fully expose the test site. After the exposure, the foil,
dental dam, and remaining patches from the left side should be removed and any residual test
substance removed with an appropriate vehicle. The dermal test sites should be graded at approx-
imately 24 and 48 h after the initiation of the UVA light exposure.
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3. Induction

The induction phase of the study is initiated by weighing the animals and clipping the hair from
the scapular area of the 10 test and 10 challenge control animals. Care is taken to avoid abrading
the skin during the clipping procedure. On the day of dose administration (day 0), four 0.1-ml
intradermal injections of a 1:1 v/v Freund’s Complete Adjuvant in sterile water emulsion are
administered to the previously prepared animals. The injections should be made on each side of
the back bone. The center portion of the skin between the injection sites is then tape-stripped using
an adhesive tape to remove the outer layers of the epidermis. A single 25 mm Hilltop® Chamber
or Webril patch containing 0.3 ml or 0.4 ml of the test substance for the test animals and 0.3 ml
or 0.4 ml of vehicle for the challenge control animals should be applied immediately to the center
of the tape-stripped area. A piece of rubber dental dam should be placed over the application site
and secured to the bottom of the restrainer to provide an occlusive binding. After approximately
2 hours of exposure a 2 x 2 cm square will be cut in the rubber dam and the patch removed.
Aluminum foil is then placed over the entire back of each guinea pig and an approximately 2 x 2
cm square window over the test area is cut to allow exposure to the UVA treatment. Any heavy
residual test substance is removed with dry gauze before irradiation to fully expose the test site.
The test sites should then be exposed to UVA light (320 to 400 nm) at a target dose of 10 J/cm?2.
After the completion of the exposure period, the aluminum foil and dental dam should be removed
and the test substances removed with an appropriate vehicle. The induction procedure should be
repeated three times a week (e.g., Monday-Wednesday-Friday) for 2 consecutive weeks for a total
of six induction exposures. If a positive control group is necessary, Musk Ambrette is an acceptable
positive control substance, and a positive control group consisting of 10 Musk Ambrette test animals
and 10 Musk Ambrette control animals should be treated in the same manner as the photosensiti-
zation study test and challenge control animals throughout the study. The Musk Ambrette concen-
trations standardly used for induction and challenge are 15% w/v and 0.5% wi/v, respectively.

4. Challenge

A challenge procedure should be performed on study day 25 (+ 1 day). On the day before challenge
dose administration, the test and challenge control animals should be weighed and the hair removed
from the left and right side of the animal using a small animal clipper. On the next day, a 0.3 ml
or 0.4 ml volume of the test substance should be applied to each of 2 25 mm Hilltop Chamber or
Webril patches. One patch will be applied to each side of each animal. Immediately after the
patching procedure, the animals should once again be placed into restrainers and the test sites
immediately occluded with a piece of rubber dental dam. After approximately 2 h of exposure, a
2 x 2 cm square should be cut into the dental dam and the patch from the right side of each animal
removed. Aluminum foil should then be placed over the back of each animal and a 2 x 2 cm square
window cut in the foil to allow the test area to be exposed to the UVA light. Any heavy residual
test substance is removed with dry gauze before irradiation to fully expose the test site. The test
sites on the right side should then be exposed to UVA light (320 to 400 nm) at a target dose of 10
J/lcm?, After the target exposure, the foil, dental dam, and patches should be removed and any
residual test substance removed with an appropriate vehicle. The test sites should be graded at
approximately 24 and 48 h after the initiation of the UVA exposure using a Draize grading system.

5. Rechallenge

If the results of the challenge phase are not conclusive, a rechallenge procedure can be performed
on study day 32 (+ 1 day). The rechallenge phase should be similar in design to the challenge
phase except that 10 naive rechallenge control animals and a naive skin site should be utilized for
this phase.

Copyright © 2002 by Taylor & Francis



SECTION 5. COMPARISON

OF SCORING SYSTEMS

TABLE 3.8
Draize Dermal Irritation Scoring System?*
Erythema and Eschar Formation Value
No erythema 0
Very slight erythema (barely perceptible) 1
Well-defined erythema 2
Moderate to severe erythema 3
Severe erythema (beet-redness) to slight, eschar 4

formation (injuries in depth)

Edema Formation

No edema

Very slight edema (barely perceptible)

Slight edema (edges of area well defined by
definite raising)

Moderate edema (raised approximately 1 mm)

Severe edema (raised more than 1 mm and
extending beyond the area of exposure)

Value

TABLE 3.9

Human Patch Test Dermal Irritation Scoring Systems3!

Skin Reaction Value

No sign of inflammation; normal skin

0

Glazed appearance of the sites, or barely perceptible erythema  + (0.5)

Slight erythema 1
Moderate erythema, possible with barely perceptible edema at 2
the margin; papules may be present

Moderate erythema, with generalized edema 3
Severe erythema with severe edema, with or without vesicles 4
Severe reaction spread beyond the area of the patch 5

TABLE 3.10

Chamber Scarification Dermal Irritation Scoring System>
Skin Reaction Value

Scratch marks barely visible 0

Erythema confined to scratches perceptible erythema 1

Broader bands of increased erythema, with or without rows of 2

vesicles, pustules, or erosions
Severe erythema with partial confluency, with or without other lesions 3
Confluent, severe erythema sometimes associated with edema, 4

necrosis, or bullae

TABLE 3.11

Magnusson Sensitization Scoring System3

Skin Reaction

No reaction
Scattered reaction
Moderate and diffuse reaction

Intense reddening and swelling

Value

w N = O
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TABLE 3.12
Split Adjuvant Sensitization Scoring System??

Skin Reaction Value
Normal skin 0
Very faint, nonconfluent pink +
Faint pink +
Pale pink to pink, slight edema + +
Pink, moderate edema +++
Pink and thickened ++++
Bright pink, markedly thickened +++ A+t
TABLE 3.13
Buehler Sensitization Scoring System3*
Skin Reaction Value
No reaction 0
Very faint erythema, usually confluent +(0.5)
Faint erythema, usually confluent 1
Moderate erythema 2
Strong erythema, with or without edema 3

TABLE 3.14
Contact Photosensitization Scoring System*®

Skin Reaction Value

No erythema

Minimal but definite erythera confluent
Moderate erythema

Considerable erythema

Maximal erythema

A WO NP O

TABLE 3.15
Human Patch Test Sensitization Scoring System5?

Skin Reaction Value
Doubtful reaction; faint erythema only ?or+7?
Weak positive reaction; erythema, infiltration, discrete papules +
Strong positive reaction: erythema, infiltration, papules, vesicles ++
Extreme positive reaction; intense erythema, infiltration and +++

coalescing vesicles

Negative reaction -
Irritant reaction of different types IR
Not tested NT
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SECTION 6. COMPARISON OF CLASSIFICATION SYSTEMS

TABLE 3.16
Environmental Protection Agency (EPA) Method of Calculating the Primary Irritation
Index (PII) for Dermal Irritation Studies®%

Option 1
Separately add up each animal’s erythema and edema scores for the 1-, 24-, 48-, and 72-h scoring intervals. Add all six
values together and divide by the (number of test sites x 4 scoring intervals).

Option 2
Add the 1-, 24-, 48-, and 72-h erythema and edema scores for all animals and divide by the (number of test sites x 4 scoring
intervals).

TABLE 3.17
Federal Hazardous Substances Act (CPSC-FHSA) Method of Calculating the Primary
Irritation Index (P11) for Dermal Irritation Studies®

Option 1
Separately add up each animal’s intact and abraded erythema and edema scores for the 25- and 72-hr scoring intervals.
Add all six values together and divide by the (number of test sites x 2 scoring intervals).

Option 2
Add the 25- and 72-h erythema and edema scores for all animals (intact and abraded sites) and divide by the (number of
test sites x 2 scoring intervals).

TABLE 3.18
European Economic Community’s (EEC) Method of Calculating the Primary Irritation
Index (PII) for Dermal Irritation Studies®

For six animals
1. Erythema: Add all 24-, 48-, and 72-h erythema scores for each animal together and divide by the (number of test sites
x 3 scoring intervals).
2. Edema: Add all 24-, 48-, and 72-h edema scores for each animal together and divide by the (number of test sites x 3
scoring intervals),

For three animals
1. Erythema: Add all 24-, 48-, and 72-h erythema scores of each animal individually and divide by the number of scoring
intervals.
2. Edema: Add all 24-, 48-, and 72-h edema scores of each animal individually and divide by the number of scoring intervals.

TABLE 3.19
Environmental Protection Agency (EPA)
Dermal Classification System>?

Primary Irritation Index Irritation Rating
0.00 Nonirritant
0.01-1.99 Slight irritant
2.00-5.00 Moderate irritant
5.01-8.00 Severe irritant
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TABLE 3.20
Environmental Protection Agency (EPA) Standard
Evaluation Procedure Dermal Classification System58

Mean Score (Primary Irritation Index) Response Category
0-0.4 Negligible
0.5-1.9 Slight
2-4.9 Moderate
5-8.0 Strong (primary irritant)

TABLE 3.21
Federal Fungicide, Insecticide, and Rodenticide Act (EPA-FIFRA) Dermal Classification
System>®

Toxicity Category Warning Label

| Corrosive. Causes eye and skin damage (or irritation). Do not get in eyes, on skin, or on clothing.
Wear goggles or face shield and gloves when handling. Harmful or fatal if swallowed. (Appropriate
first aid statement required.)

1 Severe Irritation at 72 h. Causes eye (and skin) irritation. Do not get on skin or on clothing. Harmful
if swallowed. (Appropriate first aid statement required.)

1 Moderate Irritation at 72 h. Avoid contact with skin, eyes, or clothing. In case of contact immediately
flush eyes or skin with plenty of water. Get medical attention if irritation persists.

v Mild or slight irritation at 72 h. (No precautionary statements required.)

TABLE 3.22
European Economic Community
(EEC) Dermal Classification System®°

Mean Erythema Score Irritation Rating
0.00-1.99 Nonirritant
>2.00 Irritant
Mean Edema Score Irritation Rating
0.00-1.99 Nonirritant
> 2.00 Irritant
TABLE 3.23

Federal Hazardous Substances Act
(CPSC-FHSA) Dermal
Classification System5¢

Irritation
Primary Irritation Score Rating
0.00-4.99 Nonirritant
> 5.00 Irritant
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TABLE 3.24
Draize Dermal Classification System>!

Primary Irritation Index Irritation Rating
<2 Mildly irritating
2-5 Moderately irritating
>5 Severely irritating

TABLE 3.25

Department of Transportation (DOT), Occupational Safety and Health Administration
(OSHA), and International Maritime Organization (IMO) Packing Group Classification
System14,17,61

Packing Group Definition

| Materials that cause full-thickness destruction of intact skin tissue within an observation period of up
to 60 min starting after the exposure time of 3 min or less.

1 Materials other than those meeting Packing Group | criteria that cause full-thickness destruction of
intact skin tissue within an observation period of up to 14 days starting after the exposure time of
more than 3 min but not more than 60 min.

11 Materials, other than those meeting Packing Group | or Il criteria —

1. That cause full-thickness destruction of intact skin tissue within an observation period of up to 14
days starting after the exposure time of more than 60 min but not more than 4 h; or

2. That do not cause full-thickness tissue destruction of intact skin tissue but exhibit a corrosion rate
on steel or aluminum surfaces exceeding 6.25 mm (0.25 in.)/year at a test temperature of 55°C (130°F).

TABLE 3.26
Maximization Sensitization Classification System3?
Sensitization Rate, % Grade Classification
0 — Nonsensitizer
> 0-8 | Weak sensitizer
9-28 1 Mild sensitizer

29-64 1 Moderate sensitizer

65-80 v Strong sensitizer

81-100 \Y% Extreme sensitizer
TABLE 3.27

Optimization Sensitization Classification System5!

Intradermal Positive  Epidermal Positive

Animals % Animals % Classification
s,>75 And/or s, > 50 Strong sensitizer

s, 50-75 And/or s, 30-50 Moderate sensitizer
s, 30-50 n.s., 0-30 Weak sensitizer
n.s., 0-30 ns., 0 No sensitizer

s, significant; n.s., not significant (using Fisher’s Exact Test).
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SECTION 7. MATERIALS THAT PRODUCE DERMAL IRRITATION

AND/OR SENSITIZATION

TABLE 3.28

Common Materials Used as Positive Controls'011,2527,29-32,44,46,47,50

Material

Sodium lauryl sulfate

Hexyl cinnamic adehyde
Mercaptobenzothiazole
Benzocaine

p-Phenylenediamine
2,4-Dinitrochlorobenzene (DNCB)

Potassium dichromate

Neomycin sulfate

Nickel sulfate

8-Methoxypsoralen (Oxsoralen Lotion®)

5-Methoxypsoralen (Bergapten)

2,4-Dinitro-3-methyl-6-tertiary-butyl-
anisole (musk ambrette)

2-Chloro- 10-[3-dimethylaminopropyl]
phenothiazine hydrochloride
(chloropromazine)

3,3,4,5-Tetrachlorosalicylandide (TCSA)

CAS No.

151-21-3
101-86-0
149-30-4
94-09-7
106-50-3
97-00-7

7778-50-9
1405-10-3
7786-81-4
298-81-7
298-81-7
83-66-9

50-53-3

1154-59-2

Suggested Concentrations

1.0%

Induction: 0.1 to 0.5%, 0.25%

w/v in echanol/acetone

Challenge: 0.1 to 0.3%, w/v in
ethanol/acetone

1.0%

1.0%

Induction: 10.0% wi/v in
ethanol/acetone

Challenge: 0.5% w/v in
ethanol/acetone

Induction: 1.0% w/v in methanol

Challenge: 0.1% w/v in methanol

Induction: 1.0% w/v in acetone
Challenge: 1.0% w/v in acetone

Category

Irritant

Mild to moderate sensitizer
Mild to moderate sensitizer
Mild to moderate sensitizer
Sensitizer

Sensitizer

Sensitizer
Sensitizer
Sensitizer
Photoirritant
Photoirritant
Photosensitizer

Photosensitizer

Photosensitizer (inmiceand
guinea pigs), possible
sengitizer in guinea pigs

TABLE 3.29

Materials Categorized by Their Ability to Produce Dermal Irritation or

Sensitization*>49,53,62,63

Material

Dyes

Aminoazotoluene

Anthraguinones dyes (Disperse blue 35)
Azo dyes

Chromium dyes

Disperse yellow 39 (methene dye)
Naphthol AS (azo dye)
p-Phenylenediamine (PPD)

Resins

Dimethyl oldihydroxyethylene
Dimethyl olethylene urea
Dimethyl urea (urea formal dehyde)
Formaldehyde
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TABLE 3.29 (Continued)
Materials Categorized by Their Ability to Produce Dermal Irritation or
Sensitization?*549,53,62,63

Material Irritants Sensitizer Photoirritant  Photosensitizer
Melamine formaldehyde J/

Adhesives

Dodecyl mercaptan J J/
p-tertiary-butylphenol formaldehyde (PTBP resin) J

Rubber boots
| sopropylaminodiphenylamine (IPPD)
Mercaptobenzothiazole (MBT)

~ <~

Fiberglass J

Cosmetics
Aldehyde citronellal v
Aluminum palls (in deodorants) J/
Ammonium persulfate
Balsam Peru
Benzoyl salicylate
Celatronium chloride
Chloro-3,5-xylenol 4-(chloroxylenol) J
Cinnamic acid
Cinnamic aldehyde
di-tert-butyl hydrogunone
dl-o—tocopherol
Henna
Lanolin
Lemongrass oil
Perfume
Propellants in deodorant
Sorbitan monostearate
Sorbitan monoleate
Triethanolamine
Zerconium

N N N N N N N Y

~ N~
<~

Foods
Artichoke
Asparagus
Carrot
Cheese
Chives
Cucumber
Endive
Fish
Flour
Garlic
Horseradish
Leek
Lemon peel
Lettuce
Meats

A N N N N N Y N N
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TABLE 3.29 (Continued)
Materials Categorized by Their Ability to Produce Dermal Irritation or
Sensitization?*549,53,62,63

Material Irritants Sensitizer Photoirritant  Photosensitizer

Onion J/
Poultry skin and flesh J
Shellfish J
Wheat flour /
Vanilla v

Food
Additives
4-Hydroxybenzoic acid
Ammonium and potassium persulfates
Butylated hydroxyanisole
Butylated hydroxytoluene
Dodecy! gallate J
Ethoxyquin
Hydroquinone
Monosodium glutamate
Octyl gallate N
Propyl gallate
Sodium benzoate
Sorbic acid
Sulfur dioxide

~ <~ NN~
~ <~

~ NN

Medicants
Ampicillin
Antihistamines
Benadryl
Benzoic acid
Benzophenone
Benzoy!| peroxide
Coumarin J/ J/
Dimercaprol
Estrogen cream
Fluorouracil
Gentian violet
Hydrocortisone
Mafenide acetate
Monoamyl amine
Neomycin sulfate
Oxyphenbutazone
p-Chlorobenzenesulfonylglycolic acid nitrile
Penicillin
Pristinamycin
Promethazene hydrochloride J
Quinoderm
Retinoic acid
Salicylic acid
Streptomycin
Sulisobenzone
Sulfonamides
Tetracycline (also phototoxic)

RN NN
~ <~

NN N N N N N N

AN
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TABLE 3.29 (Continued)

Materials Categorized by Their Ability to Produce Dermal Irritation or

Sensitization*>4953,62,63

Material

Arsenic
Beryllium salts
Cadmium sulfide
Chromate

Nickel

Selenium

Dichlorphene
Dinitrochlorobenzene
Dinobuton
Diothiocarbarnates
Lindane

Malathion

Maneb

Omite

Randox

Zineb

Angelica

Anise

Boneset

Burdock

Caraway

Celeriac

Celery

Chamomile

Cocklebur

Coriander

Cow parsley

Daffodil, narcissus

Dill

Fennel

Feverfew

Giant hogweed

Hogweed, cow parsnip

Ivy

Marshelder

Masterwort

Poison ivy and oak

Poverty weed

Primula

Pyrethrum, tansy

Ragweed

Ragweed of florists and species (alantolactone and
parthenium)

Sage brush/wormwood
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TABLE 3.29 (Continued)
Materials Categorized by Their Ability to Produce Dermal Irritation or
Sensitization?*549,53,62,63

Material Irritants Sensitizer Photoirritant  Photosensitizer

Sneezeweed (alantolactone and parthenium) J/
Tansy Vv
Tulip J/

Fruits and Vegetables
Artichoke
Brussels sprouts, cabbage
Carrot J
Celery
Chicory, endive
Chive, leek, onion, garlic
Horseradish
Lettuce
Orange, lemon, lime
Parsley
Parsnip
Pineapple

~ <~
Y N U VU

Woods
Abura
African blackwood
African mahogany
American mahogany
Australian blackwood
Ayan
Camphor
Cassia ail
Ceylon satinwood
Cocobolo
Cocus
Common alder
Douglas fir
English elm
Gaboon
Grevillea
Ipe
Iroko
Limba
Louro
Macassar ebony
Makore
Mansonia
Opepe
Peroba rosa
Pine ail
Ramin
Teak
Toporite
Western red cedar

A NN N NN

~ =~

A N N N O N N N N N NS
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TABLE 3.29 (Continued)

Materials Categorized by Their Ability to Produce Dermal Irritation or

Sensitization*>4953,62,63
Material

White peroba

White poplar

West Indian satinwood
Yew

Acrylamide

Acrylonitrile

Cyanoacrylic acids and esters
Diacrylates (delayed)

Methacrylonitrile (poison)

Methyl, ethyl, and n-butyl methacrylates

Allyl resin — dialylglycol carbonate
Diallylphthalate

Dimethylaniline (poison)
Diphenylmethane diisocyanate
Epoxy monomer

Hardener

Hexamethylene diisocyanate

Maleic acid anhydride

Napththalene diisocyanate
Naphthoguinone (poison)

Peroxides (catalyst)

Phthalic acid anhydride

p-tert-Butyl phenol formaldehyde (PTBP)
Reactive diluent

Toluene diisocyanate

| sophoronediamine
N-Aminoethylpiperazine
Polyether alcohol
Polyurethane laquar
Triethylamine

Cellophane

Celluloid

Cellulose nitrate
Collodion

Gun cotton

Pyroxylin

Rayon

Regenerated cellulose

Cellulose Acetate
Antioxidant: p-tert-butyl phenol

Colors: azo dyes solvent yellow 3, solvent red 26,

pigment red 481
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NN

~ <~

~ N~

~ <~

Plastics
v
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v
J/

Epoxy Resin Systems

~ <~

~ <~
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v
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/
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TABLE 3.29 (Continued)
Materials Categorized by Their Ability to Produce Dermal Irritation or
Sensitization?*549,53,62,63

Material Irritants Sensitizer Photoirritant  Photosensitizer
Components: plastizer, triphenyl phosphate J/
Polish turpentine J
Solvent: ethylene glycol monomethyl ether acetate J/
Ultraviolet light stabilizer: resorcinol monobenzoate J/

Preservatives and Antibacterials
Preparations Containing Lanolins (I)/Parabins (P)/Chlorocresol (c)
Adcortyl cream (p)
Betnovate cream (c)
Betnovate lotion (p)
Cortenema (p)
Dermovate cream (c)
Efcortelan cream (c)
Efcortelan lotion (p)
Hydrocortistab eye ointment (1)
Hydromycin-Dornluent ear/eye (1)
Medrone acne lotion (p)
Medrone cream (p)
Motivate cream (c)
Myciguent ointment (1)
Myciguent opthalmic ointment (1)
Neo-Cortef eye and ear ointment (1)
Neo-Cortef ointment (p)
Neo-Cortef lotion (p)
Neo-Medione acne lotion (p)
Nerisone cream (p)
Nystadermal cream (p)
Nystadermal gel (c)
Propaderm cream (c)
Propaderm lotion (c)
Remiderm cream (p)
Schericur ointment (I)
Synolar creams except for Synalar Forti cream (p)
Synolar combination creams (p)
Synolar ointments (1)
Topilar ointment (1)
Topisone (1)
Triadcortyl cream (p)
Ultradil cream plain (p)
Ultradil ointment plain (1)
Ultralanum cream plain (1)
Ultralanum lotion (p)
Ultralanum ointment (1)
Ultralanum ointment plain (I)

N N N N N N N N N N N N N N N N N N NN

Phenolic Compounds
Hexachlorophane J/
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TABLE 3.29 (Continued)

Materials Categorized by Their Ability to Produce Dermal Irritation or

Sensitization*>4953,62,63
Material

Mercury

Ammoniated mercury

Mercuric chloride

Mercurochrome

Mercury fulminate (mercuric cyanate)
Merthiolate

Phenylmercuric acetate
Phenylmercuric borate
Phenylmercuric nitrate
Phenylmercuric proprimate

Quaternary Ammonium Compounds
Benzalkonium chloride

Bronopol

Cetalkonium chloride

Cetrimide

Chlorhexidine

Chloroacetamide

Ethylene oxide

Thiurams
Dipentamethylenethiuram disulfide
Tetraethylthiuram disulfide
Tetramethylthiuram disulfide
Tetramethylthiuram monosulfide

Mercapto Group
Cyclohexylbenzothiazylsulfenamide
Dibenzothiazyldisulfide
Mercaptobenzothiazole
Morpholinylmercaptobenzothiazole

PPD Group

Diaminodiphenylmethane

Diphenyl-PPD

| sopropy!phenyl-PPD (isopropylamino diphenylamine)
Phenylcyclohexyl-PPD

Naphthyl Group
Phenyl-B—naphthylamine
sym-Di-p—napthyl-PPD

Carbamates
Zinc diethyldithiocarbamate
Zinc dibutyldithiocarbamate

Miscellaneous
Dioxydipheny!
Diphenylguanidine
Dithiodimorpholine
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TABLE 3.29 (Continued)
Materials Categorized by Their Ability to Produce Dermal Irritation or
Sensitization?*549,53,62,63

Material Irritants Sensitizer Photoirritant  Photosensitizer

Miscellaneous Compounds

Acetaldehyde (10%) J/
Acetyl-1,1,2,3,3,6-hexamethylindan J/
Acetylacetone (slightly) J
Acridine J/
Acriflavine v
Alcohol, anhydrous v
Allyl butyrate (4%)
Allyl cinnamate (0.1%)
Allyl cyclohexylacetate
Allyl epoxypropoxybenzene
Allyl phenylacetate v
Aminobenzoic acid derivatives v
Aminobenzoic acid p~ J/
Aminophenol o~ and p~ J/
Aminosalicylic acid p- J/
Amincthiazole J/
Aminodarone v
Ammonia v
Amyl dimethylamino benzoate, mixed ortho and para J/

isomers
Amyl dimethyl PABA J
Amyl nitrite J
Amyl phenylacetate v/
Anthracene-acridine v
Atranorin J/
Benzaldehyde J/
Benzydamine hydrochloride
Bergamot il
Bergapten (5-methoxypsoralen) J/
Bromomethyl-4-nitrobenzene J
Buclosamide J/
Butylphenol J/
Cadmium chloride
Cadmium sulfate
Caraway oil
Carbimazole
Carotene B-
Cephalosporins
Cetyl acohol
Chlor-2-phenylphenol J
Chloramine-T v
Chlormercaptodicarboximide v
Chloro-6-fluorobenzal dehyde-oi-chl orooxime2— N
Chlorodiazepoxide J/
Chlorothalonil J
Chlorothiazides J/
Chlorpromazine

NN~

~ <~

~ <~

AN Y

~ =~

~ <~
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TABLE 3.29 (Continued)

Materials Categorized by Their Ability to Produce Dermal Irritation or

Sensitization*>4953,62,63
Material

Cinoxate

Cinnamon bark oil Ceylon
Citral
Clobetasol-17-proprionate
Coal tar

Cobalt chlorate

Cobaltous chloride
Cobaltous chlorate
Cobaltous nitrate
Cobaltous sulfate
Cocamide DEA
Cocamphocarboxyglycinate
Coniferyl benzoate
Cu(ll)-acetyl acetonate
Cumin ail

Cyanamide

Dacarbazine
Decylaminoethanethiol 2-n-
Deneclocycline
Dexpanthenol

Diamine N-
Diaminodiphenylmethane
Dibucain hydrochloride
Dichloro-2-phenylphenol
Dichloroquinoline
Dicyclohexylcarbodiimide
Diethazine
Diethylaminopropylamine
Diethyl fumarate
Diethylstilbestrol

Digalloyl trioleate
Diglycidyl ether
Dihydrocoumarin
Dimethoxane

Dimethyl antranilate
Dimethyl sulfoxide
Dioctyl-p-phenylenediamine
Diphenhydramine hydrochloride
Diphenylcyclopropenone
Diphenyl-p-phenylenediamine
Dipyrone

Docusate sodium
Erythrosine

Ethacridine lactate monohydrate
Ethyl aminobenzoate

Ethyl ether

Ethylparaben

Fig leaf absolute
Furocoumarins

Copyright © 2002 by Taylor & Francis

Irritants

Sensitizer

~ <~ ~ <~ ~ <~ NN~ ~ <~

~ <~

~ N~

Photoirritant

Photosensitizer

~ N~

~ N~

NN~



TABLE 3.29 (Continued)

Materials Categorized by Their Ability to Produce Dermal Irritation or

Sensitization*>4953,62,63
Material

Geraniol

Geranyl formate

Ginger oil

Griseofulvin

Gylceryl p-aminobenzoate

Halogenated Phenols

Bithionol

Bromochlorosalicylanilide (Multifungin)
Chlorophenylphenol
Dibromosalicylanilide (DBS)
Fentichlor

Hexachlorophene Buclosamide (Jadit)
Tetrachlorosalicylanilide 3, 3’, 4, 5 (TCSA)
Tribomosalicylanilide (TBSA)
Trichlorcarbanilide (TCCA)
Hexanediol diacrylate

Hexantriol

Hydratropic aldehyde

lothion

Isoamyl alcohol

Isocamphy! cyclohexanol

Isopropy! alcohol

| sostearoamphopropionate
Ketoprofen

Kynuremic acid
Lauroamphocarboxyglycinate
Lauroamphoglycinate

L auroamphopropionate

Lauryl isoquinolinium bromide
Lavender oil

Mannide monooleate
Mechlorethamine hydrochloride (nitrogen mustard)
Menthol 1-

Mepazine

Metamizole
Methoxyethylepoxypropoxybenzene
Methylanisalacetone o-
Methylcoumarin 6—
Methylcoumarin 7—

Methylene blue
Methylisothiazolinone
Methylparaben

Methyl salicylate

Minoxidil

Musk ambrette

Musk xylol

Mycanodin

Neosilversalvarsan
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TABLE 3.29 (Continued)

Materials Categorized by Their Ability to Produce Dermal Irritation or

Sensitization*>4953,62,63
Material

Neroli ail

Neutral Red

Nicotinyl acohol

Nitrofuroxime

Nitrose dimethyl aniline

Nonoxynol-9

Oak moss

Octoxynol-9

Oleamide

Oxybenzone

Padimate A or Escalol 506 (amyl
p-dimethylaminobenzoate)

Papain

PBA-1

Pelargonic acid

Pentadecylcatechol 3—

Pentamethyl-4,6-dinitroindane 1, 1, 3, 3, 5—

Pentanol

Pentylidenecyclohexanone

Perphenazine

Petitgrain oil Paraguay

Phenanthrene

Phenol

Phenothiazine

Phenylacetal dehyde

Phenylbenzimidazol sulfate 2—

Phenyl butazone

Phenyl gylcidyl ether

Phenylphenol

Phosphorus sesquisulfide

Picryl chloride

Pigment orange 5

Pigment orange red 49, calcium lake

Pinus pumilio ail

Pitch

Platinum salts

Polysorbate 20

Polysorbate 60

Polysorbate 80

Primin

Prochlorperazine

Promazine

Propionaldehyde

Propyl acohol n—

Propylphenbutazone

Psoralens

Pyridine

Pyridoxine hydrochloride

Pyrilamine maleate
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TABLE 3.29 (Continued)

Materials Categorized by Their Ability to Produce Dermal Irritation or

Sensitization?#>49,53,62,63
Material Irritants

Quinine

Quinine hydrochloride

Quinine sulfate

Quinoline methanol

Rhodamine B

Ricinoleic acid J
Rose Bengal

Rue ail

Silver bromide

Silver fulminate

Silver nitrate

Sodium hypochlorite

Sodium monoglyceride sulfide
Sodium monoglyceride sulfonate
Sodium octoxynol-2 ethane sulfonate
Sodium oleyl laurate

Sodium stearate

Sodium sulfide

Sodium thiosulfate

Sorbitan laurate

Squaric acid-diethylester
Stearalkonium chloride
Stearoamphoglycinate

Stearyl acohol

Stictic acid

Stilbene triazine

Sulbentine

Sulfadiazine

Sulfamerazine

Sulfamethazine

Sulfanilamide

Sulfathiazole

Sulfur

Sulisobenzone

Thioridazine

Thiourea

Thurfyl nicotinate

Toluidine red

Tribomsalan

Tributyltin oxide J/
Trichlorosalicylanilide 3,4’ ,5—

Triclocarban

Triethylenemelamine

Trimeprazine

Trinitrobenzene sym-

Tropicamide

Turkey-red oil N4
Umbelliferone

Undecylenic aldehyde digeranyl acetal v/

NN N N ~

~
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TABLE 3.29 (Continued)
Materials Categorized by Their Ability to Produce Dermal Irritation or
Sensitization?*549,53,62,63

Material Irritants Sensitizer Photoirritant  Photosensitizer
Valeraldehyde J/
Vetiverol J
Vinyl pyridine 4— J/
Xanthotoxin (8-methoxypsoralen) v
Zinc pyrithione Vv
TABLE 3.30
Dermal Irritants and Sensitizers Listed by Occupation?>49:53,62,63
Occupation Irritant Sensitizer
Agricultural workers Artificial fertilizers Rubber (clothing and milking equipment)
Disinfectants and cleansers for milking Qats
machines Barley
Petrol and diesdl oil Animal feed (antibiotics, preservatives,

additives, and cobalt)
Veterinary medicaments
Cement
Plants
Pesticides
Wood Preservatives
Artists and sculptors Solvents Turpentine
Clay Pigments (cobalt, nickel, and chromium)
Plaster Azo dyes
Anthraguinone dyes
Aminoazotoluene

Colophony
Epoxy resin
Automobile and aircraft Solvents Chromate (primers, passivators,
mechanics Cutting oils anticorrosives, welding fumes, oils)
Paints Nickel
Hand cleansers Cobalt
Rubber
Epoxy resins

Dimethacrylate resins
Dipentene in thinners
Bakers and confectioners Flour Flavors and spices (cinnamon, eugenol,
Detergents vanilla, cardamom)
Orange
Lemon
Lime
Pineapple
Essential oils
Dyes
Ammonium persulfate
Benzoy! peroxide (improvers in flour)
Bartenders Detergents Orange
Citrus fruit Lemon
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TABLE 3.30 (Continued)

Dermal Irritants and Sensitizers Listed by Occupation?>49:53,62,63

Occupation

Bookbinders

Butchers

Cabinetmakers, French
polishers, carpenters

Cablejointers

Cleaners

Coal miners

Construction workers

Cooks and catering

Irritant

Wet work

Solvents
Glues

Detergents
Meat
Offal

Detergents

Solvents

Thinners for cleaning metal (as a cause of
koilonychia, Ancona- Alayon, 1975)

Wood and wood preservatives
Solvents

Detergents
Solvents

Wet work

Dust (cod, stone)
Cement

Wet conditions
Cement

Detergents
Food juices
Wet work
Parsley
Parsnip
Carrots
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Sensitizer

Lime

Flavors

ortho-Phenylphenol (in some
detergents)

Glues

Resins

Leather

Meat (contact urticaria)

Teak (knife handles)

Nickel

Sawdust

Stains (including dichromate)

Glues (urea, phenol, PTBP-formaldehyde
resins)

Woods

Turpentine

Varnishes

Colophony

Epoxy resin

Fluxes (aminoethylethanolamine)

Rubber gloves

Chromates (bleaches in some countries)

Rubber boots
Masks

Chromate

Cobalt

Gloves (rubber, leather)

Resins (epoxy and formaldehyde)

Woods

Foods (contact urticaria)

Onion

Garlic

Lettuce

Carrots

Celery

Pardley

Parsnip

Brussels sprouts

Cabbage

Spices

Flavors

Rubber gloves

Sodium metabisulfite

Lauryl

Octyl gallate

Formal dehyde (deodorizing solution,
fishmongers)



TABLE 3.30 (Continued)

Dermal Irritants and Sensitizers Listed by Occupation?>49:53,62,63

Occupation

Dentists and dental
technicians

Dry cleaners
Electricians

Electroplaters

Embalmers and morticians

Floor layers

Florists

Foundry workers

Funeral directors

Garage workers

Gardeners

Hairdressers

Irritant

Detergents
Hand cleaners
Wet work

Solvents
Soldering fluxes

Acids
Alkalis

Disinfectants
Detergents
Solvents

Manure

Fertilizers
Pesticides
Wet work
Cleansers

Petroleum products
Diesel fuel
Cleansers
Detergents
Solvents

Artificial fertilizers

Shampoos
Perming solutions
Bleaching solutions

Copyright © 2002 by Taylor & Francis

Sensitizer

Local anesthetics (amethocaine,
procaine)

Methacrylates

Eugenol (eugenol and colophony
gingivectomy dressing)

Mercury

Disinfectants

Rubber

Dental impression material (Impregum and
Scutan: the sensitizers are the catalysts
methyldichlorobenzene sulfonate and
methyl-p-toluoylsulfonate

Rubber gloves

Fluxes (colophony, hydrazine)

Insulating tape (colophony)

Resins (epoxy and formaldehyde)

Rubber

Nickel

Chromium

Other metals

Rubber gloves

Formaldehyde

Cement

Resins (epoxy and formaldehyde)

Woods

Varnish

Linoleum (colophony)

Plants (alantolactone and parthenium)
Pesticides (DNCB, dichlorphene, lindane)
Rubber gloves

Phenol and urea formaldehyde
(resin-coated sand)

Colophony (nitrogen-free sand)

Gloves (rubber, chromium)

Floral tributes (alantolactone and
parthenium)

Rubber gloves

Chromate

Epoxy resin

Antifreeze (MBT)

Pesticides

Plants/flowers

Rubber gloves

Boots

Dyes (p-phenylenediamine,
p-toluoylenediamine, o-nitro-p-
phenylenediamine, p-aminiphenol, henna)



TABLE 3.30 (Continued)

Dermal Irritants and Sensitizers Listed by Occupation?>49:53,62,63

Occupation Irritant

Wet work

Hospital workers Detergents
Disinfectants
Foods
Wet work

Housework Detergents
Cleaners
Foods
Disinfectants
Wet work

Jeweler Detergents
Solvents

Metal workers Cutting and drilling oils
Solvents
Hand cleansers

Nurses Disinfectants
Detergents
Wet work

Office workers Photocopying (ammonia)

Painters Solvents
Thinners
Wallpaper adhesives
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Sensitizer

Persulfates

Rubber gloves

Lanolin

Perfumes

Lemongrass oil

Formal dehyde (shampoos)

Resorcinol

Pyrogallol

Nickel

Rubber gloves

Disinfectants

Flowers

Foods

Polishes

Hand creams

Rubber gloves

Foods (onions, garlic, citrus fruit; contact
urticaria)

Spices

Flavors

Hand creams

Nickel

Chromate (bleaches)

Flowers

Polishes

Epoxy resin

Metals (nickel, chromium)

Sawdust (used for drying jewelry)

Chromates

Additivesin cutting oils (antibacterials and
antioxidants)

Rubber gloves

Formaldehyde

Glutaraldehyde

Dettol

Disinfectants

Medicaments (including antibiotics,
antihistamines, hydrocortisone, retinoic
acid, chlorpromazine)

Flowers

Rubber (finger stalls)

Nickel (clips, photocopying solutions)

Copy papers

Carbon papers

Correction paper fluids

Turpentine

Dipentene

Cobalt (driers, colors)



TABLE 3.30 (Continued)
Dermal Irritants and Sensitizers Listed by Occupation?>49:53,62,63

Occupation Irritant Sensitizer

Hand cleansers Chromate (colors)
Wallpaper adhesives (formal dehyde,
chloroacetamide, and fungicides)
Paints (preservatives, e.g., mercurials)
Photograph developers Wet work Rubber gloves
(X-ray technicians) Solvents p-Aminophenol (Metol)
Color developers
Hydroquinone
Phenindone
Sodium metabisulfite
EDTA
Glutaraldehyde
Pyrogallol
Amidol
Ethylenediamine
Resorcinol
Triazine
Salicylaldoxime
Plastic industry Solvents Monomers
Acids Hardeners (isophoronediamine, polyether
Styrene alcohol)
Oxidizing agents Additives
Hardeners (Polyurethane lacquer, Cellulose polymers
triethylamine) Cellulose acetate
Epoxy resin systems
Plating industry Acids Nickel
Alkalis Chromate
Solvents Cobalt
Mercury
Plumbers Wet work Chromate (cement)
Cleaners Rubber (gloves, packing)
Printers Solvents Chromate
UV-cured inks
Colophony (paper)
Turpentine
Rubber gloves
Rubber blanket in offset printing

Formaldehyde (gum arabic)
Radio and television workers  Fluxes Resins (epoxy)
Fluxes (colophony and hydrazine)
Chromate
Rubber workers Solvents Rubber chemicals
Tac Dyes
Zinc stearate Colophony
Secretaries Carbon paper

Photocopy paper (azo compound,
thiourea-photosensitizer)

Correcting paper

Rubber (fingerstall and rubber bands)
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TABLE 3.30 (Continued)
Dermal Irritants and Sensitizers Listed by Occupation?>49:53,62,63

Occupation Irritant Sensitizer
Shoemakers and cobblers Solvents Glues (PTBP resin, colophony)
L eather
Rubber
Turpentine
Tannery workers Acids Tanning agents (chromium, vegetable tans,
Alkalis glutaraldehyde, formal dehyde)
Reducing and oxidizing agents Rubber (gloves and boots)
Wet work Fungicides
Dyes
Textile workers Fibers Formaldehyde resins
Bleaching agents Dyes
Solvents Chromate (mordant)
Nickel
Veterinarians (and Disinfectants Rubber gloves
slaughterhouse workers) Wet work Medicaments used to treat animals and
Entrails which contaminate their fur
Animal secretions Medicaments
Tuberculin
Benethamate
Benzylpenicillin
Spiramycin
Tylosin
Penethamete

Neomycin in a calf drench
Mercaptobenzothiazole in a medication
Benzisothiazolone fungicide
Topica pesticides; malathion
Contact urticaria from animal tissues
Cow hair and dander in bacon factories,
workers eviscerating or cleaning the guts
develop an eczema of the fingers, known
as “gut” or “fat” eczema; its causeis
unknown
Woodworkers Woods Lichens (atranorin)
Glues
Varnishes
Colophony
Turpentine
Balsams
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Acanthosis Hypertrophy of the stratum spinosum and granulosum.

Blanching To take color from, to bleach. Characterized by a white or pale discoloration of the
exposure area due to decreased blood flow to the skin (ischemia).

Challenge exposure A dermal exposureto atest substance after one or more previousinduction
exposures, to determine whether the subject will react in a hypersensitive manner.



Concomitant sensitization When an individual is sensitized to different substancesin different
products at the same time.

Contact dermatitis A delayed type of induced sensitivity (allergy) of the skin with varying
degrees of erythema, edema, and vesiculation, resulting from cutaneous contact with a
specific allergen.

Contact urticaria Wheal-and-flare response generally elicited within 30 to 60 minutes after
cutaneous exposure to a test substance. May be IgE mediated or nonimmunologically
mediated.

Corrosion Direct chemical action on normal living skin that results in its disintegration or
irreversible alteration at the site of contact. Corrosion is generally manifested by ulcer-
ation and necrosis with subsequent scar tissue formation.

Cross-sensitization An individual that is sensitized to a primary allergen acquires sensitivity
to a chemically related molecule, which is called a secondary allergen.

Cumulative irritation Irritation resulting from repeated exposures to materials at the same
skin site.

Dermatitis Inflammation of the skin.

Desgquamation The shedding of the cuticle in scales or the outer layer of any surface. To shred,
peel, or scale off, as the casting off of the epidermisin scales or shreds, or the shedding
of the outer layer of any surface.

Diagnostic patch testing Utilized to confirm the existence of allergic contact dermatitis. A
concentration of the test substance that is known to be nonirritating is applied to the skin
in a suitable vehicle.

Eczema Inflammatory condition in which the skin becomes red and small vesicles, crusts, and
scales develop.

Edema An excessive accumulation of serous fluid or water in cells, tissues, or serous cavities.

Erythema An inflammatory redness of the skin, as caused by chemical poisoning or sunburn,
usualy a result of congestion of the capillaries.

Eschar A dry scab, thick coagulated crust or slough formed on the skin as aresult of athermal
burn or by the action of a corrosive or caustic substance.

Exfoliation To remove in flakes, scales or to pedl. To cast off in scales, flakes, or the like. To
come off or separate, as scales, flakes, sheets, or layers. Detachment and shedding of
superficial cells of an epithelium or from any tissue surface. Scaling or desquamation of
the horny layer of epidermis, which varies in amount from minute quantities to shedding
the entire integument.

False cross-sensitivity Occurs when the same antigen is present in different products (e.g.,
eugenol in perfumes, soft drinks, and underarm deodorants).

Fissuring Characterized by a crack or cleft in the skin.

Hyperkeratosis Hypertrophy and thickening of the stratum corneum.

Index of sensitivity The prevalence of sensitivity to a substance in a given population at a
given time.

Induction exposure An experimental exposureto atest substance with theintention of inducing
a hypersensitive state.

Induction period A period of at least 1 week after a dermal exposure during which a hyper-
sensitive state is devel oped.

Irritant A substance that causes inflammation and other evidence of irritation, particularly of
the skin, on first contact or exposure; a reaction of irritation not dependent on a mech-
anism of sensitization.

Latent sensitization Subsequent exposure of the skin of a sensitized individual to a lower
concentration of a sensitizer can elicit a more intense response than the initial exposure.
This response may take hours or even days to develop, and hence it is delayed.



Necrosis Pathologic death of one or more cells, or of a portion of tissue or organ, resulting

from irreversible damage.

Nonocclusive Site of application of test substance to the skin is not covered with any material

and movement of the air to the site is not restricted.

Occlusive A bandage or dressing that covers the skin and excludes it from air. Prevents | oss of

a test substance by evaporation.

Photoallergy An increased reactivity of the skin to UV and/or visible radiation produced by a

chemical agent on aimmunologic basis. Previous allergy sensitized by exposure to the
chemical agent and appropriate radiation necessary. The main role of light in photoallergy
seems to be in the conversion of the hapten to a complete allergen.

Photoirritation Irritation resulting from light-induced molecular changes in the structure of

chemicals applied to the skin.

Photosensitization The processes whereby foreign substances, either absorbed locally into the

skin or systemically, may be subjected to photochemical reactionswithinthe skin, leading
to either chemically induced photosensitivity reactions or atering the “normal” patho-
logic effects of light. UV-A is usualy responsible for most photosensitivity reactions.

Semiocclusive Site of application of test substance is covered; however, movement of air

through covering is only partially restricted.

Sensitization (allergic contact dermatitis) An immunologically mediated cutaneous reaction

to a substance.

Sensitizing potential The relative capacity of a given agent to induce sensitization in a group

of humans or animals.

Superficial doughing Characterized by dead tissue separated from aliving structure. Any outer

layer or covering that is shed. Necrosed tissue separated from the living structure.

Ulceration The development of an inflammatory, often suppurating lesion, on the skin or an

internal mucous surface of the body caused by superficial loss of tissue, resulting in
necrosis of the tissue.
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ADDITIONAL RELATED INFORMATION

TABLE 3.31
Relative Ranking of the Skin Permeability in Different Animal Species
Thickness of Stratum  Epidermis ~ Whole Skin
Ranking Animal Species Corneum (um) (mm)
Most permeable  Mouse 5.8 12.6 0.84
Guinea pig
Goat
Rabbit
Horse
Cat
Dog
Monkey
Pig 26.4 65.8 3.43
Human 16.8 46.9 297
Least permeable  Chimpanzee

From Leung, H-W. and Paustenbach, D.J., Percutaneous toxicity, in: General and Applied
Toxicology, Ballantyne, B., Marrs, T.C., and Syversen, T., Eds., Groves's Dictionaries, New York,
1999, chap. 29, pp. 577-586. With permission. © Nature Publishing Group Reference.

TABLE 3.32
In Vivo Human Percutaneous Absorption Rates

of Some Neat Chemical Liquids

Percutaneous Absorption Rate

Chemical (mg cm2 h")
Aniline 0.2-0.7
Benzene 0.24-04
2-Butoxyethanol 0.05-0.68
2-(2-Butoxyethoxy) ethanol 0.035
Carbon disulfide 9.7
Dimethylformamide 9.4
Ethylbenzene 22-33
2-Ethoxyethanol 0.796
2-(2-Ethoxyethoxy) ethanol 0.125
Methanol 115
2-Methoxyethanol 2.82
Methyl n-butyl ketone 0.25-0.48
Nitrobenzene 2
Styrene 9-15
Toluene 14-23
Xylenes (mixed) 4596
m-Xylene 0.12-0.15

From Leung, H-W. and Paustenbach, D.J., Percutaneous toxicity,
in General and Applied Toxicology, Ballantyne, B., Marrs, T.C.,
and Syversen, T., Eds., Groves's Dictionaries, New York, 1999,
chap. 29, pp. 577-586. With permission. © Nature Publishing

Group Reference.




TABLE 3.33

In Vitro Human Percutaneous Permeability Coefficients of Aqueous Solutions of Some
Industrial Chemicals

Organic Chemical

2-Amino-4-nitrophenol
4-Amino-2-nitrophenol
Benzene
p-Bromophenol
Butane-2,3-diol
n-Butanol
Butan-2-one
Chlorocresol
0-Chlorophenol
p-Chlorophenol
Chloroxylenol
m-Cresol

o-Cresol

p-Cresol

Decanol
2,4-Dichlorophenol
Diethanolamine
Diethyl ether
1,4-Dioxane
Ethanol
Ethanolamine

K,
(cm h)

0.00066
0.0028
0.11
0.036
<0.00005
0.0025
0.0045
0.055
0.033
0.036
0.059
0.015
0.016
0.018
0.08
0.06
0.000034
0.016
0.00043
0.0008
0.000043

Organic Chemical

2-Ethoxyethanol
p-Ethylphenol

Heptanol

Hexanol

Methanol

Methyl hydroxybenzoate
B—Naphthol
3-Nitrophenol
4-Nitrophenol
Nitrosodiethanol amine
Nonanol

Octanol

Pentanol

Phenol

Propanol

Resorcinol

Thymol

Toluene
2,4,6-Trichlorophenol
3,4-Xylenol

Ky
(cm h)

0.0003
0.035
0.038
0.028
0.0016
0.0091
0.028
0.0056
0.0056
0.0000055
0.06
0.061
0.006
0.0082
0.0017
0.00024
0.053
101
0.059
0.036

Inorganic Chemical

Cobalt chloride
Mercuric chloride
Nickel chloride
Nickel sulfate
Silver nitrate

K,
(cm h)

0.0004

0.00093

0.0001
<0.000009
<0.00035

Note: Values obtained from viable excised human skin using a temperature-controlled skin penetration chamber.

From Leung, H-W. and Paustenbach, D.J., Percutaneous toxicity, in General and Applied Toxicology, Ballantyne, B., Marrs,
T.C., and Syversen, T., Eds., Groves's Dictionaries, New York, 1999, chap. 29, pp. 577-586. With permission. © Nature
Publishing Group Reference.
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SECTION 1. ANATOMY OF THE EYE

in sagittal section.
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FIGURE 4.1 Sagittal section of the anterior chamber angle of the human eye showing the structure associated
with the ciliary body, iris, cornea, and lens. (From Vaughan, D., Asbury, T., and Riordan-Eva, P., General
Ophthalmology, 13th ed., Appleton & Lange, East Norwalk, CT, 1992. With permission.)

A. THE EYEBALL

The outer protective tissues of the eye are composed of the cornea, the conjunctiva, and the sclera.

1. Cornea: an avascular, transparent tissue that is composed of five layers:

» Epithelium (approximately 10% of total thickness)
» Bowman’s layer or membrane

» Stroma (approximately 90% of total thickness)

» Descemet’s membrane

» Endothelium (one cell layer thick)

2. Conjunctiva: a thin vascularized, transparent layer of mucous membrane that covers the
posterior surface of the eyelids (palpebral conjunctiva) and the anterior surface of the
sclera (bulbar conjunctiva). The conjunctiva is squamous, nonkeratinized epithelium that
contains numerous mucous-secreting cells.

3. Nictitating membrane: in the rabbit, a prominent cartilaginous flap of tissue covered by
a layer of squamous epithelium that is attached in the medial canthus of the eye and
moves laterally or diagonally across the eye behind the external eyelids.

4. Sclera: the fibrous white, dense, protective coating of the eye that is continuous with the
cornea anteriorly and with the dural sheath of the optic nerve posteriorly.

a. Lamina cribrosa: a few strands of modified scleral tissue that passes over the optic disk.

b. Episclera: the outer layer of the sclera composed of thin, fine elastic tissue.

¢. Lamina fusca: the brownish inner scleral layer continuous with the sclera; related to
the optic nerve at the choroid.
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FIGURE 4.2 Sagittal section of the human eye showing internal structures. (From The Anatomy of the Eye,
from original drawing by Paul Peck. Copyright, Lederle Laboratories Division of American Cyanamid Com-
pany, Wayne, NJ. All rights reserved. Reprinted with permission.)

B. The UveaL TracT

The middle vascular layer of the eye is composed of the iris, the ciliary body, and the choroid.

1. Iris: a highly vascularized anterior extension of the ciliary body located in front of the
lens. It forms the posterior wall of the anterior chamber and the anterior wall of the
posterior chamber. Within the stroma of the iris are the sphincter and dilator muscles
that determine the size of the medially located round aperture, the pupil. There are two
pigmented layers on the posterior surface of the iris (except in albinos).

2. Ciliary body: the vascularized tissue extending forward from the anterior end of the
choroid to the root of the iris. The ciliary muscle within this tissue is composed of
longitudinal, circular, and radial fibers. The action of the ciliary muscle alters the tension
on the capsule of the lens, giving the lens a variable focus for both near and distant
objects in the visual field.

3. Choroid: the heavily vascularized posterior segment of the uveal tract located between
the retina and sclera. It is composed of three layers of choroidal blood vessels: large,
medium, and small. Anteriorly it joins the ciliary body and posteriorly it attaches to the
margins of the optic nerve.

C. THE Lens

A biconvex, avascular, colorless, and almost completely transparent structure suspended behind the
iris by the zonule, which connects to the ciliary body. The zonule, or suspensory ligament of the
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FIGURE 4.3 Saggital section of the human eye showing the vascular supply. All arterial branches originate
with the ophthalmic artery. (From Vaughan, D., Asbury, T., and Riordan-Eva, P., General Ophthalmology,
13th ed., Appleton & Lange, East Norwalk, CT, 1992. With permission.)

lens, is composed of numerous fibrils arising from the ciliary body and inserting into the equator
of the lens. The aqueous is anterior to the lens and the vitreous is posterior to it. The lens is
encapsulated by a semipermeable membrane, the lens capsule.

D. THE AqQuEous

A slightly alkaline liquid, composed mainly of water, that is secreted by the ciliary process and
fills the anterior and posterior chambers of the eye. The aqueous passes through the pupil from the
posterior chamber into the anterior chamber. In the anterior chamber, it flows toward the filtering
trabecular meshwork at the periphery and into the canal of Schlemm.

E. The VITREOUS

A clear avascular gelatinous body that fills the space bounded by the lens, retina, and optic disk.
It comprises two-thirds of the volume and weight of the eye. It helps to maintain the shape and
transparency of the eye.

F. THE RETINA

The innermost posterior coat of the eye composed of 10 histologically distinct layers of highly
organized, delicate nerve tissue. The inner surface is in contact with the vitreous and the outer
surface is related to the choroid. The layers of the retina are: 1) internal limiting membrane, 2) a
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FIGURE 4.4 Sagittal section of the rabbit eye showing the basic structures. (From McLaughlin, C.A. and
Chiasson, R.B., Laboratory Anatomy of the Rabbit, 3rd ed., Wm. C. Brown Communications, Dubuque, 1A,
1990. All rights reserved. Reprinted with permission.)

layer of nerve fibers, 3) a ganglion cell layer, 4) inner plexiform layer, 5) inner nuclear layer, 6)
outer plexiform layer, 7) outer nuclear layer, 8) external limiting membrane, 9) layer of rods and
cones, and 10) pigment epithelium. Anteriorly, it extends almost as far as the ciliary body, ending
in a ragged edge called the ora serrata. At the ora serrata, the nerve tissue of the retina ends, but
a thin pigment layer of the retina continues further anteriorly to relate to the posterior surfaces of
the ciliary processes and the iris. In the center of the posterior segment of the retina is the macula
lutea, an oval yellowish spot with a depressed center called the fovea centralis. The optic disk (the
visible portion of the optic nerve) is located about 3 mm to the medial side of the macula.

G. THe OpTic NERVE

A nerve fiber tract whose fibers are derived from the ganglion cells of the retina. The optic nerve
emerges from the posterior surface of the eyeball through a short, circular opening in the sclera
located about 1 mm below and 3 mm nasal to the posterior pole of the eye. From the orbit the
optic nerve travels through the bony optic foramen into the cranial cavity where it joins the opposite
optic nerve, forming the optic chiasm.
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SECTION 2. COMPARATIVE ANATOMY AND PHYSIOLOGY
OF THE EYE

A. ANATOMICAL COMPARISONS

TABLE 4.1
Corneal Thickness and Area

Thickness  Area

Species (mm) (%) Ref.
Human 0.51-0.54 7 1,2
Rhesus monkey 0.52 — 3
Rabbit 0.37-0.4 25 1,3
Mouse 0.1 50 1
Rat 0.15 50 1
Cat 0.62 — 3
Dog 0.55 — 3

a Percentage of the total area of the globe.

TABLE 4.2
Comparison of the Type of Retinal Vasculature of Various
Species

Species pig  Holangiotic  Merangiotic ~ Paurangiotic ~ Anangiotic

Dog
Cat
Human
Primate
Rabbit X
Rat
Mouse
Gerbil
Cattle
Horse X
Guinea pig

Chinchilla

Degu

Bird

X X X X

X X X X

X X X X

Note: Holangiotic: The retinal blood supply isfrom a central retina or cilioret-
inal arteries and extends over the entire retina. Merangiotic: A portion of the
retinais supplied by retinal vessels. Paurangiotic: Retinal vessels are small and
extend only a very short distance from the optic nerve. Anangiotic: The retina
is without vessels. From David W. Hobson, Dermal and Ocular Toxicology,
Fundamentalsand Methods, CRC Press, BocaRaton, FL, 1991. With permission.

TABLE 4.3
Percentage of Optic Nerve Fibers
Decussating at the Optic Chiasm

Species Decussation (%)
Human 50
Primate 50
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TABLE 4.3 (Continued)
Percentage of Optic Nerve Fibers
Decussating at the Optic Chiasm

Species Decussation (%)
Dog 75
Cat 65-70
Horse 81
Cow 83
Pig 88
Bird 100

From David W. Hobson, Dermal and Ocular
Toxicology, Fundamentals and Methods, CRC
Press, BocaRaton, FL, 1991. With permission.

TABLE 4.4

Comparison of the Tapetum in the Cat, Dog, and Ferret

Parameter Dog Cat

Number of central cell layers
Thickness of central tapetum

9 16-20
26-33um 6167 um

Presence of microtubule-like structure in tapetal rod Present Absent
Presence of electron-dense cores in tapetal rod Absent Present
Presence of electron-dense cores in tapetal rods after prolonged Absent Present

glutaraldehyde fixation

Retention of tapetal color after prolonged glutaraldehyde fixation — Lost Retained

Tapetal zinc concentration
Tapetal cysteine concentration

26,000 ppm 1497 ppm
241 umol/lg 0

Ferret

7-10
23-24 um
Present
Absent
Absent

Lost
22,500 ppm
216 umol/g

Modified from Wen, G.Y., Sturman, JA., and Shek, JW., Lab. Anim. Sci., 35, 200, 1985, in David W. Hobson,
Dermal and Ocular Toxicology, Fundamentals and Methods, CRC Press, Boca Raton, FL, 1991. With permission.

B. PHysioLoGicAL COMPARISONS

TABLE 4.5

Concentrations of the Principal Components of the Aqueous
Humor as Compared with Plasma of Various Species

Substance and Units Aqueous Plasma  Species  Ref.
Ascorbate

pwmol/ml 118 0.02 Monkey 4
0.96 0.02 Rabbit 5
1.06 0.04 Human 6
mg/dl 20.0 Horse 7
55 — Dog 7
1.0 — Cat 7
21.0 — Cow 7

Bicarbonate
pwmol/ml 225 18.8 Monkey 4
277 240 Rabbit 5
20.2 275 Human 6
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TABLE 4.5 (Continued)
Concentrations of the Principal Components of the Aqueous
Humor as Compared with Plasma of Various Species

Substance and Units

mm/g H,O

Calcium
pmol/ml

mEg/L

Chloride
umol/ml

mEg/L

Glucose

wmol/ml

mg/dl

Hyaluronate

umol/mi

Lactate
pwmol/ml

Oxygen
mm Hg

Copyright © 2002 by Taylor & Francis

Aqueous

Ratio of aqueous/plasma
Ratio of aqueous/plasma
30.4
36.0

25
17
3.0
2.9
2.7

105.1
131.0
121
Ratio of aqueous/plasma

Ratio of agueous/plasma

3.0

4.9

2.8
98
51
45
33

4.3
9.3
4.5

30
53

Plasma

0.82
113
253

4.9
2.6
55
524
4.8

1118

107.0

10.1
1.07

115

4.1

53

5.9
91
70
56
57

3.0
10.3
19

Species

Horse
Dog
Cat
Cow

Monkey
Rabbit
Human
Horse
Dog
Cat
Cow

Monkey
Rabbit
Human
Horse
Dog
Cat
Cow

monkey
Rabbit
Human
Horse
Dog
Cat
Cow

Monkey
Rabbit
Human
Horse
Dog
Cat
Cow

Monkey
Rabbit
Human
Horse
Dog
Cat
Cow

Monkey
Rabbit
Human
Horse

Ref.

© 0 0 N N

(o]

~N 0 0~

10

~

10

NN~~~

11

11

10

12
13



TABLE 4.5 (Continued)
Concentrations of the Principal Components of the Aqueous
Humor as Compared with Plasma of Various Species

Substance and Units

Phosphate
umol/mi

Potassium
umol/mi

mEg/AL

Protein

mg/100ml

Sodium
pmol/ml

Urea
umol/mi

mg/dl

Creatinine
pmol/ml

Copyright © 2002 by Taylor & Francis

Aqueous

45

0.14
0.89
0.62
0.33
0.53
0.48

3.9
51

51
5.0
4.4
7.1

333
25.9
23.7
20.0
38.0
15-55
17.0

152
143

117.4
149.4
158.5
149.5

6.1
7.0

28
Ratio of aqueous/plasma
Ratio of agueous/plasma

0.04
0.11

0.18

Plasma

0.68
1.49
111
0.31
1.26
1.87

4.0
5.6

55
4.4
4.0
4.7

730
650
780
750

148
146

1435
154
163.6
143

7.3
9.1

27
0.70
0.73

12

0.03

0.18

Species

Dog
Cat
Cow

Monkey
Rabhit
Human
Horse
Dog
Cat
Cow

monkey
Rabbit
Human
Horse
Dog
Cat
Cow

Monkey
Rabbit
Human
Horse
Dog
Cat
Cow

Monkey
Rabbit
Human
Horse
Dog
Cat
Cow

Monkey
Rabbit
Human
Horse
Dog
Cat
Cow

Monkey
Rabbit
Human
Horse
Dog

Ref.

10
14
15

10

0 0

16
16
15
17
17
15

10

15

[e0]

15

~

18

15



TABLE 4.5 (Continued)
Concentrations of the Principal Components of the Aqueous
Humor as Compared with Plasma of Various Species

Substance and Units Aqueous Plasma  Species  Ref.

— — Cat
— — Cow

Modified from Schmidt, G.M. and Coulter, D.B., Veterinary Ophthalmology, Gelatt,
K.N., Ed., Lea & Febiger, Philadelphia, 129, 1981, in David W. Hobson, Dermal
and Ocular Toxicology, Fundamentals and Methods, CRC Press, Boca Raton, FL,
1991. With permission.

TABLE 4.6
Concentration of the Various Components of the
Vitreous’ "
Constituent  Cattle Rabbit Pig Human Horse
Inorganic Constituents (mmol/kg H,0)
Sodium 1305 13391522 142 137 118-153
Potassium 7.7 5.1-10.2 50 3.8 4.9-73
Calcium 3.9 15 57 4.9-7.3
Magnesium 0.8 — 26 —
Chloride 115.6 104.3 118 112.8 112-120
Water and Organic Constituents (mg/100 ml H,0)
Creatinine 10 — 05 — —
Water 99% 99% 99% 99% 99%
Glucose 55-62 55-80 — 30-70 57-100
Lactic acid 14.8 65 70 175

Modified from Nordman, J., Biologie et Chirurgie du Corps Vitre, Brini,
A., Ed., Masson et Cie, Paris, 1968, in David W. Hobson, Dermal and
Ocular Toxicology, Fundamentals and Methods, CRC Press, Boca Raton,
FL, 1991. With permission.

TABLE 4.7
Concentration of Mucopolysaccharide and Collagen
of the Vitreous in Various Species

Species Mucopolysaccharide (ug/ml)  Collagen (ug/ml)

Rabbit 31 104
Guinea pig 37 134
Human 240 286
Owl monkey 423 25
Steer 710 57

Modified from Gloor, B.P, Adler's: Physiology of the Eye, 8th ed.,
Moses, R.A. and Hart, W.H., Eds., C.V. Moshy, St. Louis, 246, 1987,
in David W. Hobson, Dermal and Ocular Toxicology, Fundamentals
and Methods, CRC Press, Boca Raton, FL, 1991. With permission.
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TABLE 4.8
Distribution of the Anterior Uveal Adrenergic Receptors in Various Species

Dilator Sphincter Ciliary Muscle
Cat Mainly apha, some beta Mainly beta, some alpha Mainly beta, some alpha
Rabhit Mainly alpha, few beta Mainly beta, few apha Mainly alpha, few beta
Monkey  Mainly apha, very few beta  Mainly apha, perhaps beta Exclusively beta, no alpha
Man Mainly apha, very few beta  Alpha and betain equal amounts ~ Mainly beta, very few or no alpha

Modified from Van Alpen, G.W., Invest. Ophthalmol. Visual <ci., 15, 502, 1976, from David W. Hobson, Dermal
and Ocular Toxicology, Fundamentals and Methods, CRC Press, Boca Raton, FL, 1991. With permission.

SECTION 3. REGULATORY GUIDELINES
A. CONTACT LENS MATERIALS

At aminimum, the following toxicol ogy test procedures are recommended for contact lens materials
by the Premarket Notification [510(k)] Guidance Document for Daily Contact L enses. Thisguidance
document was last revised May 1994 by the Contact L ens Branch, Division of Ophthalmic Devices,
Center for Devices and Radiological Health, Food and Drug Administration (FDA). The toxicology
studies are generally consistent with the applicable studies recommended for evaluating plastic
polymers in the Tripartite Biocompatibility Guidance for Medical Devices, which categorizes
contact lenses as Externally Communicating Devices: Intact Natural Channels. The Tripartite
Guidance has been harmonized with the International Standards Series 1SO 10993, Biological
Evaluation of Medical Devices.

1. Systemic Injection Test (USP/NF)*

This test assesses the potential of leachable chemical constituents from a contact lens material
to produce an acute systemic toxicity in mice. Extracts of the lens material are prepared in two
types of solvents (polar and non-polar), injected into mice, and the mice observed for acute
systemic toxicity.

2. Eye Irritation Test (USP/NF)*

This test evaluates the potential for ocular irritation resulting from residual chemical leachablesin
contact lens materials. The effects are assessed in vivo using rabbits.

3. In Vitro Cytotoxicity Test (USP/NF)*

This test evaluates the potential for cytotoxicity resulting from residual chemical leachables in
contact with lens materials. The effects are assessed in vitro using cytotoxicity studies (e.g., tissue
culture—agar overlay method or a suitable validated alternative).

Additional Recommended Testing. The following tests are not required if the applicant provides
appropriate documentation demonstrating that either of the following criteria have been met:

» The recommended lens care regimen has been approved for use with the specific lens
material group; or

* United States Pharmacopeia (USP) 24/National Formulary (NF) 19, 2000 (or current update).
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» The plastic lens carries no charge or the same €electric charge as the preservative system
used in the approved care regimen.

However, the following tests are required if:

« A lensmaterial is manufactured using a new monomer not previously used in a currently
marketed hydrophilic or hydrophobic lens; or

« A UV-absorber is incorporated into the material, unless a scientific justification is pro-
vided to the contrary (e.g., use of a UV-absorber that has been previoudly cleared by the
manufacturer for use in contact lenses of the same generic class; i.e., hydrophilic or
hydrophobic materials), and will be incorporated into the lens by a method that has been
approved in a PMA or cleared in a substantial equivalence [section 513(1)(1)(A)] pre-
market natification [510 (k)] for the manufacturer.

a. Sensitization Tests

i. Preservative Uptake and Release. Contact lens polymers may absorb or adsorb preser-
vative materials that could possess irritating or sensitizing properties that are potentially
irritating to some users. A quantitative analysis of preservative uptake per lens, the amount
released, and the time course of release is conducted. Results taken from these test data
are used to predict the potential for a preservative-related toxicity, aswell as the potential
for inducing a sensitivity/allergic response associated with the lens group.

ii. Skin Sengitization (Guinea Pig Maximization Test)*. This test grades or ranks chemical
congtituents on a scale of | through V as to their potential for inducing a sensitivity
responsein the guineapig model. The grade or ranking is based on the number of animals
sensitized, and the results are classified on an ascending scale from aweak (grade ) to
an extreme senditizing agent (grade V).

b. Three Week Ocular Irritation Test in Rabbits

This in vivo test of the contact lenses in rabbits is used as a biocompatibility test as well
as atoxicity test of the lens material. The test assesses the effects of the ocular environment
on the lens material, as well as the effects of the lens material on the ocular tissues.

B. Contact Lens CARE ProDuUCTS (1.E., SOLUTIONS, TABLETS)

The following in vitro and in vivo tests for contact lens care products are recommended by the
Premarket Notification [510(k)] Guidance Document for Contact Lens Care Products, which was
last revised in May, 1997 by the Center for Devices and Radiological Health, FDA.

1. In Vitro Cytotoxicity Test (USP/NF)

This test evaluates the potential for toxicity of residual chemicals leaching from the lens into the
lens care products [i.e., solution(s)/solubilized tablets]. In addition, this test may be used to detect
potential toxic carryover from uptake/release of the solution by the lens. The tissue culture-agar
diffusion test, direct contact test, and/or elution test, or suitable validated alternative method may
be used.

* Magnusson, B. and Kligman, A.M., The identification of contact allergens by animal assay. The Guinea Pig Maximization
Test, J. Invest. Dermatol., 52(3), 268-276, 1969.
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2. Acute Ocular Irritation Test

This test evaluates the potential for ocular irritation resulting from residual chemical leachables
from the finished device that may be extracted in the lens care products (i.e., solution(s)/solubilized
tablets). This method is also used to detect the potential for ocular irritation due to carryover from
uptake/release of the solution by the lens and from direct instillation of an in-eye solution. This
test should not be needed in cases where formulations contain known ocular irritants. In such cases,
an appropriate warning should be required on the label for products known to cause ocular irritation
(i.e., daily cleanerg/periodic cleaners) in lieu of performing the test.

3. Acute Oral Toxicity Study

This study assessesthe potential of the contact lens care product (i.e., solution(s)/solubilized tabl ets)
to produce atoxic response as a result of deliberate or accidental ingestion of the product by adults
or children. These data are used to determine the need for additional warnings or precautions in
the labeling of the product for the purpose of consumer protection. For rodent testing, the maximum
volume of an aqueous solution generally should not exceed 2 ml/100 g of body weight. This single
large dose is referred to as the maximum tolerable dose (MTD). Should signs of toxicity be
demonstrated at the MTD, further testing consistent with accepted toxicological practices is rec-
ommended to complete a risk/benefit assessment of the product.

Additional Recommended Testing. The following tests are recommended if a manufacturer is
using a new preservative or an active ingredient/chemical component not previously used in a
currently marketed contact lens care product:

1. Skin Sensitization (Guinea Pig Maximization Test): described previoudly.

2. In Vivo Ocular Biocompatibility Test (1ISO 9394-1998): This ISO test method, entitled
“Optics and optical instruments — Determination of biological compatibility of contact
lens material — Testing of the contact lens system by ocular study with rabbit eyes,’
should be acceptable in its entirety to address preclinical ocular biocompatibility of
contact lens products.

C. Prastic OpHTHALMIC CONTAINERS

In the Premarket Notification [510(k)] Guidance Document for Contact Lens Care Products (revised
May 1997), the Center for Devices and Radiological Health of the FDA recommendsthefollowing
in vitro and in vivo tests that are consistent with the procedures listed in the USP 24/NF19,
Containers for Ophthalmics — Plastics (Biological Test Procedures):

1. Systemic Injection Test
2. Acute Ocular Irritation Test
3. InVitro Cytotoxicity Test

These tests (described previously) indirectly or directly assessthe potential toxicity of constituent(s)
that may leach from the container for a prolonged period of time.

D. OpPHTHALMIC THERAPEUTIC FORMULATIONS

Nonclinical study protocols, based on guidelines set forth by Goldenthal?* and Hackett,® have been
developed to assess acute and systemic toxicity of ophthalmic formulations. The toxicity data
developed from the following preclinical study designs are used to establish an adequate safety
profile and assess risk.
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1. One Day Acute Topical Ocular Irritation Test

Thistest is used for formulation ingredients that have not been previously used by the topical ocular
route and that have been placed in Category 1 by FDA ophthalmic panel(s), e.g., asingle-application
diagnostic drug used for producing mydriasis or asingle-application topical anesthetic for producing
cornea anesthesia. The test is designed to determine the ocular toxicity potential in the event
accidental or intentional drug misuse occurs.

» Dosing should be according to the anticipated clinical regimen. However, the dosing
frequency may be adjusted or exaggerated to enhance the chance of observing toxicity
for the purpose of predicting human risk. Typically, formulation ingredients are instilled
at 0.03 to 0.05 ml every 30 min for 6 consecutive h, using at least 6 eyes (rabbit).

* When possible, use of multiples of the active ingredients is essential.

« |If available, use of a marketed product (control) is included for comparison.

2. Subchronic (1 to 3 months) and Chronic (= 1 year) Topical Ocular
Irritation with Systemic Toxicological Evaluations

Thesetests areintended for drugsthat require multiple dose therapy. Therefore, testing requirements
are more extensive for development of an adequate safety profile. The extent of testing depends
on the intended use of the drug. For example, drugs administered intermittently (up to severa
times/day for treatment periods of 2 weeks to 3 months) for externa eye disease (i.e., anti-
inflammatory and antimicrobial drugs) require less comprehensive testing than drugs intended for
chronic administration (daily for years or for remaining lifetime) for diseases such as glaucoma.

« |If the ingredients have adequate published safety data or a FDA panel has placed them
into Category 1 by another route of administration, then hematology, clinica chemistry,
urinalysis, and histopathology may not be required. But, if the ingredients have not been
evauated by any other route, have not been given a safe and effective rating by the FDA,
or there are no published toxicology data, then systemic toxicity is monitored by including
hematology, clinical chemistry, urinalysis, and histopathology of tissues, including the eyes.

» The dosing regimen (rabbit and/or dog/monkey) should be similar to that which is used
clinicaly.

» When possible, use of multiples of the active ingredients is essential.

« |If available, use of a marketed product (control) is included for comparison.

E. CHemicaL SuBsTANCES (LiQuips, SoLiDs, AEROSOLS, AND LIQUIDS
UNDER PRESSURE)

1. IRLG Guidelines

Eye irritation testing guidelines were developed by the Interagency Regulatory Liaison Group
(IRLG), five federal agencies (Consumer Product Safety Commission, Occupational Safety and
Health Administration, Food and Drug Administration, Environmental Protection Agency, and Food
Safety and Quality Service of the Department of Agriculture) (Fed. Reg. 1977, 1979). Standardized
guidelines for eye irritation (Fed. Reg. 1981)% are summarized below.

a. General Considerations
1. Good laboratory practices. Studies should be conducted according to good laboratory
practice regulations (21 CFR, Part 58).
2. Test substance. Asfar asis practical, composition of the test substance should be known
and should include the names and quantities of all major components, known
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contaminants and impurities, and the percentages of unknown materials. The lot of the
substance should be stored under conditions that maintain its stability, strength, quality,
and purity from the date of its production until the tests are complete.

3. Animals. Healthy animals, without eye defects or irritation and not subjected to any
previous experimental procedures, must be used. The test animal shall be characterized
asto species, strain, sex, weight, and/or age. Each animal must be assigned an appropriate
identification number. Recommendations in DHEW publication (NIH) 74-23, entitled
“Guide for the Care and Use of Laboratory Animals,” should be followed for the care,
maintenance, and housing of animals.

4. Documentation. Color photographic documentation may be used to verify gross and
microscopic findings.

b. Specific Considerations

1. Test preparation. Testing should be performed on young, adult, albino rabbits (male or
female) weighing approximately 2.0 to 3.0 kg. Other species may aso be tested for
comparative purposes. For avalid eye irritation test, at least six rabbits must survive the
test for each test substance. A trial test on three rabbits is suggested. If the substance
produces corrosion, severe irritation, or no irritation, no further testing is necessary.
However, if equivocal responses occur, testing in at least three additional animals should
be performed. If the test substance is intended for use in or around the eye, testing on
at least six animals should be performed.

2. Test procedure. Both eyes of each animal in the test groups must be examined by
appropriate means within 24 hours before substance administration. For most purposes,
anesthetics should not be used; however, if the test substanceislikely to cause significant
pain, local anesthetics may be used before instillation of the test substance for humane
reasons. In such cases, anesthetics should be used only once, just before instillation of
the test substance; the eye used as the control in each rabbit should also be anesthetized.
The test substance is placed in one eye of each animal by gently pulling the lower lid
away from the globe (conjunctival cul-de-sac) to form a cup into which the test substance
isdropped. Thelids are then gently held together for 1 second and the animal is released.
The other eye, remaining untreated, serves as a control. Vehicle controls are not included.
If a vehicle is suspected of causing irritation, additional studies should be conducted
using the vehicle as the test substance. For testing liquids, 0.1 ml is used. For solid,
paste, or particulate substances (flake, granule, powder, or other particulate form), the
amount used must have a volume of 0.1 ml, or a weight of not more than 100 mg. For
aerosol products, the eye should be held open and the substance administered in asingle,
short burst for about 1 second at a distance of about 4 inches directly in front of the eye.
The dose should be approximated by weighing the aerosol can before and after each
treatment for liquids. After the 24-hour examination, the eyes may be washed, if desired.
Tap water or isotonic saline solution of sodium chloride (USP or equivalent) should be
used for all washings.

3. Observations. The eyes should be examined 24, 48, and 72 hours after treatment. At the
option of the investigator, the eyes may also be examined at 1 hour and at 7, 14, and 21
days. In addition to the required observations of the cornea, iris, and conjunctivae, serious
lesions such as pannus, phlyctena, and rupture of the globe should be reported. The
grades of ocular reaction (see Section 4.B) must be recorded at each examination.
Evaluation of reactions can be facilitated by using a binocular loupe, hand dlit lamp, or
other appropriate means. After the recording of observations at 24 hours, the eyes of any
or al rabbits may be examined further after applying fluorescein stain. An animal has
exhibited a positive reaction if the test substance has produced one or more of the
following signs at any observation:
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a. Ulceration of the cornea (other than a fine stippling).

b. Inflammation of the iris (other than slight deepening of the rugae or light hyperemia
of the circumcorneal blood vessels).

c. An obvious swelling in the conjunctivae (excluding the cornea and iris) with partial
eversion of the eyelids or a diffuse crimson color with individual vessels not easily
discernible.

4. Evaluation. The test result is considered positive if four or more animals in either test
group exhibit a positive reaction. If only one animal exhibits a positive reaction, the test
result is regarded as negative. If two or three animals exhibit a positive reaction, the
investigator may designate the substance an irritant. When two or three animals exhibit
a positive reaction and the investigator does not designate the substance an irritant, the
test shall be repeated with a different group of six animals. The second test result is
considered positive if three or more of the animals exhibit a positive reaction. Opacity
grades 2—4 and/or perforation of the cornea are considered to be corrosive effects or
when opacities persist to 21 days. If only one or two animals in the second test exhibit
a positive reaction, the test should be repeated with a different group of six animals.
When a third test is needed, the substance will be regarded as an irritant if any animal
exhibits a positive response.

c. Data Reporting

1. Identification. Each test report should be signed by the persons responsible for the test,
identify the laboratory where the test was performed by name and address, and give
inclusive dates of the test.

2. Body of report. The test report must include all information necessary to provide a
complete and accurate description and evaluation of the test procedures and results in
the following sections:

a. Summary and conclusions.

b. Materials, including the identification of the test substance (chemical name, molecular
structure, and a qualitative and quantitative determination of its chemical composi-
tion), manufacturer and lot number of the substance tested, and specific identification
of diluents, suspending agents, emulsifiers, or other materials used in administering
the test substance. Specific animal data are to be included in the report. This includes
species and strain, source of supply of the animals, description of any pretest accli-
mation, and number, age, and condition of animals of each sex in each test group.

¢. Methods, such as deviation from guidelines, specifications of test methods, data on
dosage administration, and data on observation methods.

d. Results, such as tabulation of individual animal data must accompany each report in
sufficient detail to permit independent evaluation of results, including summaries and
tables that show relation of effects to time of dosing, etc.

2. OECD Guidelines

The Organization for Economic Cooperation and Development (OECD) Guideline for “Acute Eye
Irritation/Corrosion,” No. 405 (Adopted: 24 February 1987).23

a. Introductory Information
i Prerequisites
 Solid or liquid test substance
» Chemical identification of test substance
* Purity (impurities) of test substance
* Solubility characteristics
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« pH and buffer capacity (where appropriate)
« Meélting point/boiling point

ii. Standard Document
There are no relevant international standards.

b. Method
i. Introduction, Purpose, Scope, Relevance Application and Limits of Test
In the assessment and evaluation of the toxic characteristics of a substance, determination of the
irritant and/or corrosive effects on eyes of mammalsis animportant initial step. Information derived
from this test serves to indicate the possible existence of hazards likely to arise from exposure of
the eyes and associated mucous membranes to the test substance.
ii. Definitions
Eyeirritation is the production of reversible changes in the eye after the application of atest
substance to the anterior surface of the eye.
Eye corrosion is the production of irreversible tissue damage in the eye after application of
a test substance to the anterior surface of the eye.

iii.  Principle of the Test Method
The substance to be tested is applied in a single dose to one of the eyes in each of severa
experimental animals; the untreated eye is used to provide control information. The degree of
irritation/corrosion is evaluated and scored at specific intervals and is further described to provide
a complete evaluation of the effects. The duration of the study should be sufficient to evaluate fully
the reversibility or irreversibility of the effects observed.

Animals showing severe and enduring signs of distress and pain may need to be humanely killed.

iv.  Initial Considerations

All the available information on a substance must be considered carefully to minimize the testing
of substances under conditionsthat arelikely to produce severereactions. Thefollowing information
may be useful in this regard.

1. Physical-chemical properties and chemical reactivity. Strongly acidic or akaline sub-
stances, for example, which can be expected to result in a pH in the eye of 2 or less, or
11.5 or greater, need not be tested because of their probable corrosive properties. Buffer
capacity also should be considered.

2. Results from skin irritation studies. Materials that have demonstrated definite corrosive
or severe skin irritancy in a dermal study need not be tested further for eye irritancy,
presuming that such substances will produce similarly severe effects on the eyes.

3. Resultsfromwell-validated alternative studies. Materials that have demonstrated poten-
tial corrosive or severe irritancy need not be tested further for eye irritation, presuming
that such substances will produce similarly severe effects on the eyes in a test using
this guideline.

c. Description of the Test Procedure

i Preparations

Both eyes of each experimental animal provisionally selected for testing should be examined within
24 hours before testing starts. Animals showing eye irritation, ocular defects, or preexisting corneal
injury should not be used.

ii.  Experimental Animals
Selection of Species. A variety of experimental animals have been used, but it isrecommended
that testing should be performed using healthy adult albino rabbits.
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A Sngle-Animal Test. A single-animal test should be considered if marked effects are antic-
ipated. If the results of thistest in one rabbit suggest that the substance is severely irritant
(reversible effect) or corrosive (irreversible effect) to the eye using the procedure described,
further testing for ocular irritancy in subsequent animals may not need to be conducted.
Occasionally, further testing in additional animals may be appropriate to investigate spe-
cific aspects.

Number of Animals. In cases other than a single-animal test, at least three animals should be
used. Additional animals may be required to clarify equivocal responses.

Housing and Feeding Conditions. Animals should be housed individually. The room temper-
atures for experimental animals should be 22°C (x3°C) for rodents and 20°C (£3°C) for
rabbits; the relative humidity should be 30 to 70%. Where the lighting is artificial, the
sequence should be 12 h light/12 h dark. Conventional laboratory diets are suitable for
feeding, and an unrestricted supply of drinking water should be available.

iii. — Test Conditions
Dose Level

1. Testing of Solids and Liquids. For testing liquids, a dose of 0.1 ml is used. Pump sprays
should not be used, but the liquid should be expelled instead and 0.1 ml collected and
instilled in the eye as described for liquids. In testing solids, pastes, and particulate
substances, the amount used should have a volume of 0.1 ml, or a weight of not more
than 100 mg (the weight must always be recorded). If the test material is solid or granular
it should be ground to a fine dust. The volume of particulates should be measured after
gently compacting them, e.g., by tapping the measuring container.
Testing of Aerosols. To test a substance contained in a pressurized aerosol container, the
eye should be held open and the test substance administered in a single burst of about
1 second from a distance of 10 cm directly in front of the eye. Care should be taken not
to damage the eye. In appropriate cases, aerosols may be tested in the manner already
described for pump sprays.

An estimate of the dose may be made by simulating the test as follows: the substance
is sprayed through a window, the size of arabbit eye, placed directly before a weighing
paper. Theweight increase of the weighing paper is considered to approximate the amount
sprayed into arabbit eye. For volatile substances the dose may be estimated by weighing
the container before and after use.

2. Observation Period. The duration of the observation period should not be fixed rigidly
but should be sufficient to evaluate fully the reversibility or irreversibility of the effects
observed. It usually should not exceed 21 days after ingtillation.

d. Procedure

i. Application

The test substance should be placed in the conjunctival sac of one eye of each animal after gently
pulling the lower lid away from the eyeball. The lids are then gently held together for about 1
second to prevent loss of the material. The other eye, which remains untreated, serves as a control.

ii. Local Anesthetics

If it is thought that the substance might cause unreasonable pain, a local anesthetic may be used
before ingtillation of the test substance. The type and concentration of the local anesthetic should
be selected carefully to ensure that no significant differences in reaction to the test substance will
result from its use. The control eye should be similarly anesthetized.

iii. — lIrrigation

The eyes of the test animals should not be washed out for 24 hours after instillation of the test
substance. At 24 hours a washout may be used if considered appropriate.
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For some substances shown to be irritating by this test, additional tests using rabbits with eyes
washed soon after instillation of the substance may be indicated. In these cases it is recommended
that three rabbits be used. Half a minute after instillation the eyes of the rabbits are washed for
half a minute using a volume and velocity of flow that will not cause injury.

iv.  Clinical Observations and Scoring

The eyes should be examined at 1, 24, 48, and 72 hours. If there is no evidence of irritation at 72
hours the study may be ended. Extended observation may be necessary if there is persistent corneal
involvement or other ocular irritation to determine the progress of the lesions and their reversibility
or irreversibility. In addition to the observations of the conjunctivae, cornea, iris, and any other
lesions which are noted should be recorded and reported. The grades of ocular reaction (see Section
4.B) should be recorded at each examination.

Examination of reactions can be facilitated by use of a binocular loupe, hand dlit lamp,
biomicroscope, or other suitable devices. After recording the observations at 24 hours, the eyes of
any or al rabbits may be examined further using fluorescein.

The grading of ocular responses is subject to various interpretations. To promote harmonization
and to assist testing laboratories and those involved in making and interpreting the observations,
an illustrated guide in grading eye irritation should be used.

e. Data and Reporting

i Treatment of Results

Data may be summarized in tabular form, showing for each individual animal the irritation scores
at the designated observation time, a description of the degree and nature of irritation, the presence
of serious lesions, and any effects other than ocular that were observed.

ii. Evaluation of the Results

The ocular irritation scores should be evaluated in conjunction with the nature and reversibility or
otherwise of the responses observed. The individual scores do not represent an absolute standard
for the irritant properties of a material. They should be viewed as reference values and are only
meaningful when supported by a full description and evaluation of the observations.

iii.  Test Reports
The test report should include the following information:

e Specied/strain used

« Physical nature and, where applicable, concentration and pH value for the test substance

 Tabulation of irritant/corrosive response data for each animal at each observation time
(e.g., 1, 24, 48, and 72 hours)

« Description of any serious lesions observed

* Narrative describing the degree and nature of irritation or corrosion observed

« Description of the method used to score the irritation at 1, 24, 48, and 72 hours (e.g.,
hand dlit lamp, biomicroscope, fluorescein); and

 Description of any nonocular topical effects noted.

iv.  Interpretation of the Results
Extrapolation of the results of eye irritation studies in animals to man is valid only to a limited
degree. The albino rabbit is more sensitive than man to ocular irritants or corrosives in most cases.
Similar results in tests on other animal species can give more weight to extrapolation from animal
studies to man.

Care should be taken in the interpretation of datato exclude irritation resulting from secondary
infection.
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3. OPPTS 870.2400 Acute Eye Irritation

The Office of Prevention, Pesticides and Toxic Substances (OPPTS) developed this guideline
through a process of harmonization that blended the testing guidance and requirements of the Office
of Pollution Prevention and Toxics (OPPT), the Office of Pesticide Programs (OPP), and the
Organization for Economic Cooperation and Development (OECD).

a. Scope

1. Applicability. This guideline is intended to meet testing requirements of both the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA) (7 USC 136, et seq.) and the U.S.
Environmental Protection Agency under the Toxic Substances Control Act (15 USC 2601).

2. Background. The source materials used in developing this harmonized OPPTS test
guideline are OPPTS 798.4500 Primary Eye Irritation; OPP 81-4 Acute Eye Irritation
— Rabbit (Pesticide Assessment Guidelines, Subdivision F — Hazard Evaluation;
Human and Domestic Animals); EPA report 540/09-82-025, 1982; and OECD 405 Acute
Eye Irritation/Corrosion.

b. Purpose

1. Inthe assessment and evaluation of the toxic characteristics of a substance, determination
of the irritant and/or corrosion effects on eyes of mammals is an important initial step.
Information derived from this test serves to indicate the existence of possible hazards
likely to arise from exposure of the eyes and associated mucous membranes to the test
substance.

2. Dataon primary eyeirritation are required by 40 CFR 158.340 to support the registration
of each manufacturing-use product and end-use product. (See §158.50 to determine
whether these data must be submitted and which purity/grade of the test substance should
be tested.)

c. Definitions
Thedefinitionsin section 3 of TSCA and in 40 CFR Part 792 — Good L aboratory Practice Standards
(GLP) apply to this test guideline. The following definitions also apply to this guideline.
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Eye corrosion is the production of irreversible tissue damage in the eye following application
of atest substance to the anterior surface of the eye.

Eye irritation is the production of reversible changes in the eye following the application of
a test substance to the anterior surface of the eye.

d. Principle of the Test Method

The substance to be tested is applied in a single dose to one of the eyes in each of severa
experimental animals; the untreated eye is used to provide control information. The degree of
irritation/corrosion is evaluated and scored at specified intervals and is fully described to provide
a complete evaluation of the effects. The duration of the study should be sufficient to permit a full
evaluation of the reversibility or irreversibility of the effects observed. The period of observation
should be at least 72 h, but need not exceed 21 days. Animals showing severe and enduring signs
of distress and pain may need to be killed in a humane fashion.

e. Initial considerations

1. Strongly acidic or alkaline substances, for example, with a demonstrated pH of 2 or less
or 11.5 or greater, need not be tested owing to their predictable corrosive properties. Buffer
capacity should be taken into account.

2. Materiasthat have demonstrated definite corrosion or severeirritation in a dermal study
need not be further tested for eye irritation. It may be presumed that such substances
will produce similarly severe effects in the eyes.

3. Results from well-validated and accepted in vitro test systems may serve to identify
corrosives or irritants such that the test material need not be tested in vivo.

f.  Test procedures

1. Animal selection

a. Joecies and strain. A variety of experimental animals have been used, but it is
recommended that testing should be performed using healthy adult albino rabbits.
Commonly used laboratory strains should be used. If another mammalian species is
used, the tester should provide justification/reasoning for its selection.

b. Number of animals. A single animal should be considered if marked effects are
anticipated. If the results of this test in one animal suggest the test substance to be a
severe irritant (reversible effect) or corrosive (irreversible effect) to the eye using the
procedure described, further tests may not need to be performed. In cases other than
asingle animal test, at |east three animals should be used. Occasionally, further testing
in additional animals may be appropriate to clarify equivocal responses.

2. Doselevel. For testing liquids, a dose of 0.1 ml isrecommended. In testing solids, pastes,
and particulate substances, the amount used should have avolume of 0.1 ml, or aweight
of not more than 100 mg (the weight must always be recorded). If the test material is
solid or granular, it should be ground to a fine dust. The volume of particulates should
be measured after gently compacting them (e.g., by tapping the measuring container).
To test a substance contained in a pressurized aerosol container, the eye should be held
open and the test substance administered in a single burst of about 1 s duration from a
distance of 10 cm directly in front of the eye. The dose may be estimated by weighing
the container before and after use. Care should be taken not to damage the eye. Pump
sprays should not be used, but instead the liquid should be expelled and 0.1 ml collected
and instilled into the eye as described for liquids. For volatile substances, the dose may
be estimated by weighing the container before and after use.

3. Examination of eyes prior to test. Both eyes of each experimental animal provisionally
selected for testing should be examined within 24 h before testing starts by the same
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procedure to be used during the test examination. Animals showing eye irritation, ocular

defects, or preexisting corneal injury should not be used.

4. Application of test substance
a. The test substance should be placed in the conjunctival sac of the eye of each animal

after gently pulling the lower lid away from the eyeball. The lids are then gently held
together for about 1 s to limit loss of the material. The other eye, which remains
untreated, serves as a contral. If it is thought that the substance may cause extreme
pain, local anesthetic may be used prior to instillation of the test substance. The type
and concentration of the local anesthetic should be carefully selected to ensure that
no significant differences in reaction to the test substance will result from its use. The
control eye should be similarly anesthetized.

b. The eyes of the test animals should not be washed out for 24 h following instillation
of the test substance. At 24 h, a washout may be used if considered appropriate. This
is to show whether washing with water palliates or exacerbates irritation.

c. For some substances shown to beirritating by thistest, additional testing using animals
with eyes washed soon after instillation of the substance may be indicated. Half a
minute after instillation, the eyes of the animals are washed with water for 30 s, using
a volume and velocity of flow that will not cause injury.

5. Observation period. The duration of the observation period is at least 72 h, and should
not be fixed rigidly, but should be sufficient to evaluate fully the reversibility or irrevers-
ibility of the effects observed. The observation period normally need not exceed 21 days
after ingtillation.

6. Clinical examination and scoring
a. Theeyesshould be examined at 1, 24, 48, and 72 h. If there is no evidence of irritation

at 72 h, the study may be ended. Extended observation (e.g., at 7 and 21 days) may
be necessary if there is persistent corneal involvement or other ocular irritation to
determine the progress of the lesions and their reversibility or irreversibility. In
addition to the observations of the cornes, iris, and conjunctivae, any other lesions
that are noted should be recorded and reported. The grades for ocular reactions (using
the grading system in Section 4.B) should be recorded at each examination.

b. Examination of reactions can be facilitated by use of a binocular loupe, hand slit-
lamp, biomicroscope, or other suitable device. After recording the observations at
24 h, the eyes of any or all rabbits may be further examined with the aid of
fluorescein.

c. The grading of ocular responses is subject to various interpretations. To promote har-
monization and to assist testing laboratories and those involved in making and inter-
preting the observations, an illustrated guide in grading eye irritation should be used.

g. Data and reporting

1. Data summary. Data should be summarized in tabular form, showing for each individual
animal the irritation scores at observation time up until reversal (nonpositive grades) or
21 days, when the test is concluded; a description of the degree and nature of irritation,
the presence of serious lesions, and any effects other than ocular that were observed
should be provided.

2. Evaluation of the results. The ocular irritation scores should be evaluated in conjunction
with the nature and reversibility or otherwise of the responses observed. The individual
scores do not represent an absolute standard for the irritant properties of a material. They
should be viewed as reference values and are only meaningful when supported by afull
description and evaluation of the observations.
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3. Test report. In addition to the reporting requirements as specified under 40 CFR part
792, subpart J, the following specific information should be reported:

a. Species, strain, sex, age, and source of test animal;

b. Rationale for selection of species (if species is other than the species preferred);

c. Tabulation of irritant/corrosive response data for each individual animal at each
observation time point (e.g., 1, 24, 48, and 72 h until reversibility of lesions or
termination of the test);

d. Description of any lesions observed;

Narrative description of the degree and nature of irritation or corrosion observed;

Description of the method used to score the irritation at 1, 24, 48, and 72 h (e.g.,

hand dlip-lamp, biomicroscope, fluorescein stain);

g. Description of any nonocular effects noted;

h. Description of any pretest conditioning, including diet, quarantine, and treatment
of disease;

i. Description of caging conditions including number (and any change in number) of
animals per cage, bedding material, ambient temperature and humidity, photoperiod,
and identification of diet of test animals;

j. Manufacture, source, purity, and lot number of test substance;

k. Physical nature and, where appropriate, concentration and pH value for the test
substance;

I. Identification, composition, and characteristics of any vehicles (e.g., diluents, sus-
pending agents, emulsifiers, and anesthetics) or other materials used in administering
the test substance;

m. A list of references cited in the body of the report, i.e., references to any published
literature used in developing the test protocol, performing the testing, making and
interpreting observations, and compiling and evaluating the results.

™o
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SECTION 4. OCULAR SCORING CRITERIA

A. ScALE OF WEIGHTED SCORES FOR GRADING THE SEVERITY OF OCULAR LESIONS
DeveLoPED BY DRAIZE ET AL.

In 1944, Draize et al.?* described an eye irritancy grading system for evaluating drugs and other
materials intended for use in or around the eye. Numerical scores were assigned for reactions of
corneg, iris, and conjunctivae. The total ocular irritation score was calculated by a formula that
gave the greatest weight to corneal changes (total maximum = 80). A total maximum score = 10
for theiris, and 20 for the conjunctiva.

1. Cornea
A. Opacity-Degree of Density (area which is most dense is taken for reading)
Scattered or diffuse area — details of iris clearly visible........ccccoeveieiiicicies 1
Easily discernible translucent areas, details of iris clearly visible.........ccccovvvrrnenee, 2
Opalescent areas, no details of iris visible, size of pupil barely discernible.............. 3
OpaqUE, IS TMVISIDIE .c.eiieccce e snen 4
B. Area of Cornea Involved
One quarter (Or 1€SS) bUt NOt ZEXO.......cccvieeireie e see et snens 1
Greater than one quarter — lessthan one half ... 2
Greater than one half — less than three quarters ..........cccevevevccecececccnececeses 3
Greater than three quarters — up to Whole area..........cccecevveveeveceeceseceee e 4
Score equalsA x B x 5 Total maximum = 80
2. Iris
A. Vaues

Folds above normal, congestion, swelling, circumcorneal injection (any one or all of
these or combination of any thereof), iris still reacting to light (sluggish reaction is

101 1A= S 1
No reaction to light, hemorrhage; gross destruction (any one or all of these) .......... 2
Score equals A x 5 Total possible maximum = 10

3. Conjunctivae
A. Redness (refers to palpebral conjunctivae only)

Vessels definitely injected above NOrMal ... 1
More diffuse, deeper crimson red, individual vessels not easily discernible............. 2
DiIffuSe DEEY F0......ceeiiieeceiiire e s aens 3
B. Chemosis
Any swelling above normal (includes nictitating membrane) ..........cccccecevevevecvenenne. 1
Obvious swelling with partial eversion of the lids.........c.ccoovevveenini v 2
Swelling with lids about half closed .........ccceceieiecicr e 3
Swelling with lids about half closed to completely closed........c.ccooevvveveveviciceenen, 4
C. Discharge
Any amount different from normal (does not include small amounts observed in inner
canthus of NOrMal @NIMEIS).......ccceiiieierceee e e e eneas 1
Discharge with moistening of the lids and hairs just adjacent to the lids.................. 2
Discharge with moistening of the lids and considerable area around the eye........... 3
Score(A+B+C)x2 Total maximum = 20

Note: The maximum total score is the sum of all scores obtained for the cornea, iris, and
conjunctivae.
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B. GRADES FOR OCULAR LESIONS

The following standardized grading system is used in testing guidelines of several U.S. federa
agencies (Consumer Product Safety Commission, Occupational Safety and Health Administration,
Food and Drug Administration, Environmental Protection Agency, and Food Safety and Quality
Service of the Department of Agriculture) and the Organization for Economic Cooperation and
Development (OECD) member countries.

Cornea

Opacity: degree of density (area most dense taken for reading)

N[ORV o= = o g [0 go o - ox 1 Y20 0
Scattered or diffuse areas of opacity (other than slight dulling of normal luster,

details of iris clearly VISIDIE) .....c.coveeeiccc s 12
Easily discernible translucent areas, details of iris dightly obscured..........ccccvcuvnenee. 2
Nacreous areas, no details of iris visible, size of pupil barely discernible.................... 3
Opaque corneg, iris not discernible through the opacity .........ccoceeevevevcvevecciceeceees 4

Iris

[N LT 0= OSSPSR 0

Markedly deepened rugae, congestion, swelling, moderate circumcorneal hyperemia, or
injection, any of these or any combination thereof, iris still reacting to light (sluggish
FEACLION §S POSITIVE) ....cuevieeetiieeiriet ettt 12

No reaction to light, hemorrhage, gross destruction (any or all of these) .................... 2

Conjunctivae

Redness (refers to palpebral and bulbar conjunctivae excluding cornea and iris)

Bl0Od VESSEIS NOMIE .....ceeieeieiie ettt st e e eneeneene s nns 0
Some blood vessels definitely hyperemic (injected) ..o 1
Diffuse, crimson color, individual vessels not easily discernible..........ccocoeeveveevennene 22
DiffuSe DEEFY TEA......eeeeeeeee e 3
Chemosis: lids and/or nictitating membranes

NO SWEITING -ttt et e ettt et ae b eae e 0
Any swelling above normal (includes nictitating membranes)...........c.ccocevereeereeieeenne. 1
Obvious swelling with partial eversion of lids..........ccocviiiriinininene e 22
Swelling with lids about half ClOSEd ..o 3
Swelling with lids more than half closed............cooiiiinn e 4

aReadings at these numerical values or greater indicate positive responses.

C. REePRESENTATIVE ILLUSTRATIONS OF DRAIZE EYE IRRITATION SCORES

Color Figures 4.1 through 4.6* are intended to illustrate the subjective grades for corneal, conjunc-
tival, and iridial manifestations of ocular irritation. Each plate is reproduced directly from the
Consumer Product Safety Commission’s Illustrated Guide for Grading Eye Irritation Caused by
Hazardous Substances (CPSC, 1972). Color figures are grouped together in a separate section.

* Color Figures follow page 232.
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D. ScoriNG CRITERIA FOR OcULAR EFrecTs OBSERVED IN SLIT LAMP MICROSCOPY

Location of Observations Grades

Corneal Observations
Intensity
Only epithelia edema (with only slight stromal edema or without stromal edema)
Corneal thickness 1.5 x normal
Corneal thickness 2 x normal
Cornea entirely opaque so that corneal thickness cannot be determined
Areainvolved
< 25% of total corneal surface
> 25% but < 50%
> 50% but < 75%
> 75%
Fluorescein staining
< 25% of total corneal surface
> 25% but < 50%
> 50% but < 75%
> 75%
Neovascularization and pigment migration
< 25% of total corneal surface
> 25% but < 50%
> 50% but < 75%
> 75%
Perforation
Maximal corneal score 20

A WDN P A WN P A WN P

A DA WDNPR

Iridal Observations
Iritis is quantitated by the cells and flare in the anterior chamber, iris, hyperemia, and
capillary light reflex
Cells in agueous chamber
A few 1
A moderate number
Many 3
Aqueous flare (Tyndall effect)
Slight 1
Moderate 2
Marked 3
Iris hyperemia
Slight 1
Moderate 2
Marked 3
Pupillary reflex
Sluggish 1
Absent 2
Maximal iridal score 11

Conjunctival Observations
Hyperemia
Slight 1
Moderate
Marked 3
Chemosis
Slight 1

N

Copyright © 2002 by Taylor & Francis



Location of Observations Grades

Moderate 2

Marked 3
Fluorescein staining

Slight 1

Moderate 2

Marked 3
Ulceration

Slight 1

Moderate 2

Marked 3
Scarring

Slight 1

Moderate 2

Marked 3
Maximal conjunctival score 15

From Chan, P-K. and Hayes, A.W., in Toxicology of the Eye, Ear, and Other Special Senses, Hayes,
A.W,, Ed., Raven Press, New York, 1985. With permission.

E. OcuULAR SCORING SYSTEM FOR RABBITS BASED ON SLIT LAMP EXAMINATION

From Dermatotoxicology, 4th ed., pp. 780-785, Marzulli, FN. and Maibach, H.1., Eds., Hemisphere,
New York, 1991. Reproduced with permission. All rights reserved.?

1. Conjunctiva

Conjunctival changes can be divided clinically into congestion, swelling (chemosis), and discharge.
Generally, the sequence of events for these changes is congestion, discharge, and swelling.

a. Conjunctival Congestion
0 = Normal. May seem blanched to reddish pink without perilimbal injection (except at 12

and 6 o'clock positions) with vessels of the palpebral and bulbar conjunctivee easily
observed.

+1 = A flushed, reddish color predominantly confined to the palpebral conjunctiva with some
perilimbal injection but primarily confined to the lower and upper parts of the eye from
the 4, 7, 11, and 1 o'clock positions.

+2 = Bright red color of the palpebral conjunctiva with accompanying perilimbal injection
covering at least 75% of the circumference of the perilimbal region.

+3 = Dark, beefy red color with congestion of both the bulbar and the palpebral conjunctivae
along with pronounced perilimbal injection and the presence of petechiaon the conjunctiva.
The petechiae generally predominate along the nictitating membrane and the upper palpe-
bral conjunctiva.

b. Conjunctival Swelling
There are five divisions from 0 to +4.
0 = Normal or no swelling of the conjunctival tissue.
+1 = Swelling above normal without eversion of the lids (can be ascertained easily by noting
that the upper and lower eydlids are positioned as in the normal eye); swelling generally
startsin the lower cul-de-sac near the inner canthus, which requires slit lamp examination.
+2 = Swelling with misalignment of the normal approximation of the lower and upper eyelids;
primarily confined to the upper eyelid so that in the initial stages the misapproximation
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of the eyelids begins by partial eversion of the upper eyelid. In this stage, swelling is
confined generally to the upper eydlid, although it exists in the lower cul-de-sac (observed
best with the dit lamp).

+3 = Swelling definite with partial eversion of the upper and lower eyelids essentially
equivalent. This can be easily ascertained by looking at the animal head-on and noticing
the positioning of the eydlids; if the eye margins do not meet, eversion has occurred.

+4 = Eversion of the upper eyelid is pronounced with less pronounced eversion of the lower
eyelid. It is difficult to retract the lids and observe the perilimbal region.

c. Conjunctival Discharge

Discharge is defined as a whitish-gray precipitate, which should not be confused with the small
amount of clear, inspissated, mucoid material that can be formed in the medial canthus of a
substantial number of rabbit eyes. This material can be removed with a cotton swab before the
animals are used.

0 = Normal. No discharge.

+1 = Discharge above normal and present on the inner portion of the eye but not on the lids
or hairs of the eyelids. The small amount that is in the inner and outer canthus can be
ignored if it has not been removed before starting the study.

+2 = Discharge is abundant, easily observed, and has collected on the lids and around the
hairs of the eyelids.

+3 = Discharge has been flowing over the eyelids, wetting the hairs substantially on the skin
around the eye.

d. Aqueous Flare

Theintensity of the Tyndall phenomenon is scored by comparing the normal Tyndall effect observed
when the slit lamp beam passes through the lens with that seen in the anterior chamber. The presence
of agueous flare is presumptive evidence of breakdown of the blood-aqueous barrier

0 = Absence of visible light beam in the anterior chamber (no Tyndall effect).
+1 = The Tyndall effect is barely discernible. The intensity of the light beam in the anterior
chamber is less than the intensity of the dlit beam as it passes through the lens.
+2 = The Tyndall beam in the anterior chamber is easily discernible and is equal in intensity
to the dlit beam as it passes through the lens.
+3 = The Tyndall beam in the anterior chamber is easily discernible; its intensity is greater
than the intensity of the dit beam as it passes through the lens.

2. Light Reflex

The pupillary diameter of theirisis controlled by the radial and sphincter muscles. Contraction of
the radial muscle due to adrenergic stimulation results in mydriasis, whereas contraction of the
sphincter muscle due to cholinergic stimulation results in miosis. Because an ophthalmic drug can
exert potential effects on these neural pathways, it is important to assess the light reflex of an
animal as part of the ophthalmic examination. Using full illumination with the dlit lamp, the
following scale is used:

0 = Normal pupillary response.

1 = Sluggish pupillary response.
2 = Maximally impaired (i.e., fixed) pupillary response.
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3. lIris Involvement

In the following definitions the primary, secondary, and tertiary vessels are used as an aid to
determine a subjective ocular score for iris involvement. The assumption is made that the greater
the hyperemia of the vessels and the more the secondary and tertiary vessels are involved, the
greater the intensity of iris involvement. The scores range from 0 to +4.

0 = Normal iris without any hyperemia of the iris vessels. Occasionally around the 12 to 1
o'clock position near the pupillary border and the 6 and 7 o'clock position near the
pupillary border there is a small area around 1 to 3 mm in diameter in which both the
secondary and tertiary vessels are dlightly hyperemic.

+1 = Minimal injection of secondary vessels but not tertiary. Generally, it is uniform, but
may be of greater intensity at the 1 or 6 o’clock position. If it is confined to the 1 or 6
o' clock position, the tertiary vessels must be substantially hyperemic.

+2 = Minimal injection of tertiary vessels and minimal to moderate injection of the secondary
vessels.

+3 = Moderate injection of the secondary and tertiary vessels with dight swelling of the iris
stroma. This gives the iris surface a dightly rugose appearance, which is usualy most
prominent near the 3 and 9 o’clock positions.

+4 = Marked injection of the secondary and tertiary vessels with marked swelling of the iris
stroma. The iris seems rugose; may be accompanied by hemorrhage (hyphema) in the
anterior chamber.

4. Cornea

The scoring scheme measures the severity of corneal cloudiness and the area of the corneainvolved.
Severity of corneal cloudinessis graded as follows:

0 = Normal cornea. Appears with the slit lamp adjusted to a narrow slit image as having a
bright gray line on the epithelial surface and a bright gray line on the endothelial surface
with a marble-like gray appearance of the stroma.

+1 = Some loss of transparency. Only the anterior half of the stromaisinvolved as observed
with an optical section of the slit lamp. The underlying structures are clearly visible with
diffuse illumination, although some cloudiness can be readily apparent with diffuse illu-
mination.

+2 = Moderate loss of transparency. In addition to involving the anterior stroma, the cloud-
iness extends all the way to the endothelium. The stroma has lost its marble-like appear-
ance and is homogeneously white. With diffuse illumination, underlying structures are
clearly visible.

+3 = Involvement of the entire thickness of the stroma. With optical section, the endothelial
surface is still visible. However, with diffuse illumination the underlying structures are
just barely visible (to the extent that the observer is till able to grade flare and iritis,
observe for pupillary response, and note lenticular changes).

+4 = Involvement of the entire thickness of the stroma. With the optical section, cannot clearly
visualize the endothelium. With diffuse illumination, the underlying structures cannot be
seen. Cloudiness removes the capability for judging and grading flare, iritis, lenticular
changes, and pupillary response.

The surface area of the cornea relative to the area of cloudiness is divided into five grades from O
to +4.
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0 = Normal cornea with no area of cloudiness.
+1 = 1 to 25% area of stromal cloudiness.
+2 = 25 to 50% area of stromal cloudiness.
+3 = 51 to 75% area of stromal cloudiness.
+4 = 76 to 100% area of stromal cloudiness.

Pannus is vascularization or the penetration of new blood vessels into the corneal stroma. The
vessels are derived from the limbal vascular loops. Pannus is divided into three grades.

0 = No pannus.
+1 = Vascularization is present but vessels have not invaded the entire corneal circumference.
Where localized vessel invasion has occurred, vessels have not penetrated beyond 2 mm.
+2 = Vessels have invaded 2 mm or more around the entire corneal circumference.

The use of fluorescein is avaluable aid in defining epithelial damage. For fluorescein staining, the
area can be judged on a 0 to +4 scale.

0 = Absence of fluorescein staining.

+1 = Slight fluorescein staining confined to a small focus. With diffuse illumination the
underlying structures are easily visible. (The outline of the pupillary margin is as if there
were no fluorescein staining).

+2 = Moderate fluorescein staining confined to a small focus. With diffuse illumination the
underlying structures are clearly visible, although there is some loss of detail.

+3 = Marked fluorescein staining. Staining may involve alarger portion of the cornea. With
diffuse illumination, underlying structures are barely visible but are not completely
obliterated.

+4 = Extreme fluorescein staining. With diffuse illumination, the underlying structures cannot
be observed.

Interpretation is facilitated by rinsing the eye with an isotonic irrigating solution to remove
excess and nonabsorbed fluorescein.

Slit lamps are equipped with cobalt blue filters, which can be placed in front of the light from
the dlit illuminator to excite fluorescence of the fluorescein. Photographs using fluorescein staining
require the use of this filter, and fluorescence will be enhanced by a yellow filter placed in front
of the objectives of the corneal microscope.

5. Lens

The crystalline lensis readily observed with the aid of the slit lamp biomicroscope, and the location
of lenticular opacity can be discerned readily by direct and retroillumination. The location of
lenticular opacities can be divided arbitrarily into the following lenticular regions beginning with
the anterior capsule: anterior capsular, anterior subcapsular, anterior cortical, posterior cortical,
posterior subcapsular, posterior capsular. The lens should be evaluated routinely during ocular
evaluations and graded as either N (normal) or A (abnormal). The presence of lenticular opacities
should be described and the location noted as defined above.

SECTION 5. CLASSIFICATION SCHEMES
A. CLASSIFICATION OF CoMPOUNDS BASED ON EYE IRRITATION PROPERTIES

This classification scheme developed by Kay and Calandra?” utilizes the Draize scoring system to
rate the irritating potential of substances.
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1. Step 1

Using the Draize eye irritation scoring system, find the maximum mean total score for all three
tissues (cornea, iris, and conjunctivae) occurring within the first 96 h after instillation for which
the incidence of this score plus or minus 5 points is at least 40%.

2. Step 2

Choose an initial or “tentative rating” on the basis of the score found in Step 1 as follows:

Score from Step 1 Tentative Eye Irritation Rating  Symbol

0.0-0.5 points Nonirritating N
0.5-2.5 points Practically nonirritating PN
2.5-15 points Minimally irritating M,
15-25 points Mildly irritating M,
25-50 points Moderately irritating M,
50-80 points Severely irritating S
80-100 points Extremely irritating E
100-110 points Maximally irritating M,

For borderline scores, choose the higher rating

3. Step 3
Tentative Rating Requirement for Maintenance
N MTS,, = 0; for MTS,, >0, raise one level
PN Asfor N
M, MTS, = 0; for MTS,4 >0, raise one level
M, MTSy = O; for MTSy >0, raise one level
M, 1. MTS < 20; for MTS; >20, raise one level

2. ITS = 10 (60%); if not true then no rabbit may show ITS; 30; otherwise raise one level
1. Asfor M, except use MTS; <40
2. Asfor M, except use ITS; <30 (60%) and 60 for high
E 1. Asfor M; except use MTS; <80
2. Asfor M, except use ITS; <60 (60%) and 100 for high
1. MTS >80 (60%); for MTS; <80, lower one level
2. ITS >60 (60%); otherwise lower one level

My

Symbols: MTS = mean total score; ITS = individual rabbit total score. Subscripts denote scoring interval: 24, 48,
or 96 hr; f = final score (7 days).

Two requirements must be met before a tentative rating may become fina. First, the mean total
scorefor the 7-day scoring interval may not exceed 20 pointsif the rating isto be maintained. Second,
individual total scores for at least 60% of the rabbits should be 10 points or less and in no case may
any individual rabbit’s total score exceed 30. If either or both of these requirements are not met, then
the “tentative rating” must be raised one level and the higher level becomes the “final rating.”

B. NATIONAL AcADEMY OF ScIENCES (NAS) METHOD BASED ON SEVERITY
AND PERSISTENCE28

This descriptive scale, adapted from work conducted by Green et al.,? attaches significance to the
persistence and reversibility of responses. It is based on the most severe response observed in a
group of animals rather than the average response.
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1. Inconsequential or Complete Lack of Irritation

Exposure of the eyeto amaterial under the specified conditions causes no significant ocular changes.
No staining with fluorescein can be observed. Any changes that occur clear within 24 h and are
no greater than those caused by isotonic saline under the same conditions.

2. Moderate Irritation

Exposure of the eye to the material under the specified conditions causes minor, superficial, and
transient changes of the cornea, iris, or conjunctiva as determined by external or dlit lamp exami-
nation with fluorescein staining. The appearance at the 24-hour or subsequent grading interval of
any of the following changes is sufficient to characterize a response as moderate irritation: opacity
of the cornea (other than a slight dulling of the normal luster), hyperemia of the iris, or swelling
of the conjunctiva. Any changes that are seen clear up within 7 days.

3. Substantial Irritation

Exposure of the eye to the material under the specified conditions causes significant injury to the
eye, such as loss of the corneal epithelium, corneal opacity, iritis (other than a dlight injection),
conjunctivitis, pannus, or bullae. The effects clear up within 21 days.

4. Severe Irritation or Corrosion

Exposure of the eye to the material under the specified conditions results in the same types of
injury as in the previous category and in significant necrosis or other injuries that adversely affect
the visual process. Injuries persist for 21 days or more.

C. Mopbiriep NAS MetHoD DEVELOPED BY ALLIEDSIGNAL, INC.30

This classification scheme helps distinguish mildly irritating substances from moderately irritating
substances, as well as identifying strongly and severely irritating substances. It is based on the
most severe ocular response observed in a group of animals, rather than the average response, and
on the persistence of the response.

1. Nonirritation

Exposure of the eye to the material under the specified conditions causes no ocular changes. No
tissue staining with fluorescein is observed. Slight conjunctival injection (grade 1, some vessels
definitely injected) that does not clear within 24 h is not considered a significant change. This level
of change is inconsequential as far as representing physical damage to the eye and can be seen to
occur naturally for unexplained reasons in otherwise normal rabbits.

2. Mild Irritation

Exposure of the eye to the material under the specified conditions causes minor and/or transient
changes as determined by external or dlit lamp examination or fluorescein staining. No opacity,
ulceration, or fluorescein staining of the cornea (except for staining that is characteristic of normal
epithelial desgquamation) are observed at any grading interval. The appearance of any of the
following changes is sufficient to characterize a response as mild irritation:

» Grade 1 hyperemia of the iris that is observed at 1 hour, but resolves by 24 h.

» Grade 2 conjunctival hyperemia (redness) that is observed at 1, 24, and/or 48 h, but
resolves by 72 h.
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» Grade 2 conjunctival chemosis (swelling) that is observed at 1 hour, but diminishes to
grade 1 or 0 by 24 h; or Grade 1 conjunctival chemosis that is observed at 1 and/or 24
and/or 48 h, but resolves by 72 h.

3. Moderate Irritation

Exposure of the eye to the material under the specified conditions causes major ocular changes as
determined by external or dlit lamp examination or fluorescein staining. The appearance of any of
the following changes is sufficient to characterize a response as moderate irritation:

» Opacity of the cornea (other than slight dulling of the normal luster) is observed at any
observation period, but resolves by day 7.

» Ulceration of the cornea (absence of a confluent patch of corneal epithelium) is observed
at any observation period, but resolves by day 7.

» Fluorescein staining of the cornea (greater than that which is characteristic of normal epi-
thelial desquamation) is observed at 1, 2, 3, and/or 4 days, but no staining isfound by day 7.

» Grade 1 or 2 hyperemia of theiris (circumcorneal injection, congestion) is observed and
persists to 24 h or longer, but resolves by day 7.

» Grade 2 conjunctival hyperemiais observed and persiststo at least 72 h, but resolves by
day 7; or Grade 3 conjunctival hyperemia is observed at any observation period, but
resolves by day 7.

» Grade 1 or greater conjunctival chemosis is observed and persists to 72 h or longer, but
resolves by day 7.

4. Strong Irritation (Clearing within 21 Days)

Exposure of the eye to the material under the specified conditions results in the type of injury
described in the former category, but the effects (possibly including pannus or bullae) heal or clear
within 21 days.

5. Severe Irritation (Persisting for 21 Days) or Corrosion

Exposure of the eye to the material under the specified conditions results in the type of injury
described in the two former categories, but causes significant tissue destruction (necrosis) or injuries
that probably adversely affect thevisual process. The effectsof theinjuriespersist for at least 21 days.

D. CATEGORIZATION OF SUBSTANCES USING THE SLiIT LAMP BIOMICROSCOPE
AND FLUORESCEIN

“Probably Injurious to

Site “Accept” “Accept with Caution” Human Eyes”
Conjunctiva Hyperemia without chemosis Chemosis, lessthan1mm  Chemosis, greater than 1 mm
at the limbus at the limbus
Cornea Staining, corneal stippling? without ~ Confluence® of staining at ~ Staining with infiltration or
confluence at 24 h 24t0 48 h edema
Anterior chamber 0 0 Flare® (visibility of slit beam;

rubeosis of iris)

a Corneal stippling: multiple discrete punctate irregularities in the corneal epithelial layer which retain fluorescein.
b Confluence: uniform zones for fluorescein retention larger than 1 mm in diameter.
¢ Flare: Tyndall effect in a beam traversing the agueous humor.

From Beckley, JH. et al.3! Source: Environmental Protection Agency, 1988. Guidance for Evaluation of Eye Irritation
Testing, Hazard Evauation Division, Standard Evaluation Procedures, EPA-540/09-88-105, Washington.3?
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E. CATEGORIZATION AND LABELING OF PESTICIDES33

Label Statements Regarding Eye Irritation Hazards Due to Pesticides.

Skull and
Signal  Crossbones and
Toxicity Category Word  “Poison” Required Precautionary Statement Practical Treatment

Corrosive (irreversible
destruction of ocular
tissue), corneal
involvement, or irritation
persisting for more than
21 days.

Corneal involvement or
irritation clearing in 21
days or less.

111. Corneal involvement or

irritation clearing in 7
days or less.

IV. Minimal effects clearing

in less than 24 h.

Corrosive.2 Causes
irreversible eye damage.
Harmful if swallowed. Do
not get in eyes or on
clothing. Wear (goggles,
face shield, or safety
glasses)®. Wash thoroughly
with soap and water after
handling. Remove
contaminated clothing and
wash before reuse.

Causes substantial but
temporary eye injury. Do
not get into eyes or on
clothing. Wear (goggles,
face shield, or safety
glasses).> Harmful if
swallowed. Wash
thoroughly with soap and
water after handling.
Remove contaminated
clothing and wash before
reuse.

Causes (moderate) eye
injury (irritation). Avoid
contact with eyes or
clothing. Wash thoroughly
with soap and water after
handling.

None required.

a The term “corrosive” may be omitted if the product is not actually corrosive.

If in eyes: Flush with plenty
of water. Get medical
attention.

If swallowed: drink
promptly a large quantity
of milk, eggwhites, gelatin
solution, or, if theseare not
available, drink large
quantities of water. Avoid
alcohal.

Note to physician: Probable
mucosal damage may
contraindicate the use of
gastric lavage.

Same as above; omit noteto

physician statement.

If in eyes: Flush with plenty
of water. Get medical
attention if irritation
persists.

None required.

b Choose appropriate form of eye protection. Recommendation for goggles or face shield is more appropriate for industrial,
commercial, or nondomestic uses. Safety glasses may be recommended for domestic or residential use.

F. CoNsuMer Probuct SAFery CommissioN, FEDERAL HAZARDOUS
SuBsTANCES AcT (FHSA) ReEGULATIONS FOR CLASSIFYING AN EYE IRRITANT

(16 CFR 1500.42)

Ocular reactions to a test substance are examined and scored in six test rabbits. An anima is
considered as exhibiting a positive reaction if the test substance produces any of the following
ocular tissue responses 24, 48, or 72 h after ingtillation;
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Ocular Tissue Positive Response

Cornea

Iris

Ulceration of the cornea (other than afine stippling) or opacity (other
than dight dulling of normal luster)

Inflammation (other than a slight deepening of the folds or rugae, or
a dlight circumcorneal injection of the blood vessels)

Conjunctivae An obvious swelling with partial eversion of the lids or diffuse

crimson-red with individual vessels not easily discernible

Classification of a test substance is based on the number of animals exhibiting a positive

reaction.

SECTION 6. SPECIALIZED TECHNIQUES USED TO EXAMINE

Test Group Result (n = 6) FHSA Classification

4-6 animals exhibit a positive reaction  Eye Irritant
2-3 animals exhibit a positive reaction  Inconclusive?
0-1 animals exhibit a positive reaction  Nonirritant

a |f two to three animals exhibit a positive reaction, the test is
repeated using six new animals. If three or more animals in the
second test exhibit a positive reaction, the test substance is clas-
sified asan “eyeirritant.” If one to two animalsin the second test
exhibit a positive reaction, a third test is conducted using new
animals. If one or more animalsin the third test exhibit a positive
reaction, the test substance is classified as an “eye irritant.”

THE EYE FOR TOXIC EFFECTS

Technique

Slit lamp biomicroscopy

Direct ophthalmoscopy
Pachymetry
Electroretinography

Specular microscopy
Scheimpflug photography

Tonometry

Description

Used as a visual aid to evaluate the external features of the eye and the
anterior portion of the globe (conjunctiva, cornes, iris, lens, anterior portion
of the vitreous)

Used as a monocular visual aid to evaluate the ocular media and fundus

Used to measure the degree of corneal swelling

Used to determine diffuse retinal damage and to evaluate the functional
integrity of the retina when fundoscopic viewing is impaired due to lens
opacification (the technique measures the normal change in electrical
potential of the eye caused by a diffuse flash of light)

Used to evaluate the integrity of the corneal endothelium

Used to analyze and document changes in lens transparency (cataract
development)

Used to measureintraocular pressure of the eye (both contact and noncontact
techniques are available)

Refs.

25, 26, 34, 35

36
3741
36

42

44-47
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SECTION 7. PROPOSED TIER APPROACHES TO EYE
IRRITATION TESTING

Test Substance

Y

pH MEASUREMENT H

pH<or> 115

pH>2and <115 ¢

Positive

VALIDATED INVITROTEST [—————® ( NO FURTHER
TESTING
Negative or Equivocal ¢
DERMAL IRRITATION TEST H
Severely Irritating (PDIl > 5.0)
Nonirritating to Moderately Irritating * to Corrosive

RABBIT EYE IRRITATION TEST

FIGURE 4.5 Schematic screening procedure to assess atest substance’s irritation potential before conducting
an eye irritation test.

New Material Needs Ocular
Safety Assessment

!

Historical Data Analysis

Physical/Chemical
Characterization

'

In Vitro Test Battery

!

I Innocuous-Slight I I Slight-Moderate I I Moderate-Severe I

| }

Assessment of all
Available Data

!

Limited In Vivo Confirmation
1-3 Rabbits

!

— Safety Assessment

!

S Marketplace Surveillance

FIGURE 4.6 Diagrammatical representation of how in vitro alternatives may be incorporated into the ocular
saftey assessment process. Initialy, al previoustesting data and physical chemical characterstics are eval uated.
If necessary, the materials are then evaluated in a battery of in vitro assays. After the in vitro testing, al data
are assessed again. Then either a saftey assessment would be made or an in vivo test would be performed in
a limited number of animals before making the final saftey assessment. (From Hobson, D.W., Dermal and
Ocular Toxicology, Fundamentals and Methods, CRC Press, Boca Raton, FL, 1991. With permission.)
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SECTION 8. OCULAR ADVERSE EFFECTS
OF CHEMICAL SUBSTANCES

Tables 4.9 through 4.20 present lists of chemicals that are capable of producing certain ocular
adverse effects. The tables were developed from information found in Grant’s Toxicology of the
Eye,* an excellent reference on chemicals, drugs, plants, toxins, and venoms, and their effects on
the eyes or vision.

TABLE 4.9
Possible Adverse Corneal Effects

Chemical/Drug Adverse Effects
Beryllium poisoning Corneal calcification (band keratopathy)

Calcium hydroxide burn
Phenylmercuric nitrate
Polyethylene sulfonic acid
Vitamin D poisoning

Allyl acohol Corneal epithelial edema (painless) with delayed onset of
Diethylamine haloes from local action
Diethyl diglycolate

Diisopropylamine

Dimethylamine

Dimethylaminopropylamine

Dimethyl diglycolate

Ethylenediamine

N-Ethylmorpholine

N-Ethylpiperidine

N-Methylmorpholine

Morpholine

tert-Octylamine

Tetramethylbutanediamine

Tetramethylethylenediamine

Triethylenediamine

Allyl acohol Corneal epithelial injury (painful) with delayed onset from
p-Anisyl chloride local action

Butyl amine

Cardiac glycosides

Colchicine

Diazomethane
Dichlorobutenes
Diethylamine

Digitalis glycosides
Diisopropylamine
Dimethylaminopropylamine
Dimethyl phosphorochl oridothionate
Dimethyl sulfate
Diphenylcyanoarsine
Diving mask defogger
Dyes (cationic)

Emetine

Erythrophleine

Ethylene oxide
Ethylenimine

Euphorbias

Fish (decomposing)
Formaldehyde
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TABLE 4.9 (Continued)
Possible Adverse Corneal Effects

Chemical/Drug Adverse Effects

Hydrogen sulfide
Hypochlorite-ammonia mixtures
I pecac

Manchineel

Methyl bromide
Methyl chloroacrylate
Methyl dichloropropionate
Methy! fluorolsulfate
Methyl silicate
Mustard gas

Mustard oil
Nitrosomethyl urethane
Osmic acid

Oxalyl chloride
Podophyllum

Poison ivy

Squill

Sulfur

Surfactants
Triacetoxyanthracene
Trimethyl siloxane
Vinblastine

Amiodarone Corneal epithelial deposits from systemic drugs (humans)
Amodiaquine
Bismuth subnitrate
Chloroquine
Chlorpromazine
Clofazimine
Fluphenazine

Gold
Hydroxychloroquine
| sotretinoin
Mepacrine
Monobenzone
Perhexiline
Tilorone

Triparanol

BA 6650 Corneal opacities from systemic drugs (animals)
Carbutamide
Chlorpropamide
1,2-Dibromoethane
1,2-Dichloroethane
Dichloronitroaniline
Dimethylhydrazine
Epinephrine
Iminodipropionitrile
Isoretinoin
Phthalofyne
Practolol
Tobutamide

Aniline Corneal scarring, late (humans)
Hydroguinone
Mustard gas
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TABLE 4.10
Possible Adverse Corneal and Conjunctival Effects

Chemical/Drug Adverse Effects

Acetone Burns (humans)
Alcohol

Ammonia
Benzalkonium chloride
Benzene

Brake fluid

Brilliant green

Calcium hydroxide
Castor beans (ricin)
a-Chloroacetophenone
0-Chlorobenzylidene malononitrile
Chlorobromomethane
Chlorobutanol
2-Chloroethanol
Chloroform

Chrysarobin (chrysophanic acid)
Clove oil

Croton oil

Crystal violet
2-Cyanoacrylic acid esters
Cytarabine
Dibenzoxazepine

Dibutyl phthalate
Dieffenbachia juice
Digitoxin

Digoxin

Dimethyl phthalate
Dimethyl sulfate
Emetine hydrochloride
Euphorbia latex
Formaldehyde

Gentian violet
Hydrochloric acid
Hydrogen peroxide
Hydrogen sulfide
Hydroquinone-benzoquinone
lodine vapor

Isopropy! acohol
Lewisite

Mustard gas

Mustard oil

Nitrogen mustards
Osmium tetroxide
Podophyllum

Potassium permanganate
Propylene imine

Silver nitrate

Spitting Cobra venom
Soap

Sodium hydroxide
Styrene
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TABLE 4.10 (Continued)
Possible Adverse Corneal and Conjunctival Effects

Chemical/Drug Adverse Effects

Sulfur dioxide
Trichloroacetic acid
Trichloroethylene
Urea

Vinblastine

Zinc chloride

TABLE 4.11
Possible Adverse Conjunctival Effects

Chemical/Drug Adverse Effects

Allyl cyanide (rats) Inflammation from systemic substances
Aminosalicylic acid
Arsenic (inorganic)
Arsphenamine
Barbiturates
Bromide

Chlora hydrate
Chlorambucil
Chlorpropamide
Cyclophosphamide
Cytarabine
Dixyrazine
Ethylphenylhydratoin
Gold
Hexachlorobenzene
Hypericum
Isotretinoin
Lantana (animals)
Methotrexate
Methyldopa
Noramidopyrine
Novobiocin
Oxprenolol
Penicillamine
Phenazone
Phenolphthalein
Phenazopyridine (dogs)
Phensuximide
Phenylbutazone
Phenytoin
Phthalofyne
Practolol
Sulfadiazine
Sulfamerazine
Sulfarsphenamine
Sulfathiozole
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TABLE 4.12
Possible Adverse Lens Effects

Chemical/Drug

Acetaminophen (A)

Alloxan (A)

Allyl cyanide (A)

Aminotriazole (A)

Arabinose (A)

5-Aziridino-2, 4-dinitrobenzamide (A)

Bis-(phenylisopropyl)-piperidine & UVA (H)

Bleomycin (A)

Boron hydride disulfide (A)
Bromodeoxuridine (reversible) (A)
Busulfan (A)(H)
Carbutamide (A)
Chlorphentermine (A)
Chlorophenylaanine (A)
Chlorpropamide (A)
Clomiphene (A)

Cobalt chloride (A)
Corticosteroids (H)
Decahydronaphthalene (A)
Diazacholesterol (A)
Diazoxide (reversible) (A)
Dichlorisone (H)
Dichloroacetate (reversible) (A)
Diethylaminoethoxyandrostenone (A)
4-(p-Dimethylaminostyryl)quinoline (A)
Dimethylnitroquinoline (A)
Dimethyl terephthaate (A)
Dinitrocresol (A,H)
Dinitrophenol (A,H)
Diquat (A)

Disophenal (A)

Dithizone (A)

Epinephrine (A)

Galactose (A,H)
Hematoporphyrin (A)
Hygromycin B (A)

ICl 33828 (A)

lodoacetate (A)
Methoxsalen and UVA (A)
Methy! dichlorisone (H)
Mimosine (A)

Miotics (H)

Mirex (A)

Mitotane (H)

Nafoxidine (A)
Naphthalene (A)
2-Naphthol (A)
1,2-Naphthoquinone (A)
Nitrogen mustard (A)
Nitroquinolones (A)
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TABLE 4.12 (Continued)
Possible Adverse Lens Effects

Chemical/Drug Adverse Effects

Opiates (A)

Petroleum fraction (A)

Phenelzine and serotonin (A)
3-(2-Phenyl)-hydrazopropionitrile (A)
2-(4-Phenyl-I-piperazinylmethyl)-cyclohexanone (A)
(4’-Pyridyl)l-piperazine derivatives (A)
Pyrithione (A)

Selenium (A)

SQ 11290 (A)

Streptomycin (A)

Streptozotocin (A)
Sulfaethoxypyridazine (A)
Tetrahydronaphthalene (A)

Thallium (A)

Tolbutamide (A)

Tretamine (A)

Triaziquone (A)

Trinitrotoluene (H)

Triparanol (A,H)

Verapamil (A)

Xylose (A)

Amiodarone (H) Lens deposits or discoloration
Chlorpromazine (A) (H)

Copper (H)

Fluphenazine (H)

Iprindole (A)

Iron (H)

Mercury (H)

Phenylmercuric salts (H)

Silver (H)

Note: A = animals; H = humans.

TABLE 4.13
Possible Adverse Eyelid Effects

Chemical/Drug Adverse Effects

Amphetamine Lid retraction
Cocaine

Levodopa

Methoxamine

Phenylephrine

Barbiturates Ptosis of eyelids (topical or systemic substances)
Botulism

Bretylium

Chlora hydrate

Chloralose
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TABLE 4.13 (Continued)

Possible Adverse Eyelid Effects

Chemical/Drug

Conhydrine
Coniine
Corticosteroids
Curare

Gelsemium sepervirens

Guanethidine
Levodopa
Mephenesin
Methylpentynol
Pelletierine
Penicillamine
Phenoxybenzamine
Primidone
Reserpine

Snake venoms
Spider venoms
Sulfonal
Tetraethylammonium
Thallium

Trichloroethylene decomposition

Trimethadione
Vincristine

Adverse Effects

TABLE 4.14

Possible Adverse Retinal Effects

Chemical/Drug

Acridine (A)

Ammi majus seeds (H)
Chloramphenicol (H)
Cobalt (A)

Cyanide (A)

Dithizone (A)
Ergotamine (H)

Ethyl hydrocuprein (H)
Fluoride (A)

Glue sniffing (H)
Glutamate (A)
Helichrysum (A)
Iminodipropionitrile (A)
lodate (A) (H)
lodoquinol (H)
Methanol (H)
Naphthalene (A)
Optochin (H)
Phosphorus (A)
Quinine (H)
Pyrithione (A)
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TABLE 4.14 (Continued)
Possible Adverse Retinal Effects

Chemical/Drug Adverse Effects

Radiopague media (H)
Streptomycin (A)
Triaziquone (A)

Acetylphenylhydrazine (H) Retinal hemorrhages from systemic administration
Alloxan (A)
Arsphenamine (H)

Aspirin (H)

Benzene (H)
Bicycloheptadiene dibromide (H)
Carbenoxolone (H)
Carbon disulfide (H)
Carbon monoxide (H)
Chloramphenicol (H)
Dapsone (H)
Desoxycortone acetate (A)
Dextran (A)

Dicumarol (H)

Diodone (H)

Diquat (A)

Dithizone (A)

Epinephrine (A)
Ethambutol (H)
Hexachlorophene (H)
lodoform (H)

Isotretinoin (H)

Lead (H)

Licorice (H)
Methagualone (H)

Methyl bromide (H)
Miotane (H)

Naphthalene (A)
2-(2-Naphthyloxy) ethanol (A)
Phenprocoumon (H)
Phenylbutazone (H)
Phosphorus (A)

Potato leaf smoking (H)
Pyrithione (A)
Radiopague media (H)
Snake venoms (H)
Sulfanilamide (H)
Sulfathiozole (H)
Trichloroethylene decomposition (H)
Triethyl tin (H)

Vitamin A (H)

Warfarin (H)

Amiodarone (A) (H) Retinal lipidosis (phospholipidosis) from systemic administration
AY 9944 (A)

Chlorcyclizine (A)

1-Chloroamitriptyline (A)

Chloroquine (A)
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TABLE 4.14 (Continued)
Possible Adverse Retinal Effects

Chemical/Drug Adverse Effects

Clomipramine (A)
Diethylaminoethoxyhexestrol (A)
Dithiozone (A)

Imipramine (A)

Iprindole (A)

Perhexilene (A)

Triparanol (A)

Ammeline (A) Retinal photoreceptor damage by systemic administration
Ammi majus seeds (A)
Aramite (A)

Benzoic acid (A)

Bracken fern (A)
Bromoacetate (A)

Cardiac glycosides (H)
Colchicine (A)
Diaminodiphenylmethane (A)
Digitdlis (H)

Digitoxin (H)

Ethylenimine
Ethylhydrocupreine (A)
Fluorescein (with light) (A)
Fluoride (A)

Furmethonol (H)

Halothane (A)

Helichrysum (A)
Hematoporphyrin (with light) (A)
Hexachlorophene (A)

lodate (A)

lodoacetate (A)
Methylazoxymethanol acetate (A)
N-Methyl-N-nitrosourea (A)
2-Naphthol (A)

P-1727 (A)

Quinine (A) (H)

Quinoline (A)

Sodium azide (A)

Stypandra imbricata (A)
Sucrose (A)

Urethane (A)

Aspidium (A) Retinal vessel narrowing from systemic administration
Diaminodiphenoxypentane (A)
Ergotamine (H)

Ethylenimine (A)
Ethylhydroxycupreine (H)
Eucupine (H)

Iron (H)

Lead (A)

Oxygen (A) (H)

P-1727 (A)

Quinine (H)
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TABLE 4.14 (Continued)
Possible Adverse Retinal Effects

Chemical/Drug

Ammi majus seeds (A)
Arsanilic acid (A) (H)
Aspidium (A)

Carbon dioxide (H)
Carbon disulfide (A)
Chloramphenicol (H)
Cinchona derivatives (A)
Cysteine (A)

Ergot (A)
Ethylhydrocupreine (A) (H)
Glutamate (A)
Locoweed (A)

Methanol (H)

Quinine (A) (H)
Quinoline (A)
Swainsona plants (A)
Tellurium (A)

Thallium (H)
Vincristine (H)

Alloxan (A)
Aminophenoxyalkanes (A)
Ammeline (A)

Ammi majus seeds (A)
Amopyroquin (A)

Aspartate (A)

Bilirubin (A)

Bromoacetate (A)
Cephaloridine (A)
Chloroquine (A) (H)

Cobalt (A)

Colchicine (A)

Deferoxamine (H)
Diaminodiphenoxyheptane (A)
Diaminodiphenoxypentane (A)
Diaminodiphenylmethane (A)
Dibutyl oxalate (A)
Dihydro-dihydroxynaphthalene (A)
Dithizone (A)

Epinephrine (A)

Ethambutol (high dose) (H)
Ethylenimine (A)
Ethylhydrocupreine (H)
Fluoride (A)

Glutamate (A)
Hydroxychloroquine (H)
Iminodipropionitrile (A)
lodate (A) (H)

lodoacetate (A)

Isopropylhydroxybenzylpyrazolopyrimidine (A)

Lead (A)
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TABLE 4.14 (Continued)
Possible Adverse Retinal Effects

Chemical/Drug Adverse Effects

Mesidine (A)
N-Methyl-N-nitrosourea (A)
Naphthalene (A)
Naphthoqguinone (A)
Naphthyl benzoate (A)
Nitrofurazone (A)

QOuabain (A)

Oxygen (A) (H)
Penicillamine (H)
Pheniprazine (A)
Phenylhydrazine (A)
Phlorizin (A)

Phosphorus (A)
Piperidychlorophenothiazine (A) (H)
Quinine (H)

Quinoline (A)

Sodium azide (A)
Sparsomycin (H)
Tetrahydronaphthalene (A)
Thioridazine (A) (H)
Toxotoxin (A)

Trenimon (A)

Triaziquone (A)
Trifluoromethylphenylisopropylamine (A)
Urethane (A)

Vinblastine (A)

Vincristine (A)

Vitamin A (A)

Acetazolamide (H) Electroretinogram altered by systemic administration
Aldrin (A)
4-Aminobutyric acid (A)
Aminophoxyalkanes (A)
Ammeline (A)
Ammonium poisoning (A)
Amodiaquine (H)

Amyl acetate (A)
Aramite (A)

Aspartate (A)
Barbiturates (A)

Befunolal (A)

Carbaryl (A)

Carbon disulfide (A)
Carbon monoxide (A)
Cardiac glycosides (A)
Chloramphenicol (H)
Deferoxamine (H)
2-Deoxyglucose (A)
Desipramine (A)
Diaminodiphenoxypentane (A)
Digitalis (H)
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TABLE 4.14 (Continued)
Possible Adverse Retinal Effects

Chemical/Drug Adverse Effects

Digoxin (A) (H)
Dithizone (A)
Epinephrine (A)
Ethambutol (A)
Fluoride (A)
Formaldehyde (A)
Glucose 6-phosphate (A)
Glutamate (A)
Halothane (H)
Hydroxychloroquine (A) (H)
Iminodipropionitrile (A)
lodate (A)

lodoacetate (A)
Methanol (H)
Mitomycin C (A)
Nitrofurazone (A)
QOuabain (A)

Oxygen (A) (H)
Oxypertine (A)
Piperidylchlorophenothiazine (A)
Quinine (A) (H)
Rifampin (A)

Sodium azide (A)
Styrene (A)

Sucrose (A)

Thallium (A)
Trimethadione (A) (H)
Urethane (A)
Vincristine (H)

Vitamin A (A)

Amoproxan Central (or cecocentral) scotomas from systemic administration
Caramiphene (humans)
Carbon disulfide

Chloramphenicol

Chloroquine

Chlorpropamide

Clomiphene

Digitalis

Diogitoxin

Digoxin

Dinitrobenzene

Dinitrochlorobenzene

Dinitrotoluene

Disulfiram

Ergotamine

Emetine

Ethambutol

Ethchlorvynol

Ethyl alcohol

Ethylene glycol
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TABLE 4.14 (Continued)
Possible Adverse Retinal Effects

Chemical/Drug Adverse Effects

Flumequine
Ibuprofen

lodate

lodoform
Isoniazid

Lead

Methanol

Methyl bromide
Minoxidil
Octamoxin
Pheniprazine
Plasmocid
Streptomycin
Sulfonamides
Tetraethyl lead
Thallium
Thiacetazone
Tobacco smoking
Trichloroethylene decomposition

Wasp sting

Amodiaquine Peripheral visual field constriction from systemic administration
Arsacetin (humans)
Arsanilic acid

Bee sting

Botulism toxin

Carbon dioxide

Carbon monoxide
Chloramphenicol

Cortex granati
Dionitrochlorobenzene

Emetine

Ethambutol

Ethylhydrocupreine
Ethylmercuritoluenesulfonanilide
Eucupine

lodate

Methylmercury compounds
Methanol

Naphthalene

Orsudan

Oxygen

Pheniprazine
Piperidylchlorophenothiazine
Quinine

Trichloroethylene decomposition
Tryparsamide

Note: A = animals; H = humans.

Copyright © 2002 by Taylor & Francis



TABLE 4.15
Possible Adverse Optic Nerve Effects

Chemical/Drug Adverse Effects
Acetarsone (H) Optic nerve atrophy from systemic administration
Acetylarsone (H)
Antimony potassium tartrate (H)
Arsacetin (H)

Arsanilic acid (A) (H)
Aspidium (A) (H)

Bee sting

Brayera (H)
Broxyquinoline (H)
Carbon dioxide (H)
Carbon disulfide (H)
Caster beans (H)
Chloramphenicol (H)
Clioquinol (H)

Cortex granati (H)
Dapsone (H)
Dinitrobenzene (H)
Dinitrochlorobenzene (H)
Ethambutol (H)

Ethyl hydrocuprein (H)
Ethylmercuritoluenesulfonanilide (H)
Eucupine (H)

Finger cherries (H)
Formic acid (A)
Halquinols (H)
Hexachlorophene (A) (H)
Hexamethonium (H)
lodoform (H)

lodoquinol (H)

Isoniazid (H)

Lead (H)

Methanol (A) (H)
Octamoxin (H)
Pheniprazine (H)
Plasmocid (H)

Quinine (H)

Solvent sniffing (H)
Thallium (H)
Trichloroethylene decomposition (H)
Triethyl tin (H)
Tryparsamide (H)
Vincristine (H)

Acetarsone (H) Optic neuropathy from systemic administration
Acetylarsan (H)

Acrylamide (A)

Antirabies vaccine (H)

Arsacetin (H)

Arsanilic acid (A) (H)

Aspidium (H)

Bee sting (H)

Botulism (H)
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TABLE 4.15 (Continued)
Possible Adverse Optic Nerve Effects

Chemical/Drug Adverse Effects

Carbon disulfide (H)
Cassava (H)
Chloramphenicol (H)
Clioguinal (A) (H)
Cyanoacetic acid (A)
Deferoxamine (H)
Dinitrobenzene (H)
Dinitrochlorobenzene (H)
Dinitrotoluene (H)
Disulfiram (H)
Ethambutol (A) (H)
Ethchlorvynol (H)
Ethylene glycol (H)
Filicin (A)

Glutamate (A)
Helichrysum (A)
Hexachlorophene (H)
Iminodipropionitrile (A)
Indarsol (A)

lodoform (H)

Isoniazid (H)

Lead (A) (H)

Methanol (H)
Octamoxin (H)
Penicillamine (H)
Perhexiline maleate (H)
Phosphorus (H)
Plasmocid (H)

Sodium azide (A)
Streptomycin (H)
Stypandra imbricata (A)
Sulfonamides (H)
Tellurium (A)

Thallium (H)
Tolbutamide (H)
Trichloroethylene decomposition (H)
Triethyl tin (A)
Trinitrotoluene (H)
Tryparsamide (H)
Vincristine (H)

Antimony potassium tartrate (H) Papilledema (swelling of the optic disc) from systemic
Arsphenamine (H) administration
Aspirin (H)

Bee sting (H)

Carbenoxolone (H)

Cephaloridine (H)

Chlorambucil (H)

Chloramphenicol (H)

Chlordecone (H)

Cisplatin (H)

Contraceptive hormones (H)

Corticosteroids (H)
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TABLE 4.15 (Continued)
Possible Adverse Optic Nerve Effects

Chemical/Drug Adverse Effects

p-Dichlorobenzene (A)
Dynamite (H)
Ergotamine (H)
Ethylene glycal (H)
Helichrysum (A)
Hexachlorophene (A) (H)
Isoniazid (H)
Isotretinoin (H)
Ketoprofen (H)

Lead (H)

Levothyroxine (H)
Minocycline (H)
Minoxidil (H)

Mitotane (H)

Nalidixic acid (H)
Nitrofurantoin (H)
pL-Penicillamine (H)
Penicillin (H)
Perhexilene maleate (H)
m-Phenylenediamine (H)
p-Phenylenediamine (H)
Phosphorus (H)
Sulfonamides (H)
Tetracycline (H)
Triethyl tin (H)
Vitamin A (H)

Aspidium Retrobulbar neuritis from systemic administration
Carbon disulfide

Cassava

Chloramphenicol

Deferoxamine

Dinitrobenzene
Dinitrochlorobenzene
Dinitrotoluene

Disulfiram

Ethambutol

lodoform

Isoniazid

Lead

Octamoxin

m- or p-Phenylenediamine
Thallium

Tolbutamide

Trichloroethylene decomposition
Trinitrotoluene

Chloramphenicol (A) Optic chiasm injury by systemic administration
Cyanide (A)

Chloramphenicol (A)

Cyanide (A)

Ethambutol (A) (H)

Helichrysum (A)
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TABLE 4.15 (Continued)
Possible Adverse Optic Nerve Effects

Chemical/Drug Adverse Effects

Hexachlorophene (H)
Stypandra imbricata (A)
Tellurium (A)

Triethyl tin (A)
Vincristine (H)

Note: A = animals, H = humans.

TABLE 4.16
Possible Adverse Extraocular Muscle Effects
Chemical/Drug Adverse Effects
Alcuronium Weakness or paralysis from systemic administration
Amanita phalloides
Amitriptyline

Anesthesia, spinal
Antirabies vaccine
Arsphenamine
Barbiturates
Botulinus toxin
Carbamazepine
Curare

Diazinon

Ethyl alcohol
Ethylene glycol
Furmethonol
Gelsemium sempervirens
Hexachlorophene
| sopentaquine
Lead

Minocycline
Nalidixic acid
Pamaquine
Penicillamine
Pentaquine
Piperazine
Plasmocid
Primidone
Scorpion venom
Snake venoms
Streptomycin
Sulfonal

Thallium
Trichloroethylene decomposition
Triethyl tin
Vincristine
Vitamin A
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TABLE 4.17
Possible Adverse Effects on Intraocular Pressure

Chemical/Drug Adverse Effects
Acetazolamide (A) (H) Reduction of intraocular pressure by systemic administration
Alcohal (H)

Alcuronium (H)
Aminophylline (H)
Ascorbic acid (H)
BA 6650 (A)
Bromaocriptine (H)
Calcium chloride (A)
Cardiac glycosides (H)
Catha edulis (H)
Chlorpromazine (H)
Chlorthalidone (H)
Cholera toxin (H)
Contraceptive hormones (H)
Dextran A (H)
Dibenamine (H)
Dichlorphenamide (H)
Digitoxin (H)
Digoxin (H)
Dihydroergotoxine (H)
Ethoxolamide (H)
Glucose (H)
Glycerine (H)

lodate (A)
lodoacetate (A)
Isosorbide (H)
Lanatoside C (A)
Mannitol (H)
Meprobamate (H)
Mercaptomerin (A)
Mercuderamide (A)
Methazolamide (H)
Methyldopa (H)
Nialamide (A)
Nitroglycerin (H)
Ouabain (A)
Pargyline (H)
Phentolamine (H)
Propranolol (H)
Propylene glycol (H)
Quinine (H)

Sodium ascorbate (H)
Sodium chloride (H)
Sodium lactate (H)
Sorbitol (H)
Thiopental (H)
Timolol (H)
Trometamol (H)
Urea (H)

Note: A = animals; H = humans.
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TABLE 4.18
Possible Adverse Effects on Vision

Chemical/Drug Adverse Effects

Barbiturates Cortical blindness (humans)
Carbon monoxide

Diatrizoate

Lead

Lomotil

Methadone

Methylergonovine

Methylmercury compounds

Vincristine

Acetyl digitoxin Color vision aterations from systemic administration
Aconite

Amodiaquine
Barbiturates

Cannabis

Carbon dioxide

Carbon disulfide
Chloramphenicol
Chlorothiazide
Contraceptive hormones
Digitalis

Digoxin
Dihydrostreptomycin
Diphenhydramine theoclate
Ethambutol

Furmethonol

Herbatox

Ibuprofen

Lead

Lysergide

Nalidixic acid
Pentylenetetrazole
Salicylate

Carbon dioxide Altered dark adaption from systemic administration (humans)
Carbon disulfide

Carbon monoxide

Deferoxamine

Digitdis

Digitoxin

Halothane

Indomethacin

Piperidylchlorophenothiazine

Acetazolamide Acute transient myopia from systemic administration without cyclotonia
Aminophenazone or miosis (humans)

Arsphenamine

Bendrofluazide

Chlorothiazide

Chlorthalidone

Clofenamide
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TABLE 4.18 (Continued)
Possible Adverse Effects on Vision

Chemical/Drug

Dichlorphenamide
Ethoxolamide
Hydrochlorothiazide
Isotretinoin
Neoarsphenamine
Phenformin
Polythiazide
Prochlorperazine
Promethazine
Quinine
Spironolactone
Sulfonamides
Tetracycline
Trichlormethiazide

Adverse Effects

TABLE 4.19
Possible Adverse Irritating Effects

Chemical/Drug

Adverse Effects

Acrolein Lacrimation from direct exposures

Allyl propyl disulfide
Bromoacetone
Bromoacetophenone
Bromobenzylcyanide
Bromomethyl ethyl ketone
Bromotoluene
Bromoxylene
Chloroacetone
Chloroacetophenone
Chlorobenzylidene malononitrile
Chlorosulfonic acid esters
Cyanic acid

Cyanogen chloride
Dibenzoxazepine
Dibromomethy! ether
Dichloroformoxime
Dichloronitroethane
Diphenylchlorarsine
Ethylarsine dichloride
Ethyl benzene

Ethyl bromoacetate

Ethyl ioodoacetate
Hexafluoroisopropanol
|odotoluene

Lewisite

Methy! arsine dichloride
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TABLE 4.19 (Continued)

Possible Adverse Irritating Effects

Chemical/Drug

Methyl iodoacetate

Methyl vinyl ketone
Nitrobenzyl chloride
Nitroethylene

Onion vapor

Pelargonic acide morpholide
Phenylcarbylamine chloride
Trichloroacetronitrile

Trichloromethane sulfonyl chloride

Trichloromethanethiol
Trichloropyrimidine
Xylyl bromides
Xylyl chlorides

Arsenic, inorganic (H)
Bethanechol (H)

Bismuth subnitrate (A)
Chlora hydrate (H)
Cyclohexanol (A)(H)
Diazoxide (H)
Dichlorophenoxy acetic acid (A)
Dimercaprol (H)
Dimidium bromide (A)(H)
Diphenylarsenic acid (H)
Emetine (H)

Fish (Ciquatera) poisoning (H)
Herion (H)
Hexachloronaphthalene (A)
Hydralazine (H)

lodide (H)

Mercury (acrodynia)(H)
Methotrexate (H)
Morphine withdrawal (H)
Nicothiazone (H)
Nitrofurantoin (H)
Pentazocine withdrawal (H)
Phthalofyne (A)(H)
Practolol (H)

Pyrithione (A)

Reserpine (H)

Scorpion venom (H)
Sulfathiazole (H)

Tegafur (H)

Thiacetazone (H)

Triethyl tin (H)
Zoxazolamine (H)

Note: A = animals; H = humans.

Adverse Effects

Lacrimation with burning or itching sensation from systemic
administration
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TABLE 4.20
Possible Ocular Teratogenesis

Chemical/Drug Adverse Effects

Alloxan (A) Abnormalities of the eyes
Aspidium (A)

Azathioprine (A)

Busulfan (H)

Butylated hydroxytoluene (A)
Caffeine (A)

Carbutamide (A)
Chlorambucil (A) (H)
Clomiphene (A)

Colchicine (A)

Cyclizine (A)
Cyclophosphamide (A)
2,4-Dichlorophenyl-p-nitrophenyl ether (A)
Felicin (A)

Heptachlor (A)

Idoxuridine (A)

Isotretinoin (A)

Lysergide (A) (H)
1-Methyl-3-nitro-1-nitroguanidine (A)
2-Naphthal (A)

Nickel carbonyl (A)

Quinine (A) (H)

Sdlicylate (A)

Thalidomide (A) (H)
Trimethadione (H)

Trypan blue (A)

Urethane (A)

Veratrum californicum (A)
Vidarabine (A)

Vinblastine sulfate (A)
Vitamin A (A)

Warfarin (H)

Note: A = animals, H = humans.

SECTION 9. GLOSSARY OF TERMS RELATING TO THE EYE

Accommaodation The adjustment of the eye for seeing at different distances, accomplished by
changing the shape of the lens through action of the ciliary muscle, thus focusing a clear
image on the retina.

Aniridia Congenital absence of theiris.

Anophthalmos Absence of atrue eyeball.

Anterior chamber The aqueous-containing cavity of the eye, bounded by the corneaanteriorly,
the chamber angle structures peripherally, and the iris and lens posteriorly.

Aphakia Absence of the lens.

Biomicroscopy Examination of the eye using a biomicroscope (dit lamp).

Blepharitis Inflammation of the eyelids.



Blepharoptosis Drooping of an upper eyelid due to paralysis.

Blepharospasm Involuntary spasm of the lids.

Bulla A large bleb or blister filled with lymph or serum.

Bullous Characterized by bullae.

Canal of Schlemm A circular modified venous structure in the anterior chamber angle.

Canthus The angle of either end of the eyelid aperture; specified as outer (temporal) and inner
(nasal).

Cataract An opacity of the lens or its capsule.

Chemosis Intense edema of the conjunctiva. The conjunctivais aloose fibrovascular connective
tissue which is relatively rich in lymphatics and responds to noxious stimuli by swelling
to the point of prolapse between the lids.

Choroid The vascular middle coat between the retina and sclera.

Ciliary body Portion of the uveal tract between the iris and the choroid consisting of ciliary
processes and the ciliary muscle.

Cones Retinal receptor cells concerned with visual acuity and color discrimation.

Conjunctiva Mucous membrane that lines the posterior aspect of the eyelids (palpebral con-
junctiva) and the anterior sclera (bulbar conjunctiva).

Conjunctivitis Inflammation of the conjunctiva.

Cornea Transparent portion of the outer coat of the eyeball forming the anterior wall of the
anterior chamber.

Corneal perforation A hole made through the cornea, resulting from the destruction of corneal
tissue (secondary infectious agent(s) may or may not play a contributing role).

Corneal vascularization The development of blood vessels in the cornea. If there is sufficient
tissue necrosis, then vascul arization accompanies wound healing. Uncomplicated healing
of corneal wounds occurs without vascularization.

Cycloplegic A drug that causes paralysis of the ciliary muscle, thus preventing accommaodation.

Dacryocystitis Infection of the lacrimal sac.

Ectropion Turning out of the eyelid.

Edema The presence of an abnormally large amount of fluid in the intercellular tissue spaces
(e.g., edema of the cornea is manifested as increased thickness).

Endophthalmitis Inflammation of one or more of theintraocular cavities and adjacent structures.

Enophthalmos Abnormal retrodisplacement of the eyeball.

Entropion A turning inward of the eyelid.

Enucleation Complete surgical removal of the eyeball.

Exophthalmos Abnormal protrusion of the eyeball.

Exudate Material, such asfluid, cells, or cellular debris, which has escaped from blood vessels
and has deposited in tissues or on tissue surfaces, usualy as a result of inflammation.
An exudate, in contrast to a transudate, is characterized by a high content of protein,
cells, or solid material derived from cells.

Fibrosis The formation of fibrous connective tissue.

Flare (aqueous flare) The scattering of light as it passes through a medium that contains
particles. It is analogous to the Tyndall effect, and is seen when a thin beam of high
intensity light is passed into the anterior chamber (of the eye) containing cellular material
or increased amounts of protein.

Fluorescein (fluorescein sodium) A fluorescent dye, the simplest of the fluorane dyes and the
mother substance of eosin, which is commonly used intravenously to determine the state
of adequacy of circulation in the retina and to a lesser degree the chorioid and iris.
Another important use is to detect epithelial lesions of the cornea and conjunctiva. Peak
excitation occurs with light at a wavelength between 485 and 500 nm and peak emission
occurs between 520 and 530 nm.

Fornix The junction of the palpebral and bulbar conjunctiva.



Fovea Depression in the macula adapted for most acute vision.

Fundus The posterior portion of the eye visible through an ophthalmoscope.

Gonioscope An optical instrument used for examination of the anterior chamber angle.

Granulation The formation of fibrovascular tissue in wounds or ulcers.

Hemorrhage An escape of blood from the vessels; bleeding.

Hyperemia Excess of blood in a part due to local or general relaxation of the arterioles. Blood
vessels become congested and give the area involved a reddish or red-blue color.

Hyphema Hemorrhage within the anterior chamber of the eye.

Hypopyon An accumulation of pus in the anterior chamber of the eye.

Hypotony Abnormally soft eye from any cause.

Injection Congestion of blood vessels.

Iris The circular pigmented membrane behind the cornea and immediately in front of the lens;
the most anterior portion of the vascular tunic of the eye. It is composed of the dilator
and sphincter muscles and the two-layered posterior epithelium, and mesodermal com-
ponents that form the iris stroma.

Iritis Inflammation of the iris, manifested by vascular congestion (hyperemia). An outpouring
of serum proteins into the agueous (flare) may accompany the inflammatory reaction.

Keratitis Inflammation of the cornea.

Keratoconus Cone-shaped deformity of the cornea.

Keratocyte One of the connective tissue cells found between the layers of fibrous tissue in the
corneal stroma.

Keratometer An instrument for measuring the curvature of the cornea, used in fitting contact
lenses.

Lens A transparent biconvex structure suspended in the eyeball between the aqueous and the
vitreous. Its function is to bring rays of light to a focus on the retina. Accommaodation
is produced by variations in the magnitude of this effect.

Lens remnants Those portions of the lens capsule and variable amounts of cortex and nucleus
remaining after discontinuity of the lens capsule. Such remnants are usually opaque and
may also be called cataractous lens remnants.

Limbal Of or pertaining to the limbus.

Limbus Zone of merger between cornea and sclera. In the normal eye, the corneaistransparent,
the limbus semitransparent, and the sclera opaque. The limbus may vary from 1to 3 mm
in width.

Macula lutea The small avascular area of the retina surrounding the fovea, often having yellow
pigment.

Megalocornea Abnormally large cornea (> 13 mm in diameter).

Microphthalmos Abnormal smallness of the eyeball.

Miotic A drug causing pupillary constriction.

Mydriatic A drug causing pupillary dilation.

Necrosis Death of tissue, usually asindividual cells, groups of cells, or in asmall localized area.

Nystagmus An involuntary, rapid movement of the eyeball that may be horizontal, vertical,
rotatory, or mixed.

Ophthalmoscope An instrument with a special illumination system for viewing the inner eye,
particularly the retina and associated structures.

Optic atrophy Optic nerve degeneration.

Optic disk Ophthalmoscopically visible portion of the optic nerve.

Optic nerve The nerve that carries visual impulses from the retina to the brain.

Palpebral Pertaining to the eyelid.

Panophthalmitis Inflammation of the entire eyeball.

Pannus Vascularization and connective tissue deposition beneath the epithelium of the cornea.

Papilledema Swelling of the optic disk.



Phlyctenule Localized lymphocytic infiltration of the conjunctiva.

Photophobia Abnormal sensitivity to light.

Posterior chamber Space filled with agueous anterior to the lens and posterior to the iris.

Proptosis A forward displacement of the eyeball.

Pterygium A triangular growth of tissue that extends from the conjunctiva over the cornea.

Ptosis Drooping of the upper eyelid.

Pupil The round opening at the center of the iris which allows transmission of light to the
posterior of the eyeball.

Pupillary light reflex The abrupt narrowing of pupillary aperture occurring when light is cast
into the eye. The neuromotor reflex is mediated through the brain stem and involves
both eyes.

Retina Theinnermost or nervous tunic of the eye which is derived from the optic cup (the outer
layer develops into the pigmented monolayer of epithelium and the inner layer develops
into the complex sensory layer).

Retinal detachment The condition in which theinner sensory layer of the retina separates from
the outer layer of retinal pigment epithelium.

Retrocorneal fibrous membrane Formation of fibrous tissue on the posterior surface of the
corneg; this tissue may replace the corneal endothelium.

Rods Retinal receptor cells concerned with peripheral vision under decreased illumination.

Schlemm’s canal A narrow channel in the anterior chamber angle that drains aqueous to the
agueous veins.

Sclera The white tough covering of the eye that, with the cornea, forms the external protective
coat of the eye.

Slit lamp A biomicroscope especialy adapted to examine the eye.

Symblepharon Adhesions between the bulbar and palpebral conjunctiva.

Synechia Adhesion of theiristo the cornea (anterior synechia) or to the lens (posterior synechia).

Tonometer An instrument for measuring intraocular pressure.

Ulcer A lesion resulting from the loss of substance on a cutaneous or mucosal surface. It may
lead to gradual disintegration and necrosis of the tissues.

Ulceration The formation or development of an ulcer.

Uvea (uveal tract) Theiris, ciliary body, and choroid considered together.

Uveitis Inflammation of one or all portions of the uvea.

Vascular congestion Excessive or abnormal accumulation of blood in atissue caused by dila
tation of its blood vessels.

Vascularization The process of becoming vascular, or the development of vesselsin a tissue.

Vitreous Transparent, colorless mass of soft, gelatinous materid filling the space in the eyeball
posterior to the lens and anterior to the retina.

Zonule A system of fine fibers which extends from the ciliary processes to the equator of the
lens and which holds the lens in place.
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SECTION 1. INTRODUCTION

Potential exposure to toxic materials is greater via inhalation than any other route of exposure. The
potential is greatest through the lung because more air is inhaled each day than water or food is
ingested. The surface area of the lung far exceeds the surface area of the skin and gastrointestinal
tract. Some inhalation exposures may be intentional, as with inhaled drugs. However, most expo-
sures are unintentional via environmental pollutants in the industrial setting or ambient air. Inha-
lation toxicity studies determine the health effects of these materials through exposure to animals,
which then allows for human risk assessment. Inhalation studies involve all the standard types of
toxicity studies and their various endpoints including acute, subchronic, chronic, oncogenicity,
reproductive, developmental, neurotoxicity, as well as in vitro exposures. The following tables and
graphs are a compilation that has proved to be useful in the conduct of inhalation studies and the
extrapolation of effects among different species. The compilation includes data on respiratory tract
anatomy, pulmonary function, bronchoalveolar lavage, metabolism, pulmonary deposition and
clearance, pulmonary toxicity, and data associated with exposure chambers and the generation and
monitoring of exposure atmospheres.

SECTION 2. RESPIRATORY TRACT ANATOMY

TABLE 5.1
Comparative Lung Biology: Morphologic Features of Pleura, Interlobular and Segmental Septa, and
Distal Airways

Mouse, Rat,
Gerbil Hamster,
Macaque Guinea Pig,
Human Monkey Dog, Cat Ferret Rabbit Horse, Sheep Ox, Pig
Pleura Thick Thin Thin Thin Thin Thick Thick
Interlobular and Extensive, Little Little, if any Little Little, if any Extensive? Extensive,
segmental interlobular interlobular interlobular
connective tissue  partially partially surrounds
surrounds surrounds many lobules
many lobules many lobules completely
Nonrespiratory Several Fewer Fewer Several Several Several Several
bronchiole generations generations, generations generations generations generations generations

(nonalveolarized) commonlyonly
one
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TABLE 5.1 (Continued)

Comparative Lung Biology: Morphologic Features of Pleura, Interlobular and Segmental Septa, and
Distal Airways

Respiratory
bronchiole
(alveolarized)

Human

TB ends in
respiratory
bronchioles

Several
generations

Macaque
Monkey

TB ends in
respiratory
bronchioles

Several
generations

Dog, Cat Ferret

TB ends in TB ends in
respiratory respiratory
bronchioles bronchioles

Several Several

generations

generations

Mouse, Rat,
Gerbil Hamster,
Guinea Pig,
Rabbit

TB ends in
alveolar ducts
or very short
respiratory
bronchioles

Absent or a
single short
generation

Horse, Sheep

TB ends in
alveolar ducts
or very short
respiratory
bronchioles

Absent or a
single short
generation

Ox, Pig

TB ends in
alveolar ducts
or very short
respiratory
bronchioles

Absent or a
single short
generation

Note:
2 The interlobular connective tissue of the sheep appears extensive and lobules appear completely separated in gross preparations, but not in LM, SEM,
or HRCT.

From Tyler, W.S. and Julian, M.D., in Treatise on Pulmonary Toxicology, vol. 1, Comparative Biology of the Normal Lung, CRC Press, Boca Raton, FL,
1992. With permission.

TB = terminal nonrespiratory bronchiole.

TABLE 5.2
Interspecies Comparison of Nasal Cavity Characteristics
Sprague-Dawley Beagle Rhesus
Rat Guinea Pig Dog Monkey Man

Body weight 250 g 600 g 10 kg 7 kg ~70 kg

Naris cross-section 0.7 mm? 2.5 mm? 16.7 mm? 22.9 mm? 140 mm?

Bend in naris 40° 400 30° 30°

Length 23 cm 3.4cm 10 cm 53 cm 7-8 cm

Greatest vertical diameter 9.6 mm 12.8 mm 23 mm 27 mm 40-45 mm

Surface area (both sides of ~ 10.4 cm? 27.4 cm? 220.7 cm? 61.6 cm? 181 cm?

nasal cavity)

Volume (both sides) 0.4 cm? 0.9 cm?® 20 cm?® 8 cm? 16-19 cm?
(does not
include
sinuses)

Bend in nasopharynx 15°0 30° 30° 80° ~90°

Turbinate complexity Complex scroll Complex scroll ~ Very complex  Simple scroll ~ Simple scroll

membranous

From Schreider, J.P., in Nasal Tumors in Animals and Man, vol. I11, Experimental Nasal Carcinogenesis, CRC Press, Boca

Raton, FL, 1983.26 With permission.
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TABLE 5.3

Comparative Anatomy of the Lung Parenchyma and Air-Blood Tissue Barrier

Species

Shrew (Surcus etrascus)
White mouse (Mus musculus)
Waltzing mouse (Mus wagneri)
Syrian golden hamster (Mesocricetus auratus)
White rat (Rattus rattus)
White rat (Sprague-Dawley)
White rat (Fischer-344)

Male: 5 mo

Female: 5 mo

Male: 26 mo

Female: 26 mo
Guinea pig (Cavia porcellus)
Rabbit (Oryctolagus cuniculus)
Dwarf mongoose (Helogal epervula)
Genet cat (Genetta ligrino)
Dog (Canis familiaris)
Dog (C. familiaris)
Dog (C. familiaris)
Dog (C. familiaris)
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Body Weight
(®

26+0.2
232
13+1
118+ 7
140+ 7
360 + 4

289 + 13
182+5
391+ 11
208+ 7
429 + 11
3,560
52,800 + 9,800
137,200 + 4,300
5,400
11,200 + 400
16,000 + 3,000
22,800 + 600

Lung Volume
(ml)

0.10 £ 0.01
0.74 + 0.07
0.58 + 0.06
281+0.24
6.34 + 0.25
10.82 + 0.38

8.60 = 0.31
7.48 = 0.10
12.67 £ 0.74
9.39 + 0.40
13.04 + 3.03
79.2
30.6+ 5.6
99.0+ 12.2
284.2
736 £ 25
1,322+ 64
1501+ 74

Alveolar Surface Area
(Both lungs), cm?

170+ 10

680 + 85

630 + 40
2,760 + 250
3,880 + 190
4,865 + 380

3,915 + 390
3,420 + 125
4,630 £ 440
4,020 £ 25
9,100 + 280
58,600 + 12,400
16,100 + 2,600
56,300 + 6,400
182,000 + 135,000
407,000 + 39,000
510,000 + 10,000
897,000 + 69,000

Capillary Surface Area

(Both lungs), cm?

130+ 15

590 + 60

540 + 30
2,410 + 190
4,070 + 200
4,270 + 385

3,830 £ 395
3,260 + 185
4,490 + 485
3,570 £ 165
7,400 + 230
47,000 * 8,800
14,600 + 3,400
42,300 + 1,600
141,000 + 111,000
329,000 + 16,000
570,000 + 20,000
718,000 + 69,000

Capillary Volume
(Both lungs), ml

0.0118 + 0.002
0.084 + 0.009
0.065 + 0.008
0.294 + 0.011
0.480 + 0.022

0.63 + 0.07

0.65 = 0.06
0.46 + 0.10
0.67 = 0.10
0.34 + 0.05
1.50 + 0.08
7.15+ 1.88
2.06 £ 0.52
5.04 + 0.63
26.0 £ 24.9
50.2+ 5.0
92+5
718+ 45

Tissue
(um)

0.27 £ 0.02
0.32 + 0.01
0.26 + 0.002
0.39 £ 0.10
0.37 £ 0.02
0.40 + 0.02

0.38 + 0.03
0.34 + 0.01
0.37 £ 0.01
0.37 £ 0.01
0.42 £ 0.01
0.50 + 0.04
0.39 + 0.02
0.51 + 0.02
0.43 £ 0.02
0.46 £ 0.01
0.45 +0.01
0.48 £ 0.01



Dog (C. familiaris)

Camel (Camelus dromedarus)
Giraffe (Giraffa camelopordalis)
Suni (Nesotragus moschatus)
Dik-dik (Madogua kirkii)
Wildebeest (Connochaetes tauriras)
Waterbuck (Kobus defasso)

African goat (Capra hircus)
African sheep (Ovis aries)

Zebu cattle (Bos indicus)

Swiss cow (B. taurus)

Horse (Equis cabalbus)
Monkey (Macaca irus)

Baboon (Papio papio)
Man (Homo sapiens)

a All values are mean = SEM.

46,100
231,700 + 2,700
383,000
3,300 + 300
4,200 + 100
102,000
109,800 + 16,300
20,900 + 1,000
21,800 + 200
192,500 + 24,000
700,000

510,000 + 0

3,710
29,000 + 3,000
74,000 + 4,000

2,888
15,900 + 1,400
21,000
209.4 + 0.6
3134+ 1.2
7,678
7,835+ 1,550
1,370 £ 15
17,055 + 435
10,145+ 1,960
22,450
37,650 1,050
184.2
2,393 + 100
4,341 + 285

1,769,000 + 456,000
4,305,000 + 584,000
6,361,000
96,900 + 5,500

146,000 + 700
3,908,000
3,829,000 + 950,000
449,000 + 12,000
671,000 + 71,000
3,850,000 + 420,000
12,830,000
24,560,000 + 124,000
133,000 + 12,700
496,000 + 77,000
1,430,000 + 120,000

1,319,000 + 375,000
2,726,000 + 292,000
5,516,000

81,300 + 13,000
130,000 + 6550
2,813,000
3,378,000 + 460,000
439,000 + 12,000
645,000 + 139,000
3,795,000 + 392,000
11,380,000

16,630,000 + 1,080,000

116,000 + 15,400
386,000 + 95,000
1,260,000 + 120,000

234 + 69
378 = 100
965
124+ 0.7
226+ 33
472
584 + 98

101+ 8
146 + 35

700 + 124
2,770
2,800 + 300
155+ 27
44 + 17
213+ 31

0.53 + 0.08
0.60 = 0.06
0.60
0.56 + 0.09
0.43 + 0.02
0.37
0.46 + 0.04
0.54 + 0.03
0.53 £ 0.05
0.50 + 0.04
051
0.60 + 0.02
0.50 + 0.03
0.67 = 0.06
0.62 + 0.04

From Pinkerton, R.E., Gehr, P, and Crapo, J.D., in Treatise on Pulmonary Toxicology, vol. 1, Comparative Biology of the Normal Lung, CRC Press, Boca Raton, FL. 1991.3 With permission.
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TABLE 5.4
Allometry of Pulmonary Structural Variables

Taxon Intercept  Slope N M, Range
V., ml; Lung Volume
Mammals 56.7 1.02 21 0.01-2.000
Mammals 40.0 1.021 13 0.003-3.71
Mammals 46.0 1.059 33 0.003-700
Mammals 475 1060 47  0.003-700
Canids 549 1.15 4 4.6-27.6
Dog (Canis familiaris) 52.8 1.07 1 2.65-57
Bats 96.4 1.07 5 0.005-0.173
S(A), m?, Alveolar Surface Area

Mammals 187 0.888 13 0.003-3.71
Mammals 334 0.949 33 0.003-700
Mammals 3.36 0.935 a7 0.003-700
Canids 112 1.38 4 4.6-27.6
Dog (C. familiaris) 3.12 1.05 1 2.65-57
Bats® 5.18 1.01 5 0.005-0.173

S(c), m?; Pulmonary Capillary Surface Area

Mammals 2.73 0.952 33  0.003-700
Mammals 272 0.941 47  0.003-700
Canids 114 1.25 4 4.6-27.6
Dog (C. familiaris) 2.53 1.05 1 2.65-57
V(c), ml; Pulmonary Capillary Volume

Mammals 3.20 1.000 33  0.003-700
Mammals 3.63 1.009 47 0.003-700
Canids 1.92 123 4 4.6-27.6
Dog (C. familiaris) 3.28 112 1 26557
Bats 3.73 0.954 5 0.005-0.173

Ty, Lm; Harmonic Mean Thickness of Alveolar Membrane

Mammals 0.416 0.050 33  0.003-700
Mammals 0.413 0.053 47 0.003-700
Canids 0.476 0.000 4 4.6-27.6
Dog (C. familiaris) 0.39 0.80 1 2.65-57
Bats 0.249 0.021 5 0.005-0.173

Note: Allometry of pulmonary structural variables that contribute to
gas conductance of the lung and morphometric estimates of pulmonary
diffusing capacity (DL,). Variables are related to body mass (M,,, in kg)
by the function: Y = a - MY, where Y is the variable. a is the intercept
of the log-transformed linear regression, and b is the slope of the log-
transformed linear regression. N isthe number of species. In some cases,
regression equations were calculated from data given in the reference.
Units have been converted for equivalence, where necessary.

From Jones, J.H. and Longworth, K.E., in Treatise on Pulmonary Tox-
icology, vol. 1, Comparative Biology of the Normal Lung, CRC Press,
Boca Raton, FL, 1992.6 With permission.
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TABLE 5.5

Total Tissue Volumes, Surface Areas, and Mean Tissue Thickness in the Alveolar Region of
Normal Mammalian Lungs'

Fischer-344
Rat (n = 4)
Body weight, kg 0.29 + 0.012
Lung volume, ml 8.6 £ 0.312
Total volumes, cm3/both
lungs
Air 5.978 + 0.197
Capillary lumen 0.649 + 0.0572
Tissue 0.428 + 0.046*
Type | epithelium 0.082 + 0.0062
Type |l epithelium 0.037 + 0.0092
Cellular interstitium 0.068 + 0.0052
Noncellular interstitium  0.128 + 0.0162
Endothelium 0.094 + 0.0092
Macrophages 0.019 + 0.0072
Surface area, m? both lungs
Alveolar epithelium
Typel 0.391 + 0.3%
Typell 0.015 + 0.005?
Capillary endothelium 0.383 + 0.392
Arithmetic mean, tissue
thickness, um
Epithelium
Typel 0.212 + 0.008°
Typell 2.758 + 0.424%
Interstitium 0.500 + 0.0282
Endothelium 0.246 + 0.0112

Sprague-Dawley

Rat (n = 8)

0.36 £ 0.01
10.55 + 0.372

7.216 + 0.278
0.659 + 0.055%
0.671 + 0.0412
0. 144 + 0.010?
0.053 + 0.009*
0.079 + 0.0152
0.214 + 0.0162
0.156 + 0.0072
0.025 + 0.006*

0.387 + 0.0252
0.015 + 0.0022
0.452 + 0.035%

0.384 + 0.0382
3.653 + 0.2662
0.693 + 0.058*
0.358 + 0.0312

Dog Baboon Human
(n=4) (n =5) (n=8)
16+ 3 29+ 3 74+ 4

1322 + 64 2393 + 100 4341 + 284
914 + 52 1851 + 24 3422 + 223
92+ 5° 44 £ 17° 169 + 24
78 £ 4° 68 + & 314+ 41

165+ 1.9 144 +£23° 325+ 39
5.6 + 0.5° 35+0.8° 321+5.0
129+ 0.7° 94+ 16° 540+ 7.0
228+ 0.7° 246+ 3.7° 983+ 124
176+ 16 134+ 26 426+54
25+ 1.1° 24+11° 54.7 £ 15.7
51.0+ 1.0° 477+ 7.7° 89.0+ 8.0
10+£0.2 19+03 70+10
57.0+ 20 386+ 95 91.0+ 9.0
0.327 £ 0.043* 0.308 + 0.021* 0.361 + 0.0242
4138 £ 0.340* 1.839+ 0.141° 5.019 + 0.551°
0.658 +£ 0.033*  0.847 £ 0.140*  1.634 + 0.164
0.308 + 0.019*  0.361 + 0.038*  0.474 + 0.052°

T All data are mean + SEM. For comparisons between species all data connected by the same letter subscript are not
statistically different from each other.
* Type | surface area (SA) is the SA of basement membrane under type | cells: type Il SA isthe air surface of type Il cells
excluding the extra SA contributed by microvilli; endothelial SA isthe lumina surface of the endothelia cells.

From Pinkerton, K.E., Gehr, P, and Crapo, J.D., in Treatise on Pulmonary Toxicology, vol. 1, Comparative Biology of the

Normal Lung, CRC Press, Boca Raton, FL, 1992.3 With permission.

TABLE 5.6

Tracheobronchial and URT Liquid Lining Layer Thicknesses

Species Location Thickness® (um)

Cat Trachea <20, usually <10

Guineapig Trachea ~10
Intrapulmonary 0.0

Human Bronchi (main stem) 8.3
Bronchi (segmental) 6.9
Bronchioles 1.8°

Rabbit Bronchi (1-3 mm)e© 5 or more®
Bronchioles (0.5-1.0 mm)c 14

Copyright © 2002 by Taylor & Francis

Comments

Not uniform “in some areas not detected”

“Constantly biophasic”

Liquid lining never extended beyond ciliary
tips

Combination of airway and vascular fixation,
lobes were surgical resections in
nonsmokers

Mucous blanket observed



TABLE 5.6 (Continued)
Tracheobronchial and URT Liquid Lining Layer Thicknesses

Species Location Thickness? (um) Comments

Bronchioles (<0.5 mm)¢ 0.3-0.5°

Terminal bronchioles <0.1°
Rat Nose <15 Observed a continuous blanket
Trachea large bronchi 5-10 “Distribution was focal”
Trachea 3-15, generally 8-12° Mucous blanket observed
Lobar bronchi Few tenths-8, generally 2-5°
Trachea 6.1°
Bronchi 3 Combination of airway and vascular fixation
Bronchioles 20
Terminal bronchioles 0.0 No epiphase or mucus observed
Trachea, major bronchi, “Well defined streams up to 500 mm wide.”
peripheral airways “Mucus was transported as discrete

particles’ as small as 0.5 mm in diameter.
A continuous mucous blanket was not
observed.

a Unless specified, values apply only to the epiphase above cilia lips.
b Thickness of epiphase plus hypophase.
¢ Diameter range of airways.

From Miller, F.J., Overton, JH., Kimbell, J.S., and Russel, M.L., in Toxicology of the Lung, Raven Press, New York, 1993.°
With permission.

TABLE 5.7
Alveolar Region Tissue and Blood Compartment Dimensions of Normal Mammalian Lungs
Fischer-344  Sprague-Dawley Dog Baboon Human
Rat (n = 4) Rat (n = 8) n=4) (n=5) (n=28)
Body weight (kg) 029+001= 036+ 001 16+ 3 29+3 79+ 4
Lung volume (ml) 8.6+ 0.31 10.55 + 0.37 1,322 + 64 2,393 £ 100 4,341 + 284
Total volumes (cm? both lungs)
Air 5978 £ 0.197 7.216 + 0.278 914 + 52 1,851 + 24 3,422 + 223
Capillary lumen 0.649 £ 0.057 0.659 £ 0.055 92+5 44 + 17 169 + 24
Tissue 0.428 + 0.046 0.671 + 0.041 78+4 68+ 9 314+ 41
Type | epithelium 0.082 + 0.006 0.144 + 0.010 165+ 19 144+ 23 325+ 39
Type |l epithelium 0.037 + 0.009 0.053 + 0.009 56+ 05 35+ 08 321+50
Cellular interstitium 0.068 + 0.005 0.079 + 0.015 129+ 0.7 94+16 540+ 7.0
Noncellular interstitium 0.128 + 0.016 0.214 + 0.016 228+ 0.7 24.6 + 3.7 98.3+ 124
Endotheliurn 0.094 £ 0.009 0.156 + 0.007 176+ 16 134+ 26 426+ 54
Macrophages 0.019 + 0.007 0.025 + 0.006 25+ 11 24+ 11 54.7 + 15.7
Surface area (m?#both lungs)
Alveolar epithelium
Typel 0.391 + 0.039 0.387 + 0.025 51.0+ 1.0 477+ 7.7 89.0+ 8.0
Type Il 0.015 + 0.005 0.015 + 0.002 1.0+ 0.2 1.9+ 0.3 70+ 10
Capillary endothelium 0.383 £ 0.039 0.452 £ 0.035 570+ 20 38.6 + 9.5 91.0+9.0
Tissue component of diffusion 343+ 0.17 355+ 0.33 399 + 12 231+52 436 + 53.6

capacity (ml O, min mm Hg™?)
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TABLE 5.7 (Continued)

Alveolar Region Tissue and Blood Compartment Dimensions of Normal Mammalian Lungs

Fischer-344
Rat (n = 4)

Tissue thickness (um)
Harmonic mean (air/plasma) 0.379 + 0.030
Arithmetic mean

Epithelium
Typel 0.212 + 0.008
Type ll 2578 £ 0.424
Interstitium 0.500 + 0.028
Endothelium 0.246 + 0.011

a All data are mean +SEM.

Source: Crapo, J.D. et a., 1983.1°

Sprague-Dawley

Rat (n = 8)

0.405 + 0.017

0.384 + 0.038
3.653 + 0.266
0.693 + 0.058
0.358 + 0.031

Dog
(n=4)

0.450 + 0.007

0.327 £ 0.043
4.138 + 0.340
0.658 + 0.033
0.308+0.019

Baboon
(n =5)

0.674 + 0.055

0.308 + 0.021
1.839 £ 0.141
0.847 + 0.140
0.361 + 0.038

Human
(n=28)

0.745 + 0.059

0.361 + 0.024
5.019 + 0.551
1.634 + 0.164
0.474 + 0.052

From Miller, F.J., Overton, JH., Kimbell, J.S., and Russel, M.L., in Toxicology of the Lung, Raven Press, New York, 1993.°

With permission.

Anatomical Data: Trachea of Various Species

TABLE 5.8
Length

Species (cm)
Dog 10
Baboon 35
Pig 13
Macaca 6
Mouse 2
Rabbit 6.5
Guinea pig 33
Hamster 15
Sheep 24
Cat (SPF) 7
Squirrel monkey 25
Rat 32
Man 11.0

a Varies considerably.

Internal Diameter

(mm)

15
5
10
7
2
10
4
2
26
7
3
3
20

Goblet Cells

per cm

350
600
150
300
150
600
6
300
600
150
8
2002

Glands

++ +
+++
+++
++

+

++ +
+4+++

++ +2

From Phalen, R.F,, Inhalation Sudies: Foundations and Techniques, CRC Press,
Boca Raton. FL, 1984.1* With permission.
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TABLE 5.9
Dimensions of the Cross Sections of the Nasal
Cast of the Rat

Distance from Anterior  Perimeter Area

Section No. End of Nose (mm) (mm) (mm?)
1 0 8.3 14
2 1 5.6 13
3 2 11.9 2.0
4 3 21.7 35
5 4 234 38
6 5 27.3 4.5
7 55 35.0 7.6
8 7 383 9.9
9 8 44.0 9.3

10 10 73.9 13.2
11 12 63.5 10.3
12 14 54.4 10.3
13 16 48.3 8.1
14 17 67.6 16.7
142 17 57.8 13.0
15 18 58.4 21.7
16 19 104.1 25.8
162 19 475 14.0
17 20 97.8 17.0
172 20 9.0 5.0
18 21 445 125
182 21 9.0 5.0
19 22 30.9 7.7
192 22 85 4.2
20 23 17.4 5.9
202 23 89 4.9
21 25 75 3.6
22 32 79 3.7
23 35 8.6 2.8
24 37 7.7 2.2
25 40 8.4 34
26 41 8.7 3.4
27 42 23.7 15.8
28 43 2422 14.9
29 44 9.2 3.2
30 45 12.8 3.2
31 45 7.6 18
32 455 74 1.9
33 46 7.8 31
34 47 6.5 3.0
35 52 7.1 38

a Main airway alone. Does not include separate pockets.

From Toxicology of the Nasal Passages, J.P. Schreider, Hemisphere
Publishing, Taylor & Francis, Washington, D.C., 1986, p. 10.%
Reproduced with permission. All rights reserved.
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TABLE 5.10
Dimensions of the Cross Sections of the Nasal
Cast of the Guinea Pig

Distance from Anterior  Perimeter Area

Section No. End of Nose (mm) (mm) (mm?2)
1 0 18.0 5.0
2 1 14.0 4.4
3 2 15.3 4.9
4 25 12.4 3.6
5 3 13.9 4.2
6 35 18.5 5.4
7 4 32.9 13.0
8 50 19.8 134
9 8 66.4 20.4

10 11 88.0 215
11 16 915 285
12 18 91.2 311
13 20 82.0 36.2
14 22 62.7 30.1
15 24 75.1 38.1
16 26 109.4 4.4
162 26 94.3 39.2
17 28 1535 58.1
172 28 14.9 11.2
18 31 184.6 73.4
182 31 14.5 10.8
19 34 14.2 133
192 34 8.2 11.7
20 39 13.9 13.7
21 45 13.2 31.2
22 50 12.0 8.1
23 55 8.0 4.1
24 56 18.9 8.8
25 57 20.7 12.7
26 59 8.9 2.8
27 62 9.1 51
28 70 8.6 57

a Main airway alone. Does not include side pockets.

From Toxicology of the Nasal Passages, J.P. Schreider, Hemisphere
Publishing, Taylor & Francis, Washington, D.C., 1986, p. 11.%2
Reproduced with permission. All rights reserved.
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TABLE 5.11
Dimensions of the Cross Sections of the Nasal Cast
of the Beagle

Distance from Anterior  Perimeter Area

Section No. End of Nose (mm) (mm) (mm?)
1 0 44.0 33.3
2 5 50.3 42.3
3 10 725 44.8
4 15 66.5 32.0
5 20 63.8 37.6
6 25 70.1 49.6
7 30 106.3 75.9
8 35 143.4 95.5
9 40 294.8 155.0

10 43 503.0 205.8
11 50 674.3 228.4
112 50 665.6 227.3
12 55 470.6 267.3
13 60 333.9 3125
14 65 318.8 240.9
142 65 64.3 91.2
15 70 424.1 2775
152 70 55.1 68.0
16 75 266.8 289.5
162 75 109.1 143.8
17 80 200.9 2725
172 60 54.5 113.9
18 20 1215 138.3
182 920 52.6 105.3
19 100 44.4 95.2
192 100 35.6 92.6
20 120 39.3 88.8
21 150 64.0 139.1
22 160 184.5 1022.5
23 170 131.0 871.3
24 180 210.0 1055.4
25 185 250.9 933.6
252 185 53.1 89.1
26 190 50.8 112.6
27 195 50.6 175.4
28 205 57.5 251.3
29 275 57.0 237.1

a Main airway alone. Does not include separate pockets.

From Toxicology of the Nasal Passages, J.P. Schreider, Hemisphere
Publishing, Taylor & Francis, Washington, D.C., 1986, p. 11.?
Reproduced with permission. All rights reserved.
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TABLE 5.12
Dimensions of the Cross Sections of the Nasal
Cast of the Rhesus Monkey

Distance from Anterior  Perimeter Area

Section No. End of Nose (mm) (mm) (mm?)
1 0 45.8 55.6
2 3 433 51.0
3 8 62.3 61.0
4 13 73.8 86.2
5 18 95.6 105.6
6 23 119.3 161.1
7 25 121.0 155.0
8 28 169.1 180.8
9 33 192.9 165.6
10 38 211.8 165.3
11 40 171.8 164.1
12 43 143.4 161.7
13 48 116.1 152.6
14 53 58.5 91.5
15 58 45.0 53.2
16 63 37.9 38.0
17 68 24.0 18.8
18 73 29.0 27.3
19 78 37.9 66.0
20 80 66.5 224.9
21 83 73.6 253.1
22 88 90.5 263.0
222 88 75.4 256.4
23 20 118.8 257.3
24 93 34.1 43.8
25 95 27.6 15.8
26 98 29.5 18.2
27 103 35.0 72.0
28 105 333 75.4
29 110 27.9 56.1

a Main airway alone. Does not include separate pockets.

From Toxicology of the Nasal Passages, J.P. Schreider, Hemisphere
Publishing, Taylor & Francis, Washington, D.C., 1986, p. 13.?
Reproduced with permission. All rights reserved.
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FIGURE 5.1 Relationship between body mass and the logarithms of tracheal diameter and length for avariety
of species. From Tenney, S.M. and Bartlett, D., Respir. Physiol., 3, 130, 1967.* With permission.
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FIGURE 5.2 Allometric plot of mean lung volume to mean body mass for mammalian species. Closed circles
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Respir. Physiol., 44, 61, 1981.5> With permission.

Copyright © 2002 by Taylor & Francis



100
| | | | |
/
HORSE O
Cow|
10k slope 0.99 GIRAFFE g O _|
WATERBUCK g ¢ ELAND
WILDE BEEST FrAe
DOG /0 mAN
_ THOMSON GAZELLE SHEEP
T 1 00G § ot .
] DOG o/
o
€ GRANT'S GAZELLE @
A pik-ok 8% POG
Y MONKEY O
= SUNI
E of /o RABBIT -
> ® GENET CAT
o ® BANDED MONGOOSE
g DWARF MONGOOSE @
< GUINEAPIG ,Qp RAT
o
o 001 -
z O RAT
%)
> O SHREW
[T
[ SHREwW QO MOUSE
a
0 001-WALTZ MOUSE O O -
<0
o
6  SHREW(5)
[+)
00001 | | | | |
0001 001 01 1 10 100 1000

BODY MASS (kg)

FIGURE 5.5 Allometric plot of pulmonary diffusing capacity to body mass for mammalian species. From
Gehr et al., J. Respir. Physiol., 44, 61, 1981.5 With permission.

50—
40~
DOG (6)
o CAT (5)
£
= 201
S) RAT (5)
1))
a RABBIT (8)
S 1o~ MOUSE®
Q -
T I
E
8 s
y L
%]
-
<
o
=)
L
— —
o
L1 11111l Ll [ N L
01 0.1 1.0 10 20

BODY WEIGHT (W), kg

FIGURE 5.6 Pleura space thickness (t) vs. body weight (W) measured using light microscopy in five
mammalian species. The power curve fit to the datawast = 13.1 W°2. From Li-Fook et a., J. Appl. Physiol.,
59, 603, 1985.” With permission.

Copyright © 2002 by Taylor & Francis



4r Humane
3 -
Ventilatory Unit e Baboon
Diameter i
(mm) . .
Guinea Pig ¢ Rat

1 [ Mousee
0 ! ' !
0.00 0.10 0.20 0.30

Alveolar Diameter
(mm)

FIGURE 5.7 Mean aveolar diameter vs. mean ventilatory unit diameter. The aveolar diameters and corre-
sponding ventilatory unit diameters from the lung of different species are shown. The lungs were preserved
by vascular perfusion fixation at a lung volume near functional residual capacity. A remarkable similarity in
lung structure across species is demonstrated by the fact that the ratio of ventilatory unit diameter to alveolar
diameter is constant over the large range of lung sizes examined. The ventilatory unit averaged 17.5 alveolar
diameters in size. From Pinkerton et a., J. Appl. Physiol., 1993.8 With permission

SECTION 3. CELLS IN THE RESPIRATORY TRACT

TABLE 5.13
Comparison of Abundance and Percentage of Cell Types in Tracheas of Seven
Mammalian Species

Percentage
Mucous
Basal Ciliated Clara  Goblet Serous Other
Species N  Total Nuclei  Cells Cells Cells Cells Cells Cells  Unidentified
Sheep 5 4143*+332 285 30.6 0 51 0 35.9 0
Bonnet monkey 3 266.0+ 12.0 31 41 0 8 0 16 4
Rhesus monkey 5 181.4 + 50.7 42.0 32.9 0 16.8 0 4.3 4.0
Cat 3 273.0+150 373 36.1 0 20.2 0 54 11
Rabbit 3 2109+29.7 282 43.00 17.6 13 0 0 9.4
Rat 3 1479+ 31 134 40.6 0 05 39.2 0 6.2
Hamster 3 1514+ 11.2 5.6 475 41.4 0 0 0 53

a Mean +SD, number of nuclei per millimeter.

Source: Plopper, C.G., Mariassy, A.T., Wilson, D.W., Alley, J.L., Nishio, S.J., and Nettesheim, P, Exp. Lung Res., 5, 281,
1983.13

From St. George, J.A., Harkema, J.R., Hyde, D.M., and Plopper, C.G., in Toxicology of the Lung, Raven Press, New York,
1993.* With permission.
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TABLE 5.14

Density of Cells in the Bronchiolar
Epithelium of Adults

Species

Cat

Rat
Rabbit
Hamster
Mouse

Bonnet monkey

a8 Mean £SD.

Cell Density/mm?

All Cell Types

19,532 + 383
18,813+ 2,722
15,073 + 706
14,238+ 2,794
9,759+ 1,700
9,565 + 304

Noncillated Cells

19,532 + 383
14,030 + 3,373
9,261 + 434
8,489 + 2,407
8,732 + 2,200
8,800 + 280

From St. George, JA., Harkema, JR., Hyde, D.M., and
Plopper, C.G., in Toxicology of the Lung, Raven Press, New
York, 1993.1 With permission.

TABLE 5.15

Height um of the Airway Epithelium in Adult Mammals from Various Reports

Primates
Human
Bonnet monkey

(M. radiata)
Rhesus monkey
(M. mullata)

Carnivores
Dog
Cat
Ferret

Perissodactyla
Horse

Artiodactyla
Cow
Sheep
Pig

Rodentia
Guinea pig
Hamster
Rat
Mouse

Lagomorpha
Rabbit

Trachea

Bronchi

(620051

o W wy

(Generation 0)

50-100; 43 + 2
207

28+5

26+ 4
20-24; 24+

48+ 3

60 + 3
41-57; 59 + 72
46 £ 5

30+3
20+ 0; 8-14

24+1

1114

211

N

5
3

4

(Generation 1-2)

50— 39—
21+ 6

19+1

20-50

40+ 3
35-50

15-30
151+ 11
13-

a |nsufflation fixed, epon-embedded Trachea (+SD).

N  (Generation 4-6)

5 17+1
8 32+ 4
5 20—
6 13-
3 8-16
6 9+2

N

(Generation 7-11)

From Mariassy, A.T., in Treatise on Pulmonary Toxicology, vol. 1, Comparative Biology of the Normal Lung, CRC Press,
Boca Raton, FL, 1992.15 With permission.
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TABLE 5.16
Population Densities (% Cells) of the Tracheal Surface Epithelium in Adult Mammals and Juvenile Birds

Cells/mm Epithelial Cells
Basal Mucous
N Lamina Basal Ciliated (Goblet) Serous Other? Clara Brush Unidentified

Primates

Human 3 303+ 20 33 49 9 0 9 0 — —

Bonnet monkey (Macaca radiata) 3 266 + 12 31 41 0 0 16 SMGC® 0 <1 4

Rhesus monkey (Macaca mullata) 5 181+ 51 42 33 17 0 4 SMGC 0 <1 4
Carnivores

Dog 5 — — — — — — — — —

Cat 5 273+ 15 37 36 20 0 5 0 <1 1

Ferret 4 183- 25 54 22 0 — 0 Rare —
Perissodactyla

Horse 3 307 £ 23 31 46 5 0 18 0 — —
Artiodactyla

Cow 5 323+ 24 31 42 4 0 23 0 <1 —

Sheep 5 414 + 33 29 31 5 0 36 M3¢ 0 <1 0

Pig 5 303+ 17 31 43 3 0 23 0 <1 —
Rodentia

Guinea pig 5 3075 34 32 5 0 29 0 <0 —

Hamster 3 151+ 11 6 48 0 0 0 41 <1 5

Rat 3 148+ 3 13 41 1 39 0 0 1 6

Rat 5 168 + 12 21 32 2 42 1 0 >1 1

Rat — 142—- 27 33 <1 27 13 0 — —

Mouse 6 215- 10 39 <1 0 1 49 <1 —
Lagomorpha

Rabbit — 211 + 30 28 43 1 0 0 18 Rare 9
Avia

Goose — 213- 33 50 12 <001 O 0 0 5
Note: +S.D.

a Nonciliated cells, mostly eccrine.
5 Small mucous granule cell.
¢ Mucous cell.

From Mariassy, A.T., in Treatise on Pulmonary Toxicology, vol. 1, Comparative Biology of the Normal Lung, CRC Press, Boca Raton, FL, 1992.15 With permission.
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TABLE 5.17
Population Densities (% Cells) of the Bronchial Surface Epithelium in Adult Mammals (Mainstem, Primary Bronchi)

Cells/mm Epithelial Cells
Basal Mucous
N Lamina Basal Ciliated (Goblet) Serous Other? Clara Brush Unidentified

Primates

Human 5 — 6+1 56 + 10 26+5 Scarce 31+2 0 — —

Bonnet monkey (Macaca radial) 3 210 + 16 35 33 10 0 15 SMGCP 0 — 6

Rhesus monkey (Macaca mullata) 5 175 + 46 32 14 15 0 5 SMGC 0 — 3
Carnivores

Dog — — — — — — — — — —

Cat — — — — — — — — — —

Ferret 3 — — — 50/mm — 20/mm 0 — -
Perissodlactyla

Horse — — — — — — — — — —
Artiodactyla

Cow — — — — — — — — —

Sheep 6 285+ 24 18 48 4 0 30 M3¢ 0 <1 0

Pig — — — — — — — — — —
Rodentia

Guinea pig — — — — — — — — — —

Hamster 6 — 22 49 4 0.2 8 15 Rare 1

Rat 20 126- 27 35 <1 21 16 0 — —

Mouse 3 215- 4 47 1 0 2 46 <1 0
Lagomorpha

Rabbit 4 194 + 17 27 43 1 0 7 22 <1 —
Note: +S.D.

a Nonciliated, mostly eccrine.
b Small mucous granule cell.
¢ Mucous cell.

From Mariassy, A.T., in Treatise on Pulmonary Toxicology, vol. 1, Comparative Biology of the Normal Lung., CRC Press, Boca Raton, FL, 1992.%5 With permission.
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TABLE 5.18

Population Densities (% Cells) of the Bronchial Surface Epithelium in Adult Mammals (Lobar Bronchi, Generations 2—6)

Primates
Human
Bonnet monkey (Macaca radiata)
Rhesus monkey (Macaca muilata)

Carnivores
Dog
Cat
Ferret

Perissodactyla
Horse

Artiodactyla
Cow
Sheep
Pig

Rodentia
Guinea pig
Hamster
Rat
Mouse

Lagomorpha
Rabbit

Note: +SD.

a Nonciliated, mostly eccrine.
b Small mucous granule cell.
¢ Mucous cell.

@ |

w®m|

[e]

Cells/mm
Basal
Lamina

248 + 23

179-
116-
199-

114 + 12

Epithelial Cells
Mucous
Basal Ciliated (Goblet) Serous Other? Clara Brush Unidentified

32 47 15 0 5 SMGC® 0 — 2
19 39 12 0 30 M3* 0 <1 0
18 35 27 0 12 7 <1 1
14 53 <1 20 12 0 Infrequent

1 36 0 0 2 61 <1 <1

2 49 0 0 7 41 <1 —

From Mariassy, A.T., in Treatise on Pulmonary Toxicology, vol. 1, Comparative Biology of the Normal Lung, CRC Press, Boca Raton, FL, 1992.15 With permission.
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TABLE 5.19
Population Densities (% Cells) of the Bronchial Surface Epithelium in Adult Mammals (Segmental Bronchi, Generations 7-11)

Epithelial Cells

Cells/mm Mucous
N Basal Lamina Basal Ciliated (Goblet) Serous Other? Clara Brush Unidentified

Primates
Human — — — — — — — — — —
Bonnet monkey (Macaca radiata) — — — — — — — — — —
Rhesus monkey (Macaca muilata) 5 158 + 15 29 49 14 0 3 SMGCP 0 — 2
Carnivores
Dog — — — — — — — — — —
Cat — — — — — — — — — —
Ferret — — — — — — — — — —
Perissodactyla
Horse — — — — — — — — — —
Artiodactyla
Cow — — — —
Sheep 8 223+ 17 18 43 8 0 31 M3¢ 0 <1 0
Pig — — — —
Rodentia
Guinea pig — — — — — — — — — —
Hamster — — — — — — — — — —
Rat — — — — — — — — — —
Mouse — — — — — — — — — —
Lagomorpha
Rabbit 5 147 + 18 0 49 0 0 4 a7 — 0

Note: +SD.

a Nonciliated, mostly eccrine.
5 Small mucous granule cell.
¢ Mucous cell.

From Mariassy, A.T., in Treatise on Pulmonary Toxicology, vol. 1, Comparative Biology of the Normal Lung, CRC Press, Boca Raton, FL, 1992.%5 With permission.
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TABLE 5.20
Comparison of Species Differences in Microenvironment of Bronchiolar

Cells: Centriacinar Organization and Tracheobronchial Distribution

Transitional or Respiratory Bronchiole  Nonciliated Bronchiolar Cells Found in

Species Extensive Minimal Trachea Lobar Bronchus
Mouse + >50% >60%
Hamster + >40% >15%
Rat + 0 0
Guinea pig + 0 0
Rabbit + >15% >25%
Dog + 0 0
Cat + 0 0
Ferret + 0 0
Macague + 0 0
monkey
Sheep + + 0 0
Pig + 0 0
Horse + 0 0
Cow + 0 0
Human 0 0

From Plopper, C.G. and Hyde, D.M., in Treatise on Pulmonary Toxicology, vol. 1, Comparative Biology
of the Normal Lung, CRC Press, Boca Raton, FL, 1992.16 With permission.

TABLE 5.21
Comparison of Species Differences in Cellular Composition of Centriacinar
Bronchiolar Epithelium

Cell Types in Terminal Bronchiole Cell Types in Respiratory Bronchiole
Species Clara  Ciliated Goblet Basal Clara Ciliated Goblet Basal
Mouse >50% <50% - - N/A N/A N/A N/A
Hamster >50% <50% — - N/A N/A N/A N/A
Rat >50% <50% — — N/A N/A N/A N/A
Guinea pig >50% <50% - - N/A N/A N/A N/A
Rabbit >50% <50% - - N/A N/A N/A N/A
Dog >95% <5% — - >95% <5% - —
Cat >95% <5% - - >95% <5% - —
Macague monkey - ~50% ~20% ~10% >90% <10% + +
Sheep >60% <40% — — N/A N/A N/A N/A
Pig + + - - N/A N/A N/A N/A
Horse >50% >50% - - N/A N/A N/A N/A
Cow >50% <50% - - N/A N/A N/A N/A
Human - + + + + + + +

Note: N/A, not applicable; —, not present; +, present in variable amounts.

From Plopper, C.G., and Hyde, D.M., in Treatise on Pulmonary Toxicology, vol. 1, Comparative Biology
of the Normal Lung, CRC Press, Boca Raton, FL, 1992.16 With permission.
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TABLE 5.22

Comparison of Numerical Density of Bronchiolar Epithelium and
Density and Percentage of Clara Cells in Bronchiolar Epithelial
Population of Adults

Clara Cells
Bronchiolar Epithelium Density? Density? % of
Species (No./mm?) (No./mm?) Population
Rat 17,070 = 791 4,336 + 201 254
Rabbit 15,073 = 706 9,261 + 434 61.4
Cat 19,532 + 383 19,532 + 383 100
Bonnet monkey 9,565 + 304 8,800 + 280 92

a Mean +SD.

From Plopper, C.G. and Hyde, D.M., in Treatise on Pulmonary Toxicology, vol. 1,
Comparative Biology of the Normal Lung, CRC Press, Boca Raton, FL, 1992.16 With
permission.

TABLE 5.23
Comparison of Relative Proportions (Percentages)? of Cellular Components in Clara Cells
Agranular Lateral
Endoplasmic Secretory Cytoplasmic Large Cytoplasmic

Species Nucleus Reticulum  Granules  Glycogen  Mitochondria Mitochondria  Extensions

Mouse 21.8+ 6.5 548+ 75 + 0 347+ 64 + +

Hamster 252+6.1 793+ 76 + 0 10.7 + 44 - +

Rat 285+104 66294 + 01+04 163+ 6.0 + +

Guineapig 28.6+89 58.3+ 9.0 + 0+85 251 + +

Rabbit 238+ 838 616 +54 + 70+54 191+ 76 + +

Dog 234+114 247+86 + 57.1+ 137 80%6.7 +

Cat 26.7+92 10.7 £ 6.7 - 61.3+ 10.1 195+ 96 + +

Macague 286+ 44 52+ 33 + 0 141+ 28 - +
monkey

Sheep 26,6+ 103 64.6+183 + 6.8+ 121 13.8+88 - +

Pig ? ? + ? ? + +

Horse 86+41 70.6 £ 4.5 + 0 106+ 4.4 - +

Cow 27.7+101 219+101 + 62.3 =115 120+ 75 - +

Human 41.9 £ 10.0 31+£35 + 46+58 153+ 6.6 - +

a As percent of cytoplasmic volume; mean +SD; + = as present; — = not present.

From Plopper, C.G. and Hyde, D.M., in Treatise on Pulmonary Toxicology, vol. 1, Comparative Biology of the Normal
Lung, CRC Press, Boca Raton, FL, 1992.16 With permission.
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TABLE 5.24
Characteristics of Cells from the Alveolar Region of Normal Mammalian Lungs'

Fischer-344  Sprague-Dawley

Rat Rat Dog Baboon Human

Total number of cells/lung, 10° 0.67+0.022 0.89 + 0.042 114 + 13° 99+ 230+ 25
Total lung cells, %

Alveolar type | 81+ 0.3 8.9+ 0.9 125+ 1.7° 11.8+ 0.6° 8.3+ 0.6

Alveolar type Il 121+ 0.72 142 + 0.7 11.8 + 0.62 7710 159+ 0.8°

Endothelia 51.1+17° 422+ 112 457 + 0.8 36.3+24 30224

Interstitial 244+ 0.72 277+ 18 26.6 £ 0.72 418+ 27 36.1+10

Macrophage 43+ 1.07 3.0+ 0.3 34+ 0.6° 23+£0.72 94+ 22

Alveolar surface covered, %

Alveolar type | 96.4 £ 0.52 96.2 £ 0.5% 97.3+ 0.4 96.0 £ 0.6% 929+10

Alveolar type 3.6+03 3.8+ 05 27+ 10 40+ 0.6° 71+ 108
Average cell volume, pm?

Alveolar type | 1530 £ 1212 2042 + 3742 1196 + 882 1224 + 1362 1764 + 155

Alveolar type Il 455 + 108? 443 + 807 428 + 372 539+ 1842 889 + 101

Endothelial 275 + 252 387 + 302 343 + 192 365 + 612 632 + 64

Interstitial 427 + 552 331+ 67® 440 + 472 227 + 30° 637 £ 26

Macrophage 639 + 1312 1058 + 2572 654+116% 1059+ 2872 2492 + 167
Average cell surface area, pm?

Alveolar type | 7287 + 755° 5320 + 694 3794+ 4872  4004+383* 5098+ 6597

Alveolar type Il 185 + 56% 123 £ 202 107 £ 152 285 + 85° 183 + 14

Endothelial 1121 + 952 1105 + 722 1137+ 1272 1040+ 2092 1353 + 672

T All data are mean +SEM. For comparisons between species, letter subscripts (g, b) indicate those values that are not
different from other values having the same letter subscript.
Note: Modified from Crapo et al. (1983).1°

From Pinkerton, K.E., Gehr, P, and Crapo, J.D., in Treatise on Pulmonary Toxicology, vol. 1, Comparative Biology
of the Normal Lung, CRC Press, Boca Raton, FL, 1992.3 With permission.

TABLE 5.25

Summary of Experimentally
Determined Turnover Times for
Selected Cells of Respiratory Tracts
of Rats and Mice

Turnover time (days)

Tissue Rat Mouse
Tracheal epithelium 7-48 2-20
Bronchial epithelium 8-27 2-21
Bronchiolar epithelium — 10-59
Alveolar epithelium 29 28-35
Alveolar macrophage 8-35 6-21

From Snipes, M.B., Crit. Rev. Toxicol., 20, 174,
1989.%8 With permission.
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FIGURE 5.8 Allometric relationship for alveolar cells. On alog/log scale, the total number of alveolar cells
within a species increases proportionally with body weight. For total number of lung cells, the slope is near
1 (0.95 £ 0.05) and datisticaly significant (P < .0001). A similar relationship holds for epithelia type I,
epithelia type Il, and interstitial and endothelial cells. A larger lung is therefore composed of more cells, not
necessarily larger cells. From Stone et a., Am. J. Respir. Cell. Mol. Biol., 6, 235, 1992.17 With permission.

SECTION 4. PULMONARY FUNCTION

TABLE 5.26
Allometry of Pulmonary Diffusing Capacity

Taxon Method  Intercept  Slope N M, Range
DL, ml [STPD] CO - min~' - torr-'; Pulmonary Diffusing Capacity for CO (Physiologic)
Mammals — 0.22 114 — —
Mammals — 0.614 0.985 0.025-500
Canids sb 0.592 1.275 4 4.6-27.6
Laboratory mammals sb 0.4680 0.74 4 0.040-3.50
Dog (Canis familiaris) sb 1.67 0.79 1 7.3-63
Rabbit (Oryctolagus cuniculus) sb 0.4074 0.92 1 1.30-3.50
Guinea pig (Cavia porcellus) sb 0.4571 0.74 1 0.250-1.000
Rat (Rattus norvegicus) sb 0.4467 0.75 1 0.050-0.400
Hamster (Mesocricetus auratus) sb 0.7943 0.91 1 0.040-0.120
Mouse (Mus musculus) rb 0.00106 0.971 1 0.020-0.039
Mammals 0.16 118 — —
Mammals 3.92 0.991 33 0.003-700
Mammals 6.49 0.962 47 0.003-700
Canids 192 125 4 4.6-27.6
Dog (C. familiaris) 6.56 1.00 1 2.65-57
Bats 6.25 0.932 5 0.005-0.173

Note: Allometry of pulmonary diffusing capacity for carbon monoxide (DL, physiologic) and
oxygen (DL gy, morphometric); both are in ml [STPD] - min - torrt. DL is related to body
mass (M, in kg) by the function: D, = a - MY, where a is the intercept of the log-transformed
linear regression, and b is the slope of the log-transformed linear regression. Method indicates
if DL, was determined by the single-breath (sb) or rebreathing (rb) technique. N is the number
of species. In some cases, regression equations were cal culated from data given in the reference.
Units have been converted for equivalence, where necessary.

From Jones, J.H. and Longworth, K.E., in Treatise on Pulmonary Toxicology, vol. 1, Comparative
Biology of the Normal Lung, CRC Press, Boca Raton, FL, 1992.6 With permission.
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TABLE 5.27
Allometry of O, Consumption and Flux

Taxon Status  Intercept  Slope N M, Range
Mammals + 7 birds Basal 10.2 0.734 19 0.016-3.833
Mammals Rest 10.7 0.739 10 0.173-679
Mammals Rest 11.6 0.76 — —
Mammals Sd 9.8 0.756 12 0.021-600
Small mammals Std 9.13 0.727 56  0.003-3.71
Fossorial mammals Basal 5.62 0.557 16 0.021-0.63
Monotremes Rest 4.72 0.79 6 0.734.9
Dasyurid marsupias Basal 6.75 0.74 12 0.008-5.05
Marsupias Std 6.94 0.737 8  0.014-32.49
Marsupials Rest 144 0.74 29 0.01-5.1
Insectivores (>25 g) Rest 214 0.73 12 0.03-0.89
Chiropterans Rest 18.8 0.73 17 0.005-0.59
Edentates Rest 14.6 0.77 12 1647
Lagomorphs Rest 237 0.72 11 0.07-5.9
Rodents Rest 249 0.69 133  0.007-0.96
Higher primates Rest 37.6 0.73 10 0.23-71
Carnivores Rest 30.0 0.73 24 0.17-26
Artiodactyls and perissodactyls  Rest 34.6 0.73 19 13-665
Mammals Max 100 0.845 45  0.007-677
Mammals Max 107 0.854 19  0.020-469
Mammals Max 128 0.856 33  0.007-469
Mammals Max 115 0.809 22 0.007-263
Canids Max 219 0.905 4 4.6-27.6
Mammals Max 54.0 0.678 14 0.003-2.54
Mammals Max 67.5 0.73 4 0.033-0.841

Note: Allometry of oxygen consumption and flux through the respiratory system (V, ml
[STPD] O, - min) under resting (rest), basal (basal), standard (std), and maximal (max)
conditions. Vo, is related to body mass (M, in kg) by the function. V,, = a - MY, where a
is the intercept of the log-transformed linear regression, and b is the slope of the log-
transformed linear regression. N is the number of species. In some cases, regression
equations were calculated from data given in the reference. Units have been converted for
equivalence, where necessary.

From Jones, JH. and Longworth, K.E., in Treatise on Pulmonary Toxicology, vol. 1,
Comparative Biology of the Normal Lung, CRC Press, Boca Raton, FL, 1992.56 With
permission.
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TABLE 5.28
Allometry of Blood Variables

Taxon Intercept Slope

Blood Volume (cm? - kg)
Eutherians 65.6 1.02
Mammals 76 1.0

Hematocrit (%)
Mammals 45.8 -0.01

Oxygen Half-Saturation Pressure (P, torr)

Eutherians and marsupials 394 -0.03
Marsupials 321 -0.074
Small mammals 50.3 -0.054

Bohr Effect (Alog Py,/ApH)
Mammals (hemoglobin solution) 0.76 -0.0596

N

97

123

89
7
17

10

M, Range

0.01-10°

0.021-6.35

0.03-3140

Erythrocyte Carbonic Anhydrase (U/pLl erythrocyte* or U/100 ug hemoglobin**)

Mammals* 1.146 -0.107
Mammals** 0.695 -0.107

15
13

0.006-601
0.025-4000

Note: Variables are related to body mass (M,, in kg) by the function: Y = a - M where Y is
the variable, a is the intercept of the log-transformed linear regression, and b is the slope of
the log-transformed linear regression. N is the number of species. In some cases, regression
equations were calculated from data given in the reference. Units have been converted for

equivalence, where necessary.

From Jones, JH. and Longworth, K.E., in Treatise on Pulmonary Toxicology, vol. 1, Com-
parative Biology of the Normal Lung, CRC Press, Boca Raton, FL, 1992.6 With permission.

TABLE 5.29

Values of Standard (Basal) Oxygen Consumption for Representative

Mammalian Species of Different Body Mass

Species M, (kg) Vo, std (ml [STPD]O, - S-' kg)
Horse (Equus caballus) 703 0.040
Ox (Bos taurus) 700 0.031
Pig (Sus scrofa) 122 0.048
Human (Homo sapiens) 715 0.058
Sheep (Ovis aries) 51.5 0.071
Goat (Capra hircus) 36 0.054
Dog (Canis familiaris) 13.2 0.026
Rabbit (Oryctolagus cuniculus) 4 0.183
Rhesus monkey (Macaca mulatta) 32 0.034
Cat (Felis catus) 3 0.122
Guinea pig (Cavia porcellus) 0.900 0.230
Rat (Rattus norvegicus) 0.375 0.247
Hamster (Mesocricetus auratus) 0.115 0.278
Gerbil (Meriones unguiculatus) 0.090 0.389
Mouse (Mus musculus) 0.030 0.528

From Jones, J.H. and Longworth, K.E., in Treatise On Pulmonary Toxicology, vol. 1, Com-
parative Biology of the Normal Lung, CRC Press, Boca Raton, FL, 1992.6 With permission.
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TABLE 5.30
Allometric Equations for Respiratory Variables in
Mammals (Y = aM?; M = mass in kg)

Variable (Y) Coefficient (a)  Exponent(b)
Tida volume (ml) 7.69 1.04
Dead space volume (ml) 2.8 0.96
— 1.05
Lung volume — 1.02
Total lung capacity (ml) 535 1.06
Vital capacity (ml) 56.7 1.03
Functional residual cap (ml) 24.1 1.13
Wet lung wt (g) 11.3 0.99
7.72 1.03
Lung compliance (ml/cm H,O) 210 1.08
Inflationary 194 1.08
Deflationary PoMax320 3.09 115
Deflationary PoMax38 22 1.09
Chest wall compliance 4.52 0.86
Inflationary 5.59 12
Deflationary PoMax 20 4.61 1.07
Deflationary PoMax 8 4.9 1.16
Respiratory system comp. 1.56 1.04
Inflationary 134 11
Deflationary PoMax 20 18 111
Deflationary PoMax 8 1.56 1.06
Ventilation (ml/min) 379 0.8
Oxygen consumption (V,)(ml/min) 11.6 0.76
Oxygen consumption (V) (ml/s) 0.188 0.75
Vo, Max (ml/s) 1.92 0.809
VT (inspiratory flow)(ml/s) 135 0.74
Resistance (raw) (cm H,O/L/s) 24.4 -0.70
Resistance (raw) (cm H,O/ml/s) 0.078 -0.819
Reciprocal time const. (s?) 8.97 -0.298
Upper airway R (cm H,O/ml/s) 0.056 -0.702
Rec. time const. law + uaw® 5.272 —-0.326
Frequency (min?) 535 -0.26
— 0.28

a PoMax = maximum airway pressure.
b law = lower airways; uaw = upper airways.

From Boggs, D.F., in Treatise on Pulmonary Toxicology, vol. 1, Compar-
ative Biology of the Normal Lung, CRC Press, Boca Raton, FL, 1992.1°
With permission.
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TABLE 5.31
Maximal Oxygen Consumption for Mammals

Species M, (kg Vozmax (Ml [STPD] O, - s7' - kg™)

Horse, thoroughbred (Equus caballus) 466 2.76
Horse, standardbred (E. caballus) 453 2.23
Ox, steer (Bos taurus) 449 0.85
Eland (Taurotragus oryx) 240 0.60
Zebu ox (Bos indicus) 232 0.49
Pony (E. caballus) 171 1.48
Hereford calf (B. taurus) 141 0.61
Waterbuck (Kobus deffassa) 109.8 0.79
Pony (E. caballus) 105.0 161
Wildebeest (Connochaetes taurinus) 102.0 0.73
Human, untrained (Homo sapiens) 69.8 0.81
Human, trained (H. sapiens) 63.9 118
Goat (Capra hircus) 30.0 0.95
Lion (Panthera leo) 30.0 1.00
Dog (Canis familiaris) 28.0 2.29
Wolf (Canio lupus) 27.6 2.60
Dog (C. familiaris) 253 2.67
African sheep (Ovis aries) 21.8 0.78
Dog (C. familiaris) 21.0 2.64
African goat (Capra hircus) 20.9 0.87
Pig (Sus scrofa) 185 1.56
Coyote (Canis latrans) 12.4 3.10
Grant's gazelle (Gazella granti) 10.1 0.89
Red fox (Mulpes vulpes) 461 2.89
Blue fox (Alopex lagopus) 4.40 3.62
Dik-dik (Madoqua kirkii) 42 0.91
Spring hares (Pedetes capensis) 3.00 1.62
Genet cat (Genetta tirina) 14 18

Banded mongoose (Mungos mungo) 114 19

Rat kangaroo (Bettongia penicillata) 1.10 2.95
Guinea pig (Cavia porcellus) 0.841 112
Dwarf mongoose (Helogale pervula) 0.58 21

White rat (Rattus norvegicus) 0.376 151
White rat, untrained (R. norvegicus) — 121
White rat, trained (R. norvegicus) — 1.56
White rat (R. norvegicus) 0.205 161
Hamster (Mesocricetus auratus) 0.100 197
Chipmunk (Tamias striatus) 0.0902 397
Merriam'’s chipmunk (Eutamias merriami) 0.075 1.96
Lemming (Dicrostonyx groenlandicus) 0.061 2.05
Mouse (Mus musculus) 0.033 2.89
Deer mouse (Peromyscus maniculatus) — 2.95
European woodmouse (Apodemus sylvaticus) 0.020 4.4

Pygmy mouse (Baiomys taylori) 0.0072 4.36

Note: Values of maximal oxygen consumption for mammals of different body mass measured with
animals running on a motorized treadmill.

From Jones, J.H. and Longworth, K.E., in Treatise on Pulmonary Toxicology, vol. 1, Comparative
Biology of the Normal Lung, CRC Press, Boca Raton, FL, 1992.% With permission.
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TABLE 5.32
Blood Respiratory Variables

Species

African elephant (Loxodonia africana a.)
Asian elephant (Elephas maximus)
White rhinoceros (Cerathotherium sinum)
Ox (Bos taurus)

Horse (Equus caballus)

Camel (Camelus dromedarus)

Tapir (Tapirus terrestris)

Man (Homo sapiens)

Bladdernose seal (Cystophora cristata)
Pronghorn antelope (Antilocapra americana)
Orangutan, juvenile (Pongo pygmaeus)
Sheep (Ovis aries)

Chimpanzee (Pan troglodytes)

Pig (Sus scrofa)

Goat (Capra hircus)

Dog (Canis familiaris)

Gorilla, juvenile (Gorilla gorillo)
Kangaroo (Macropus giganteus)

Wallaby (Macropus eugenii)

Baboons (Papio anubis)

Pigtail monkey (Macaca nemestrina)
Tasmanian devil (Sarcophilus harrisii)
Woodchuck (Marmot monax)

Rhesus monkey (Macaca mulatta)
Armadillo (Dasypus novemcinctus)
Pangolin (Manis pentadactyla)

Opossum (Didelphis virginianis)

Rabbit (Oryctolagus cuniculus)

Copyright © 2002 by Taylor & Francis

M, kg

2000
1400

67.0
50

384
34.6
330
304
30

25.0
20.0
16.5
15

10.36
9.50

4.45
3.94
3.9
3.6
3.40
3.10

[Hb]
(g - dl

15.3
14.9

115
111
9.41

26.4
16.8
12.9

135

12.3
18.6

11.7
12.6
20.1
135
12.9
111

HCT
(%)

42.7
42

40
334
221

44.8
63

427
40.9
350
41.2

34.0
40.0
420
53.0

37.1
42.0
47.0
39.4
415
31

36.5
315
35.0

O, capacity
(ml [STPD] O, - dI-)

205
20.0

12.6

36
22.5
17.4

17.3

16.4
249

154
16.6
26.9

16.9
14.8

PSO
(torr)

232
252
20

315
251
259

26.5
24

28.3
24.4
32.0
26.7
35.7
29.3
29.0
254
275
32

37.2
36.7
41.2
27.8
35.2
233
25

38.7
30.0

Bohr Effect
(Alog P;o/ApH)

-0.351
-0.351
—0.62
—0.49
-0.45

-0.58
-0.47
—0.66

-0.55
-0.49
-0.462
-0.441
-0.48
—0.48
-0.48
-0.54

—0.550
-0.520
—0.47
—0.72
-0.518
-0.55
-0.51
-0.49
—0.43

Haldane Effect
(ml [STPD] CO, dI-")

55

55

8.4

4.7

4.7
4.5

4.4

Temperature
Coefficient
(Alog P,y /AT)

0.023
0.023

0.024

0.016

0.022



TABLE 5.32 (Continued)
Blood Respiratory Variables

Species

Cat (Felis domesticus)

Echidna (Tachyglossus setosus)
Platypus (Ornithorynchus anatinus)
Prairie dog (Cynomys ludoriciana)
Muskrat (Ondatra zibethica)

Squirrel monkey (Saimiri sciureus)
Hedgehog (Erinaceus europaeus)
Guinea pig (Cavia porcellus)

Ground squirrel (Spermophilus beecheyi)
White rat (Rattus norvegicus)

Guinea pig (Cavia porrellus)

Mole rat (Spaiax ehrenbergi)

Bat (Rousettus aegyptiacus)

Golden hamster (Mesocricetus auratus)
Pocket gopher (Thomomys bottae)
Naked mole rat (Heterocephalus glaber)
Gerbil (Meriones unguiculatus)

Mouse (Mus musculus)

Bat (Pipistrellus pipistrellus)

Mole (Talpa europa)

Shrew (Crocidura russula)

M, (kg

264
21
18
128
0.97
0.95
0.820
0.669
0.598
0.555
0.291
0.196
0.146
0.135
0.135
0.106
0.078
0.029
0.005

[Hb)
g - dI)

17.6
18.3
151
13.3
14.3

151
12.6
15.0
20.0
17.1

13.6

24.4

HCT
(%)

42

52

47.3
36.2
42.0
47.0
411
48.7
419

45.6
55

42.4
46

46

31.2
36.4
61.5
47.2
355

O, capacity
(ml [STPD] O, - dI-)

219
22.7

17.7
19.0

224
217

PSO
(torr)

35.0
21.3
272
22

26.1
355
36

26.7
26

36.0
253
29.5
30.8
26.0
333
233
285
34.7
36.6
24

37

Bohr Effect
(Alog P5,/ApH)

-0.50
-0.49
-0.56

-0.66
—0.542
-0.49
—0.48

-0.52

-0.53
-0.55
-0.44
-0.61
-0.43
-0.51
-0.50
—0.47
—0.47
—0.63

Temperature
Coefficient
(Alog P,y /AT)

Haldane Effect
(ml [STPD] CO, dI-")

0.014
0.014

4.5
0.017

Note: Body mass is M,; hemoglobin concentration, [Hb]; hematocrit, Hct; O, carrying capacity of the blood, O, capacity; oxygen half-saturation pressure, Pg,, and oxygen equilibrium

curve, temperature coefficient.

From Jones, J.H. and Longworth, K.E., in Treatise on Pulmonary Toxicology, vol. 1, Comparative Biology of the Normal Lung, CRC Press, Boca Raton, FL, 1992.6 With permission.
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TABLE 5.33

Normal Values of Blood Gases and Blood Buffering

Body Weight T,

Species (kg)
Mice 0.028
Gerbil 0.078
Hamster 0.135
Rat 0.555
Rat 0.531
Rat 0.297
Guinea pig 0.669
Cat 2.64
Cat
Rabbit 31
Porcupine 5.87
Coatimundi 6
Baboon 8-11
Mini-pig 11-19
Dog 20
Goat 25
Sheep 33
Sheep 32-37
Calf 45-73
Calf
Man 67
Pony 176-204
Horse 387543
Pocket gopher
Syrian hamster 0.142

Hamster (Cricetus)
Ground squirrels

(13-lined)
Echidna 34
Woodchuck 45

O
375
36.4

358
37.6

37.8
38.8
38.9
38.8
37.8
37.6

38.3
39
39

37
38

Burrowers and Hibernators

37

38

37.3

Pa,,
(torr)

20.1
31.2
45.1
40.7
331
39.8
40.2
29.4
325
32.8
34.6
234
37.6
47

41.6
41.0
40.9
40.2
38.7
47.3
40.5
39.6

45
523
453

55.9
47.7
524
53
48

pHa

7.426
7.425
7.467
7.395
7.384
7.426
7.388
7.383
7.411
7.388
7.432
7.386
7.40

7.44

7.46

7.340
7.41

7.38

7.429
7.408

7.381
7.419
7.40

7.44
74
7.418
7.429
7.357

Pa, HCO;~  Alog Pa,
(torr)  (mEq/L) ApH
12.3 -1.75
19.0 -1.45
275 -1.53
835 24.9 -1.48
87.1
91 28.7
90 235 -1.43
102 18 -1.39
108 21
86 21
95 23 -1.35
99 15
106
94.3 30.5
93 23.2 -1.53
94.6 25.7 -1.30
96 27.6 -1.35
107
85.7 20.6
92 29
93 233 -1.55
90 25.6
25.8
28.1 —-2.67
70.9
28.2
36.8
65
75.3 33
60.5 33
72 25.7 -1.29

From Boggs, D.F, in Treatise on Pulmonary Toxicology, vol. 1, Comparative Biology of the Normal
Lung, CRC Press, Boca Raton, FL, 1992.1° With permission.

TABLE 5.34

Body Weight and Lung Volumes in Fischer-344 Rats at Various Ages?

Parameter

Body weight ()

Total lung capacity (TLC) (ml)
TLC/body weight (mi/kg)

Vital capacity (ml)

Functional residual capacity (ml)
Residua volume (RV) (ml)
RV/TLC, (ml/ml)

a Values are means +SD.

3 Months

222 + 61
119+17
56 + 8
11.0+18

21+03
1.0+03

0.08 £ 0.03

18 Months

334 + 106
139+ 22
42=+7
134+23
1.7+03
06+0.2

0.04 £ 0.01

27 Months

332+71
144+19
43+ 6
13417
27+04
11+05
0.07 + 0.03

Adapted from Mauderly (1982).2° From Sahebjami, H., in Treatise on Pulmonary Toxicology, vol.
1, Comparative Biology of the Normal Lung, CRC Press, Boca Raton, FL, 1992.2* With permission.
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TABLE 5.35
Body Weight and Lung Volumes in Adult and Older

Hamsters?
Parameter 15 Weeks 65 Weeks P Value

Body weight (g) 126 + 12 125+ 7 >0.20
Total lung capacity (ml) 9.6+ 13 111+10 <0.02
Vital capacity (ml) 69+ 10 78+09 <0.10
Functional residual capacity (ml) 35+05 43+03 <0.05
Residual volume (RV) (ml) 2.7+ 0.60 33+03 <0.05
RV/TLC (%) 28+5 30+5 >0.20

a Values are means +SD.

Adapted from Mauderly (1979).22 From Sahebjami, H., in Treatise on Pulmo-
nary Toxicology, val. |1, Comparative Biology of the Normal Lung, CRC Press,
Boca Raton, FL, 1992.2* With permission.

TABLE 5.36
Ventilatory Parameters in Fischer-344 Rats of
Various Ages?

Parameter 3 months 18 months 27 months
Respiratory frequency (breath/min) 48+ 6 54+ 7 54+ 6
Tidal volume (ml) 11+03 15+03 15+03
Minute ventilation (V.) (ml/min) 54+ 14 82 + 23 82+ 18
V_, body weight (ml/min/kg) 254 + 48 251 + 45 252 + 52

a Values are means +SD.

Adapted from Mauderly (1982).2° From Sahebjami, H., in Treatise on Pulmonary
Toxicology, vol. 1, Comparative Biology of the Normal Lung, CRC Press, Boca
Raton, FL, 1992.% With permission.

TABLE 5.37
Ventilatory Parameters in Hamsters at
Various Ages?

Parameter 15 weeks 65 weeks
Respiratory frequency (breath/min) 24+ 27 25+ 39
Tidal volume (ml) 12+02 11+02
Minute volume (ml/min) 278+33 281+40

a Values are means £SD.

Adapted from Mauderly (1979).22 From Sahebjami, H., in Treatise
on Pulmonary Toxicology, vol. 1, Comparative Biology of the Nor-
mal Lung, CRC Press, Boca Raton, FL, 1992.2 With permission.
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TABLE 5.38

The Lung Volumes (% TLC)? at Transpulmonary Pressures of 10 (V)
and 5 cm H,O (V;) for Various Young Adult Mammals

(% TLC)
Species Vie Vs Conditions

Sci whale 68 45  Excised, room temperature, peak P, = 25 cm H,0O
Horse 86 66 Invivo, anesthetized, body temperature, peak P, = 30 cm H,O
Humans 63 53 Invivo, body temperature, sitting, peak P, = 35 cm H,0O
Sheep 78 66 Invivo, anesthetized, body temperature, peak P, = 30 cm H,O
Goat 81 51  Excised, room temperature, peak P_ = 35 cm H,0O
Dog 77 61 Invivo, anesthetized, body temperature, peak P, = 30 cm H,O
Monkey 93 82 Invivo, anesthetized, body temperature, pesk P, = 30 cm H,0
Cat 93 71  Excised, room temperature, peak P_ = 23 cm H,0O
Rabbit 84 70 Excised, room temperature, peak P_ = 30 cm H,0O
Guinea pig 79 56 Invivo, anesthetized, body temperature, peak P, = 28 cm H,O
Rat 80 52 Invivo, anesthetized, body temperature, pesk P, = 25 cm H,0
Hamster 84 64 Invivo, anesthetized, body temperature, peak P, = 25 cm H,O
Whitemouse 81 61 Invivo, anesthetized, body temperature, peak P, = 38 cm H,O

a TLC = tota lung capacity.

From Lai, Y-L, in Treatise on Pulmonary Toxicology, vol. 1, Comparative Biology of the Normal
Lung, CRC Press, Boca Raton, FL, 1992.2% With permission.

TABLE 5.39
Morphometric Values in Sprague-Dawley Rats of

Various Ages?

Parameter 4 Months 8 Months 18 Months
V. body weight (ml/kg)® 21.7+1.0 309+15 384+ 28
Lm (um)® 54 + 2 71+2 87+7
ISA (cm?) 5.571 + 445¢ 7.979+ 318 8.733+ 721

a Values are means +SEM. V, postfixation lung volume; Lm. mean chord
length; I1SA, internal surface area.

b Significantly different among groups.

¢ Significantly different compared with other groups.

Adapted from Johanson and Pierce (1973).2* From Sahebjami, H., in
Treatise on Pulmonary Toxicology, vol. 1, Comparative Biology of the
Normal Lung, CRC Press, Boca Raton, FL, 1992.2 With permission. All
rights reserved.
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SECTION 5. BRONCHOALVEOLAR LAVAGE FLUID (BALF)

TABLE 5.40
Normal Cytology of BALF (% of Total Cells)
Animal Macrophages  Neutro

Rat, mouse, rabbit, Syrian hamster 95 <1
Guinea pig 20 —
Rabbit 95 <1
Dog 85 5
Sheep 70 5
Horse 83 5
Monkey 89 —
Human (nonsmoker) 88 <1

EOS Lymph
<1 <1
10 —
<1 4

5 5
5 15
<1 10
— 10
<1 10

a Abbreviations: BALF = bronchoalveolar lavage fluid; Neutro = neutrophil; EOS =

eosinophils; Lymph = lymphocytes.

From Concepts in Inhalation Toxicology, R.F. Henderson, Hemisphere Publishing,
Taylor & Francis, Washington, D.C., 1989, p. 422.2> Reproduced with permission.

All rights reserved.

TABLE 5.41 _
Normal Biochemical Content of BALF, X (SE)?
Alkaline
LDH Phosphatase
Animal n (mlU/ml) (mlU/ml)
Rat 240-280 109 (2) 53 (1)
Mouse 4595 233 (13) 25 (0.2)
Guinea pig 6 69 (26) 5.7 (1.6)
Syrian hamster 6 72(7) 3.6 (1.0)
Rabbit 6 27 (6) 8.5 (4.4)
Dog 412 134 (25) 22 (5)
Chimpanzee 5 51 (12) 53 (3)

a Values are normalized per milliliter of lung volume washed.

Acid

Phosphatase

(mlU/ml)

24 (0.1)
75(0.8)
25(0.2)
2.0(0.1)
5.3 (0.5)
1.4 (0.1)

B-Glucuronidase

(mlU/ml)

0.34 (0.02)
0.53 (0.08)
0.65 (0.12)
0.57 (0.09)
0.37 (0.02)
0.30 (0.04)

Protein
(mg/ml)

0.39 (0.02)
0.82 (0.07)
0.13 (0.03)
0.37 (0.03)
0.44 (0.10)
0.35 (0.18)
0.01 (9.01)

From Concepts in Inhalation Toxicology, R.F. Henderson, Hemisphere Publishing, Taylor & Francis, Washington,
D.C., 1989, p. 423.% Reproduced with permission. All rights reserved
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TABLE 5.42
Relative Proportions of Imnmunocompetent Cell Populations
Obtained by Bronchoalveolar Lavage

Bronchoalveolar Cells (%) Lymphocyte (%)
Species Macrophages  Lymphocytes  Granulocytes T B
Human 78-91 9-20 1-3 47 15-17
Monkey 90-91 3-6 3-6 62 4
Dog 59-75 22-39 09 — —
Swine 60-70 30-33 0-6 — —
Guinea pig 50-80 12-50 2-19 68-76 10-20
Rabbit 84-98 2-16 0 — —
Hamster 89 3 10 — —
Mouse 45-96 3-39 1-6 — —
Rat 93 2 5 50 12

Adapted from McDermott et a., Int. Rev. Exp. Pathol., 23, 47, 1982.% From Murray,
M.J. and Driscoll, K.E., in Treatise on Pulmonary Toxicology, vol. 1, Comparative
Biology of the Normal Lung, CRC Press, Boca Raton, FL, 1992.2” With permission.

TABLE 5.43
Lymphocyte Subpopulations Observed in Bronchoalveolar Lavage Fluid of
Lung Tissue

T Lymphocytes (%) B Lymphocytes

Species: Source*  Total Helper Suppressor  Helper/Suppressor (%)
Human
BALF 73 46 25 18 NR
72 46 28 17 9
63 45 25 19 53
66 48 27 18 NR
Tissue 40 NRP NR — 10
Rat
BALF 32 29 NR — NR
50 31 25 12 12.3
Tissue 90 50 40 12 10
62 29 NR — 15
51 26 24 11 25
44 16 19 0.8 10
59 28 36 0.8 12
Mouse
Tissue 38 13 6 22 23

a BALF = bronchoalveolar lavage fluid. Tissue lymphocyte populations were obtained by enzyme
digestions and/or mechanical disruption techniques.
5 NR = not reported.

From Murray, M.J. and Driscoll, K.E., in Treati se on Pulmonary Toxicol ogy, vol. 1, Comparative Biol ogy
of the Normal Lung, CRC Press, Boca Raton, FL, 1992.2” With permission.
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SECTION 6. PULMONARY DEPOSITION AND CLEARANCE

TABLE 5.44

Lung and Alveolar Macrophage (AM) Parameters as They May Relate to In Vivo Particle

Uptake

Average body weight (g)

Lung volume (ml)

Lung surface area (m?)

Alveolar diameter (um)

Calculated no. of alveoli
(millions)a

Lavagableno. of AM animal
(millions)

Average

Calculated AMs alveolus

Area patrolled by each AM
(um?)

In vivo gold colloid uptake
by AM, T, (h)

Mammalian Species

Mouse Hamster

42
1.45
0.125
47

18

0.36
0.38
0.53
0.73
1.36
0.67
0.037

122
3.9
0.28
60
25

2.0
4.2
51
58
6.3
4.7
0.19

190,000 60,000

7.1

0.8

Rat

380
10.9
0.66
70
43

16
3.0
38
7.6
83
49
0.11

Guinea
Pig

430

13

0.91

65

69

14
34
4.7

32
0.046

140,000 280,000

4.2

a Number of aveoli = alveolar surface area/nt (alveolar diameter).?

Rabbit

2600
112
3.3
88
135

12

17

28

43

49

30

0.22
110,000

32

Dog

16,000
1320
52

126
1040

3876

3876
3.7
13,400

Corr. coeff. with
area=1r2=0.99

Human

74,000
4340
143
219
950

6500

6500
6.8
22,000

From Valberg, PA. and Blanchard, J.D., in Treatise on Pulmonary Toxicology, vol. 1, Comparative Biology of the Normal
Lung, CRC Press, Boca Raton, FL, 1992.2° With permission.

TABLE 5.45
Tracheal Mucociliary Clearance

Species

Mouse
Rat

Ferret
Guinea pig
Rabbit
Chicken

Cat
Dog

Copyright © 2002 by Taylor & Francis

Mucous Velocity? (mm/min)

+
19+07
51+30
59+ 25
+
182+51
107+ 37
27+14
32+11
+
25+08
216+ 50
98+21
192+ 16
75+37



TABLE 5.45 (Continued)
Tracheal Mucociliary Clearance

Species Mucous Velocity? (mm/min)
145+ 6.3
Baboon +
Sheep 173+ 6.2
105+ 29
Pig *
Cow *
Donkey 147+ 38
Horse 166 + 2.4
178+ 5.1
Human 36+15
55+ 04
51+29
115+ 47
101+ 35
21.5+55
155+ 17

Note: *, transport studied but no velocity
given; +, inhalation study, clearance measured
but no tracheal velocities given.

a Mean +SD.

From Wolff, R.K., in Treatise on Pulmonary
Toxicology, vol. 1, Comparative Biology of the
Normal Lung, CRC Press, Boca Raton, FL,
1992.31 With permission.

TABLE 5.46
Nasal Mucociliary Clearance
Species Velocity? (mm/min)

Rat 23+08

Dog 3.7+09

Man 52+23
55+32

5.3 (0.5-23.6)
8448
6.8+51
74
@ Mean +SD.

From Wolff, R.K., in Treatise on Pulmonary
Toxicology, vol. 1, Comparative Biology of the
Normal Lung, CRC Press, Boca Raton, FL,
1992.31 With permission.
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TABLE 5.47
Comparative Pulmonary Clearance Data for Relatively Insoluble Particles Inhaled
by Laboratory Animals and Humans

Species

Mouse

Rat

Guinea pig

Dog

Monkey

Human

Aerosol
Matrix

FAP

FAP

FAP

Ru Oxide
Pu Oxide
Diesel soot
FAP

FAP

FAP

FAP
Latex

Pu Oxide
Pu Oxide
U504
FAP
Diesel soot
Latex
Coad dust
Coa dust
Ce Oxide
FAP

FAP

FAP

FAP

Nb Oxide
Pu Oxide
Pu Oxide
Pu Oxide
Pu Oxide
Pu Oxide
Pu Oxide
Pu Oxide
Tantalum
U,0

Zr Oxide
Pu Oxide
Pu Oxide
FAP

FAP
Latex
Latex

Pu Oxide
Graphite and
Puo,

Pu Oxide

Particle Size Pulmonary Burden®
um Measure P, T, P, T,
0.7 AMAD 0.93 34 0.07 146
15 AMAD 0.93 35 0.07 171
2.8 AMAD 0.93 36 0.07 201
0.38 CMD 0.88 28 0.12 230
0.2 CMD 0.86 20 0.14 460
0.12 MMAD 0.37 6 0.63 80
12 CMD 0.62 20 0.38 180
0.7 AMAD 0.91 34 0.09 173
15 AMAD 0.91 35 0.09 210
2.8 AMAD 0.91 36 0.09 258
3.0 CMD 0.39 18 0.61 63
<1.0 CMD 0.20 20 0.80 180
25 AMAD 0.75 30 0.25 250
~1-2 CMD 0.67 20 0.33 500
20 AMAD 0.22 29 0.78 385
0.12 MMAD 1.00 >2000
3.0 CMD 1.00 83
24 MMAD 1.00 1000
19 MMAD 1.00 ~700
0.09-1.4 MMD 1.00 >570
2.1-23 AMAD 0.09 13 0.91 440
0.7 AMAD 0.15 20 0.85 257
15 AMAD 0.15 21 0.85 341
2.8 AMAD 0.15 21 0.85 485
1.6-25 AMAD 1.00 >300
1-5 CMD 1.00 1500
43 MMD 1.00 300
1.14.9 MMAD ~1 400
0.1-065 CMD 0.10 200 0.90 1000
0.72 AMAD 0.10 39 090 680
14 AMAD 0.32 87 0.68 1400
28 AMAD 0.22 32 0.78 1800
4.0 AMAD 0.40 19 0.60 860
0.3 CMD 0.47 4.5 0.53 120
20 AMAD 1.0 340
2.06 CMAD 1.0 500-900
16 AMAD 1.0 770-1100
1 CMD 0.14 40 0.86 350
4 CMD 0.27 50 0.73 670
3.6 CMD 0.27 30 0.73 296
5 CMD 0.42 0.5 0.58 150-300
0.3 MMD 1.00 240
6 AMAD 1.00 240-290
<4-5 CMD 1.00 1000

Copyright © 2002 by Taylor & Francis

Study
Duration
(days)

850
850
850
490
525
330
492
850
850
850
190
350
800
768
1100
432
190
160
301-392
140
181
850
850
850
128
280
300
468
~4000
730
730
730
155
127
128
200
990
372533
372-533
~480
160
300

566
427



TABLE 5.47 (Continued)

Comparative Pulmonary Clearance Data for Relatively Insoluble Particles Inhaled
by Laboratory Animals and Humans

Particle Size Pulmonary Burden®
Aerosol
Species Matrix um Measure P, T, P, T,
Th Oxide <4-5 CMD 1.00 300400
Teflon 41 CMD 030 4545 0.60  200-2500
Zr Oxide 2.0 AMAD 1.00 224

Study
Duration
(days)

427
300
261

Note: FAP = fused aluminosilicate particles; AMAD = activity median aerodynamic diameter; MMAD = mass
median aerodynamic diameter; CMD = count median diameter; MMD = mass median diameter. Some aerosols
were monodisperse, most were polydisperse, with geometric standard deviation in the range of 1.5to 4. Clearance
halftimes are approximations for biological clearance, the net result of dissolution-absorption processes and
physical clearance processes. In some examples, the original data were subjected to a computer curve-fit

procedure to derive the values for P and T.

a Pulmonary burden P,ef"2¥* + P, efn 2=, where P, and P, equal fractions of the initial pulmonary deposition,
T, and T, equal retention half-times in days, and t equals days after exposure.

From Snipes, M.B., Critical Reviews on Toxicology, 20, 174, 1989.18 With permission.
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FIGURE 5.9 Particle deposition efficiency in experimental animals as a function of particle size for (a) total
respiratory tract, (b) upper respiratory tract, (c) tracheobronchial tree, and (d) pulmonary region. Each curve
represents an eye fit through mean values (or centers of ranges) of the data. Similar curves for humans are
shown for comparison. Particle diameters are aerodynamic for those >0.5 um and diffusion equivalent for
those <0.5 um. From Concepts in Inhalation Toxicology, Schlesinger, R.B., Hemisphere Publishing, Taylor

& Francis, Washington, D.C., 1989, p. 208.2 Reproduced with permission. All rights reserved.

Copyright © 2002 by Taylor & Francis



Pulmonary Region

100 - puman
| Oral Breathing
0 1 P 1
100 - Human
| Nasal Breathing
100 - Dog
Tracheobronchial Tree J\
0 PR | PR |
100 Human ?100 r Guinea Pig
| Oral Breathing é -
= -
r §=] -
b=~
- [%2]
o -
(o
- 8 |
0 PR | PR | | 0 I B I
100 Dog 100 Hamster
,6\ B -
S L
c \ B
§ 100 ' Hamster 100 Monkey
Q. B -
[
D B -
e P | 0 L 1 . 1
100 - Rat 100 Rat
0 il e ol v vt ST
0.01 0.1 1.0 10 0.01 0.1 1.0
Particle Diameter (um) Particle Diameter (um)
(©) (d)

FIGURE 5.9 (Continued)

Copyright © 2002 by Taylor & Francis



-1.5 7 m}
. A
A
i [m]
—
N ] v
> v
T 50
I 20
£ - .
=
= i
4
N~— -
=
([5 -
4
o 2.5
o
.30_
A A
T | T | T | T |
2.5 -15 0.5 05 15

log V alv (Valy in mm3)
FIGURE 5.10 Alveolar clearance rate (k4,) as afunction of total particle volume in the lung, with data from
different investigators using different insoluble particles. From Stéber et a., in Toxicology of the Lung, Raven
Press, New York, 1993.% With permission.

100

10

Guinea Pig

|

Rabbit

TRACHEAL MUCOUS VELOCITY (mm/min.)

BODY WEIGHT (kg)

FIGURE 5.11 Tracheal mucous velocities in a log-log plot vs. the body weight of a range of species. The
same techniques of intratracheal instillation of ®™Tc-MAA were used in al cases. The function TMV = 3.0
(BW)°-% defines the relation between tracheal mucous velocity and body weight, with a correlation of 0.94.
From Wolff, R.K., in Treatise on Pulmonary Toxicology, vol. 1, Comparative Biology of the Normal Lung,
CRC Press, Boca Raton, FL, 1992.3! With permission.
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FIGURE 5.12 Trachea mucous velocity (mean =SE) is shown for beagle dogs (L) vs. age. Thefitted function
that describes this relation is V() = 11[1 —exp (- 0.9t)] —0.6t. The available data for humans (@) are also
shown after transforming for age. From Wollf, R.K., in Treatise on Pulmonary Toxicology, vol. 1, Comparative
Biology of The Normal Lung, CRC Press, Boca Raton, FL, 1992.3 With permission.

SECTION 7. PULMONARY TOXICITY

TABLE 5.48
Slopes of Ventilatory Responses to Carbon Dioxide
Species Slope
Rat (Sprague-Dawley) 6.6
Rat (Wistar) 6.4
Rabbit 230
Cat 12.8
Porcupine 33.0
Woodchuck 12.0
Coatimundi 23.0
Baboon 34
Dog 383
Dog 134
Goat 32.7
Human 28
Pony 38
Weddell seal 16.7
Harbor seal 7.7
Harbor seal 23.12
Hooded seal 6.52
Harp seal 111

From Boggs, D.F., in Treatise on Pulmonary Toxicology, vol. 1, Com-
parative Biology of the Normal Lung, CRC Press, Boca Raton, FL,
1992.29 With permission.
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TABLE 5.49

Species Comparison of Lung Function Response After Exposure to

Air Pollutants

Toxicant

Ozone

Sulfur dioxide

Sulfuric Acid

Nitrogen dioxide

Formaldehyde

Species mg/m? Time f Vi
GP 21 2h T N
Rabbit 235 ~35h T l
Rat 0.7 2h T l
Dog ~2.0 2h T d
Cat 0.5 46h Fix  Fix
GP 084 1h T l
Monkey 134 78 wk - -
Dog 134 225 day - -
Sheep 13.1 4h - -
Mouse 445 10 min l NR
Ferret 1308 12 wk { -
Cat 52.4 30 min Fix  Fix
GP 07 1h - -
Rat 6.4 14 wk - -
Dog 5.0 4h - -
Monkey 4.8 78 wk T -
Donkey 15 1h NR NR
Rabbit 0.3 lyr NR NR
Rat 38 2yr T T
Monkey 9.4 90 day T T
GP 9.8 4h T l
Rabbit 15.0 12 wk NR NR
Cat 19.2 12 mo NR NR
Sheep 28 4h NR NR
Hamster 384 14 mo NR NR
Dog 69.5 4h T d
GP 47 8h l T
Rat 38.9 10 min N N
Mice 6.0 10 min l T

NR
NR
{
)

- I =1 5551 55 =

z
—SE oo

NR
NR

NR
NR
NR
NR

Note: f, Frequency of breathing: V-, tidal volume; V¢, minute ventilation; R, resistance; C,
compliance; GP, guinea pig; T, increase; |, decrease; —, no change observed; NR, not
reported; Fix, mechanically ventilated.

From Costa, D.L., Tepper, J.S., and Raub, J.A., in Treatise on Pulmonary Toxicology, vol.
1, Comparative Biology of the Normal Lung, CRC Press, Boca Raton, FL, 1992.35 With

permission.
TABLE 5.50
Lung Dysfunction After Toxicant Exposure
Toxicant Species Functional Variable?
SO, + ZnO G. pig lv,{ D,
(NH,),SO, G. pig TLv, I N, slope
Coal dust Rat lLv, TFEF
Diesel exhaust Rat TLv, TFEF
Diesel exhaust Rat DLy, 4 Co THL N, slope
0, Rat VP TR,,
O, Rat TvP
0, Rat T LV, C -N, slope, — Di,
0, Rat TLV, TVR | Pa,
O, Rat TLv, TVR | FEF, - DL,
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TABLE 5.50 (Continued)
Lung Dysfunction After Toxicant Exposure

Toxicant Species Functional Variable*
Acrolein Rat Ty, Tl c,, L N, dope, D, T4 FEF
MIC Rat L PK flow

| FEF 50, 25, +10

SO, Rat L, dcg I N,dope | D, | FEF
cl, Rat TLv, TcC, —N,sope, — DL, —FEF
MIC Rat DLy, L C 4 N, slope
Cd Rat lLv,d Cc /N, sope, | DL, T FEF
0, Rat ™, lc, b, | FEF
QOil fog Rat d LV, DLy, —C,, N, slope
Volcanic ash/SO, Rat -LV, = DL, —C,;, N, dlope
SO, Rat lv, D,
NO, Mouse -LV, DL, ¥ C,o/T N, slope
0, Rabbit TLv, | FEF

0,, SO, olefin Hamster  -LV, | N, slope, T D,

a Functional variables; LV, lung volume; DL, diffusion capacity for carbon
monoxide; FEF, forced expiratory flow; C,, respiratory system compliance;
R, airway resistance; VP, volume-pressure curve; T = increase; | = decrease,
— no change.

From Costa, D.L., Tepper, J.S,, and Raub, J.B., in Treatise on Pulmonary
Toxicology, vol 1, Comparative Biology of the Normal Lung, CRC Press,
Boca Raton, FL, 1992.35 With permission.

TABLE 5.51
Agents Causing Lung Tumors in Laboratory Animals After Inhalation Exposure

QOrganic chemicas
Gases
Bis(chloromethyl)ether
Bromoethane (ethyl bromide)
1,3-Butadiene
1,2-Dibromo-3-chloropropane
1,2-Dibromoethane
Dimethyl sulfate
1,2-Epoxybutane
Ethylene oxide
Methylene chloride
3-Nitro-3-hexene
1,2-Propylene oxide
Tetrachloroethylene
Tetranitromethane
Urethan
Vinyl chloride
Particles
Benzo(a)pyrene
Polyurethan dust
Inorganic compounds
Metallic
Antimony compounds
Beryllium compounds
Cadmium chloride
Chromium dioxide
Nickel compounds
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TABLE 5.51 (Continued)
Agents Causing Lung Tumors in Laboratory Animals After Inhalation Exposure

Titanium compounds
Nonmetallic
Asbestos fibers
Zeolite fibers
Ceramic aluminosilicate fibers
Kelvar aramid fibers
Silica
Oil shale dust
Quartz
Volcanic ash
Radionuclides
Alpha-emitting radionuclide particles
Beta-emitting radionuclide particles
Radon and its decay products
Complex mixture
Cigarette smoke
Diesel engine exhaust
Gasoline engine exhaust
Coal tar aerosols
Artificial smog

From Hahn, FF, in Toxicology of the Lung, Raven Press, New York, 1993.36 With permission.

TABLE 5.52
Carcinogenic Agents Causally Associated with Human Lung or Pleural Cancer

Industrial processes
Aluminum production
Coal gasification
Coke production
Hematite mining, underground with exposure to radon
Iron and steel founding
Painter, occupational exposure
Rubber industry
Chemicals and groups of chemicals for which exposure has been primarily occupational
Asbestos
Bis(chloromethyl)ether
Chromium compounds, hexavalent
Coal tars
Coal tar pitches
Mustard gas
Nickel and nickel compounds
Soots
Talc containing asbestiform fibers
Vinyl chloride
Environmental agents and cultural risk factors
Erionite
Radon and its decay products
Tobacco smoke

Based on database of IARC Monographs Program. From Hahn, F.F, in Toxicology of the Lung, Raven
Press, New York, 1993.36 With permission.
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TABLE 5.53

Effects of Inhaled Toxicants on Mucociliary Clearance

Toxicant

Ozone (O,)

Nitrogen dioxide(NO,)

Sulfur dioxide (SO,)

Formaldehyde (HCHO)

Carbon particles
Diesel exhaust particles

Sulfuric acid (H,SO,)

Copyright © 2002 by Taylor & Francis

Exposure
Concentration

0.5 ppm

1 ppm

0.4-1.2 ppm
0.1-0.6 ppm
0.62-1.25 ppm
0.25, 0.6 ppm
0.2, 0.4 ppm

7.5, 15 ppm
0.3-10 ppm

6 ppm

0.3, 1 ppm

1, 5, 25 ppm

5 ppm

5 ppm

20 ppm

1 ppm

20 ppm

0.5, 15 ppm

50 mg/m3
0.4-0.5 mg/m?
17 mg/m?®

2 mg/m?3

0.35-7 mg/m?3
0.4-0.5 mg/m?
14 mg/mé (0.1 um)©
4 mg/m? (0.1 um)
1, 5 mg/mé (0.3 um)

0.2-1.4 mg/m3 (0.4 um)

Exposure Duration

2h

2h

4h

2h

4h

2 h/day, 14 days

2 h (with exercise)

2h

2h

7 days/wk 6 wk

2 h/day, 14 days

6h

3h

2 h (with exercise)

4h

lyr

4h

6 h/days, 5 days/wk, 3 wk
Few minutes

05h

4h

7 h/day, 5 days/wk, 6 mo
7 h/day, 5 days/wk, 30 mo
05h

03h

4h

1h

1h

Animal
Species

Sheep
Sheep
Rat
Rabbit
Mouse
Rabhit
Human
Sheep
Rabbit
Rat
Rabbit
Human
Human
Human
Rat
Dog
Rat

Rat
Human
Sheep
Rat

Rat

Rat
Sheep
Sheep
Sheep
Dog
Donkey

Region
Examined?

—

4444404 41gdZd 1 DO WZP AW WOEO O A

o]

Response®

NE

l

la _08ppm
| at 0.6 ppm
NE

NE

N

d a 15 ppm
NE

d

NE

l a5, 25 ppm
NE

NE
NEon T, | B persistent in 2 of 4 animals



TABLE 5.53 (Continued)

Effects of Inhaled Toxicants on Mucociliary Clearance

Toxicant

Ammonium bisulfate (NH,HSO,)

Ammonium sulfate [(NH,),SO,]

Exposure
Concentration

0.1-10 mg/m? (0.5 um)
0.5, 1 mg/m? (0.9 um)
3.6 mg/m? (1 um)

1.5 mg/m? (0.6 um)

15 mg/m? (3.2 um)
0.1-2.2 mg/m? (0.3 um)

0.25 mg/m? (0.3 um)
0.25-0.5 mg/m? (0.3 um)
0. 1 mg/m? (0.5 um)
0.6-1.7 mg/m? (0.4 um)
1 mg/mé (0.1 um)

2 mg/m?3 (0.4 um)

0.3-3 mg/m? (0.4 pum)
3.6 mg/m? (0.4 um)

1.1 mg/m? (0.1 um)

a N = nasal passages; B = bronchial tree; T = trachea.
b NNE = no effect; T = acceleration of clearance or mucus transport rate or time; | = retardation of clearance or mucus transport rate or time.

Median particle size.

Exposure Duration

1h
1h
4h
4h
4h
1h

1 h/day, 5 days/wk, 1 yr
1 h/day, 5 daysiwk, 4 wk
1 h/day, 5 days/wk, 6 mo
1h

4h

1h

1h

4h

4h

From Schlesinger, R.B., Crit. Rev. Toxicol., 20, 297, 1990.3” With permission.

Animal
Species

Region
Examined?

Human
Dog
Rat
Mouse
Mouse
Rabbit

T,B

—

Rabbit
Rabbit
Donkey
Rabbit
Sheep
Rabbit
Donkey T,B
Rat B
Sheep T

or I R velitve v e B ve e B ve R v e o v B v )

Response®

NE on T, TJ B (depending on concentration)
l

NE

NE

d

T at low concentration
{ at high concentration
l

1

l

d only at 1.7 mg/m?
NE

NE

NE

NE

NE
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TABLE 5.54

Effects of Inhaled Toxicants on Clearance from the Respiratory Region of the Lungs

Toxicant

Ozone (O,)

Nitrogen dioxide (NO,)

Formaldehyde (HCHO)
Sulfur dioxide (SO,)

Sulfuric acid (H,SO,)

Ammonium sulfate [(NH,);SO,]

Lead

Silica

Chromium [Cr(VI1)]
Diesel exhaust particles

Carbon black

Exposure Concentration

0.1-1.2 ppm
0.1, 0.6 ppm
0.4-1 ppm
0.5 ppm
0.3-10 ppm
0.3, 1 ppm
1, 10 ppm
30, 60 ppm
3-24 ppm

20 ppm
10 ppm
0.1-20 ppm

1 mg/m? (0.3 um)
3.6 mg/m? (I um)
0.25 mg/m? (0.3 um)
3.6 mg/m?

76, 161 mg/m?
21.1 mg/m3

0.2 mg/m?é

0.2-4.1 mg/m?3
0.35, 3.5, 7 mg/m?
4 mg/m?®

7 mg/m?3

Exposure Duration

2h

2 h/day, 14 days

4h

16 h/day, 2 or 5 mo

2h

2 h/day, 14 days

2 h/day, 14 days

5 h/day, 5 days/wk, 2 wk

7 h/day, 5 days/wk, 2-3 wk

4h
16 h/day, 20 wk
7 h/day, 5 days/wk, 2-5 wk

1h
4h

1 h/day, 5 days'wk up to 240 days

4h

7 mo

5 h/day, 4 daysiwk, 1 yr
Continuous, 42 days

7 hiday, 5 days/iwk, 18 wk

7 hiday, 5 days/wk, 30 mo
95 h/wk, 19 mo

20 h/day, 7 wk, 1-6 days/wk

Animal
Species

Rabbit
Rabbit
Rat

Rabbit
Rabhit
Rabbit
Rabbit
Mouse
Rat

Rat
Rabbit
Rat

Rabbit
Rat
Rabhit
Rat
Rabbit
Rat
Rat
Rat
Rat
Rat, Hamster
Rat

Response?

T at 0.1 ppm, | at 1.2 ppm

1

T at 0.8, 1 ppm

NE

1

’

1

| at 60 ppm

T at low conc. x time values; | at high
conc. x time values

NE

1

T at low conc. x time values, | at high
conc. x time values

| at 4.1 mg/m?
| a >3.5 mg/m?
!

l

a NE = no effect; T = acceleration of clearance rate or time; | = retardation of clearance rate or time; conc. = concentration.

From Schlesinger, R.B., Crit. Rev. Toxical., 20, 297, 1990.3” With permission.
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TABLE 5.55

Effects of Inhaled Toxicants on the Phagocytic Activity of Alveolar Macrophages

Toxicant

Ozone (O,)

Nitrogen dioxide (NO,)

Sulfur dioxide (SO,)
Ethylene (CH,0)
Chromium [Cr(V1)]

Calcium chloride (CaCl,), Copper chloride
(CuC1,), Cobalt chloride (CoCl,)

Cadmium (Cd)

Nickel dust (Ni)

Diesel exhaust particles

2 In vivo exposures.

Exposure Concentration?

1.2 ppm

0.1 ppm

0.8 ppm

2.5 ppm

0.3-0.5 ppm

0.8 ppm

10.25 ppm

0.3, 1 ppm

0.5 ppm

1, 5, 10, 20 ppm
10, 20 ppm
0.050 mg/m?®
0.025, 0.050, 0.200 mg/m?
0.4-0.6 mg/m?

1.5, 5.0 mg/m?3
0.13 mg/m?3
0.25, 1.5, 6 mg/m?

Exposure Duration

2h

2 h/day, 13 days

20 days

5h

3h

4h

24 h

2 h/day, 13 days

3-5 h/day, 5 days/wk, 1-3 mo
24 h

24 h

28 days

90 days, 6 h/day, 5 days/wk, 46 wk
6 h/day, 5 daysiwk, 4-6 wk

05h
5 h/day, 5 days/'wk, 4-8 mo
Up to 12 mo

b | = depression of phagocytic activity; T = enhancement of phagocytic activity; NE = no effect.

From Schlesinger, R.B., Crit. Rev. Toxicol., 20, 297, 1990.3” With permission.

Aninal Species

Rabbit
Rabhit
Rat
Rat
Rabbit
Rat
Rat
Rabhit
Mouse
Rat
Rat
Rat
Rat
Rabhit

Rat
Rabbit
Guinea pig, rat

Response®

R

d at 25 ppm

la03 Talppm

la2mo

T at >5 ppm

| at 20 ppm

1

T at 0.025-0.050 mg/m3, 4 at 0.200 mg/m?
NE

T at 1.5 mg/m?, | a 5 mg/m?
NE
l
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FIGURE 5.13 Double-logarithmic correlation of inhalation LCs, and oral LDg,. Solid
line, least-squares regression; broken line, nonparametric regression. From Klimisch
et a., Regul. Toxicol. Pharmacaol., 7, 21, 1987.32 With permission.
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FIGURE 5.14 Correlation between time-weighted average threshold limit val-
ues (ACGIH) and RDg, values determined in mice for 26 irritants. Compiled
from the data from Kane et al., Am. Ind. Hyg. Assoc. J., 40, 207, 1979.% Figure
reprinted from Parent, Richard A., Comparative Biology of the Normal Lung,
1992, CRC Press, Boca Raton, FL, with permission.
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FIGURE 5.15 Ventilatory response to 12% inspired O, (or Pl of 90 torr) in 10 species over a wide range
of body size. From Boggs, D.F. and Tenny, S.M., Respir. Physiol., 58, 245, 1984.3* With permission.

SECTION 8. INHALATION EXPOSURE GENERATION

TABLE 5.56
Uniformity Test of Different Exposure Chambers
Aerosol Size Spatial Variation
Chamber Type MMAD (um) CV (%)
96-port nose-only 1 7
40-port nose-only 1 6
27" Hinners 1 3-10
Hazleton 2000 12 5
Hazleton 1000 12 12
Horizontal flow 1.0 8-10
Horizontal flow 2-3 3442
Diagonal flow 3 10-12

From Concepts in Inhalation Toxicology, Cheng, Y-S and Moss, O.R.,
Hemisphere Publishing, Taylor & Francis, Washington, D.C., 1989.3
Reproduced with permission. All rights reserved.
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TABLE 5.57
Ammonia Concentrations in an Inhalation Chamber

Hour of Sample (ppm NH; + SE)

Animal Loading  Chamber Air Flow  No. of Air Changes

(%) (L/min) per Hour 2 4 6

1 13 8 0.38+0.08 048+007 046+0.13

1 26 16 020+ 0.01 024+002 0.45=+0.06

1 40 24 019+ 0.04 024+£005 0.22+0.03
31 13 8 084+014 113+014 111+0.27
31 26 16 060+0.09 104+023 160+0.22
31 40 24 0.19+0.02 033+005 0.39+0.05
5.1 13 8 1.23+018 151+016 242+0.38
5.2 26 16 066+0.06 123+020 205+041
52 40 24 046+ 0.08 1.02+011 1.30%0.27

From Phalen, R.F., Inhalation Studies: Foundations and Techniques, CRC Press, Boca Raton, FL, 1984.1* With
permission.

TABLE 5.58
Conversion Table for Gases and Vapors? (Milligrams per Liter to Parts per Million, and
Vice Versa; 25°C and 760 mm Hg)

Molecular 1 mg/I 1 ppm Molecular 1 mg/l 1 ppm Molecular 1 mg/l 1 ppm
Weight ppm mg/I Weight ppm mg/I Weight ppm mg/I
1 24,450  0.0000409 29 843 0.001186 57 429 0.002331
2 12,230  0.0000818 30 815 0.001227 58 422 0.002372
3 8,150 0.0001227 31 789 0.001268 59 414 0.002413
4 6,113 0.0001636 32 764 0.001309 60 408 0.002554
5 4,890 0.0002045 33 741 0.001350 61 401 0.002495
6 4,075 0.0002454 34 719 0.001391 62 394 0.00254
7 3,493 0.0002863 35 699 0.001432 63 388 0.00258
8 3,056 0.000327 36 679 0.001472 64 382 0.00262
9 2,717  0.000368 37 661 0.001513 65 376 0.00266
10 2,445 0.000409 38 643 0.001554 66 370 0.00270
11 2,223 0.000450 39 627 0.001595 67 365 0.00274
12 2,038 0.000491 40 611 0.001636 68 360 0.00278
13 1,881 0.000532 41 596 0.001677 69 354 0.00282
14 1,746  0.000573 42 582 0.001718 70 349 0.00286
15 1,630 0.000614 43 569 0.001759 71 344 0.00290
16 1,528 0.000654 44 556 0.001800 72 340 0.00294
17 1,438 0.000695 45 543 0.001840 73 335 0.00299
18 1,358 0.000736 46 532 0.001881 74 330 0.00303
19 1,287 0.000777 47 520 0.001922 75 326 0.00307
20 1,223 0.000818 48 509 0.001963 76 322 0.00311
21 1,164  0.000859 49 499 0.002004 77 318 0.00315
22 1,111  0.000900 50 489 0.002045 78 313 0.00319
23 1,063 0.000941 51 479 0.002086 79 309 0.00323
24 1,019  0.000982 52 470 0.002127 80 306 0.00327
25 987  0.001022 53 461 0.002168 81 302 0.00331
26 940 0.001063 54 453 0.002209 82 298 0.00335
27 906 0.001104 55 445 0.002250 83 295 0.00339
28 873 0.001145 56 437 0.002290 84 291 0.00344
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TABLE 5.58 (Continued)
Conversion Table for Gases and Vapors® (Milligrams per Liter to Parts per Million, and
Vice Versa; 25°C and 760 mm Hg)

Molecular
Weight

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136

1 mg/l
ppm

288

284

281

278

275

272

269

266

263

260

257

255

252

2495
247.0
2445
2421
2397
2374
2351
2329
230.7
2285
2264
2243
2223
2203
2183
2164
2145
2126
2108
209.0
207.2
2055
2038
202.1
2004
1988
197.2
195.6
1940
1925
191.0
1895
188.1
186.6
185.2
183.8
1825
1811
179.8

1 ppm
mg/l
0.00348
0.00352
0.00356
0.00360
0.00364
0.00368
0.00372
0.00376
0.00380
0.00384
0.00389
0.00393
0.00397
0.00401
0.00405
0.00409
0.00413
0.00417
0.00421
0.00425
0.00429
0.00434
0.00438
0.00442
0.00446
0.00450
0.00454
0.00458
0.00462
0.00466
0.00470
0.00474
0.00479
0.00483
0.00487
0.00491
0.00495
0.00499
0.00503
0.00507
0.00511
0.00515
0.00519
0.00524
0.00528
0.00532
0.00536
0.00540
0.00544
0.00548
0.00552
0.00556

Molecular

Weight

137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188

Copyright © 2002 by Taylor & Francis

1 mg/l
ppm

178.5
177.2
175.9
174.6
173.4
172.2
171.0
169.8
168.6
167.5
166.3
165.2
164.1
163.0
161.9
160.9
159.8
158.8
157.7
156.7
153.7
154.7
153.7
152.8
151.9
150.9
150.0
149.1
148.2
147.3
146.4
1455
144.7
143.8
143.0
142.2
141.3
140.5
139.7
138.9
138.1
1374
136.6
135.8
1351
134.3
133.6
132.9
132.2
1315
130.7
130.1

1 ppm

mg/I
0.00560
0.00564
0.00569
0.00573
0.00577
0.00581
0.00585
0.00589
0.00593
0.00597
0.00601
0.00605
0.00609
0.00613
0.00618
0.00622
0.00626
0.00630
0.00634
0.00638
0.00642
0.00646
0.00650
0.00654
0.00658
0.00663
0.00667
0.00671
0.00675
0.00679
0.00683
0.00687
0.00691
0.00695
0.00699
0.00703
0.00708
0.00712
0.00716
0.00720
0.00724
0.00728
0.00732
0.00736
0.00740
0.00744
0.00748
0.00753
0.00757
0.00761
0.00765
0.00769

Molecular

Weight

189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240

1 mg/I
ppm

1294
128.7
128.0
127.3
126.7
126.0
1254
124.7
1241
1235
122.9
122.3
121.6
121.0
120.4
119.9
119.3
118.7
118.1
1175
117.0
116.4
115.9
1153
114.8
114.3
113.7
1132
112.7
112.2
1116
1111
110.6
110.1
109.6
109.2
108.7
108.2
107.7
107.2
106.8
106.3
105.8
105.4
104.9
104.5
104.0
103.6
103.2
102.7
102.3
101.9

1 ppm

mg/I
0.00773
0.00777
0.00781
0.00785
0.00789
0.00793
0.00798
0.00802
0.00806
0.00810
0.00814
0.00818
0.00822
0.00826
0.00830
0.00834
0.00838
0.00843
0.00847
0.00851
0.00855
0.00859
0.00863
0.00867
0.00871
0.00875
0.00879
0.00883
0.00888
0.00892
0.00896
0.00900
0.00904
0.00908
0.00912
0.00916
0.00920
0.00924
0.00928
0.00933
0.00937
0.00941
0.00945
0.00949
0.00953
0.00957
0.00961
0.00965
0.00969
0.00973
0.00978
0.00982



TABLE 5.58 (Continued)
Conversion Table for Gases and Vapors® (Milligrams per Liter to Parts per Million, and
Vice Versa; 25°C and 760 mm Hg)

Molecular 1 mg/I 1 ppm Molecular 1 mg/l 1 ppm Molecular 1 mg/I 1 ppm
Weight ppm mg/l Weight ppm mg/I Weight ppm mg/I
241 1015 0.00986 261 93.7 0.01067 281 87.0 0.01149
242 1010  0.00990 262 933  0.01072 282 86.7  0.01153
243 1006 0.00994 263 930  0.01076 283 864  0.01157
244 100.2 0.00998 264 92.6 0.01080 284 86.1 0.01162
245 998 0.01002 265 923  0.01084 285 858  0.01166
246 994 0.01006 266 91.9 0.01088 286 85,5  0.01170
247 9.0 0.01010 267 91.6 0.01092 287 85.2 0.01174
248 986 0.01014 268 91.2 0.01096 288 849  0.01178
249 982 0.01018 269 90.9 0.01100 289 846  0.01182
250 978 0.01022 270 90.6 0.01104 290 84.3 0.01186
251 974  0.01027 271 90.2 0.01108 291 840  0.01190
252 970 0.01031 272 89.9 0.01112 292 83.7 0.01194
253 9%.6 0.01035 273 89.6 0.01117 293 834 0.01198
254 9.3 0.01039 274 89.2 0.01121 294 832  0.01202
255 959 0.01043 275 88.9 0.01125 295 829  0.01207
256 955 0.01047 276 88.6 0.01129 296 82.6 0.01211
257 9.1 0.01051 277 883  0.01133 297 823  0.01215
258 948 0.01055 278 87.9 0.01137 298 820  0.01219
259 944 0.01059 279 87.6 0.01141 299 81.8 0.01223
260 940 0.01063 280 873  0.01145 300 815  0.01227
a Source: Fieloner et al. (1921).%°
From Patty’'s Industrial Hygiene and Toxicology, John Wiley & Sons, New York, 1991.40 With permission.
TABLE 5.59
Characteristics of Nebulizers
Operating Pressure  Flow Rate  Output Concentrations MMAD
Nebulizer (psi) (L/min) (ug/L) (um) GSD?
Laskin 20 84.0 4.8 0.7 21
In Tox 30 250 320 6.1 19
Solosphere 20 15 45
Ohio 20 0.5 45
DeVilbiss 20 16.0 14.0 32 18
Hospitak 20 11.0 230 1.0 21
Collision 20 7.1 7.7 20 20
Retec X-70 N 20 54 53.0 57 18
Lovelace 20 15 40.0 5.8 18

a GSD = geometric standard deviation.

From Concepts in Inhalation Toxicology, Moss, O.R. and Cheng, Y-S, Hemisphere Publishing, Taylor &
Francis, Washington, D.C., 1989, p. 103.4* Reproduced with permission. All rights reserved.
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TABLE 5.60
Operating Characteristics of Compressed Air Nebulizers

Applied Volume Median
Pressure  Air Flow Aerosol Out Water Vapor Out  Drop Diameter
Nebulizer (Ib/in?) (L/min) (ul/L air) (u I/L air) w G.S.D.2
Dautrebande with open vent 5 11.2 1.0 9.7 —
10 14.9 14 9.6 17
20 21.2 2.3 8.6 14 16-1.7
30 273 24 8.2 13
3-Jet Collison 15 6.1 8.7 12.6
20 7.1 9.0 14.8
30 9.4 9.0 194 About 2 About 2
40 11.4 9.3 235
50 13.6 10.4 27.9
De Vilbis® No. 40 with 15 12.4 155 8.6 4.2
closed vent 20 16.0 14.0 7.0 3.2 18-19
30 20.9 121 7.2 28
Lovelace 20 1.34 (34) 12 6.9 17
30 1.81 (22)p 11 47 1.9
40 2.28 (15) 9 3.1 2.2
50 2.64 (19)p 11 2.6 2.3
(Nebulizer chilled to 0°C) 20 134 55 1 — —

a G.S.D = geometric standard deviation.
b Calculated.

From Phalen, R.F,, Inhalation Sudies: Foundations and Techniques, CRC Press, Boca Raton, FL, 1984.1* With permission.

TABLE 5.61
Water Droplet Lifetimes
Size (um) Lifetime (sec) at 20% RH?
0.01 2x10%
0.1 3x10°
10 0.001
10.0 0.03
40.0 13

a At 50% RH, lifetime increases ~1.5 times; at 100% RH, lifetime increases
110-1000 times.

From Concepts in Inhalation Toxicology, Moss, O.R. and Cheng, Y-S, Hemi-
sphere Publishing, Taylor & Francis, Washington, D.C., 1989, p. 105.4* Repro-
duced with permission. All rights reserved.

TABLE 5.62
Characteristics of Dry Powder Generators
Mass
Delivery Dispersion Flow Rate  Concentration

Generator Mechanism Mechanism (L/min) (mg/md) Test Material
NBS Gravity Venturi 50-85 1,500 and larger ~ Nonsticky powder
Wright Dust Feed Rotating blade Airstream 1040 2-1100 Compactable powder
TSI model 3410 Rotating brush Airstream 10-50 1-100 Nonsticky powder

Copyright © 2002 by Taylor & Francis



TABLE 5.62 (Continued)
Characteristics of Dry Powder Generators

Delivery Dispersion

Generator Mechanism Mechanism
MDA Micro Feed Rotating disk Venturi
TSI model 3433 Rotating disk Venturi
Lovelace 4-in. FBG  Gravity Fluidized bed
TSI model 3400 Chain conveyor  Fluidized bed
Jet-O-Mizer Screw feed Air mill
Battle Micronizer Dual brush Air mill
Microjet Screw feed Air mill

Flow Rate
(L/min)

30-50
12-21
200

5-15
300400
30-50
300-1000

Mass

Concentration

(mg/m?3) Test Material
10-300 Nonsticky powder
0.3-40 Nonsticky powder
1-100 Nonsticky powder, fiber
10-100 Nonsticky powder
2-1000 Sticky powder
5-5000 Sticky powder
2-1000 Fiber

From Concepts in Inhalation Toxicology, Moss, O.R. and Cheng, Y-S, Hemisphere Publishing, Taylor & Francis, Wash-
ington, D.C., 1989, p. 101.#* Reproduced with permission. All rights reserved.

TABLE 5.63

Efficiencies in Terms of Residual Water Content of Selected Solid
Desiccants Used for Drying 25°C Nitrogen Gas at 225 cc/min through a
Bed 14 mm i.d. and 450 mm Deep

Avg. Efficiency
Desiccant (mg/1 air)
Calcium sulfate (Drierito®) 0.067
Silica gel 0.070
Activated alumina 0.0029
Anhydrous magnesium perchlorate 0.0002
Molecular sieve SA (Union Carbide®) 0.0039

Regeneration Time
(h) and Temp. (°C)

1-2, 200225

12, 118127

6-8, 175-400
48, 245

From Phalen, R.F., Inhalation Sudies: Foundations and Techniques, CRC Press, Boca Raton, FL,

1984.1* With permission.
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FIGURE 5.16 Spatia variations of aerosol concentrations in Hazelton 2000 exposure chambers as a function
of aerosol particle size. Data are mean and standard deviation. From Inhalation Toxicology, Cheng, Y-S. and
Moss, O.R., Hemisphere Publishing, Taylor & Francis, Washington, D.C., 1989, p. 50.3 Reproduced with

permission. All rights reserved.
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ADDITIONAL RELATED INFORMATION

TABLE 5.64

Some Xenobiotic Metabolizing Enzymes in the Nasal Cavity

Enzyme
15-Lipoxygenase
P-450

P-450

Epoxide hydrolase

Glutathione S-transferase
DT-diaphorase

UDP-glucuronyl transferase
NADPH-cytochrome C-reductase
Rhodanese

P-450PB-B; NADPH-cytochrome
P-450 reductase

P450c

P-450BNF-B
P-450PB-B
P-450PCN-E

P450d

P-4500lf1

P-45001f2
P-45011E1

Test Reaction or Other
Method for Detection

Arachidonic acid metabolism
Diethylnitrosamine deethylase

Five dealkylases

Safrole oxide hydrolase

1-Chloro-2, 4-dinitro-benzene
conjugation

Dichlorophenol-indophenol
metabolism

1-naphthol conjugation

C Cytochrome C reduction

Metabolism of cyanide to

thiocyanate
Immunohistochemistry

Immunocytochemistry

Immunohistochemistry

Induction of encoding mRNA

cDNA library probe and sequence
anaysis

Immunoblots
Immunohi stochemistry

Copyright © 2002 by Taylor & Francis

Test System

Human nasal cells

Human nasa respiratory tissue
microsomes

Human nasa respiratory tissue
microsomes

Human nasal respiratory tissue
homogenate

Human nasal respiratory tissue
homogenate

Human nasal respiratory tissue
homogenate

Human nasal respiratory tissue
homogenate

Human nasal respiratory tissue
homogenate

Human nasal respiratory tissue
homogenate

Male Holtzman rat olfactory and
respiratory tissues, Bowman's
glands, and seromucous glands

Male Alp/Apk rat olfactory
epithelium; Bowman's glands

Male Holtzman rat olfactory
epithelium; Bowman's glands,
and seromucous glands

S-D rat olfactory tissue
microsomes

S-D rat olfactory tissue
microsomes

Wister rat olfactory tissue
Male F344 rat

Notes

Nasal epithelia cells more active
than bronchial cells

Nasa activity per nmol P-450
10-25 times that of liver

HMPA and aminopyrine best
substrates; ethoxycoumarin and
ethoxyresorufin next best
substrates; pentoxyresorufin poor
substrate

Activity higher than that in rats

Activity higher than that in rats
Activity much less than that in rats
Absent in humans; present in rats

Activity about 25% that of rat
nasal mucosa

Activity in nonsmokers twofold
higher than that in smokers

P-450PB-B is homologous with
11B1; Bowman's glands and apex
of olfactory epithelial cells
contained high concentrations of
reductase

Homologous with P-4501A1; not
induced by phenobarbital,
clofibrate, or B-naphthoflavone

P-4508NF-B (homologuous with
A1) present in olfactory tissueat
ahigher level than in respiratory
tissue; consistent with this, aryl
hydrocarbon hydroxylase
activity; PB-B (11B1) intensely
stained both tissues; PCN-E
(I11A) stained less intensely, but
about equally in both tissues;
apical portions of epithelial cells
and subepithelial glands stained
relatively intensely

P-450d (1A 2) but not P-450c (IA1)
was induced to detectable levels

Termed 11G1; rabbit form may be
P-450NMb; olfactory tissue
specific

Homologous with I1A family

Glands in lamina propia heavily
labeled; olfactory sustentacular
cells apically labeled; ciliated
cellsof respiratory epitheliumand
nonsecretory cells of transitional
epithelium labeled; luminal
surface of olfactory epitheliumin
vomera nasa organ labeled



TABLE 5.64 (Continued)
Some Xenobiotic Metabolizing Enzymes in the Nasal Cavity

Enzyme

Aromatase and 5a-reductase

FAD-containing mono-oxygenase

Aldehyde dehydrogenase;
formal dehyde dehydrogenase

Carboxylesterase

Carbonic anhydrase

Epoxide hydrolase; UDP-
glucuronyl transferase;
glutathione S-transferase forms
B, C,and E

Rhodanese

P-4503a,

P-450 form 2,
P-450 form 4,
P-450 form 5

FAD-containing mono-oxygenase

P-450 form NMa, P-450 form
NMb, P-450 form 2, P-450 form
3a, P-450 form 3b, P-450 form 4,
P-450 form 6

Test Reaction or Other
Method for Detection

Testosterone metabolism to

estradiol and dihydrotestosterone

Dimethylamine and

N,N-dimethylaniline metabolism

Formaldehyde and acetaldehyde
dehydrogenation; histochemistry

Ester hydrolysis; histochemistry

Histochemistry

Styrene oxide;
7-hydroxycoumarin; styrene
oxide; immunohistochemistry

Cyanide metabolism to
thiocyanate;
immunohistochemistry

Immunochemistry; immunoblot;
enzyme assays

Immunobl ot

Immunochemistry; testosterone
metabolism; HMPA and
phenacetin metabolism

Test System

Measled S-D rat olfactory

epithelium

Male F344 rat olfactory mucosa

microsomes

Male F344 rat respiratory and
olfactory mucosa

F344 rat nasal tissue

Rat olfactory tissue

Male F344 or Holtzman rat nasal
tissue homogenates

F344 rat nasal mucosa

Male New Zealand white rabbit
nasal mucosa

Male New Zealand white rabbit
olfactory and respiratory mucos

Male New Zealand white rabbit
nasal respiratory and olfactory
epithelium

Notes

Castration decreased estradiol
production; activity restored by
testosterone replacement

Dimethylaniline apparently
metabolized only by FAD-MO;
dimethylamine metabolized by
P-450, as well

Multiple forms; formaldehyde
dehydrogenase most abundant
in olfactory mucosa; epithelial
cell cytoplasm and olfactory
sensory cell nuclei; Bowman's
and seromucous glands weakly
positive; acetaldehyde
dehydrogenase most abundant
in respiratory mucosa; present
in Bowman's glands and
olfactory basal cells; absent
from sensory cells and
sustentacular cells

k., values ranged from 1-35 mM;
Vs from 0.03 to 0.06; present in
all nasal cells except olfactory
neurons

Present in receptor cells; absent in
sustentacular cells

Epoxide hydrolase probably form
A; GSH-T B, C, and E probably
forms 5,5, 1,1, 3,3, respectively;
GSH-T form C — which
metabolizes AES-androstene-3,
17-dione — was at highest levels

Highest in apical portion of
olfactory epithelium; absent from
receptor cells; negligible in
Bowman's glands; present in
respiratory epithelium also

Homologues I E; Forms2, 4, 5, by
homology, are also termed |1B1,
1A2, and IVB1, respectively;
forms 2 and 5 occur in both
respiratory and olfactory tissue;
form 4 found in olfactory tissue
only; form 6 (homologous with
1A1) absent in al tissues

Approximately equal amounts in
respiratory and olfactory tissues

Only form 2 (1IBI) found in
respiratory tissue; NMa very
active for HMPA and phenacetin
dealkylation; only 3% of liver
P-450 is NMa; NMb (11G1)
occurs only in olfactory tissue;
forms 3a and 4 are homologous
with [1E1 and IA2, respectively;
forms 3b and 6 (homologous to
I11C3 and 1A1, respectively)
absent in nasal tissue



TABLE 5.64 (Continued)
Some Xenobiotic Metabolizing Enzymes in the Nasal Cavity

Enzyme

Carboxylesterase

P-450

P-450; NADPH-cytochrome C-
reductase

Carboxylesterases

Carboxylesterases

P-450

Arylhydrocarbon
oxidases’hydroxylase

P-450; NADPH cytochrome C-

reductase; cytochrome b5

Carboxylesterases

Alcohol dehydrogenase

Test Reaction or Other
Method for Detection

Ester hydrolysis

p-Nitroanisole demethylase;
aniline hydroxylase; carbon
monoxide difference spectra

7-Ethoxycoumarin deethylase;
carbon monoxide difference
spectrum; cytochrome C-
reductase

Ethylene glycol monomethylether
acetate

p-Nitrophenyl butyratehydrolysis;
histochemistry

p-Nitroanisole,
O-demethylase, and aniline
hydroxylase; carbon monoxide
difference spectra

Benzo(a)pyrene metabolism in
vivo; olfactory and respiratory
tissue microsomal activity

7-Ethoxycoumarin and
ethoxyresorufin dealkylase;
hexabarbitone oxidase; aniline
hydroxylase; cytochrome C-
reductase; difference spectra

Ester hydrolysis of acetate esters
and lactones; ethyl acetate uptake
in vivo

Propanol metabolism in vivo

Test System

Male and female New Zealand
white rabbit nasal mucosa

CD1 mouse nasal tissue
microsomes

MFI mouse olfactory epithelium

Male and female B6C3F1,Crl Br
mouse nasal mucosa
homogenates

B6C3F, mouse; both sexes;
respiratory and olfactory tissue

Syrian hamster nasal tissue
microsomes

Syrian hamster nasal cavity

Syrian hamster olfactory tissue

Syrian hamster olfactory nasal
cavity

Syrian hamster tissue
homogenates

Notes

Lessactivity than for mice, rats, or
dogs. Activities in both mucosae
similar to that in liver

Compared to dog, rabbit, guinea
pig, rat, and Syrian hamster,
aniline better substrate in mouse
than in any other species except
Syrian hamsters

Very high nasal activities relative
to thosein liver; activities higher
in males than in females

Mouse activity greater than that of
rats

Also examined rats; mouse and rat
activity (V/k,) similar; olfactory
activity fivefold that of
respiratory; V., olfactory 0.5
umol/min/mg protein, k., 20-25
mM

Very high activitiesrelative to dog,
rabbit, guinea pig, rat, and
mouse; values (in nmol P-450 per
mg protein): olfactory — 0.36,
respiratory — 0.13, trachea —
0.26, liver — 1.10

Also examinedinvitro metabolism
in 5 non-nasal tissues; olfactory
tissue highest (4000 pmol/g
tissue per hr); metabolitesin vivo
included tetrals, diols, quinones,
oxides, and phenols

Very high activities compared to
those in rats and female mice;
olfactory activities (but not P-450
content) higher than in liver

Hamster nasal activity much
higher than rat or rabbit nasal
activity with amyl acetate, but not
with B-butyrolactone; ester
uptake in hamster nose sensitive
to enzyme inhibition (63-90%)

Ky is0.1 mM; V., is 4 nmol/mg
protein per min, 36 nmol/nose
per min

From Schlesinger, R.B., Ben-Jebria, A., Dahl, A.R., Snipes, M.B., and Ultman, J., Disposition of inhaled toxicants, in Handbook of Human
Toxicology, Massaro, E.J., Ed., CRC Press, Boca Raton, FL, chap. 12, pp. 493-550, 1997. With permission. Originally adapted from Dahl, A.R.
and Hadley, W.M., Nasal cavity enzymes involved in xenobiotic metabolism: effects on the toxicity of inhaants, Toxicology, 21, 345, 1991.




TABLE 5.65
Summary of P-450 Isozymes Reported in the Rat and Rabbit Nasal Cavities

Isozyme

1Al
1A2
1A
11B1
11C3
IE1
11G1
1A
1IVB1

Alternate Name

Rat

BNF-B
ISF-G,d
olf2
PB-B,b
j

olf1
PCN-E
Form 5

Rabbit

Form 6

Form 4

Form 2

3b
3a,P-450ALC
P-450LM3c

Form 5

Nasal Tissue
Rat Rabbit
Respiratory and olfactory Absent
Olfactory Olfactory
Olfactory Not reported
Respiratory and olfactory Respiratory and olfactory
Not reported Absent

Respiratory and olfactory
Respiratory and olfactory

Not reported

Olfactory
Not reported

Respiratory and olfactory

From Schlesinger, R.B., Ben-Jebrig, A., Dahl, A.R., Snipes, M.B., and Ultman, J., Disposition of inhaled
toxicants, in Handbook of Human Toxicology, Massaro, E.J., Ed., CRC Press, Boca Raton, FL, chap. 12,
pp. 493-550, 1997. With permission. Originally adapted from Dahl, A.R. and Hadley, W.M., Nasal cavity
enzymesinvolved in xenobiotic metabolism: effects on the toxicity of inhalants, Toxicology, 21, 345, 1991.

TABLE 5.66
Some P-450 Isozymes Reported in Lungs of Various Species
Isozyme Comments
Mouse 1A1 Induced in type Il cells
1A2 Induced in type |l cells and endothelia cells
2B1 Congtitutive in type |l cells and Clara cells
2B2 Constitutive in type |l cells and Clara cells
4B1 Rabbit form activates ipomeanol and 2-aminofluorene
“mN” In Clara cells, metabolizes naphthalene
“m50b” In Clara cells, mgjor naphthalene-metabolizing enzyme
Rat 1A1 Induced in bronchial epithelium, Clara cells, and type Il cells
2A3 Absent in rat liver
2B1 Constitutive at highest levelsin Clara cells
2E1 Induced by hyperoxygen
3AL2 Induced in bronchial epithelium, Clara cells, and type Il cells
4B1 Absent in rat liver
“FI” Congtitutive; induced by O,
“FI” Cross reacts with rat anti 2B1 ; constitutive; induced by O,
Rabbit 1A1 Highly inducible; occurs in endothelial cells without reductase
2B1 With 4B1, accounts for 80% of uninduced P-450 in lung
2E1, 2E2  2E1, 5% that of liver; 2E2, 2.5% that of liver
4A4 P-450 prostaglandin m-hydroxylase; occurs only in pregnant rabbits or after
induction by progesterone
4B1 Activates 2-aminofluorene and ipomeanol
Hamster “MC” Possibly 1A1; highly inducible
2B Along with reductase, absent from mesothelium in adults
4B Present in mesothelium in adult
Human 1A1 Inducibility related to smoking and lung cancer
2E1 Racial differences in 2E1 polymorphisms
2F1 Ethoxycoumarin and pentoxyresorufin and 3-methylindole are substrates
4B1 Unlike rabbit form, does not activate 2-aminofluorene

From Schlesinger, R.B., Ben-Jebria, A., Dahl, A.R., Snipes, M.B., and Ultman, J., Disposition of inhaled
toxicants, in Handbook of Human Toxicology, Massaro, E.J., Ed., CRC Press, Boca Raton, FL, chap.
12, pp. 493-550, 1997. With permission. Originally adapted from Dahl, A.R. and Lewis, J.L., Respiratory
tract uptake of inhalants and metabolism of xenobiotics, Ann. Rev. Pharmacol. Toxicol., 32, 383, 1993.
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SECTION 1. EXPOSURES

All inhalation exposures involve the respiratory system as the major portal of entry for the test
material. The test material normally is administered in the gaseous/vapor state or as an aerosol. In
either case, the test material must be administered in a manner that provides stable, reproducible
exposure concentrations. These exposure concentrations must be measured routinely to demonstrate
that the actual exposure concentrations are within the desired ranges, or to provide information
needed to bring the actual exposure concentrations within the desired ranges.

Administration of test materials in the gaseous/vapor state occur with chemicals that are
normally a gas at room temperature or are solids or liquids with a vapor pressure high enough to
generate the desired exposure concentration. The former are referred to as gases, while the latter
are called vapors. Administration of test materials as gases is typically accomplished using flow
dilution techniques. Administration of vapors is typically accomplished using gas scrubbing or
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evaporation-volatilization techniques. Because of the complexity and diversity of these systems
and their unique application to specific studies, they cannot all be described here.

Administration of test materials as aerosols occur with chemicals that are normally liquids or
solids at room temperature. These test materials do not possess a vapor pressure high enough to
allow generation of the desired exposure concentration in the gaseous/vapor state. Aerosols origi-
nating from liquids can further be classified as liquid aerosols, while aerosols originating from
solids can be classified as dusts. Administration of liquid aerosols is typically accomplished using
spray atomization or evaporation-condensation techniques. Administration of dusts is typically
accomplished using either a nonsegregating technique such as a dust feed or a segregating technique
such as a sonic generator. Because of the complexity and diversity of these systems and their unique
application to specific studies, they cannot all be described here.
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FIGURE 6.1 System for generation of a dust atmosphere into a 40-1 nose-only exposure chamber. A Wright
Dust Feeder is used to disperse the aerosolized powder through a cyclone, for removal of large particles, into
the nose-only exposure chamber from which the test animals breathe.
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FIGURE 6.2 System for generation of a liquid aerosol atmosphere into a 40-1 nose-only exposure chamber.
A spray atomizer is used to disperse the aerosolized liquid, fed from a reservoir with a fluid metering pump,
into the nose-only exposure chamber from which the test animals breathe.
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FIGURE 6.3 System for generation of a liquid aerosol atmosphere into a 40-1 nose-only exposure chamber.
A Collison Nebulizer is used to disperse the aerosolized liquid, through a cyclone for removal of large particles,
into the nose-only exposure chamber from which the test animals breathe.
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FIGURE 6.4 System for generation of a vapor atmosphere into a 40-1 nose-only exposure chamber. A
countercurrent volatilization chamber (heated with a nichrome wire, if needed) is used to disperse the vaporized
liquid, fed from a reservoir with a fluid metering pump, into the nose-only exposure chamber from which the

test animals breathe.
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FIGURE 6.5 System for generation of a gas atmosphere into a 40-1 nose-only exposure chamber. A mass
flow controller is used to disperse the gas, fed from a pressurized cylinder, into the nose-only exposure chamber

from which the test animals breathe.
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FIGURE 6.6 System for generation of a dust atmosphere into a 1000-1 whole-body exposure chamber. A

Wright Dust Feeder is used to disperse the aerosolized powder through a cyclone, for removal of large particles,
into the whole-body exposure chamber within which the test animals breathe.
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FIGURE 6.7 System for generation of a liquid aerosol atmosphere into a 1000-1 whole-body exposure
chamber. A spray atomizer is used to disperse the aerosolized liquid, fed from a reservoir with a fluid metering
pump, into the whole-body exposure chamber within which the test animals breathe.
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FIGURE 6.8 System for generation of a vapor atmosphere into a 1000-1 whole-body exposure chamber. A
countercurrent volatilization chamber (heated with a nichrome wire, if needed) is used to disperse the vaporized
liquid, fed from a syringe pump, into the whole-body exposure chamber within which the test animals breathe.
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FIGURE 6.9 System for generation of a gas atmosphere into a 1000-1 whole-body exposure chamber. A
flowmeter is used to disperse the gas, fed from a gas bag with a vacuum pump, into the whole-body exposure
chamber within which the test animals breathe.

SECTION 2. SAMPLING

All inhalation exposure concentrations must be measured routinely to demonstrate that the actual
exposure concentrations are close to the targeted exposure concentrations, or to provide information
needed to adjust the actual exposure concentrations close to the targeted exposure concentrations.
Samples are routinely collected every hour, or sooner, during a single exposure inhalation study
and every 1.5 h, or sooner, during a repeat exposure inhalation study. Gas and vapor exposures are
typically measured using an infrared (IR) spectrophotometer or a gas chromatograph (GC). The
IR is simpler to calibrate, only provides a total hydrocarbon concentration but does not quantify
individual components in a complex mixture. The GC is more complex to calibrate but does quantify
individual components in a complex mixture. In either case, the instrument would be directly

To Exhaust
1T
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Filter r—|older
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Metering
Valve

O
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Flowmeter

FIGURE 6.10 System for collection of filter paper samples of test atmospheres for gravimetric or analytical
evaluation. A vacuum pump is used to draw the air sample through a glass fiber filter paper from the exposure
chamber.
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FIGURE 6.11 Example of a data sheet for recording data for a dust exposure with gravimetric air sampling.
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calibrated using standards of the test material. Aerosol exposures are typically measured using
gravimetric (weight difference) determination of test material collected onto a glass fiber filter.
These filters may also be extracted for the test material using an appropriate solvent and then
quantified with a gas chromatograph or liquid chromatograph. Aerosol exposures also require the
evaluation of the particle size to assess the respirability for the test animals being exposed. Particle
sizing is typically accomplished using cascade impactor techniques (with either gravimetric or
analytical determination of the collected sample) or using photometric techniques such as laser-
light interception. Particle sizing results are usually reported in terms of the mass median aerody-
namic diameter (MMAD) and the geometric standard deviation (GSD).
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FIGURE 6.12 System for collection of air samples of test atmospheres for IR spectrophotometric evaluation.

A vacuum pump is used to draw the air sample through a calibrated IR spectrophotometer from the exposure
chamber.
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FIGURE 6.13 Example calibration graph for IR spectrophotometer. The IR spectrophotometer is calibrated
by injecting known volumes of test material into a “closed-loop system” of known volume (5.64 I).
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FIGURE 6.14 System for collection of impinger samples of test atmospheres for analytical evaluation. A
vacuum pump is used to draw the air sample through tandem impingers (containing an appropriate solvent,
e.g., water) from the exposure chamber.
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FIGURE 6.15 System for collection of absorbent tube samples of test atmospheres for analytical evaluation.
A vacuum pump is used to draw the air sample through an absorbent tube (containing an appropriate medium,
e.g., charcoal) from the exposure chamber.
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FIGURE 6.16 System for collection of aerosol samples of test atmospheres for particle size evaluation with
the TSI Aerodynamic Particle Sizer. An internal vacuum pump is used to draw the air sample through a dilutor
(100:1) and the particle sizer from the exposure chamber. The particle sizer uses a time-of-flight calibration
based on the acceleration of particles through an orifice past a pair of laser beams.
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TSI

Sample # :

Current Date :

Record Date :

Sample Time [s]:
Dilution Ratio :

Lower Window Dia. [um] :
Density correction :

Last Calibration :

EXP -1

AERODYNAMIC PARTICLE SIZER
Gp | sample #1001 DJ
1

File Read :
05/11/00 Current Time :
05-11-00 Record Time :
20 Density [g/cc] :
1:1 Effic. Correction :
.5047 Upper Window Dia. [um] :
OFF Resp. Mass [mg/m3] :

09 :46:55
09 :46 :26
1.34

D1
28.39
0.000

mg/m3

3 5 7 10 20

AERODYNAMIC PARTICLE DIAMETER (um)

FIGURE 6.17 Example data output from the TSI Aerodynamic Particle Sizer.
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FIGURE 6.18 Example data output from the TSI Aerodynamic Particle Sizer.
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FIGURE 6.19 Example data output from the TSI Aerodynamic Particle Sizer.
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FIGURE 6.20 System for collection of aerosol samples of test atmospheres for particle size evaluation with

a cascade impactor. A vacuum pump is used to draw the air sample
from the exposure chamber. The stages are individually assayed by
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Chamber Monitoring Record
ITP Cascade Impactor

Study No.: Serial No.: Prepared By:
Test Material: Sample No.: Date:
Group: Time of Sample: Initial Review:
Time Sampled (min.): __ Final Review:
Impactor Stage Slide Weight Slide Weight Cumulative
Stage Constant Before After A Weight Mass
(um) (mg) (mg) (n9) (n9)
Filter 0.328
7 0.719 R -
6 1.061 - - - -
5 1.624
4 2.090 - - - -
3 3.000 - - - -
2 4.595 - - - -
1 10.000 - - - -
Initials . - o -
Scale # /Model # Initial/Date

Chamber Concentration Calculation:

q % 1mg = mg/L
( min) ( Lpm) 1000 ng

FIGURE 6.21 Example data sheet for recording of data for particle size evaluation with a cascade impactor.
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Maximum Likelihood Estimation of the MPD.
The following results are based on 5 cycles.

Prediction Equation:
PROBIT(fraction of mass) = 3.887 + 2.662 * log(Stage Constant)

For the Input Data :

Cumulative Predicted
Stage Observed Fraction Cumulative
OBS Constant Mass (mic) of Mass Fraction
1 0.33 130.00 0.02 .
2 0.72 360.00 0.09 0.07
3 1.06 400.00 0.16 0.15
4 1.62 240.00 0.21 0.29
5 2.09 1060.00 0.40 0.40
6 3.00 950.00 0.57 0.56
7 4.50 530.00 0.67 0.74
8 10.00 1810.00 1.00 0.94

The chi-square value for testing the goodness of fit is 0.17, with p < 1.000.
Since the significance was at least 0.05, the
fit of the data and the model was good.

The GSD and associated 95% confidence interval :  2.375. (2.341, 2.411)
The MMAD50 and associated 95% confidence interval :  2.610. (2.585, 2.652)
The MMAD16 and MMAD84 are: 1.102 and 6.218

Based on the prediction equation :

Cutoff % Mass Less
(microns) Than the Cutoff
13.30
37.78
56.25
68.79
77.27
83.11
87.22
90.17
92.33
93.93

COON®UIAWNR

[N

Sample # 1001

Plot of the observed and predicted cumulative mass.

*
978 —
/
/
/
/
c /
u 841 - /
m /
| ;!
I /
1 *
v 500 = y /
% /%
/
M /
a / %
§ 159 - ) , x/
*
/
/
22 = * / /
/
/
| | | | |
0.328 0.819 2.046 5.111 12.765

Particle Diameter (microns)
(log scale)

FIGURE 6.22 Example data evaluation for cascade impactor data using a computer program.
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SECTION 3. TYPICAL EQUATIONS RELATED TO
INHALATION TOXICOLOGY TESTING

1. The theoretical time that it takes a chamber to have an air change to a set of conditions
is calculated:

Air Change (min) = V/F

where V = volume of the chamber (1)
F = flow rate through the chamber (I/min)

2. The theoretical time that it takes a chamber to equilibrate to a set of conditions is known
as the T, and is calculated:

T, (min) = K x VIF
where V = volume of the chamber (I)
F = flow rate through the chamber (I/min)

K = exponential constant = 4.6 (99% equilibration) = 2.3 (90% equilibration)

3. The minimum flow rate for a nose-only exposure chamber is known as the Q and is
calculated:

Q (I/min) = animal number x minute volume
4. The volume-to-volume concentration of gas or vapor in air is calculated:
Concentration (ppm) = volume of vapor or gas (ul)/volume of air (I)
5. The conversion of concentration in ppm to weight-to-volume is calculated:
Concentration (mg/m?) = Concentration (ppm) x MW/24.5

where MW = molecular weight (g/mol)
24.5 = gas constant (ul/umol) at 25°C and 760 mmHg

6. The conversion of concentration in weight-to-volume to ppm is calculated:
Concentration (ppm) = Concentration (mg/m3) x 24.5/MW

where MW = molecular weight (g/mol)
24.5 = gas constant (ul/umol) at 25°C and 760 mmHg

7. The concentration of a pure gas metered into an exposure chamber is calculated:

Concentration (ppm) =
Flow rate of gas (Ipm)/Flow rate of chamber (Ipm) x 106 ul/I

8. The maximum attainable concentration in air for a volatile liquid is calculated:
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Concentration (ppm) =
Vapor pressure (mmHg)/Atmospheric pressure (mmHg) x 108 pl/l

where atmospheric pressure = 760 mmHg at sea level
9. Haber’s rule for concentration and response relationship is calculated:
Response =C x T

where C = exposure concentration
T = time of exposure

10. The nominal concentration for an exposure is calculated:
Nominal concentration (mg/m3) = W/V x 1000 I/m3

where W = quantity of test material consumed during the exposure (mg)
V = volume of air through the chamber during the exposure (1)

Nominal concentration (ppm) = concentration (mg/m?3) x 24.5/MW

where MW = molecular weight (g/mol)
24.5 = gas constant (ul/umol) at 25°C and 760 mmHg

11. The theoretical ventilation per minute of a resting mammal is known as the V,, and
is calculated:

V,(ml/min) = 2.18 M¥4
where M = the mass of the animal (grams)

12. The theoretical dose level resulting from an inhalation exposure is calculated:
Dose (mg/kg) = C x MV x T x D/IBW

where C = concentration of test material in air (mg/m?)
MV = minute volume of the test animal (ml/min)
T = time of the exposure duration (min)
D = deposition fraction into the respiratory tract
BW = body weight of the test animal (g)

SECTION 4. GLOSSARY OF COMMON TERMS
IN INHALATION TOXICOLOGY

Gas The airborne state of a chemical that boils at or below room temperature and pressure.

Vapor The airborne state of a chemical that is liquid at room temperature and pressure but is
volatile.

Liquid aerosol The airborne state of a chemical that is liquid at room temperature and pressure
but is nebulized into a particulate atmosphere.

Dust The airborne state of a chemical that is solid at room temperature and pressure but is
dispersed into a particulate atmosphere.
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Smoke The airborne state of a chemical that is combusted and allowed to condense into a
particulate atmosphere.

Fume The airborne state of a chemical that is liquid or solid at room temperature and pressure
but is heated and allowed to condense into a particulate atmosphere.

Mass median aerodynamic diameter (MMAD) The median-size particle based on mass mea-
surement relative to a unit density sphere.

Geometric standard deviation (GSD) The relative dispersion of the MMAD such that a value
approaching 1 indicates a monodisperse atmosphere.

Nose-only exposure A system for exposing test animals in which only their noses or snouts
are exposed directly to the test material. The animals are restrained (e.g., in a tube)
during the exposure. Two system designs are available:

Flow-past Each restrained animal receives individually and continuously a flow of
the contaminated air.

Non-flow-past All restrained animals receive simultaneously and continuously a flow
of the contaminated air.

Head-only exposure A system for exposing test animals in which only their heads are exposed
directly to the test material. The animals are restrained (e.g., in a tube) during the exposure.

Whole-body exposure A system for exposing test animals in which their entire bodies are
exposed directly to the test material. The animals are restrained (e.g., in a cage) during
the exposure.

Intratracheal dosing A method of delivering, via a syringe and blunt needle, test material
directly into the trachea of a test animal.

Bronchoalveolar lavage A method of washing the lungs, via the trachea, with an isotonic buffer
to recover free cells and lung lining enzymes for evaluation of pulmonary toxicity.
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SECTION 1. INTRODUCTION

Neurotoxicology is the subdiscipline of toxicology that focuses on the adverse effects of chemicals
on the nervous system. Broadly defined, neurotoxicity is any adverse effect on the structure or
function of the central and/or peripheral nervous system related to exposure to a chemical sub-
stance.® The foundation for understanding the toxic effects of chemicals on the nervous system,
and therefore the science of neurotoxicology, is strongly influenced by contributions from the
neurosciences. A thorough study of neurotoxicity includes several levels of analysis of chemical
interactions within the nervous system: from the chemical or molecular level, progressing to the
cellular and organ level, and ultimately to the whole animal or organismic level. Therefore, the
science of neurotoxicology is truly multidisciplinary, founded on basic scientific principals drawn
from toxicology, neurochemistry, neuropathology, electrophysiology, and psychology.

Neurotoxicity has become an important endpoint in hazard identification and in assessing the
risks of chemicals.> This has occurred because of the realization that many chemicals may alter
neural structure and/or function and the general lack of information regarding the effects of
chemicals on the nervous system. The nervous system is of particular interest because mature
neurons are generally incapable of regeneration, making most types of brain injury irreversible. In
addition, the normal cascade of brain development during fetal and newborn life, in which clusters
of neurons are actively dividing and migrating to anatomical areas where they differentiate and
form anatomical and functional connections, may be exquisitely sensitive to disruption by chemi-
cals, resulting in lasting and profound nervous system dysfunction.®

Regulatory activities have resulted in the publication of testing guidelines for assessing neuro-
toxicity. Under the authority of the Toxic Substances Control Act (TSCA), the Office of Toxic
Substances of the U.S. EPA published testing guidelines for assessing the neurotoxic potential of
industrial chemicals.® More recently, the Office of Pesticide Programs of the USEPA has proposed
guidelines for assessing the neurotoxic potential of pesticides regulated under the Federal Insecticide
Fungicide and Rodenticide Act (FIPRA).?2 Both sets of guidelines describe the use of a functional
observational battery, assessment of motor activity, neuropathology, schedule-controlled operant
behavior, and electrophysiology to characterize neurotoxicity in animals. The latter includes guide-
lines for assessment of delayed neurotoxicity and the use of neurotoxic esterase assays to evaluate
the potential of acetylcholine esterase inhibitors to produce delayed neurotoxicity.

The scope of this chapter is to provide a brief overview on the history of neurotoxic exposures;
indicators of neurotoxicity; regulatory testing strategies and requirements; anatomical, biochemical,
and physiological manifestations of neurotoxicity; determinants of delayed neurotoxic effects;
comparisons between neurotoxic endpoints; targets of neurotoxicant action; and review of the
interspecies correlations important in assessing human risk for neurotoxicity. Readers are directed
to the referenced material for more detailed information regarding topics covered in this chapter.
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SECTION 2. HISTORICAL OVERVIEW

From a historical perspective, human neurotoxic exposure dates back to antiquity. Many plant and
animal toxins produce their deleterious effects by interacting with the nervous system. Cobra venom,
for instance, produces rapid death via action on the central nervous system, as does the venom
from a black widow spider.® Of the inorganic species, lead has a long history of producing neurotoxic
symptoms that to this day continue to be of public and governmental concern.* A brief historical
overview of human exposure to neurotoxic agents is presented in Table 7.1.

Human exposure to potential neurotoxic substances continues to be of public concern. Table
7.2 illustrates the wide array of neuroactive chemicals to which modem workers may be exposed
occupationally.

TABLE 7.1
Brief Historical Overview of Human Neurotoxic Exposures
Chemical Year(s) Exposure
Lead 370 BC Lead toxicity first recognized in Greek mining industry
Manganese 1837 Chronic manganese poisoning first described in Scotland
Tetraethyl lead 1924 U.S. workers suffer neurological symptoms
Tri-o-Cresyl phosphate (TOCP) 1930 Chemical added to Ginger Jake produces paralysis
Apiol 1930s European drug containing TOCP causes neuropathy
Thallium 1932 Contaminated barley poisons U.S. family
TOCP 1937 Contaminated cooking oil causes paralysis in South Africa
Tetraethyl lead 1946 Gas tank cleaners suffer neurological effects in England
Methyl mercury 1950s Contaminated seafood causes neurotoxicity in Japan
Organotin 1950s French drug containing diethyltin causes neurotoxicity
Clioguinol 1956 Drug causes neuropathy in Japan
Methyl mercury 1960s Seed grain ingestion causes neurotoxicity in Iraq, Japan, and U.S.
n-Hexane 1969 Exposure causes neuropathy in Japan
Hexachlorophene 1971-72 Disinfectant produced toxicity in children in U.S. and France
Methyl-n-butyl ketone 1973 Industrial exposure produces polyneuropathy in U.S.
Chlordecone (Kepone) 1974-75 Industrial exposure produces severe neurological symptoms
Methylphenyltetrahydropyridine 1980s Impurity in illicit drug synthesis produces Parkinson disease-like effects
(MPTP) in the U.S.
Aldicarb 1985 Ingestion of contaminated melons produces neuromuscular deficits in the
U.S. and Canada
Domoic acid 1987 Ingestion of contaminated mussels produces neurological illness in
Canada
L-Tryptophane 1989 Ingestion of chemical contaminate associated with the production of

L-tryptophan produces eosinophilia-myalgia syndrome in the U.S.

From U.S. EPA (1993).4

TABLE 7.2
Chemicals/Classes Cited by NIOSH Criteria Documents as Producing Nervous System
Effects at Low Concentrations

Chemicals/Agents Chemicals/Agents
Acrylamide Mercury, inorganic
Alkanes Methyl alcohol
Anesthetic gases, waste Methyl parathion
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TABLE 7.2 (Continued)

Chemicals/Classes Cited by NIOSH Criteria Documents as Producing Nervous System

Effects at Low Concentrations
Chemicals/Agents

Carbaryl

Carbon disulfide

Carbon monoxide

Carbon tetrachloride
Chloroform

Cresol

Dinitro-o-cresol

Ethylene dibromide
Fluorocarbon polymers, decomposition products
Formaldehyde

Hydrogen cyanide and salts

Chemicals/Agents

Methylene chloride

Nitriles

Noise

Parathion

Petroleum Solvents, refined

Styrene

Tetrachloroethane (perchloroethane)
1,1,2,2-Tetrachloroethane

Thiols (n-Alkane, mono thiols, cyclohexanethiol, benzenethiol)
Toluene

1,1,1-Trichloroethane (methylchloroform)

Hydrogen sulfide

Ketones

Lead, inorganic/organic

Malathion

Tungsten and cemented tungsten products
Xylene
Zinc oxide

From Anger (1989).7 With permission.

Expert Panels or Committees Making Recommendations for Neurotoxicity Testing

Recommendation

Proposed a tiered evaluation of chemicals for potential neurotoxicity; tests include motor activity,
functional observational battery, complex learned functions, behavioral teratology
Recommended conditioned (i.e., schedule-controlled behavior) and unconditioned behavior (i.e.,

Adopted acute and subchronic assays for delayed neurotoxicity of organophosphorus esters
Neurobehavioral toxicity testing should include studies on behavior (conditioned and

Identified research needs to measure exposure using biological markers and better laboratory

Recommended two levels of neurobehavioral testing (primary level, including functional
observational battery and motor activity; secondary level, including schedule-controlled

SAP subpanel recommends motor activity, functional observational battery, and neuropathology

Steering committee develops protocol for international collaborative study on primary testing
Workshop on Neurotoxicology in the Federal Government; Interagency Committee on

Proposed testing guidelines for neurotoxicity testing including functional observational battery
and neuropathology; considered testing protocol for 14-day or 90-day studies which includes
neruobehavioral observations and neuropathology where appropriate

TABLE 7.3
Study Group  Year
NRC 1975
NRC 1977
motor activity)
OECD 1982
NRC 1984
unconditioned) and morphology (neuropathology)
NRC 1986
techniques
WHO/IPCS 1986
behavior, sensory function, and cognition)
EPA/FIFRA 1987
for pesticide testing
WHO/IPCS 1988
OTA 1989
Neurotoxicology (ICON) formed
OECD 1990
EPA/FIFRA 1991

Adopted neurotoxicity guidelines for pesticide testing which included functional observational
battery, motor activity, neuropathology, glial fibrillary acidic protein assay, revised delayed
neurotoxicity testing, developmental neurotoxicity testing, schedule controlled operant behavior
and peripheral nerve function testing.

Adapted from Tilson (1990).8 With permission.
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SECTION 3. REGULATORY REQUIREMENTS
AND TESTING STRATEGIES

Concern regarding human exposure to environmental neurotoxic substances and a general lack of
information regarding the neurotoxic properties of chemicals has lead governmental agencies to
issue regulatory testing guidelines for assessing the neurotoxic potential of industrial chemical and
pesticides.??

Regulatory assessment for neurotoxicity is currently required for industrial chemicals and
pesticides. Pharmaceutical agents are tested on a case-by-case basis depending on the pharmacology
and toxicity of the compound. In screening for neurotoxicity, a wide array of endpoints can be
used and measured. Examples of various endpoints used for detecting neurotoxic action are given
in Table 7.4.

Examples of endpoints that are routinely measured to assess neurotoxicity in animal safety
studies are given in Table 7.5.

Regulatory guidelines issued by the U.S. EPA rely on utilization of a functional observational
battery,? assessment of motor activity,'*2 and neuropathological examinations®? in rodents to screen
industrial chemicals and pesticides for neurotoxic potential. A summary of measures contained in
the functional observation battery are listed in Table 7.6. Similarly, a scheme for the neuropatho-
logical evaluation of selected nervous tissue from animals treated with a potential neurotoxic
substance is illustrated in Table 7.7.

TABLE 7.4
Examples of Potential Endpoints of Neurotoxicity

Behavioral Endpoints
Absence or altered occurrence, magnitude, or latency of sensorimotor reflex
Altered magnitude of neurological measurements, such as grip strength or hindlimb splay
Increases or decreases in motor activity
Changes in rate or temporal patterning of schedule-controlled behavior
Changes in motor coordination, weakness, paralysis, abnormal movement or posture, tremor, ongoing performance
Changes in touch, sight, sound, taste, or smell sensations
Changes in learning or memory
Occurrence of seizures
Altered temporal development of behaviors or reflex responses
Autonomic signs

Neurophysiological Endpoints
Change in velocity, amplitude, or refractory period of nerve conduction
Change in latency or amplitude of sensory-evoked potential
Change in EEG pattern or power spectrum

Neurochemical Endpoints
Alteration in synthesis, release, uptake, degradation of neurotransmitters
Alteration in second messenger-associated signal transduction
Alteration in membrane-bound enzymes regulating neuronal activity
Decreases in brain acetylcholine esterase
Inhibition of neurotoxic esterase
Altered developmental patterns of neurochemical systems
Altered proteins (c-fos, substance P)

Structural Endpoints
Accumulation, proliferation, or rearrangement of structural elements
Breakdown of cells
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TABLE 7.4 (Continued)
Examples of Potential Endpoints of Neurotoxicity

GFAP increases (adults)

Gross changes in morphology, including brain weight
Discoloration of nerve tissue

Hemorrhage in nerve tissue

From U.S. EPA (1993).4

TABLE 7.5
Examples of Parameters Recorded in Neurotoxicity Safety Studies

Clinical signs of neurotoxicity (onset and duration)

Body weight changes

Changes in behavior

Observations of skin, eyes, mucous membranes, etc.

Signs of autonomic nervous system effect (e.g., tearing, salivation, diarrhea)
Changes in respiratory rate and depth

Cardiovascular changes such as flushing

Central nervous system changes such as tremors, convulsion, or coma
Time of death

Necropsy results

Histopathological findings of the brain, spinal cord, and peripheral nerves

From Abou-Donia (1992).° With permission.

TABLE 7.6
Summary of Measures in the Functional Observational Battery
and the Type of Data Produced by Each

Home Cage

and Open Field Manipulative Physiological
Posture (D) Ease of removal (R) Body temperature (1)
Convulsions, tremors (D) Handling reactivity (R) Body weight (1)
Palpebral closure (R) Palpebral closure (R)
Lacrimation (R) Approach response (R)
Piloerection (Q) Click response (R)
Salivation (R) Touch response (R)
Vocalizations (Q) Tail pinch response (R)
Rearing (C) Righting reflex (R)
Urination (C) Landing foot play (1)
Defecation (C) Forelimb grip-strength (1)
Gait (D,R) Hindlimb grip-strength (1)
Arousal (R) Pupil response (Q)
Mobility (R)

Stereotypy (D)
Bizarre behavior (D)

Note: D, descriptive data; R, rank order data; Q, quantal data; I, interval data; C,
count data. From U.S. EPA (1993).4
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TABLE 7.7
General Neuropathology Test Scheme for “Potential” Neurotoxicants

General hematoxylin and Eosin screening
on all recommended tissue samples
(plastic emedding preferred)

Identify the general nature and If no lesion can be identified
site of the lesion(s) Perform a series of special
Select appropriate speical techniques only on the
techniques accordingly for highest treatment group

specific tissue samples from
the highest treatment group
which does not show any

H & E lesions

If no further lesions detected, If lesion(s) detected, repeat If no lesion(s) identified, If lesion(s) detected repeat only

terminate experiment with the lower dose groups terminate those techniques on selected
until no further lesions tissues from the next lower
detected treatment group until no further

lesions detected

From Chang (1992).1 With permission.

SECTION 4. ANATOMICAL, BIOCHEMICAL, AND
PHYSIOLOGICAL MANIFESTATIONS OF NEUROTOXICITY

A review of typical neuropathological effects in the central and peripheral nervous system of rats
is given in Table 7.8.

There are various types of proteins that are specific for the nervous system. Therefore, chem-
ically induced alterations in these proteins can serve as a biochemical marker for neurotoxicity.'6:%
In fact, the U.S. EPA has recommended the use of the glial fibrillary acidic protein assay as a
biochemical marker for neurotoxicity. This protein assay can also be used to quantitate central
nervous system damage. Other biochemical markers specific for various brain areas or cell types
also exist, specific examples of which are given in Table 7.9.

One distinguishing property of nervous tissue is its ability to generate and propagate electrical
signals. This property is probably its most important physiological function. In this regard, there
are several ways to measure the electrical properties of the nervous system. These techniques may
be used in various species and generally are noninvasive.® The use of these tests is also prescribed
in the regulatory guidelines for assessing neurotoxicity.2? Table 7.10 illustrates various noninvasive
electrophysiological tests that can be used to detect and characterize neurotoxicity.

An insidious property of certain organophosphorus pesticides is their ability to produced delayed
neurotoxicity in humans.? Experimental techniques have been developed to screen for this property
by using the domestic hen as the test species. The hen has been found to be one of the most sensitive
species for detecting delayed neurotoxicity.?* The ability to produce delayed neurotoxicity resides
in the pesticide’s ability to inhibit the brain enzyme neurotoxic esterase.?’ A comparison of various
organophosphorus pesticides in their potency to produce delayed neurotoxicity is presented in Table
7.11. Some physiochemical factors that influence the ability/potency of organophosphorus pesti-
cides to produce this syndrome are illustrated in Table 7.12.
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In screening chemicals for neurotoxicity, the general approach has been to utilize both
behavioral and neuropathological endpoints.?22® The use of behavior and morphology in assessing
neurotoxicity has been adopted because both endpoints are relevant indicators of nervous system
damage.?* However, behavior and neuropathology often show differing sensitivities for detecting
neurotoxicity,?>26 so this combination approach increases the probability of detecting neurotox-
icity and provides a more comprehensive assessment of nervous system damage. Table 7.13
illustrates the differing sensitivities of behavior and morphology to damage by various chemical
and physical agents.

TABLE 7.8
Prototypic Neurotoxic Pathology in the Central Nervous System and Peripheral
Neuromuscular System of the Rat?

Anatomical Site Axomopathy  Myelinopathy  Neuronopathy
CNS
Cortical neurons® 0 0 +
*Ventral hypothalamus 0 0 ++e
Subfornical organ 0 0 +e
Area postrema 0 0 +e
Lateral geniculate body ++d + +
Optic tract +d + +
Optic nerve 0 + +
Retina 0 + +
Cerebellar vermis ++d + +
*Gracile nucleus? ++d 0 ++s
*Cunate nucleus 0 0 ++s
Gracile tract (T6) 0 0 ++s
Gracile tract (L5) 0 0 ++s
«Ventromedial tract (medulla oblongata) 0 + 0
Ventromedial tract (T6) +d + 0
Ventromedial tract (L5) ++d + 0
Dorsal spinocerebellar tract (medulla oblongata) +d + 0
Hypoglossal nucleus® 0 0 +
Descending tract of V 0 0 ++s
Lumbar cord, anterior horn® +p 0 +m
Mammillary bodies? +d 0 0
PNS

Gasserian ganglion® 0 ++s
Lumbar dorsal root ganglia® 0 + ++s
Lumbar dorsal root 0 + ++s
Lumbar ventral root® 0 0 +m
Proximal sciatic nerve +d + +
Tibial nerve at knee® +d +

Tibial calf muscle branchesf ++d ++ ++
Plantar nerves at ankle® +d + +
Sural nerve at knee? +d + ++s
Gastrocnemius muscle” +d + +
Lumbrical muscle spindles’ +d 0 +s
Lumbar neuromuscular junctions” +d 0 0
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TABLE 7.8 (Continued)
Prototypic Neurotoxic Pathology in the Central Nervous System and Peripheral
Neuromuscular System of the Rat?

Anatomical Site Axomopathy  Myelinopathy ~ Neuronopathy

a++, Great vulnerability; +, less or late (for distal axonopathy) vulnerability; +, variable or very late (for
distal axonopathy) vulnerability; 0, no or little vulnerability; e, excitotoxin; s, sensory neuronopathy only;
m, motor neuronopathy only; p, proximal axonopathy only; d, distal axonopathy only; =*site that can be
used to distinguish the three types of neurotoxic disease.

® Amount of neuronal lipofuscin increases with age.

¢ Aged animals display axonal changes in gracile nucleus (6 months plus), along with scattered myelin
bubbles and remyelination in ventral root (1-2 years plus).

4 Neuronal degeneration may be seen in normal animals.

¢Plantar nerves are vulnerable to nerve entrapment; changes increase with age (6 months plus) and may
spread to involve tibial nerve trunk.

fBest locus to prepare teased nerve fibers.

9 Composed predominantly of sensory nerve fibers.

" Located on extrafusal muscle fibers only.

i Sensory innervation in midequatorial zone.

From Spencer and Schaumberg (1980).15 With permission.

TABLE 7.9
Examples of Neurotypic and Gliotypic Proteins Suitable for Use as Biochemical Indicators
of Neurotoxicity

See Table 8.18 for information.

TABLE 7.10
Noninvasive Electrophysiological Tests for
Neurotoxicity Testing

Peripheral ~ Needle electromyography
Single/repetitive evoked muscle potentials
Sensory/mixed nerve evoked potentials
F-Wave
H-Wave

Central Spontaneous electroencephalogram
Visual evoked potential
Pattern reversal evoked potential
Brainstem auditory evoked response
Somatosensory evoked response

Cardiac Electrocardiogram

From Ross (1989).1° With permission.
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TABLE 7.11
Examples of Organophosphorus Pesticides
Producing Delayed Neuropathy

Compound Hen (mg/kg)  Human Cases
Mipafox 25 1M 2
Haloxon 1000 PO —
EPN 40-80 SC 3
Trichlornat 310 PO 2
Leptophos 400-500 PO 8
Desbromoleptophos 60 PO —
DEF 1110 SC —
Cyanofenphos >100 PO —
Isofenphos 100 PO —
Dichlorvos 100 SC —
Amiprophos 600 PO —
Coumaphos 50 PO —
Chlorpyrifos 150 PO 1
Salithion 120 PO —
Methaminophos — 9
Trichlorphon — Many

Adapted from Environmental Health Criteria 63 (1986).2°

TABLE 7.12
Factors Influencing Organophosphorus-Induced Delayed Neuropathy
Rl
|
R2--P= =X
L

Group nomenclature for structural formula
a. R, = Oxygen or sulfur
b. R,, R; = Variable groups such as alkoxy, aryl, or amide
¢. X =Acidic entity, such as halide, cyanide, thiocyanate, phenoxy, phosphate, or carboxylate

Factors which increase delayed neurotoxicity
a. Phosphonates are more potent than phosphates
b. Increase in chain length or hydrophobicity or R, and R,
c. Leaving groups which do not sterically hinder approach to the active site

Factors which decrease delayed neurotoxicity
a. The converse of factors a to ¢ above
b. Bulky or nonplanar R or X groups
¢. A nitrophenyl X group
d. More hydrophilic X groups
e. Thioether linkages at X

From Cherniack (1988).2* With permission.

Copyright © 2002 by Taylor & Francis



TABLE 7.13
Comparison of Morphological and Behavioral Damage

Chemical Morphology Behavior

Methylmercury

10 nug Focal Purkinje cell loss No change detected

50 ug General Purkinje cell loss Ataxia
Lead acetate

400 mg/kg Parietal pyramidal cell loss of spines Learning deficit
Gestational X-irradiation (125R)

6 wk No hyperactivity

5 mo Cortical pyramidal cell decreased spines  Hyperactivity
Perinatal carbon monoxide

6 wk No change detected Hyperactivity

5 mo Caudate interneuron increased spines No hyperactivity
Gestational propylthiouracil Synaptic count in cerebellum Learning deficit

From Norton (1982).%6 With permission.

SECTION 5. TARGETS FOR NEUROTOXICANT ACTION

At the molecular level, neurotoxicants may act on nervous tissues by interacting with a variety of
biochemical processes.?’-3 The most important property of nervous tissue is its ability to transmit
information. This is accomplished by the propagation of electrical or chemical signals. These
processes are vulnerable to disruption by chemicals. Electrical signals in the neuron are propagated
by the movement of ions across the membrane through various ion-selective channels. These
channels can often act as the focus of neurotoxicant action.?® Chemical signals are propagated by
the presynaptic release of neurotransmitters that diffuse across intercellular spaces and interact with
receptors on adjacent cell membranes. These neurotransmitters, receptors, and associated second
messenger, anabolic, and catabolic processes may also be the target for neurotoxicant action.?”:2°30
In addition, nervous tissue has a high metabolic demand and, because of its energy requirement,
nervous tissue is extremely sensitive to compounds that interfere with energy metabolism.3 Tables
7.14-16 provide examples of neurotoxins which interact with ion channels, cellular biochemistry,
and neurotransmitter systems. Table 7.17 provides information regarding methods for characterizing
neurotransmitter receptor binding sites that are used in neurotoxicity evaluations.

TABLE 7.14
Examples of Chemicals that Produce their Effect by Acting on Neuronal lon Channels
lon Channel Blockers Modulators
Voltage-Activated Channels

Sodium Tetrodotoxin Batrachotoxin
Saxitoxin Grayanotoxin
Local anesthetics Veratridine
Pancuronium Pyrethroids
N-Alkylguanidines DDT

Goniopora toxin
Sea anemone toxins
Scorpion toxins
Pronase
N-Bromoacetamide
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TABLE 7.14 (Continued)

Examples of Chemicals that Produce their Effect by Acting on Neuronal lon Channels

lon Channel Blockers

Potassium Tetraethylammonium
Aminopyridines
Cesium

Local anesthetics
Dihydropyridines
Diltiazem
Verapamile
Enkephalins
Phenytoin

Polyvalent cations

Calcium

Chemically Activated Channels
Local anesthetics
Histrionicotoxin
Amantadine
N-Alkyguanidines
Magnesium
2-amino-5-phosphonovaleric acid (2-APV)
v-d-glutamylglycine
Barbiturates
Bicuculline
Picrotoxin
Saclofen

Acetylcholine receptor

L-Glutamate receptor

GABA receptor

From Narahasi (1992).%° With permission.

Modulators

Bay K8644

Baclofen
Barbiturates
Benzodiazepines
Muscimol

TABLE 7.15

Examples of Subcellular Targets for Neurotoxin Action

Subcellular Target Toxin

Nucleus Actinomycin D
Ribosome Cycloheximide Emetine
Rough endoplasmic reticulum  Tunicamycin
Mitochondria Cyanide
Axon n-Hexane

Colchicine

Cytochalasin
Tetrodotoxin
TEA
Hernicholinium
Botulinum toxin
Physostigmine
Bungarotoxin

Presynaptic end plate

Synaptic cleft
Postsynaptic end plate

Biochemical Target

DNA replication
Protein Synthesis
Glycosylation
Electron transport
Axoplasmic transport
Microtubules
Neurofilaments
Sodium channels
Potassium channels
Choline uptake
Acetylcholine release
Acetylcholine esterase
Acetylcholine receptor
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TABLE 7.16

Examples of Neurotransmitters and Neuropeptides which
may be Disrupted by Neurotoxic Compounds

Neurotransmitter Neuropeptide

GABA Somatostatin
Cholecystokinin
Acetylcholine
Substance P
Somatostatin
Enkephalin
Neuropeptide Y
Neurotensin

Norepinephrine

Dopamine Cholecystokinin
Neurotensin
Epinephrine Neuropeptide Y
Neurotensin
Scrotonin Substance P
TRH
Enkephalin
Vasopressin Cholecystokinin
Dynorphin
Oxytocin Enkephalin
Glutarnihe
Glycine

From Cooper et al. (1986).%° With permission.

Vasoactive intestinal peptide

Location of Neurons

Cortex, hippocampus
Cortex
Parasympathetic system
Pontine

Sympathetic system
Sympathetic system
Medullary, pontine
Locus ceruleus
Ventrotegmental
Ventrotegmental
Reticular

Reticular

Medullary raphe
Medullary raphe
Medullary raphe
Magnocellular
Hypothalamic
Magnocellular
Hypothalamic

TABLE 7.17
Agents Used to Characterize Neurotransmitter Receptor Binding
Unlabeled
Labeled Ligand Competitor
DL-[Benzilic-4,4'-*H]*Quinuclidinyl benzilate ~ Atropine

[1-Phenyl-4-3H]Spiroperidol (+)Butaclamol
[Methylene-3H(N)]Muscimol GABA

[Methyl-®H]Diazepam Diazepam
[1,2-*H(N)]Serotonin Serotonin
[G-3H]Strychnine sulfate Strychnine
9-10-[9, 10-*H(N)]Dihydro-o-ergocryptine Ergocryptine
Levo-[propyl-1,2,3-*H]Dihydroalpernolol Alprenolol

[N-allyl-2,3-*H]Naloxone

Levallorphan

Opiate Subtypes

[tyrosyl-3, 4-*H(N)]DAGO Etorphine
[9-*H(N)]Bremazocine Etorphine
[tyrosyl-3,5-2H(N)]Enkephalin Etorphine

[piperidyl-3,4-3H(N)] TCP
From Bondy and Ali (1992).3* With permission.

Phencyclidine

Neurotransmitter
Receptor

Muscarinic cholinergic
Dopamine

GABA
Bcnzodiazepine
Serotonin

Glycine

a-Adrenergic
B-Adrenergic

Opiate

2 A E

o (PCP)
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SECTION 6. INTERSPECIES COMPARISONS

Animals are used in assessing neurotoxicity because it is believed that the effects observed in
animals have human correlates.®*-% These correlations are evident for the qualitative effects of
various neurotoxicants including acrylamide (Table 7.18). However quantitative differences between
species can be considerable. Table 7.19 compares the quantitative species differences of several
psychoactive agents on the same endpoints in operant behavioral tests. Similarly, Table 7.20
compares various endpoints for use in developmental neurotoxicity testing across three species
including human, whereas Table 7.21 compares qualitative and quantitative differences in the
anatomic and behavioral effects of developmental methyl mercury exposure across species.

TABLE 7.18

General Signs of Acrylamide Toxicity in Humans and Comparable Changes Detected

in Rats Using the Functional Observational Battery after Either 5-Day (20-45 mg/kg/day) or
90-day (1-23 mg/kg/day) Exposures

Human Signs 5-Day Exposure Rats 90-Day Exposure Rats
Numbness of lower limbs, ataxia, foot drop  Gait changes Gait changes
Paresthsias, tenderness to touch Increased tail pinch response Decreased tail pinch response
Coldness Hypothermia

Excessive perspiration

Desquarnation of hands and feet

Muscle weakness of extremities Increased landing foot splay Increased landing foot splay
Decreased grip strength

Weight loss Weight loss

Lassitude Decreased arousal

Hypersomnolence Increased sleeping incidence Increased sleeping incidence
Emotional changes Increased handling reactivity

Positive Romberg’s sign, loss of position Decreased rearing, impaired righting Decreased rearing, impaired righting
senses

Muscle atrophy

Urinary retention Decreased urination, defecation Decreased urination

(No direct correlate) Pupil response inhibited Pupil response inhibited

From Moser (1990).%7 With permission.

TABLE 7.19
Comparisons of Species Sensitivity to Drug-Induced Changes in Schedule-
Controlled Operant Behavior

Drug Measured Sensitivity Order

d-Amphetamine FI Ta Squirrel monkey = chimpanzee > pigeon = mouse > rat
FRY Squirrel monkey = rat > chimpanzee = pigeon > mouse

Morphine FRY Squirrel monkey = rhesus monkey > pigeon = rat > baboon > chimpanzee
FRY Squirrel monkey > rhesus monkey = pigeon = rat = baboon > chimpanzee

Chlorpromazine FRY Squirrel monkey > chimpanzee = rat > pigeon

8-9-THC FRY Pigeon > chimpanzee > rat

Phencyclidine FRY Rhesus monkey > squirrel monkey > pigeon > mouse

@ 1 = Rate increase; ¥ = rate decrease; FI = fixed interval schedule of reinforcement; FR = fixed ratio schedule
of reinforcement.

From McMillan (1990).3 With permission.
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TABLE 7.20

Comparisons of Endpoints in Developmental Neurotoxicology?

Functional
Category

Sensory

Motivational/arousal

Cognition

Motor

Social

Rodents

PI-ASR

Sensory-evoked
potential

Activity

Sleep-wake

Seizures

Habituation

Short-term memory

Long-term memory

Pavlovian conditioning

SCOB

Reflex dev.

Locomotor dev.

Motor control

EMG

Suckling

Mother/infant contact

Communication

Aggression

Play

Reproductive behavior

Nonhuman Primates

PI-ASR
Sensory-evoked potential

Activity
Sleep-wake

Seizures

Visual recognition memory
Habituation

Short-term memory
Long-term memory
Pavlovian conditioning
SCOB

Reflex dev.
Locomaotor dev.
Motor control

EMG

Suckling
Mother/infant contact
Communication
Aggression

Play

Reproductive behavior

Humans

Sensory psychophysics
PI-ASR
Sensory-evoked potential

Activity

Sleep-wake
Impulsivity

Seizures

Bayley MDI

1Q

Visual recognition memory
Language development
Habituation
Short-term memory
Long-term memory
Pavlovian conditioning
SCOB

Bayley PDI

Reflex dev.

Locomotor dev.

Motor control

EMG

Suckling
Mother/infant contact
Language

Aggression

Play

Reproductive behavior

@ Abbreviations: Dev., development; EMG, electromyograph-; MDI, mental development index; PDI, physical
developmental index; PI-ASR, prepulse inhibition of acoustic startle response; SCOB schedule-controlled operant

behavior.

From Stanton and Spear (1990).%° With permission.

TABLE 7.21

Comparison of Neuropathological and Neurobehavioral Effects of Developmental Methyl
Mercury Exposure Across Species

Human

Neuropathology

Nonhuman Primate

High Brain Doses (12-20 ppm)

Small Mammals

Decrease in size of brain; damage to
cortex, basal ganglia, and cerebellum;
sparing of diencephalon; ventricular
dilation; myelinated fibers; ectopic
cells; gliosis; disorganized layers;
misoriented cells; loss of cells.

Decrease in size of brain; damage to
cortex and basal ganglia; sparing of
diencephalon; gliosis; loss of cells
(sparing of cerebellum); ventricular
dilation; ectopic cells; disorganized
layers.

Decrease in size of brain; damage to
cortex, basal ganglia, hippocampus;
and cerebellum; sparing of
diencephalon; ventricular dilation; loss
of myelin; misoriented cells; loss of
cells.
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TABLE 7.21 (Continued)

Comparison of Neuropathological and Neurobehavioral Effects of Developmental Methyl
Mercury Exposure Across Species

Neurobehavior
Blindness, deafness, cerebral palsy,
spacisticity, mental deficiency, seizures

Neuropathology
No data

Neurobehavior

Mental deficiency, abnormal reflexes
and muscle tone, retarded motor
development

Neuropathology
No data

Neurobehavior
Delayed psychomotor development

Blindness, cerebral palsy, spacisticity,
seizures.

Moderate Brain Doses (3-11 ppm)

No data

Retarded development of object
performance, visual recognition
memory, and social behavior, visual
disturbances, reduced weight at
puberty (males)

Low Brain Doses (<3 ppm)

No data

No data

From Burbacher et al. (1990).4° With permission.

Blindness, cerebral palsy, spasticity,
seizures.

Decrease in size of brain, damage to
cortex and cerebellum, loss of myelin

Abnormal on water maze, auditory
startle, visual evoked potentials, escape
and avoidance, operant tasks, activity,
response to drug challenge

Decrease in size of brain, and loss of
cells.

Response to drug challenge, active-
avoidance, operant tasks
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SECTION 1. INTRODUCTION

Neurotoxicity is generally defined as an adverse change in the structure or function of the nervous
system following exposure to a chemical, biological, or physical agent. An important concept in
assessing neurotoxicity is that of the selective vulnerability of the nervous system to injuries. That
concept is based on the structural complexity and cellular and molecular heterogeneity of the
nervous system and means that neurotoxicants preferentially affect specific neuroanatomical regions
and, within those regions, the target can be a specific type of neuronal or glial cell. Based on the
selective vulnerability of the nervous system, neurotoxic injuries have been classified based on the
neuronal structure or function affected. Examples of neurotoxicants responsible for each type of
injury are presented in Tables 8.1 through 8.4.

1. Neuronopathy: The neurotoxic agent directly affects the cell body of the neuron
(perikaryon). This often leads to the death of the neuron, including its cytoplasmic
extensions (axons and dendrites) as well as the protective myelin sheath, and is irreversible.

2. Axonopathy: In this type of injury, the primary site of toxicity is the axon and it produces
an effect that is the chemical equivalent of an axonal transection. This generally leads
to the degeneration of the axon distal to the transection point, followed by the secondary
degeneration of the myelin sheath. The cell body itself may be spared. Axonopathies
have been further classified as “central-peripheral distal axonopathy” to indicate those
injuries primarily involving the distal ends of long axons; “dying back” neuropathy which
indicates that the distal axon progressively degenerates from the end of the axon back
to the cell body; and “central-peripheral proximal axonopathy” in which the primary
degeneration of the axon takes place proximal to the spinal cord. Since peripheral axons
can regenerate, partial or complete recovery can occur after they are injured. This is
generally not true for injuries to axons in the central nervous system.

3. Myelinopathy: Myelin is formed by oligodendrocytes in the central nervous system and
Schwann cells in the peripheral nervous system and provides the electrical insulation for
axonal neurotransmission. Injuries to the myelin sheath lead to slow or aberrant trans-
missions along the affected axon. Neurotoxicants may produce myelinopthay by sepa-
rating the myelin lamellae, resulting in intramyelinic edema, or by causing the loss of
myelin (demy