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Kidney Function TestsKidney Function Tests



Renal Function and Urinalysis





Functions of Kidney
Erythropoietin:

 A peptide hormone, stimulates hemoglobin synthesis and
formation of erythrocytes.

1,25-Dihydroxycholecalciferol (calcitriol):

 The active form of vitamin D is finally produced in the kidney.

 It regulates calcium absorption from the gut. It regulates calcium absorption from the gut.

Renin:

 A proteolytic enzyme liberated by kidney, stimulates the formation
of angiotensin II which, in turn, leads to aldosterone production.

 Angiotensin II & aldosterone are the hormones involved in the
regulation of electrolyte balance.



INDICATORS OF RENAL FUNCTIONINDICATORS OF RENAL FUNCTION
• Urea nitrogen

• Physiology

• Dietary proteins are hydrolysed in the intestines to their
constituent amino acids which may, in turn, be degraded
to ammonia by the action of gut bacteria.

• The ammonia and amino acids are transported to the liver
via the portal circulation where they are utilized in thevia the portal circulation where they are utilized in the
urea cycle.

• The urea formed in the hepatocytes is excreted via the
kidney tubules.

• Urea plays an important role in concentrating the urine
the presence of high concentrations of urea and sodium
chloride in the renal medullary interstitium creates an
osmotic gradient for reabsorption of water.



INDICATORS OF RENAL FUNCTIONINDICATORS OF RENAL FUNCTION
• Indications for assay
• The urea nitrogen (urea) concentration is one of the tests

used when screening renal function. It is often measured
when the clinical signs include vomiting, anorexia, weight
loss, polydipsia and dehydration.

• Analysis
• Urea can be measured in serum, plasma and urine by• Urea can be measured in serum, plasma and urine by

spectrophotometry.
• Reference ranges
• Dogs 3.0-9.0 mmol/L
• Cats 5.0-10.0 mmol/L
• Interfering phenomena
• lipemia interferes with the analysis and produces variable

effects depending on the methodology.



INDICATORS OF RENAL FUNCTION
Causes of reduced blood urea

• Reduced dietary protein intake is associated with a low
blood urea.

• In addition, patients with diffuse liver disease have an
impaired capacity to synthesize urea and reduced hepatic
production.

• Where hepatic disease is suspected, a• Where hepatic disease is suspected, a
complete biochemistry profile and a bile acid
stimulation test are indicated.

• The marked diuresis associated with some conditions,
especially hyperadrenocorticism and diabetes , results in
increased urinary loss of urea which, in turn, causes a
reduction of the blood urea.



INDICATORS OF RENAL FUNCTION

• Causes of increased blood urea
• Increased dietary protein intake produces a high level

of urea in the blood. A moderate increase in dietary
protein is not commonly associated with a notable rise
in urea above the reference range, but high-protein
diets can cause significant increases.diets can cause significant increases.

• A 12-hour fast is recommended before sampling for
measurement of urea.

• Intestinal haemorrhage also results in an increased
concentration which is reported to correlate with the
severity of blood loss.



Cont…
• Urea is freely filtered at the glomerulus and reabsorbed

in the renal tubules.

• The rate of reabsorption is higher at slower urinary
flow rates, e.g. in dehydrated patients.

• Blood urea is therefore not a reliable estimate of the
glomerular filtration rate (GFR).glomerular filtration rate (GFR).

• Increased urea concentrations are associated
with conditions other than parenchymal renal disease.

• The presence of a concentrated urine sample (urine SG
gt 1.030 in dogs, gt 1.035 in cats) supports the diagnosis
of a prerenal azotaemia.



Urine Formation
 Nephron is the functional unit of kidney.

 Each kidney is composed of approximately one million nephrons.

 Nephron, consists of a Bowman's capsule (with blood capillaries), PCT, loop of
Henle, DCT & collecting tubule.

 The blood supply to kidneys is relatively large.

 About 1200 ml of blood (650 ml plasma) passes through the kidneys, every
minute.

 About 120-125 ml is filtered per minute by the kidneys & this is referred to as About 120-125 ml is filtered per minute by the kidneys & this is referred to as
glomerular filtration rate (GFR).

 With a normal GFR (120-125 ml/min), the glomerular filtrate formed in an adult
is about 175-180 litres/day, out of which only 1.5 litres is excreted as urine.

 More than 99% of the glomerular filtrate is reabsorbed by the kidneys.

 Urine formation basically involves two steps glomerular filtration & tubular
reabsorption.



Urine Production

• Urine production is the combination of glomerular
filtration, tubular reabsorption, and tubular
secretion.

A. Glomerular filtration

• • This process is the filtration of blood from the glomerular• • This process is the filtration of blood from the glomerular
capillaries into Bowman’s capsule.

• The filtrate consists of a large amount of fluid, free of protein.

• Substrates other than protein are freely filtered.

• The glomerular filter consists of endothelium from the capillaries,
a basement membrane, and epithelial cells called podocytes.

• All three of these layers have a negative charge which helps repel
protein.



Up..Cont…
B. Tubular reabsorption
• • Transport of material across the tubular epithelial membranes

in the renal interstitial fluid occurs through the peritubular
capillary membrane back into the blood and can be active or
passive.

• Active transport requires energy derived from metabolism of
adenosine triphosphate (ATP) or an ion gradient.

• Passive transport occurs by osmosis or electrical potential.• Passive transport occurs by osmosis or electrical potential.
• The passive reabsorption of water is coupled primarily to

sodium reabsorption.
• As sodium is transported out of the tubule, their concentration

will decrease inside the tubule while increasing outside the cell.
• This creates a concentration gradient so water can then follow

sodium.



C. Tubular secretion

• Tubular secretion is the active release of
substances by the tubular epithelial cells into
the lumen of the nephron.

Up..Cont…

• This is useful to maintain electrolyte balances,
primarily in the secretion of potassium, and the
maintenance of acid–base balance with
secretion of hydrogen ion.



Urine = net effect of glomerular ultrafiltration of

plasma and renal tubular excretion and reabsorption

(into and out of the glomerular filtrate)

Glomerular hydrostatic pressure and GFR

GFR is the rate at which the glomerulus forms theGFR is the rate at which the glomerulus forms the

ultrafiltrate of plasma within Bowman’s space.

Is a passive process that is driven primarily by

glomerular hydrostatic pressure.



The glomerular hydrostatic pressure directly

reflects the hydraulic pressure generated by:-

Cardiac output

Local renal vascular tone

Therefore, extra-renal factors that alter renal

perfusion can affect :

GFR

Elimination of nitrogenous wastes from the body



Histological structure of Glomerulus & it’s effect on

glomerular functions

Histology ?

 The properly functioning glomerulus → exclude molecules from

ultrafiltrate ←size, shape, and charge.ultrafiltrate ←size, shape, and charge.

 Smaller molecules freely →filtrate. ← modified by renal tubular

re-absorption or secretion.



Participation of renal tubules in urine and body water balance

 The renal tubules function ←multiple hormone (ADH,

Aldosteron) → alter GFR in a way that maintains homeostasis

How ?

 The renal tubules modify the glomerular filtrate either by retention

of water, which results in a concentrated urine, or by water

excretion, which results in a dilute urine



Renal threshold

 Renal threshold == maximal concentration of a given substance that

the renal tubules can reabsorb

 TheThe substancesubstance inin thethe urineurine → its concentration in the plasma, and

in the glomerular filtrate > threshold (reabsorptive capacity).in the glomerular filtrate > threshold (reabsorptive capacity).

 Or if filtration unit damage → substance in urine

 There are certain substances in the blood whose excretion in urine
is dependent on their concentration.

� Such substances are referred to as renal threshold substances.

� At the normal concentration in the blood, they are completely
reabsorbed by the kidneys.



Renal threshold

 The renal threshold of a substance is defined as its
concentration in blood (or plasma) beyond which it is
excreted into urine.

� The renal threshold for glucose is 180 mg/dl; ketone bodies
3 mg/dl; calcium 10 mg/dl bicarbonate 30 mEq/l.

• The renal threshold varies considerably with species.• The renal threshold varies considerably with species.

• In dogs, it is 180 mg/dL, cats have a much higher threshold 
at 280 mg/dL and cattle are much lower, <100 mg/dL.

 Tubular maximum (Tm): The maximum capacity of the
kidneys to absorb a particular substance.

� Tubular maximum for glucose is 350 mg/min.



Kidney Function Tests
Kidney function tests may be divided into 4 groups.

I) Glomerular function tests:

� All the clearance tests (inulin, creatinine, urea) are included in this
group.

II) Tubular function tests:

� Urine concentration or dilution test, urine acidification test.� Urine concentration or dilution test, urine acidification test.

III) Analysis of blood/serum:

� Estimation of blood urea, serum creatinine, protein & electrolyte are
useful to assess renal function.

IV) Urine examination:

� Routine examination of urine - volume, pH, specific gravity,
osmolality & presence of certain abnormal constituents (proteins,
blood, ketone bodies, glucose etc).



Urea and creatinine and their significance to kidney disease

assessment

 Urea and creatinine → serum biochemical marker of nitrogenous

waste retention by kidneys

Urea

 Urea represents the endpoint of protein catabolism. Urea represents the endpoint of protein catabolism.

 Within liver, two molecules of ammonium (NH4
+) are combined to

form urea (urea cycle).



BUN concentration → ≈ rate of protein

catabolism

Diseases or physiologic states that alter the rate of

protein catabolism can affect BUN.

Consumption of high-protein diet

 Gastrointestinal (GI) hemorrhage

Prolonged strenuous exercise

Fever/Acidosis/Hyperadrenocorticism/corticosteroid

administration/ Infection



Kinetics of urea once it is presented to the glomerulus

 The blood urea concentration is equal to that contained within the initial

glomerular filtrate

• A. Proximal tubule: urea passively reabsorbed from the filtrate

• B. Descending limb of Henle’s loop: urea passively secreted into

the filtratethe filtrate

• C. Thin ascending limb of Henle’s loop: urea passively

reabsorbed from the filtrate

 During its movement through distal portions of the nephron [urea]

modified → final [urea] within the urine is different than that in the

initial glomerular filtrate



Rate of renal tubular fluid flow and BUN

Passive diffusion depends on the fluid flow rate

through the renal tubules.

A more rapid flow rate →less time for passive →more

excretion of urea in the urineexcretion of urea in the urine



Clearance Test
Clearance is defined as the volume of plasma

that would be completely cleared of a substance
per minute.

In other words, clearance of a substance refers
to the milliliters of plasma which contains the
amount of that substance excreted by kidney peramount of that substance excreted by kidney per
minute.

Where;
 U = Concentration of the substance in urine.

 V = Volume of urine in ml excreted per minute.

 P = Concentration of the substance in plasma.



• The maximum rate at which the plasma can be cleared of any
substance is equal to the GFR.

• This can be calculated by measuring the clearance of a plasma
compound which is freely filtered by the glomerulus & is neither
absorbed nor secreted in the tubule.

• Inulin (a plant carbohydrate, composed of fructose units) and
51Cr-EDTA satisfy this criteria.

• Inulin is intravenously administered to measure GFR.• Inulin is intravenously administered to measure GFR.

CREATININE CLEARANCE TEST

 Creatinine is an excretory product derived from creatine
phosphate.

 The excretion of creatinine is rather constant & is not influenced
by body metabolism or dietary factors.

 Creatinine is filtered by the glomeruli & only marginally secreted
by the tubules.



� Creatinine clearance may be defined as the volume
(ml) of plasma that would be completely cleared of
creatinine per minute.

Procedure:
� In the traditional method, creatinine content of a 24

hr urine collection & the plasma concentration in this
period are estimated.

� The creatinine clearance (C) can be calculated as� The creatinine clearance (C) can be calculated as
follows:



Activity I (may be quiz)

• 40kg dog has a serum Ct of 1.0mg/dl and in
1 hour produces 30ml of urine that has a
urine Ct of 200mg/dl. Calculate Creatinine
clearance for this animal in mg/min/kg.clearance for this animal in mg/min/kg.



Creatinine
Physiology
• Creatinine is formed from creatine in the muscles in an 

irreversible reaction. 
• The quantity of creatinine produced depends upon diet 

(small contribution) and the muscle mass. 
• Disease affecting the muscle mass may affect the 

daily creatinine production.
• Both urea and creatinine are freely filtered at the renal • Both urea and creatinine are freely filtered at the renal 

glomerulus but urea is subject to tubular reabsorption and thus 
creatinine is said to be a better indicator of GFR.

Analysis
• Creatinine can be measured in serum, plasma or abdominal fluid 

by spectrophotometric methods.
Reference ranges
• Dogs 20-110 umol/L
• Cats 40-150umol/L



Modified procedure:
• Instead of a 24 hr urine collection, the procedure is modified to 

collect urine for 1 hr, after giving water.

• The volume of urine is recorded.

• Creatinine contents in plasma & urine are estimated.

• The creatinine clearance can be calculated by using the formula.

• Reference values:

 The normal range of creatinine clearance is around 120- The normal range of creatinine clearance is around 120-
145ml/min.

 These values are slightly lower in female.

• Serum creatinine normal range in human:

 Adult male: 0.7-1.4 mg/dl

 Adult female: 0.6-1.3 mg/dl

 newborn: 0.5-1.2 mg/d



CREATININE

 Used as a serum biochemical marker of nitrogenous waste

retention by the kidneys.

 Creatinine ← phosphocreatine (decompose) which is energy

storage molecule found in muscle.

 Creatinine is formed by a nonenzymatic, spontaneous, irreversible Creatinine is formed by a nonenzymatic, spontaneous, irreversible

cyclization of phosphocreatine, which generates creatinine and free

inorganic phosphate.



 Creatine = Methionine + guanidoacetate (liver) → Circulation →

Muscle

 Phosphocreatine = Creatine +phosphate group (creatine kinase -

in muscle )

 Creatinine = decomposition of phosphocreatine

• Creatinine →blood stream →throughout the total body water →

passive movement into the glomerular filtrate (kinetics)



Factors that influence the generation of serum creatinine

 [creatinine] ← depends on precursor, phosphocreatine.

 Phosphocreatine content depends on:-

– Dietary intake of creatine and phosphocreatine from meat-

based feeds

– The rate of hepatic creatine synthesis

– The animal’s muscle mass.



Muscle mass & [CK]

 Muscle mass is directly proportional to serum creatinine

 Cachexia →↓serum [CK]

 Cachectic animals with renal failure →↑ [BUN] but a normal

[CK].

• Conversely, increased muscle mass due to physical training can

lead to mildly increased serum creatinine



The effect of renal tubules on the concentration of creatinine in

the initial glomerular filtrate

 In veterinary species, [CK] in the glomerular filtrate is considered

to undergo no modification during its passage

 Exception:

– male dogs & goats/ very minimal tubular excretion of– male dogs & goats/ very minimal tubular excretion of

creatinine occurs/active process in PCT



The effect of renal tubular fluid flow on [CK]

 Rate of renal tubular fluid flow does not affect serum creatinine.

 Rate of renal tubular fluid flow does not affect how much

creatinine is removed from the serum and excreted by the kidneys.

 As an active process, tubular excretion of creatinine is also

unaffected by the renal tubular fluid flow rate.unaffected by the renal tubular fluid flow rate.

 Therefore the renal clearance of creatinine can be used as an

estimate of GFR



BUN & CK as an estimation of glomerular function

BUN is a less reliable than CK (estimate of renal

function)← diet, gastrointestinal hemorrhage (↑

BUN), and concurrent liver disease (↓ BUN) & renal

tubules effect.

In ruminants and gut fermenters ( such as horses)

– BUN metabolize (enteric bacteria) → amino acid

biosynthesis.

• In these animals, creatinine is generally a more reliable

indicator of glomerular function.



 Elevations in BUN may not occur until 75% of the nephron mass is

nonfunctional.

 BUN will then double each time the remaining functional mass is

halved.

 In some cases, creatinine clearance can detect as little as a 20%

deficit in renal function.deficit in renal function.

 Additionally, measurement of urine albumin and creatinine (urine

protein/creatinine ratio) is an easy and convenient way to detect

glomerular damage



Dehydrated patients → ↓renal tubular fluid flow →↑

reabsorption of urea and therefore less excretion of urea

in the urine.

Reabsorbed urea enters the renal interstitium, where it

may remain as a component of the medullary solutemay remain as a component of the medullary solute

concentration gradient.

A portion of the reabsorbed urea may also reenter the

general circulation and contribute to the BUN

concentration.



EVALUATION OF RENAL FUNCTION

Urine concentration test

• a. Rationale: Dehydration increases plasma osmolality,

which stimulates the release of antidiuretic hormone

(ADH) by the pituitary gland.(ADH) by the pituitary gland.

• ADH acts on the collecting tubular epithelial cells,

causing resorption of water and concentration of the

urine (increased urine specific gravity).



• b. Clinical indications for using the urine concentration 
test include the following:

– (1) Polydipsia and polyuria (in animals lacking azotemia, 

clinical evidence of dehydration, and biochemical evidence of 

disease).

– (2) Repeated random urine samples from a nonazotemic animal 

in which the urine persistently has a low or isosthenuric specific 

gravity (1.008 to 1.030 in the dog, 1.008 to 1.035 in the cat, and 

1.008 to 1.025 in the horse and cow).



c.  The urine concentration test is contraindicated in the 
following conditions:

– (1) Azotemia or uremia. A diagnosis of renal disease is already

established if azotemia accompanies dilute urine (postrenal

azotemia is still a diagnostic consideration). Prerenal azotemia

is associated with concentrated urine.

– (2) Dehydration. Maximal stimulation of ADH release is

already in effect; further water deprivation is unnecessary.

– (3) Sever debilitation.

– (4) Evidence of other metabolic diseases that can cause polyuria

and polydipsia



Types of concentration tests

• A. abrupt water deprivation test

• (1) The animal is weighed, abruptly deprived of water,

and urine specific gravity is monitored.

– The test is stopped if adequate concentrating ability (i.e.,

specific gravity greater than 1.030 in the dog, greater than 1.035specific gravity greater than 1.030 in the dog, greater than 1.035

in the cat, greater than 1.020 in bird, and greater than 1.025 in

the cow and horse) is demonstrated.

– The test also is terminated if undesirable clinical signs develop

or if 5% of body weight is lost (which indicates that adequate

stimulus for ADH release and subsequent [urine] has occurred)



• (2) In cattle, three to four days of water restriction ( large reservoir

of water in the rumen).

B) Gradual water deprivation test

– (1) This test is suggested to be of value when polyuria is associated with

medullary washout of solute. In this situation, medullary hypertonicity must

be re-established before the renal tubules can respond to ADH and the abrupt

water deprivation test.

– (2) While monitoring body weight, the animal is progressively deprived of

water until it is completely withheld; the guidelines of the abrupt water

deprivation test are then followed



c.  ADH concentration test

• (1) This test may be used when water deprivation poses a risk to the 
patient. This concentration test has been used primarily in the dog 
and evaluates renal response to exogenous ADH. 

• The ADH concentration test also may be used after the water

deprivation test to diagnose pituitary-associated diabetes insipidus.

• (2) An exogenous source of ADH is given to stimulate water• (2) An exogenous source of ADH is given to stimulate water

reabsorption and urine concentration.

• (3) Renal concentrating ability appears to be more effective after

water deprivation than after injection of ADH.



3. Interpretation of concentration test result

a. A urine specific gravity greater than 1.030 in the dog, greater than

1.035 in the cat, greater than 1.020 in the bird, and greater than

1.025 in the horse and cow indicates adequate concentration of

urine

b. Causes of an abnormal concentration test include the following:b. Causes of an abnormal concentration test include the following:

(1) Renal disease

• (a) Approximately two-thirds of the nephrons are nonfunctional

before abnormal concentrating ability of the kidney can be

demonstrated



• (2) Pituitary diabetes insipidus

– (a) Pituitary disease causes a lack of ADH secretion.

The renal tubules are normal but are not stimulated to

reabsorb water.

– (b) The specific gravity is usually in the 1.001 to 1.007– (b) The specific gravity is usually in the 1.001 to 1.007

range because the kidney can still reabsorb solute.

– (c) Affected animals respond to exogenous ADH by

concentrating the urine



Creatinine clearance test

 Creatinine clearance measures the renal capacity to remove nitrogenous wastes

from circulation

 This test is commonly used in animals that have suspected renal disease but that

are not yet azotemic (75% functional deficit for renal azotemia )

 Creatinine clearance may also be used to monitor the progression of renal

disease and response to therapy

Exogenous creatinine clearance rate

 Clearance of subcutaneously administered, exogenous creatinine, which requires

bladder lavage and two 20-minute collection periods separated by 60 minutes



Principles:

• The urine creatinine concentration is compared to the serum concentration over

a specific period, during which the urine volume, serum creatinine, and urine

creatinine are measured.

UC =  Urine volume (ml) x Urine creatinine (mg/dl)

Time (min) x Serum creatinine (mg/dl) x Body weight (kg)

A. Indications

• 1. To assess GFR in nonazotemic, non-dehydrated animal that

are suspected of having renal disease, usually because they are

polyuric

• 2. To obtain a more objective assessment of the degree of impaired

GFR in azotemic animals, which may be helpful in predicting

prognosis or monitoring response to therapy



B. Basics of the procedure. 

 Adequate hydration must be established or confirmed.

 The urinary bladder must be emptied completely.

 All urine produced during a specific period (20min to 24Hrs) is 

collected (catheterization & volume is recorded (it is critical that all 

urine produced should be collect with no spillage & minimal urine produced should be collect with no spillage & minimal 

evaporation)

 All blood samples for serum [Crt] is collected during the urine 

collection period

 The urine is mixed well and urine [Crt] is measured



Endogenous Creatinine clearance rate

 The creatinine clearance test may be performed by measuring the

clearance of endogenous creatinine, which requires a 24-hour

urine collection period

 Procedure is the same as the exogenous Crt procedure Procedure is the same as the exogenous Crt procedure

 Advantage of exogenous Crt: there is increased plasma Crt in

exogenous and therefore increase challenge to the kidney, so it is a

better assessment of GFR



Causes of low serum creatinine

• Since the daily production of creatinine is dependent upon the

muscle mass of the animal, the body condition should be

considered when interpreting serum creatinine concentrations.

• A poor body condition may be associated with low concentrations

while minor rises in such cases may be more significant than in

other individuals.other individuals.

Causes of increased serum creatinine
• Decreased glomerular filtration is the major cause of raised serum

creatinine.
• However, approximately 75% of nephron function must

be impaired before serum creatinine (and urea) is increased.
• Creatinine is considered a more reliable indicator of GFR than is

urea nitrogen, since there are fewer factors which influence
the serum concentration of creatinine.





Ways of urine collection & influence on results

• Urine can be collected by:-

– Cystocentesis

– Transurethral catheterization

– Free catch of voided sample(manual compression of

urinary bladder)



A. Voided specimens

• 1. Contamination of urine from the lower urinary tract and reproductive tract

may occur in mammals. Common contaminants include bacteria, leukocytes,

spermatozoa, and epithelial cells.

• 2. Midstream (“clean catch”) collection of urine may reduce contamination. This

is the preferred method of urine collection in large animals.

• 3. Birds lack a urinary bladder. Urine is discharged through the cloaca, a• 3. Birds lack a urinary bladder. Urine is discharged through the cloaca, a

common opening for the urinary, digestive, and reproductive tracts of birds.

– a. Contamination of avian urine is common and usually obscures evaluation of its physical,
chemical, and microscopic characteristics.

– b. Urine contains a solid component of urates, a pasty white to yellow substance. Urates may
impede detailed microscopic examination of avian urine. Several drops of sodium hydroxide
may be added to a wet mount of avian urine to dissolve urates; however, this basic solution also
may dissolve casts



B. Catheterized specimens

• 1. Care must be taken to clean the urethral orifice and

surrounding area to reduce contamination of the urine

specimens and prevent the introduction of pathogens into

the urinary tract.the urinary tract.

• 2. Traumatic catheterization may dislodge transitional

epithelial cells from the urethra and cause iatrogenic

hemorrhage.



C. Cystocentesis specimens

 Cystocentesis is the preferred method of urine collection
in small mammals such as dogs and cats.

Urine obtained by cystocentesis is free of bacteria and

may contain low numbers (<5 per high-power field) of

epithelial cells.epithelial cells.

iatrogenic microscopic hematuria is frequently induced

by cystocentesis

Cannot be distinguished from disease-induced

hematuria.

Particularly pronounced when the bladder wall is



The collection method also influences the results of urine

culture and sensitivity

 Ideally, urine culture and sensitivity are performed on

samples collected by cystocentesis. However, this is not

always possible.always possible.

 When necessary, quantitative urine culture and

sensitivity can be performed on samples collected by

catheterization or free catch.



Optimal method of urine sample handling

• A. The urine specimen should be collected prior to medical therapy or contrast

radiography, if possible.

• B. Collection vessels should be clean, detergent and reagent free, and sterile if

microbiological culture is indicated.

• C. Ideally, the urinalysis should be performed within 30 minutes of specimen

collection.collection.

• 1. The urine specimen may be refrigerated, but not frozen, up to 12 hours if

urinalysis is delayed.

• 2. The urine specimen should be re-warmed to room temperature before

analysis.

– a. Precipitates that form at lower temperatures will redissolve.

– b. Inhibition of enzymatic activities by low temperatures will be avoided



Urine should be collected in

– an opaque

– airtight container

Avian urine

• The liquid component of “urine” should be collected• The liquid component of “urine” should be collected

from an impervious surface as soon as possible after

excretion.



• The container in which the urine is placed can also

affect UA results. Ideally, urine should be collected in:-

– Sterile container

– Airtight container (evaporation of volatile substances, such as

the ketone, acetone, and to prevent loss of carbon dioxide,

which raises the pH)

– Opaque container (photo degradation of light-sensitive analytes

such as bilirubin)



Artifacts induced by storing urine for prolonged period at room temperature

 Prolonged storage at room temperature may cause:-

– Increase in pH (escape of carbon dioxide)

– In vitro bacterial overgrowth

 The bacterial overgrowth affect:

– Falsely increase the turbidity of the sample

– Glucose in vitro reduction of analyte (bacteria consume glucose )

– In vitro change in pH (acidic pH / catabolism of glucose /alkaline-urease)

 Alkalinization of urine may cause:

– False-positive dipstick protein reaction

– lysis of cells, and degeneration of casts

– alter the type and amount of crystals present.



Effect of Storage on urine:
1. Increase in pH: Due to production of ammonia from urea

by urease producing bacteria.
2. Formation of crystals: Precipitation of phosphate and

calcium.
3. Loss of ketone bodies: since they are volatile.
4. Decrease in glucose: Due to glycolysis and utilization of

glucose by cells and bacteria.glucose by cells and bacteria.
5. Oxidation of bilirubin to biliverdin: false-negative test for

bilirubin
6. Oxidation of urobilinogen to urobilin: false-negative test

for urobilinogen.
7. Bacterial proliferation
8. Disintegration of cellular elements (Especially in alkaline

and hypotonic urine. 



PHYSICALPHYSICAL ANDAND CHEMICALCHEMICAL ASPECTSASPECTS OFOF URINALYSISURINALYSIS

• Urinalysis (UA) is performed in healthy patients to screen for:

– occult (undetected) disease.

– is an essential component in the diagnostic

evaluation of a diseased patient.evaluation of a diseased patient.

– can also be used to monitor

• disease progression

• response to therapy

• safety of potentially nephrotoxic drugs.



• A complete UA includes:-

– Gross inspection of the urine

– Specific chemical testing

– Microscopic examination of sediment and cultures for microbe

• Performance of a complete UA allows effective interpretation of

data obtained from measurement of serum biochemical markers

of renal function and of the individual components of the UA.





PHYSICAL EXAMINATION OF URINE

Urine color (pigments)

• A. Physiologic processes

– Normal yellow to amber color (due to urochrome /poorly defined urine

pigments. eg. riboflavin)

– Pale yellow urine is usually less concentrate than dark yellow urine

• B. Abnormal colors

• Red urine: erythrocytes, hemoglobin and myoglobin

• Red-brown: erythrocytes, hemoglobin, myoglobin or methemoglobin

• Brown to black: methemoglobin

• Yellow-orange: bilirubin

• Yellow-green: bilirubin and biliverdin



Urine clarity

 Physiologically clear urine is expected, but may have mild

turbidity ( epithelial cells & crystals)

 Equine urine is turbid or cloudy ( mucoproteins/kidney and

calcium carbonate crystals)

 Cloudy urine- common causes of cloudy urine

 Urine is made cloudy by the presence of particulate matter that

scatters light, such as cells, crystals, lipid, mucus, and bacteria



Odor

 An odor of ammonia if urea is being converted to ammonia (bacterial )

 Ketone bodies, characteristic sweetish, fruity odor (pregnancy diseases,

acetonemia, and diabetes mellitus)

Foam. When shaken after collection, normal urine produce a white foam (

limited).limited).

 If there is proteinuria, the amount of foam produced is in excess and slow

to disappear.

 If bile or bile pigments are present, the foam may be green, yellow or

yellow brown

 If hemoglobin is present, the foam is red to brown



Urine specific gravity

 USG (also called relative density) is the ratio of the density(weight) of urine to

the density(weight) of equal volume of distilled water

 Urine is denser than pure water because it contains excreted solutes (> 1.000).

Specific gravity is affected by:

The number of solute particles in solutionThe number of solute particles in solution

 Molecular weight of those solutes

 It is therefore a way to estimate a solution’s osmolality,

which is affected only by the number of solute particles

in solution.



• To determine the clinical significance of a given USG

measurement, the value must be interpreted in light of :

• The patient’s hydration status

• Blood urea nitrogen (BUN)

• Serum creatinine.• Serum creatinine.

• The measurement of true urine SG is an absolute

procedure & SG is a unitless ratio.



Refractive index as an estimation of USG (USGref) indirect

 Measured with a refractometer and used as a routine clinical

examination of USG.

 Refractive index = the ratio of the speed of light in a vacuum to

the speed of light in the solution.

 As solute is added to water, the degree to which the light refracted As solute is added to water, the degree to which the light refracted

increases proportionately to the increase in solute concentration

• UG also increase proportionately to the solute

concentration, so UG correlates with refractive index if

the types & proportion of solute remain similar



Note: Refractometers measure the refractive index of the soluble

solids in the fluid

 Suspended particles (cells, casts, and most crystals) do not refract

light and so do not alter the refractive index of urine

• 1.025 to 1.030 in horses and bovines

• 1.030 to 1.035 in dogs

• 1.035 to 1.045 in cats suggests that the kidneys likely have

adequate capacity to concentrate the urine.adequate capacity to concentrate the urine.

 USG much lower than this may be seen in randomly collected

samples, depending on the patient’s hydration status.

• The concentrating function of the kidneys must be 

compromised by at least two thirds before an abnormal 

result may be detected.



Reagent strip for estimating USG

• Principle: the ionic strength of urine is related to total

solute concentration.

• The reagent system has indicators that produce different

colors when dipped in urine samples of different ioniccolors when dipped in urine samples of different ionic

strength.



Isosthenuria, hyposthenuria, and hyperosthenuria.

Usg is classified relative to the Sg of glomerular filtrate.

The specific gravity of glomerular filtrate ranges from

1.008 to 1.012.

USg within this range is classified as isosthenuria

USg less than this range is referred to as

hyposthenuriahyposthenuria

USg that is greater than that of the glomerular

filtrate is classified as hyperosthenuria.

However, hyperosthenuria does not necessarily indicate

adequate concentrating function by the kidneys.

 The patient’s signalment and hydration status and the degree

of hyperosthenuria need to be considered when making this

determination



Urine specific gravity & localization of azotemia

Azotemia can result from the following:

• Prerenal causes:

– decreased delivery of nitrogenous waste to the kidneys due to

renal hypoperfusionrenal hypoperfusion

– increased generation of nitrogenous wastes

• Intrarenal causes:

– decreased removal of nitrogenous wastes from circulation due to

primary renal dysfunction



• Postrenal causes:

– decreased elimination of nitrogenous wastes due to

urethral obstruction or bladder rupture

• Any combination of prerenal, intrarenal, or postrenal

causescauses

• USg can be a useful tool in helping to localize the cause

of azotemia.



With prerenal azotemia, adequately functioning kidneys

respond to decreased perfusion by producing a

concentrated urine with Usg:

– >1.035 in dogs,

– >1.045 in cats, and 1.030 in cattle and horses.– >1.045 in cats, and 1.030 in cattle and horses.

With renal azotemia usg is usually

between 1.008 and 1.029 in dogs and cattle and

between 1.008 and 1.035 in cats.



Therefore, renal azotemia is often found concurrently

with inadequately concentrated urine.

The Usg associated with postrenal azotemia is variable.

– Other clinical findings, such as oliguria or anuria

with a firm, possibly distended bladder, can be used towith a firm, possibly distended bladder, can be used to

distinguish this cause of azotemia.



Chemical examination of urine

Urine pH

Reagent strip

Principle: based on the double indicator system that is

sensitive to change in [H+] but not measure boundedsensitive to change in [H+] but not measure bounded

[H+] in NH4+, H2P04- & H20)

The reagent strip has pH indicator pad with range of 5.0-

8.5.(reported to the nearest 0.5 )



Healthy urine pH in dogs & cats ranges from 6.0-7.5,

and horse and cow ranges from 7.5-8.5

Urine pH is variable and reflects the animal’s

– Diet (vegetable → alkaline, and meat → acidic urine)

– The timing of urine collection relative to eating– The timing of urine collection relative to eating

– The patient’s acid-base status, which can be affected

by various disease states



Diseases associated with alkaline urine include:

–Urinary tract infection by urease-producing
bacteria (primarily Staphylococcus and Proteus
spp.)

–Metabolic or respiratory alkalosis

–Vomiting–Vomiting

• In vitro conditions

–overgrowth of urease-producing bacteria

– loss of carbon dioxide (prolonged storage
before analysis)

– exposure to detergent residues (storage
container)



Conditions that causes urine to be acidic (aciduria)

– Meat-based diets tend to result in acidic urine.

– Many diseases such as severe diarrhea, diabetic & ketoacidosis

– Renal failure

– Severe vomiting, and protein catabolism

• Administration of certain drugs, such as furosemide and• Administration of certain drugs, such as furosemide and

methionine, can also acidify urine.

• In vitro conditions

– overgrowth of bacteria that metabolize glucose and create acidic metabolic

byproducts.



Urine glucose (glucosuria)

Physiologic process

– Glucose ( small molecule) → enters the ultrafiltrate.

– Glucose is resorbed (PCT via a Na+-glucose cotransport/ to peritubular fluid)

Analytical concepts

• 1. Reagent strip method• 1. Reagent strip method

• Principle: conversion of glucose to gluconic acid is catalyzed by

glucose oxidase with liberation of H202, which reacts with an

indicator to give a color change in the reagent pad



• The degree of color change is proportional to the concentration of 

glucose

Causes of false results in glucose measurement by the dipstick

method

 The presence of pigmenturia and certain drugs, may interfere with

interpretation of the dipstick testinterpretation of the dipstick test

 False-negative results may occur, presence of ascorbic acid or the

ketone concentration being greater than 40 mg/dl.



 During the glucose dipstick test reaction, the presence of glucose results

in the generation of hydrogen peroxide.

 This reaction causes oxidation of an indicator dye, which results in a

visible color change.

 False-positive results may occur when:

– hydrogen peroxide– hydrogen peroxide

– bleach, chlorine

– other oxidizing substances have contaminated the

reaction.

 Proper storage and handling of urine samples and dipsticks decrease the

risk of contamination



2. Copper-reducing method

• Principle: Cu2+ reacts with a reducing substance (glucose,

fructose, lactose, maltose) to produce cuproud (Cu+) oxide

and cuprous hydroxide and these a color change

• The method is probably more accurate than strip method

but requires a greater concentration for detection



Glucosuria (glycosuria) disorders

• 1.Hyperglycemic glucosuria

– transient or persistent hyperglycemia results in more

glucose in the ultrafiltrate than can be resorped by

proximal tubulesproximal tubules

• Causes of hyperglycemic glucosuria

– Diabetes mellitus

– Hyperadrenocorticism

– Acute pancreatitis



2. Renal glucosuria (normoglycemic glucosuria)

 transient or persistent

 caused by damaged or abnormal proximal tubules

Causes of normoglycemic glucosuria

• Primary renal glucosuria(toxicosis or ischemia)• Primary renal glucosuria(toxicosis or ischemia)

– e.g., aminoglycoside administration

– Fanconi’s syndrome (congenital)

– Transient stress



3. Glucose related polyuria

in the tubular fluid will cause osmotic dieresis (water is

“held” by the glucose in the tubular fluid, especially in

the proximal tubules)

cause decreased renal concentrating ability and

increased urine volume (polyuria)



Causes of Increased blood Urea

Pre-renal conditions:

� Dehydration: Severe vomiting, intestinal obstruction, diarrhea,
diabetic coma, severe burns, fever & severe infections.

Renal diseases:

� Acute glomerulonephritis

� Nephrosis� Nephrosis

� Malignant hypertension

� Chronic pyelonephritis

Post-renal causes:

� Stones in the urinary tract

� Enlarged prostate

� Tumors of bladder



Causes of Decreased Blood Urea:

� Urea concentration in serum may be low in late
pregnancy, in starvation, in diet grossly deficient
in proteins and in hepatic failure.

� Azotemia:

� Increase in the blood levels of NPN (creatinine,
urea, uric acid) is referred to as azotemia & is the
hallmark of kidney failure.



Protein in urine

Physiologic processes

Many small proteins (relative molecular mass

<68,000kd) can pass via the glomerular filtration barrier.

 In most healthy animals, the proteins are resorbed in the In most healthy animals, the proteins are resorbed in the

proximal tubules (little to no protein in urine)



Analytical concepts

1. Reagent strip method

• Principle: the reagent pad contains a colorimetric pH indicator 
(tetrabromphenol blue) at acidic pH.

 Amino group → bind the dye and change the pad’s color

 Abnormal urine color( pigmenturia) may interfere with reagent pad Abnormal urine color( pigmenturia) may interfere with reagent pad

color

 Readings may be falsely increased in highly buffered alkaline urine

(>8.0), in moderately alkaline urine if highly concentrated



2. SSA (Sulfosalicylic acid) turbidity

• Principle: proteins are denatured by acids and form a precipitate

that is seen as increased solution turbidity.

– Urine that is hazy to cloudy should be centrifuged

prior to SSA turbidity testing

• Results may be expressed on a visual turbidity scale (1+ to 4+) or

visually compared against standard solution to interpolate

concentration

• There are also spectrophotometric SSA methods that provide more

quantitative results



Sensitivity of dipstick protein reaction and SSA

 The protein reaction on the dipstick is more sensitive to albumin

than to globulins, hemoglobin, immunoglobulin light chains

(Bence Jones proteins), and mucoproteins.

 The color change ←depends on the binding of free amino groups The color change ←depends on the binding of free amino groups

of the proteins to the indicator dye.

 Albumin →most abundant free amino groups →interaction with

indicator dye( 2x globulin →a similar color change)



 SSA test is able to precipitate most proteins, including Bence Jones

proteins, resulting in cloudiness that is approximately proportional

to the quantity of protein present.

 False-positive reactions can be seen with the dipstick method when

the urine is alkaline or if cleansers have contaminated the urinethe urine is alkaline or if cleansers have contaminated the urine

sample or dipstick (e.g., chlorhexidine, quaternary ammonium

disinfectants).



 A false-negative protein dipstick reaction can be seen with a pure

Bence Jones proteinuria.

 Highly alkaline urine can have the opposite effect on the

sulfosalicylic acid test, causing a false-negative reaction.

 False-positive results can occur with this method if the test is

performed using uncentrifuged urine or if exogenous substances

are present.



3. Robert’s Test

Principle: precipitation of protein by strong acids (con. nitric acid).

– A positive test is indicated by a white ring at the zone of contact of acid &

urine, which should be read against a dark ground.

Proteinuria

1. Prerenal (overflow, overload, & preglomerular) proteiuria

• A pathologic state increases the plasma concentration of small

proteins that pass via glomerular filtration barrier and results in that

the amount of filtrate exceed than resorption

– Eg. Hemoglobinuria, myoglobinuria, postcolostral proteinuria and light-

chain proteins



2. Glomerular proteinuria-damaged filtration barrier & decreased

selective permeability & larger or negatively charged plasma

protein pass easily.

 The glomeruli of kidney are not permeable to substances with
molecular weight more than 69,000 & plasma proteins are absent
in normal urine.

 The smaller molecules of albumin pass through damaged The smaller molecules of albumin pass through damaged
glomeruli more readily.

 When glomeruli are damaged or diseased, they become more
permeable & plasma proteins may appear in urine.

 Albuminuria is always pathological.

 Large quantities of albumin are lost in urine in nephrosis.

 Small quantities are seen in urine in acute nephritis, strenuous
exercise & pregnancy.



3. Tubular proteinuria-proximal renal tubules defective , so proteins

that normally are resorbed from ultrafiltrate ( albumin & smaller

globulin) are not & excreted in urine

 This occurs when functional nephrons are reduced, GFR is 
decreased & remaining nephrons are over-working.

 The tubular reabsorption mechanism is impaired, so low molecular 
weight proteins appear in urine.weight proteins appear in urine.

 They are Retinol binding protein (RBP) & α-1 microglobulin.

4. Nephron loss Proteinuria

� In CKD, there is a decrease in the number of functioning nephrons.

� The compensatory rise in glomerular filtration by other nephrons
increases the filtered load of proteins.

� Even if there are no glomerular permeability changes, tubular
proteinuria is seen.



5. Urogenic Proteinuria

� This is due to inflammation of lower urinary tract, when 
proteins are secreted into the tract.

� Accumulation of proteins in tubular lumen can trigger 
inflammatory reaction.

6. Hemorrhagic or inflammatory proteinuria

Hemorrhage into GIT(impaired hemostasis, inflammation &Hemorrhage into GIT(impaired hemostasis, inflammation &

blood vessel damge, neoplasm)

Inflammatory: exudation of plasma protein via vessels walls into

the genitourinary tract



• Urine protein/creatinine ratio and indications for glomerular

disease

 A small amount of protein is excreted along with other solutes in

the urine daily

 Therefore, to qualify the degree of proteinuria and determine its

significance:significance:

– the urine protein concentration can be compared to that of creatinine

– Crt passes freely through the glomerulus and is not modified by tubular

excretion or reabsorption.



 UPC is generally performed when the urine sediment is inactive (no

cells or bacteria) during the initial evaluation of proteinuria.

 The UPC can be measured serially to stage the progression of

disease and to evaluate the response to therapy.

 The UPC should be less than one.

 Values greater than one raise concern for glomerular disease

(glomerulonephritis, glomerulosclerosis, canine amyloidosis),

Bence Jones proteinuria, or less often tubular proteinuria.



Ketones in urine and ketonuria

 Listed in decreasing concentration, β-hydroxybutyrate (78%),

acetoacetate (20%), and acetone (2%) are ketones excreted in the

urine

– Diminished use of carbohydrates (diabetes mellitus)

– Increased use or loss of carbohydrates (lactation, pregnancy, renal– Increased use or loss of carbohydrates (lactation, pregnancy, renal

glucosuria, fever)

– Severely decreased dietary intake of carbohydrates (high-protein and high-

fat diets)



 Ketone bodies are not expected in the urine of healthy mammals

that have an adequate intake of nutrients

 Ketone bodies may enter the urine by both

 glomerular filtration of plasma

 by tubular secretion. The tubular secretion process probably shares a

transport process with other organic anions

 After entering the tubular fluid, acetoacetate and β-

hydroxybutyrate are nonresorbable



Analytic concepts

1. Reagent strip method

• Principle: acetoacetate (mostly) and acetone (10%) formed

colored complexes with nitroprusside.

• The amount of color change reflects the amount of ketones present

• The reagent system does not react with β-hydroxybutyrate, the

ketone body that does not have ketone chemical structure



The relative detection sensitivities for the different ketones by the

dipstick reaction

– Beta-hydroxybutyrate, which is the predominant ketone present in urine, is

not detected by the ketone dipstick reaction.

– The dipstick reaction is most sensitive to acetoacetate and is mildly

sensitive to acetone.

 Approximately 96% of the color change associated with a positive

reaction is caused by the presence of acetoacetate.



Interpretation of the color change can be complicated by

the presence of pigmenturia.

Ketones in the sample can be decreased by the presence

of:

– urinary tract infection– urinary tract infection

– in vitro bacterial contamination

– in vitro evaporation of acetone.

•



Ketonuria 

 Ketonuria ←mobilization of lipids (  shift of energy production 

from carbohydrates to lipids)

diabetes mellitus, starvation & hypoglycemic disorders. 

 Excessive β-oxidation of fatty acids in hepatocytes generates 

more acetyl-coenzyme A than can be used for gluconeogenesis more acetyl-coenzyme A than can be used for gluconeogenesis 

and triglyceride synthesis.

 Excess acetyl-coenzyme A → hepatic ketogenesis→ ↑ ketoacids, 

→ketonemia.



 Ketone bodies are easily cleared from blood & are excreted in

urine

 Decreased insulin activity & increased glucagon activity promotes

ketogenesis

 Ketones can be monitored in diabetic animals to assist in

monitoring the effectiveness of insulin therapy.monitoring the effectiveness of insulin therapy.

 Routine checking of the urine of unregulated, clinically ill diabetic

animals for the presence of ketones can assist in the diagnosis of

diabetic ketoacidosis.



MICROSCOPICMICROSCOPIC ASPECTSASPECTS OFOF URINALYSISURINALYSIS ANDAND

DISCUSSIONDISCUSSION OFOF SELECTEDSELECTED DISEASEDISEASE PROCESSESPROCESSES

• Urine sediment formation

• Preparation of specimen

– Take 5 ml of well-mixed urine sample

– Centrifuge for 3-5 minutes at 1,000 – 2,000 rpm– Centrifuge for 3-5 minutes at 1,000 – 2,000 rpm

– Decant the supernatant and break up the sediment by shaking

• Put a drop on glass slide cover with cover slip or make smear

and stain it

• Use subdued light



The urine sediment may be divided into:

• Organized elements*

– Epithelial cells

– Leukocytes

– Erythrocytes

– Casts– Casts

– Bacteria, yeast, fungi, protozoa, parasite ova and sperm

• Unorganized elements

– crystals,

– pigments and fat droplets.



Clinical significance of crystalluria

• Crystalluria occurs when urine is saturated with crystallogenic

substances.

• Various in vivo factors:

– urinary tract infection/diet

• In vitro factors dictate whether crystal formation will occur:• In vitro factors dictate whether crystal formation will occur:

– duration of sample storage/ storage temperature

– evaporation of water from the sample

– urine pH, and the overgrowth of bacterial contaminants that may alter urine

pH (e.g., urease-producing organisms).



 Fresh urine samples should be analyzed within 1 hour of collection

 Increased duration of storage time, especially when samples are

refrigerated, significantly increases in vitro crystal formation.

 When crystalluria is detected in a refrigerated urine sample

 ( it is prudent to verify the finding by prompt analysis of a freshly obtained

sample).



 A small amount of struvite or amorphous phosphate crystalluria

can occur in clinically normal animals (dogs and cats).

 Calcium carbonate crystalluria is a common finding in equine,

goat, rabbit, and guinea pig urine.



Detection of crystalluria may be diagnostically useful

when abnormal crystal types are identified

– e.g., ammonium urate, calcium oxalate

monohydratemonohydrate

when large aggregates of struvite or calcium oxalate

crystals are found, or when crystalluria is observed in a

patient that has confirmed urolithiasis.



• Crystals that formed in acidic urine.
– a. Ammonium urate (ammonium biurate)

– b. Amorphous urates

– c. Bilirubin

– d. Calcium oxalate monohydrate/dihydrate

– e. Cystine

– f. Sulfa metabolites

– g. Uric acid

• Crystals that formed in neutral pH.
– a. Ammonium urate (ammonium biurate)– a. Ammonium urate (ammonium biurate)

– b. Calcium oxalate monohydrate/dihydrate

– c. Cystine

– d. Magnesium ammonium phosphate (struvite)

• Crystals that formed in alkaline urine.

– a. Amorphous phosphates

– b. Calcium carbonate

– c. Magnesium ammonium phosphate (struvite)



Magnesium ammonium phosphate crystals

• are referred to as struvite crystals or “triple phosphate” 
crystals (a misnomer)

– These are colorless 

– frequently form variably sized, coffin lid–shaped 
crystalscrystals

• However,  struvite crystals can have a variable 
appearance and may occur as three- to eight-sided 
prisms, needles, or flat crystals with oblique ends. 



 They form most often in alkaline urine.

 Struvite crystalluria may form in vitro in refrigerated, stored urine

samples or in those that become alkaline with storage

 When struvite crystals are detected in a stored urine sample,

the finding should be verified by examination of a freshly

obtained urine sample.



 Seen frequently in dogs and occasionally in cats.

 When found in significant number, struvite crystals are most often

associated with bacterial infection ( urease-Staphylococcus or Proteus

spp).

 In cats, in the absence of infection, likely due to ammonia excreted by

the renal tubules.

 Struvite crystals may be seen in clinically normal animals that have:

• alkaline urine

• animals that have sterile or infection-associated uroliths of potentially mixed

mineral composition

• or those with urinary tract disease in the absence of

urolithiasis.





Calcium oxalate dihydrate crystals

 Calcium oxalate dihydrate crystals occur as colorless, variably

sized octahedrons that resemble an envelope or a Maltese cross

 They form most often in acidic urine.

 Prolonged storage, especially with refrigeration, significantly

increases the potential of in vitro calcium oxalate formation.



 A sample that becomes acidic during storage also may lead to in

vitro calcium oxalate formation

 These crystals may be seen in clinically normal animals, in those:

– with calcium oxalate urolithiasis

– with hypercalciuria, (e.g., due to corticosteroids)

– or with hyperoxaluria, (e.g., ingestion of vegetables high in oxalates, or

infrequently with ethylene glycol toxicosis)

 Calcium oxalate dihydrate crystals have been reported with

increased frequency in cats as a complication of urine acidification

to manage struvite formation.





Calcium carbonate crystals

Calcium carbonate crystals occur individually or in

clusters and are:

– variably sized, yellowbrown or colorless

– radiant spheres or dumbbell shaped– radiant spheres or dumbbell shaped

• They usually form in alkaline urine and are seen in

clinically normal horses, goats, rabbits, and guinea pigs.

• Calcium carbonate crystals have rarely been observed in

dogs.





Casts

 Formed from a combination of protein and

mucopolysaccharide

Fairly common in concentrated acid urine, but

uncommon in dilute alkaline urine

indicates a pathological change in the kidney*

Absent or very few in urine samples from normal

animals



Cylinduria and its clinical significance

 Cylinduria denotes the presence of renal tubular casts in the urine

sediment.

 Tubular casts are imprints of renal tubules that form due to the

accumulation of a proteinaceous matrix (Tamm- Horsfall

mucoprotein) within LH, DCT, CT) of the nephron, → hyaline

casts.



The proteinaceous matrix can be modified by the

addition of renal tubular cells that exfoliate or by

leukocytes.

Once cells accumulate within a tubular cast, they areOnce cells accumulate within a tubular cast, they are

thought to undergo degeneration and progress from a

cellular cast→ granular cast→ finally to waxy cast.



 <2 per high-power field of hyaline or granular casts can be seen in

animals without renal disease.

 when granular casts are present in increased numbers or when

cellular casts are found →presence of renal disease ( degeneration

and necrosis of renal tubular epithelium).and necrosis of renal tubular epithelium).

 Renal tubular inflammation is suggested when leukocytes are

found within the casts.



 The number of casts present does not reflect the duration, severity,

or reversibility of the renal disease.

 Casts are formed on a regular basis and in increased numbers

during renal tubular disease.

 When and whether they are dislodged depend on the renal tubular

fluid flow rates.

 Hemoglobin casts (hemolysis) red blood cell casts (renal

hemorrhage), bilirubin casts (bilirubinuria).



Granular versus cellular versus waxy cylinduria and the clinical 

significance 

 The type of cast present does not necessarily indicate the severity
of the disease and should not typically be used as a prognostic
indicator for the response to therapy or the potential for recovery.

 Rather, these types of casts represent various stages of Rather, these types of casts represent various stages of
development.

 Cells in a cellular cast degenerate, →amorphous granular
substance (granular casts)→membranes /cellular material →
homogeneous, cholesterol containing substance →waxy cast.



• Therefore, these stages of cast development more

accurately predict the length of time the cast has been

lodged in the renal tubule, not necessarily the severity of

the disease condition.
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Functions of liver

① Excretory function: bile pigments, bile salts
and cholesterol are excreted in bile into
intestine.

② Metabolic function: liver actively participates
in carbohydrate, lipid, protein, mineral and
vitamin metabolisms.
in carbohydrate, lipid, protein, mineral and
vitamin metabolisms.

③ Hematological function: liver is also produces
clotting factors like factor V, VII. Fibrinogen
involved in blood coagulation is also
synthesized in liver. It synthesize plasma
proteins and destruction of erythrocytes.



Storage functions: glycogen, vitamins A, D and

B12,and trace element iron are stored in liver.

⑤ Protective functions and detoxification:

Ammonia is detoxified to urea. kupffer cellsAmmonia is detoxified to urea. kupffer cells

of liver perform phagocytosis to eliminate

foreign compounds. LiverLiver isis responsibleresponsible forfor

thethe metabolismmetabolism ofof xenobioticxenobiotic..



What What are the LFTsare the LFTs??

• LFTs include liver enzymes, albumin and other proteins,
and bilirubin.

• The liver enzymes are produced by cells within the liver.
They include alkaline phosphatase (ALP), ɣ–glutamyl
transpedtidase (GGT), alanine aminotransferase (ALT)
and aspartate aminotransferase (AST), but theand aspartate aminotransferase (AST), but the
combination of liver enzyme results you receive depends
on your local laboratory.

• The protein components comprise total protein, albumin
and globulin [N.B. Total protein = Albumin + Globulins].
The globulins are a mixture of globular proteins such as
immunoglobulins, enzymes, carrier proteins and
complement.



Indications for liver function tests

1. To assist in the differential diagnosis of ictrus (hemolytic crisis or

an intrahepatic or extra hepatic obstruction)

2. In primary liver diseases that are present either with or without

ictrus (infectious hepatitis, suppurative hepatitis, hepatichepatic fibrosis,fibrosis,

toxictoxic necrosis,necrosis, neoplasmsneoplasms…etc)

3. In secondary liver diseases (infiltrativeinfiltrative andand degenerativedegenerative lipidosislipidosis

← diabetes mellitus, pancreatic fibrosis, starvation and

hypothyroidism).
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4. In the evaluation of prognosis of hepatic diseases and evaluation of

therapy

Limitations of liver function tests

1.. ExtensiveExtensive damagedamage isis requiredrequired

22.. TheThe teststests areare lackinglacking sensitivitysensitivity oror tootoo sensitivesensitive

33.. FunctionsFunctions teststests dodo notnot indicateindicate thethe functionalfunctional statusstatus ofof thethe entireentire

organorgan

44.. SpecificSpecific hepatichepatic functionsfunctions areare greatlygreatly affectedaffected byby aa widewide varietyvariety ofof

pathologicpathologic conditionsconditions ofof extrahepaticextrahepatic originorigin
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Types of LFTTypes of LFT

ClassifiedClassified basedbased onon thethe majormajor functionsfunctions ofof liverliver::

① Excretion: Measurement of bile pigments, bile salts.

② Serum enzymes: Transaminase (ALT, AST), alkaline② Serum enzymes: Transaminase (ALT, AST), alkaline

phosphate(ALP), 5’-nucleotidase, LDH isoenzyme.

③ Synthetic function: Prothrombin time, serum albumin.

④ Metabolic capacity: Galactose tolerance and antipyrine

clearance

⑤ Detoxification :



Classification of liver function tests

11.. TestsTests dependentdependent primarilyprimarily onon hepatichepatic secretionsecretion andand excretionexcretion

AA.. BileBile pigmentspigments

B.B. ClearanceClearance ofof foreignforeign substancessubstances

22.. TestsTests dependentdependent uponupon measurementmeasurement ofof serumserum enzymeenzyme activityactivity22.. TestsTests dependentdependent uponupon measurementmeasurement ofof serumserum enzymeenzyme activityactivity

33.. TestsTests dependentdependent upup onon specificspecific biochemicalbiochemical functionsfunctions

AA.. ProteinProtein metaboliasmmetaboliasm testtest

BB.. CarbohydrateCarbohydrate metabolismmetabolism

CC.. LipidLipid metabolismmetabolism
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1. Excretion : Bile pigments

A. Bilirubin

• Bilirubin is the product of haemoglobin breakdown.

• Lipid-soluble, unconjugated bilirubin is conjugated in
the liver, making it water-soluble, and then excreted into
bile.

• When a raised bilirubin or clinical jaundice is found we• When a raised bilirubin or clinical jaundice is found we
should consider haemolysis (production of unconjugated
bilirubin), liver cell function (conjugation and excretion
of bilirubin) and biliary tree function (excretion of bile).

• A raised bilirubin level is a strong indicator of
underlying pathology and should always be investigated
with a careful clinical history and appropriate
investigations. A liver ultrasound is usually necessary.



via bile duct to intestines
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Fig. 2  metabolism of bilirubin 



1.  serum bilirubin:

• Normally, a small amount of bilirubin
circulates in the blood. Serum bilirubin is

considered aa truetrue testtest ofof liverliver functionfunction, as
it reflects the liver's ability to take up,
process, and secrete bilirubin into the bile.process, and secrete bilirubin into the bile.

1. Indirect bilirubin

2. Direct bilirubin

33.. TotalTotal bilirubinbilirubin



 A. urobilinogen :

Conjugated bilirubin is excreted via bile salts to

intestine. Bacteria in the intestine break down

bilirubin to urobilinogen for excretion in the feces

B. UrobilinB. Urobilin

• Urobilin is the final product of oxidation of

urobilinogen by oxygen in air. The amount change

with the amount of urobilinogen excretion .



C. bilirubinurine:

• Bilirubin is not normally present in urine and faese
since bacteria in intestine reduce it to urobilinogen.
The kidneys do not filter un conjugated bilirubin
because of its avid binding to albumin.

• Conjugated bilirubin can pass through glomerular
filter.filter.

• Bilirubin is found in the blood in obstructiveobstructive
jaundicejaundice due to various causes and in cholestasis.

• Note:

• Bilirubin in the urine may be detected even before 
clinical jaundice is noted.



• Bilirubin is used to diagnosis of jaundice.
Abnormal bilirubin levels can be found in many
disorders, including: blockedblocked bilebile ductsducts, cirrhosiscirrhosis
andand hepatitis. Jaundice can be divided into three
types

HemolyticHemolytic JaundiceJaundice

HepaticHepatic JaundiceJaundice

ObstructiveObstructive jaundicejaundice (( CholestasisCholestasis))



Hyperbilirubinemia

 Occurs when the rate of Bu (bilirubin unconjugated) production

exceeds the rate of Bu uptake hepatocytes

BuBu ProductionProduction == BuBu uptakeuptake byby LiverLiver hepatocytehepatocyte

(Hemolytic(Hemolytic jaundice)jaundice)

 Or the rate of Bc (bilirubin conjugated) formation in hepatocytes

exceed the rate of Bc excretion in bile

BcBc ProductionProduction == BcBc excretionexcretion byby LiverLiver
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Increased Bu production

1. Hemolytic or prehepatic ictrus-hemolytic disorders

 Immune mediated/ bacteria(Bacillary hemoglobinuria) or virus

(FeLV, EIA)/hemangiosarcoma, protozoan parasites…etc

 Pathogenesis → rate of Bu formation exceeds the hepatobiliary

systems capacity for Bu uptake or Bc excretion
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Other expected laboratory findings with hemolytic ictrus

1. Anemia, regenerative if of sufficient duration

2. Hemoglobinuria/ hemoglobinemia

3. If plasma hepatic enzyme activities are increased, hepatocyte

damage or cholestasis could be due to anemic hypoxia
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DecreasedDecreased BuBu uptakeuptake byby hepatocyteshepatocytes

11.. FastingFasting HyperbilirubinemiaHyperbilirubinemia

 The fasting → lipolysis in adipocytes →↑[fatty acids] in the blood

→ interfere with Bu uptake by hepatocytes →[Bu]

 The interference is competitive because fatty acids and Bu binds

to the same cytoplasmic receptor proteins( Z-protein /fatty acid

and Y-protein / also known as glutathione S-transferase B)
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22.. DecreasedDecreased functionalfunctional hepatichepatic massesmasses

 A marked reduction in functional hepatocytes →↓ Bu uptake →↓

Bu conjugation ↓decreased Bc excretion

 Decreased Bu conjugation

 A marked reduction in functional mass would reduce Bu

conjugation.

 When cytoplasmic recptor proteins are saturated, the uptake of Bu

by hepatocytes decreases.
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Decreased Bc excretion

 Obstructive cholestasis ← obstructs bile flow (bile

canaliculi or bile ducts ( hepatic or posthepatic))

Lesions that impair bile flow include

hepatocellular swelling that compresses canliculi,hepatocellular swelling that compresses canliculi,

periportal lesions that compress bile ducts

 infections and other process that damage bile ducts

 blockage of bile ducts by stones, parasites or neoplasms
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 A persistently increased plasma [Bc] results in increased urinary

excretion of Bc (bilirubinuria)

 1. Increased [Bc] in systemic and thus sinusoidal blood saturates

bilirubin receptrors on hepatocytes, and thus Bu uptake is impaired

 2. With time, increased [Bc] leads to increased [Bu], but the [Bc] is

expected to remain greater than the [Bu]
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Other expected laboratory findings

 Increased serum activities of enzymes associated cholestasis (ALP

& GGT)

 Bilirubinuria
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Icterus index

 Definition: a value that represents an estimation of the yellow

discoloration of plasma caused by Hyperbilirubinemia

 Methods (analytical measurements)

1. Potassium dichromate method

 Comparing the color of a patient’s plasma to a set of standard Comparing the color of a patient’s plasma to a set of standard

solution containing potassium dichromate.

 The plasma of healthy herbivores is expected to be more yellow

because carotenoid pigments from plants

2. Icterus index determination by chemistry analyzer

3. Van den Bergh tests & 4. Urobilinogen test
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Principle of Van den Bergh tests

 Bilirubin from obstructive icterus (conjugated) reacts with

Ehrlich’sEhrlich’s diazoreagentdiazoreagent while serum with hemolytic jaundce (un

conjugated) requires alcoholalcohol additionaddition

 Comparison of results of the direct and indirect van den Bergh tests Comparison of results of the direct and indirect van den Bergh tests

is often significant in assisting to classifyclassify icterusicterus

 The indirect bilirubin value is calculated by subtracting the direct

bilirubin value from thethe totaltotal bilirubinbilirubin value
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Interpretation of the Van Den Bergh reaction

Dog. The percentage of conjugated or uncongugated bilirubin is more

important in interpretation of results than is the total concentration

of each

 Less than 20% conjugated bilirubin are indicative of hemolytic

diseases of dog

 If more than 40% of the total bilirubin is of the conjugate type

hepatocellular disease is probably present
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 Conjugated bilirubin levels 25-35% of the total may occur when

there is hemolysis plus hepatocellular disease

 Obstruction of the bile duct system (cholestasis) results in a

greater increase of conjugated bilirubin in the serum (55-90%)

 An additional factors that must be considered in interpretation of

bilirubin levels is the functional status of the kidney
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Horses- The greater portion of serum bilirubin found in horses with

either hemolytic or hepatic icterus is unconjugated

 Uncojugated bilirubin levels of up to 25mg/dl of serum may occur

in the liver disease in the equine

 If conjugated bilirubin is greater than 30% of a total serum

bilirubin cholestasis should be considred
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Urinary urobilinogen (Ehrlich’s Test)

Urobilinogen reabsorbed from the intestine & passes

unchanged via the liver & the general circulation →

kidney →via urine.

 It may be decreased in chronic disease (dilute it). It may be decreased in chronic disease (dilute it).

 It may also increase in association with hemolytic

diseases.
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B.  Bile Acid Production, Concentration and testsB.  Bile Acid Production, Concentration and tests

(Group(Group assignmentassignment andand presentation)presentation)

 Cholesterol (degraded) →10BA (cholic or chenodeoxycholic acid)

→ 10BA → conjugated to (10BAc)

 A 10BAc is secreted into the biliary system and transported via the

bile ducts to the intestine → Absorption by the intestinal mucosa

and entrance into the portal blood

 BA molecules that escape the enterohepatic circulation →via

glomerular filtration (excretion)
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Note:-

A)in health, the enterohepatic circulation enterohepatic circulation of bile acids is highly 

efficient, and nearly all bile salts excreted in bile are returned to 

the liver via intestinal absorption and portal flow

B) Ingestion of a meal →released cholecystokinin →gallbladder B) Ingestion of a meal →released cholecystokinin →gallbladder 

contraction after →  After intestinal absorption of BAs, the 

resulting higher [BA] in portal blood may exceeds the liver’s 

ability to extract BAs, and thus there is a postprandal increase in 

[BA] in systemic blood
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Hypercholemia - Increased bile acid concentration in serum or

plasma & is called hypercholemia

Fasting hypercholemia

 There are two major pathological process that increase serum

[BA] in fasting

1) Decreased BA clearance from portal blood1) Decreased BA clearance from portal blood

2) Decreased biliary excretion BA

Accordingly increased Fasting hypercholemia supports the

conclusion that an animal has decreased hepatobiliary function.
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Hypercholemia due to diseases (Diseases or conditions that cause an

increase [BA])

 Decreased BA clearance from portal blood

– Decreased functional hepatic mass: diffuse hepatocellular disease (decreased

uptake BA from the sinusoids blood because of decreased functional mass) or

– Decreased portal blood flow to the liver: congenital and acquired

portosystemic shuntsportosystemic shunts

 Decreased BA excretion in bile

• Obstructive cholestasis
– Hepatic cholestasis: lipidosis, diabetes, lymphoma

– Posthepatic cholestasis: cholangitis, bile duct carcinoma, liver flukes,
cholelithiasis, and cholecystitis
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Bile acid challenge test for dogs and cats

 Of the other tests, the serum bile acids test is the easiest to perform,

the most sensitive, and liver specific.

 Therefore the bile acids test has largely replaced BSP

(Sulfobromophthalein) and ammonia tolerance tests.(Sulfobromophthalein) and ammonia tolerance tests.
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Procedure

 A. fasting sample is collected from the dog or cat after 12hr fast.

Then, the animal is observed while it ingests food containing

protein and fat and then A 2hr latter postprandial sample is

collectedcollected

 An increase in [BA]>5μmol/L than normal range with fasting and

an increase in [BA]>10 μmol/L 2hr post prandial indicates liver

disease and/or portosysytemic shunt

5/11/2020 35



Clearance of foreign dyes from the serum

• Prior to availability of spectrophotometric assay for BA

• Sulfobromophthalein (BSF)- is widely used index of hepatic

function in domestic animals

• When injected intravenously this dye is taken up rapidly,

concentrated by the liver and excreted into the bileconcentrated by the liver and excreted into the bile

 Note: this dye compete for hepatic uptake with bilirubin and this

test is not indicted if there is icterus and high level of serum

bilirubin
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Interpretation

• Dog-

– Prolonged BSP retention dogs has been reported in hepatobiliary diseases

• Cow-the BSP clearance technique sufficiently sensitive to detect

the presence of hepatic disease
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2. Tests based on serum enzyme activity2. Tests based on serum enzyme activity
The major categories of enzymes used to evaluate liver disease

Two major categories 
 Leakage enzymes

 Cholestatic enzymes. 

Leakage enzymes → into the plasma ← hepatocyte injury / death  

Therefore, high activities in serum are an indication of hepatocellular injury.Therefore, high activities in serum are an indication of hepatocellular injury.

Commonly measured leakage enzymes
– Alanine aminotransferase (ALT; also alanine transaminase)

– Aspartate aminotransferase (AST; also aspartate transaminase)

– Sorbitol dehydrogenase (SDH)

– Lactate dehydrogenase (LDH)
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Serum enzymesSerum enzymes

• A large number of enzyme estimations are
available which are used to ascertain liver
function. They are be divided into two groups:

I: most commonly and routinely done in the 
laboratory.

Serum transaminase(ALT/AST) 

Serum alkaline phosphate(ALP)

II: not routinely done in the laboratory.
– Sorbitol dehydrogenase (SDH) A Reading assignment

– Lactate dehydrogenase (LDH)



Alkaline Alkaline phosphatasephosphatase (ALP)(ALP)

 ALP occurs in all tissues, especially liver

and bone.

The alkaline phosphatase test is often used

to help diagnose certain liver diseases andto help diagnose certain liver diseases and

bone disorders .



Mechanism of increase in ALP in liver disease:

• Increase in the activity of ALP in liver disease is
not due to hepatic cell disruption , nor to a failure
of clearance , but rather to increased synthesis of
hepatic ALP .

• The stimulus for this increased synthesis in• The stimulus for this increased synthesis in
patients with liver disease has been attributed to
bile duct obstruction by stone, tumors ,
intrahepatically by infiltrative disorders or space-
occupying lesions.



Cholestatic enzymes synthesis is increased ← bile retention or

administration of drugs.

 Bile retention usually results from intrahepatic or extrahepatic bile

duct obstruction.

 Commonly measured cholestatic enzymes include the following:

– Alkaline phosphatase (ALP)– Alkaline phosphatase (ALP)

– Gamma-glutamyltransferase (GGT)
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 Enzyme tests provide information about hepatocellular injury or

cholestasis but do not define how much functional liver is present.

 Therefore, specific liver function tests are needed to assess liver

function.
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3. Tests based on specific biochemical 3. Tests based on specific biochemical 
functionsfunctions

– Plasma proteins & analytical principles

– Total protein

Hepatic insufficiency (hepatic failure) & decreased 
protein synthesis

A marked reduction in functional hepatic mass (<20% A marked reduction in functional hepatic mass (<20% 
remaining) →↓ the synthesis of nearly all plasma 
proteins except immunoglobulin.

Disorders: Cirrhosis, hepatic necrosis, hepatic atrophy 
and neoplasms that damage liver extensively
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FormationFormation ofof prothrombinprothrombin byby liverliver

-Plasma proteins & analytical principles

-- TotalTotal protiensprotiens (Group(Group assignments)assignments)

At least 12 different proteins are involved in clotting.

Tests based on specific biochemical 
functions

At least 12 different proteins are involved in clotting.
Blood clotting factors are proteins made by the liver
and are associated with the incorporation of
vitamin K metabolites into a protein. When the liver
is significantly injured, these proteins are not
normally produced.



Prothrombin time (Prothrombin time (protimeprotime or PT)or PT)

★ Prothrombin is a plasma protein that is
converted into thrombin during blood clotting.

★ Prothrombin is formed in the liver from inactive
“preprothrombin” in presence of vitamin K.

in presence of vitamin K

ProthrombinProthrombin
Ca2+

thrombinthrombin



What is prothrombin time?

• Prothrombin time is measured as prothrombin
activity. The term prothrombin time was given to
time required for clotting to take place in plasma
to III factor and Ca+ have been added.

• ★ PT is used to assess the activity of extrinsic• ★ PT is used to assess the activity of extrinsic
blood clotting pathway .

• ★ PT is also a useful test of liver function, since
there is a good correlation between
abnormalities in coagulation measured by PT
and the degree of liver dysfunction.





INTESTINAL PROBLEMS PANCREATIC FUNCTION

TEST

Signs associated with GIT (intestines)

 The most common is diarrhea,diarrhea, which is an increase in the

frequency, volume, and consistency of bowel movements. Less

common signs includecommon signs include

 vomitingvomiting (although vomiting may be common in cats) especially

in cases of inflammatory bowel disease

 weightweight lossloss (with chronic diarrhea), melena, hematemesis,

polyphagia, coprophagia, pica, abdominal distention,

abdominal pain.



Malabsorption & maldigestion

 MalabsorptionMalabsorption is a failure to either digest or absorb nutrients.

Even though maldigestion is defined as a failure of food digestion

and malabsorption as a failure to absorb what was digested, the

differentiation between the two is somewhat subjective.differentiation between the two is somewhat subjective.

 For several authors, the global term malabsorption refers to a

process where food is eithereither notnot digesteddigested oror absorbedabsorbed properly.



Causes –divided into luminaluminal, mucosalmucosal, or postmucosalpostmucosal ( overlap

between categories).

•• LuminalLuminal causescauses - exocrine pancreatic insufficiency EPI/

cholestatic /liver disease, and small intestine bacterial overgrowth.

•• MucosalMucosal causescauses - villous atrophy, and inflammatory bowel•• MucosalMucosal causescauses - villous atrophy, and inflammatory bowel

disease .

•• PostmucosalPostmucosal causescauses -lymphangiectasia, and neoplasia.



Clinical signs expected in malabsorption

• The most common clinical sign of malabsorption is probably

chronic diarrhea associated with weight loss & malformed feces

(bulk, soft, abnormal)

• Vomiting may also be present. However, it is important to note that• Vomiting may also be present. However, it is important to note that

diarrhea is not always present in cases of malabsorption.

• Acute enteric diseases that causes diarrhea for few days causes

temporary malabsorption & are not tipically considred under

malabsorption



Clinicopathologic tests used to diagnose malabsorption

• Clinicopathologic tests for malabsorption depend on the suspected

underlying cause.

• The two most common broad causes are intestinal and pancreatic

problems .



Pancreatic function tests Pancreatic function tests 

Pancreas

• The pancreas is a compound gland. It is both an exocrine gland,

and an endocrine gland. The exocrine pancreas plays a crucial

role in food digestion by secreting digesting enzymes androle in food digestion by secreting digesting enzymes and

bicarbonate into the duodenum portion of the small intestine.

• The endocrine part of the pancreas is responsible for secreting

like insulin and glucagon, play an important role in plasma

glucose homeostasis.



What Is Exocrine Pancreatic Insufficiency?

• Exocrine pancreatic insufficiency (EPI) causes
problems in how the animal digest food. Their
pancreas doesn't make enough of the enzymes
that their body needs to break down and absorbthat their body needs to break down and absorb
nutrients.

• Enzymes speed up chemical reactions in their
body. The enzymes made by their pancreas
move into their small intestine, where they
help break down the food they eat.



• Exocrine pancreatic insufficiency (EPI) is
a condition characterized by deficiency of
the exocrine pancreatic enzymes, resulting
in the inability to digest food properly, or
maldigestion. The etiology of thismaldigestion. The etiology of this
deficiency includes both pancreatic and
non-pancreatic(Intestinal-problem)
causes.



• EPI occurs when the part of the pancreas (acinar
tissue) that produces digestive enzymes no
longer functions properly. As a result, the animal
can't digest its food.

• EPI is sometimes also referred to as PAA• EPI is sometimes also referred to as PAA
(Pancreatic Acinar Atrophy), Pancreatic
Hypoplasia, Malabsorption, or Malassimilation.



• The exocrine pancreas produces 3 main types of
enzymes: amylase, protease, and lipase. Under
normal physiologic conditions, the enzymes
(specifically, lipase) break undigested
triglycerides into fatty acids and monoglycerides,
which are then solubilized by bile salts.

• Because the exocrine pancreas retains a large
reserve capacity for enzyme secretion, fat
digestion is not clearly impaired until lipase
output decreases to below 10% of the normal
level.



• The diagnosis of exocrine pancreatic insufficiency
(EPI) is largely clinical. It may go undetected
because the signs and symptoms are similar to
those of other GI diseases or because the signs
and symptoms are not always evident, due to
dietary restrictions.dietary restrictions.

• A complete laboratory evaluation (including(including
pancreaticpancreatic functionfunction testing)testing) is required not only to
diagnose EPI but also to determine the extent of
the malabsorption and assess the manifestations
of the underlying disease.



causes of exocrine pancreatic insufficiency (EPI)

 Most common cause of EPI is chronic acinaracinar atrophy(idiopathicatrophy(idiopathic ).

 Genetic predisposition for an immune-mediated condition called

atrophic lymphocytic pancreatitis, resulting also in chronic acinar

atrophy.

 Pancreatic hypoplasia is a possible but rare cause of EPI in dogs.

 Chronic pancreatitis seems to be the major cause of

EPI.



Pancrititis- inflammmation

 In acute pancreatitis (mild edematous to severe necrotizing or

hemorrhagic) the release of cytoplasmic enzymes from the

damaged acini cells can result in:

– increased serum activity of AML, & LPS, [TLI] & increased urine &

plasma [TAP/trypsinogen activation peptode]plasma [TAP/trypsinogen activation peptode]

• Chronic pancreatitis- recurrent episode of acute pancrititis →

slow progressive destruction of pancratic acinar cells (common in

cats).



Intestinal malabsorption- could be localized or diffuse

 Involves malabsorption of many nutrients (sugars, proteins & fat)

 Specific diagnosis of suspected primary intestinal diseases usually

requires histologic examination of intestinal tissue & other tests

Eg. Tissue of intestinal disease.



Clinical signs expected in cases of EPI

DogsDogs - large volumes of semiformed feces or diarrhea, often

accompanied by weight loss and polyphagia ( although anorexia

and hyporexia may be).

 Feces can have a greasy or discolored appearance( not always

present).present).

 Coprophagia and pica may also be reported. Animals are rarely

depressed or lethargic.

CatsCats- signs are similar to dogs (vomiting and anorexia seem to be

more common in feline).



Clinical signsClinical signs

• Eating stools / feces (coprophagia)

• Eating non-food items (pica) Some EPI dogs will eat
sticks, stones, paper, dirt, their toys, etc.sticks, stones, paper, dirt, their toys, etc.

• Rapid weight loss: Normally occurs since the dog is
literally starving to death

• Diarrhea that won't go away Watery or very loose
diarrhea also occurs with some frequency.



Clinical signs of EPI can resemble with intestinal diseases

Tests used for diagnosis of EPI

• Tests include trypsin-like immunoreactivity (TLI),PLI, pancreatic

elastase, oral triglyceride challenge (corn oil) test,, tests for fecal

fat.

• serum amylase and lipase are unreliable indicators of pancreatic• serum amylase and lipase are unreliable indicators of pancreatic

function and should not be used to diagnose EPI



 Serum TLI is the most sensitive and specific test for exocrine

pancreatic insufficiency in dogs and cats.

 TLI assays are species specific, it is important to perform the tests

in veterinary and not human laboratories.

 Serum TLI measures the amount of trypsinogen that normally

leaks from the pancreas into the bloodstream.leaks from the pancreas into the bloodstream.

 Because trypsinogen is pancreas specific, the TLI test provides a

good indication of the pancreatic tissue function.

 Sensitivity and specificity for TLI in cases of EPI are reportedly

close to 100%.



TLI values expected at EPI

• Dogs: less than 2.5 μg/L (reference value 5-35 μg/L)

• Cats: less than 8 to 10 μg/L (reference value 17-49 μg/L)

• Tests for serum TLI concentrations considered diagnostic for

exocrine pancreatic insufficiency should be performed on an

animal that has been fasted for at least 12 hours



Pancreatic elastase Test in stools

– is used as a gold standard for exocrine pancreatic insufficiency

 Pancreatic elastase is a zymogen produced exclusively by

pancreatic acinar cells and eliminated in feces, and its value

should decrease in cases of EPI.

– This zymogen is very stable and is resistant to proteolytic degradation in

the gut.

– Determination of fecal elastase and chymotrypsin (2 proteases produced

by the pancreas) can be used to try to distinguish between pancreatic

causes and intestinal causes of malabsorption.

 Recently, a sandwiched-ELISA test has been developed for use in

dogs and shows very good sensitivity and specificity.



Gelatin (or x-ray film) fecal digestion

 Fecal proteolytic activity has been used for many years in

veterinary medicine. However, this measurement is plagued by:

– wide variation in results depending on the method used

– autodegradation of proteases during the interval between stool

sample collection and analysis is important.sample collection and analysis is important.

 The test is easy to perform but unfortunately is frequently

unreliable because this procedure does not seem to be standardized

among laboratories.



 Also, gelatin digestion is difficult to interpret, resulting in many

false results.

 False-positive -intestinal bacterial proteolytic activity.

 False-negative -a delay between sampling and analysis or from

severe diarrhea diluting pancreatic enzymes.



Oral triglyceride challenge (corn oil) test.

 The test is based on the assumption that dogs with EPI or primary

small intestinal disease will have fat malabsorption.

 Dogs are given corn oil orally after a 12-hour fast, and if either a

pancreatic or an intestinal problem is present, preprandial andpancreatic or an intestinal problem is present, preprandial and

postprandial serum triglyceride values should basically be the

same.

 The triglyceride challenge (corn oil) test does not seem to be used

in cats.



 When the test is repeated with pancreatic enzyme supplementation,

postprandial triglycerides should increase at least twofold over

baseline values if the animal has EPI.

 Unfortunately, false-positive and false negative results are possible,

and the corn oil test should not be used to confirm EPI.and the corn oil test should not be used to confirm EPI.



Fecal fat tests and results interpretation

 Tests for fecal fat can be either qualitative or quantitative.

 The test should be standardized by feeding the animal a diet

containing moderate amount of fat (about 8%) for at least 48 to 72

hours before analysis and by analyzing at least two fecal samples.hours before analysis and by analyzing at least two fecal samples.



Qualitative fecal fat testing can be divided into direct and indirect

tests.

• The direct test detects undigested fecal fats

• The indirect test detects split fats (e.g., fatty acids).• The indirect test detects split fats (e.g., fatty acids).



 The direct test is performed by placing a small piece of fresh feces

on a microscope slide mixed with a drop of SudanSudan IIIIII oror IVIV,

placing a coverslip, and examining at 1010××.

 Positive results show more than three large, refractile orange

droplets per field at low magnification.droplets per field at low magnification.



 The indirect test is performed by adding 1 or 2 drops of glacial

acetic acid to the edge of the coverslip of the slide used for the

direct test.

 The slide is then heated to near boiling, and heating is stopped

when a few bubbles start to appear underneath the coverslip.when a few bubbles start to appear underneath the coverslip.

 The slide is examined under the microscope when still warm. Heat

and acetic acid convert fecal soaps into insoluble free fatty acids

that aggregate into large globules.



 Dogs with intestinal malabsorption should have more than three

globules per field at low magnification.

• Theoretically:

– animals with EPI should be positive for both the direct and indirect tests

– whereas intestinal problems should result only in a positive indirect test

 Practically, however, the fecal fat test does not seem to

differentiate between pancreatic and intestinal causes of

steatorrhea in either dogs or cats.



 The quantitative fecal test is rarely used because it is time

consuming, expensive, and unpleasant (feces collected for 72

hours).

 Fecal fat tests cannot be used for a final diagnosis or even

recommended as a screening test for EPI.recommended as a screening test for EPI.



Tests for intestinal malabsorption

• If EPI has been ruled out based on laboratory testing, and now

small intestinal disease is suspected, the following tests can be

used

• If parasites (fecal examination), systemic diseases and intestinal

accidents (radiography, ultrasound) have been ruled out, moreaccidents (radiography, ultrasound) have been ruled out, more

specific tests are required.

• These tests may include D-xylose absorption, combined

xylose/3-O-methyl-D-glucose, oral trigylceride challenge

(discussed earlier with EPI),



• Fecal fat excretion (described with EPI), and serum folate and

cobalamin (vitamin B12) concentrations should be tested

D-xylose absorption test

• D-xylose is an exogenous pentose sugar that is absorbed by the

small intestine through carrier-mediated transport.

• It is not metabolized after absorption, however, and is excreted

intact in the urine.

• The test is performed by measuring either blood xylose after 3

hours or its urinary excretion after 5 hours



• If the 72-hour fecal fat collection results
demonstrate fat malabsorption, the D-xylose test
is used to document the integrityintegrity ofof thethe intestinalintestinal
mucosamucosa..

• If absorption of D-xylose is impaired by either a
luminal factor (eg, bacterial overgrowth) or a
reduced or damaged mucosal surface area (eg,reduced or damaged mucosal surface area (eg,
from surgical resection or celiac disease), urinary
excretion will be lower than normal.

• Cases of pancreatic insufficiency usually result in
normal urinary excretion because absorption of
D-xylose is still intact.



PleasePlease discussdiscuss thethe typestypes ofof samplesample collectioncollection andand
relatedrelated teststests betterbetter usedused forfor thisthis animal?animal? AndAnd alsoalso
writewrite thethe clinicalclinical signssigns andand diseasesdiseases youyou expectexpect ((55%%))..
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KLIM FO NOITANIMAXE  

 .elttac hclim fo noitidnoc nommoc a si tI .dnalg yrammam fo noitammalfni si sititsaM

 eb ylisae nac esaesid fo mrof lacinilC .lacinilc bus dna lacinilc otni deifissalc eb nac sititsaM

 yb demrof sekalf ro stolc eht yb dezingocer  .klim eht otni evom taht sllec citamos snoillim

 ton era noitammalfni fo ngis ssorg esuaceb decitonnu sniamer mrof lacinilc bus revewoH

 naht tnatropmi erom raf si )MCS( sititsam lacinilc buS .lamron raeppa reddu dna kliM .devresbo

:esuaceb mrof lacinilc  

  tI .srucco skaerb tuo sititsam nehw melborp dreh fo sisab eht yllausu si  

 .mrof lacinilc eht sedecerp yllausu tI  

 .yllacitsard dleiy klim secuder tI  

 .)sraey neve ro shtnom( noitarud gnol sah tI  

 51 si tI -  mrof lacinilc naht tnelaverp erom semit 04  

 

SISONGAID  - C  ssorg era ereht sa  ,ylisae enod eb nac sititsam enivob etuca fo sisongaid lacinil

bus fo noitceted ,revewoH .klim ni seitilamronba -  citsongaid elbailer emos yb sititsam lacinilc

ilbatse ot yevrus dreh yna fo trap tnatropmi na si tub tluciffid erom si tset  .ecnedicni esaesid hs

 klim lamronba fo noitceted eht no sisahpme gnisaercnI  egral a fo tnempoleved eht ni detluser sah

 ezingocer ot dezilitu stset tceridni fo rebmun the rp e es n  dna setaduxe yrotammalfni fo ec c le l  ni s

m kra e V .klim t e niret ra  modles era snai  tekram fo snoitaulave eseht ni etapicitrap ot nopu dellac

,klim   ot si melborp rieht sa tceted a taert , n  rieht rednu sdreh yriad ni sesaesid tneverp d

 .noisivrepus   

 fo sisongaid ni desu stset bal suoirav ehT  sititsam ipocsorcim ,lacimehc otni dedivid eb yam  dna c

S .erutluc emo   tset  .yrotarobal eht ni edam eb tsum rehto saerehw ,dleif eht ni detcudnoc eb yam s

 era taht stset ot denifnoc eb lliw noissucsid ruO  dna lacinilc fo noitceted eht rof yllapicnirp desu

 lacinilcbus m M .sititsa a t stset gnineercs eht fo yn  rof yliramirp depoleved neeb evah tah

 .dedulcni ton era selpmas klub ni klim sititsam fo noitceted yrotarobal  

noitanimaxe lacisyhP .1   reddu fo -   .gniklim retfa yletaidemmi reddu ytpme no detcudnoc tseB

f sdnah htob neewteb detaplap ylluferac si dnalg ehT  stcud fo sgninekciht ,gninedrah ,yhporta ro

.sisorbif dna  
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.2   kliM - tset puc pirtS :  kcalb talf gnivah puc a fo ecafrus eht ot deklim si klim fo smaerts tsriF

 ro sseniretaw ,sekalf ,stolc fo ecneserp eht rof denimaxe dna citsalp ro latem fo etalp

:sa hcus sesoprup lufesu fo rebmun a sevres puc pirts ehT. noitarolocsid   .i  fo noitceted ehT

 klim lamronba  .ii  ,nwod tel klim rof gnitalumits ni spleh klim tsrif eht fo lavomeR                                 

 .iii  fo smaerts  wef tsrif eht ecnis tnuoc lairetcab fo gnirewol ot sdael smaerts tsrif fo gnidracsiD

o rebmun tsegral eht sah ylnommoc klim .klim fo .lm rep airetcab f  

 .2 stseT lacimehC  –  eht nopu sdneped sititsam gnisongaid rof stset lacimehc eht fo ytirojam ehT

 ecniS .sititsam rof stset tceridni era suht dna noitisopmoc klim ni seitilamronba fo noitartsnomed

desab si tset tceridni fo esu eht   selpmas ,klim eht ni secnatsbus lamronba fo noitartsnomed eht no

 .ylevitisop tcaer yllausu lliw sititsam lacinilc htiw slamina morf  segnahc lamronba ,revewoH

 tsom nI .noitcefni reddu na gnivah swoc lla fo klim eht ni ytiraluger htiw raeppa ton yam

cnatsni  taht etacidni ton seod tset evitagen a tub ,retrauq detcefni na setacidni tset evitisop a ,se

 si noitcefni reddu gnitceted rof dohtem evitisop ylno ehT .detcefni ton si retrauq eht

 .elpmas detcelloc ylreporp a fo noitanimaxe lacigoloiretcab  

ommoc tsom ehT  ,noitanimreted Hp edulcni sititsam fo ecnetsixe eht  rof stset tceridni desu yln

 siht fo noitairav a ro tset sititsam ainrofilaC eht dna stset edisetihW dna esalatac ,edirolhc dna

  .euqinhcet   

 .1  noitanimreted Hp - 4.6 morf seirav klim lamron fo Hp ehT - 6  .8. ititsam morf kliM s  si reddu

 .noitammalfni fo ytireves eht nopu gnidneped ytinilakla fo eerged eht htiw ,enilakla yllamronba

 .4.7 sa hgih sa Hp evah yam klim lamronbA  ralucsav desaercni eud ,reddu sititsam a nI

obracib ni segnahc era ereht ,ytilibaemrep  eb nac sihT .klim ni noitartnecnoc edirolhc ,etan

eulb lomyhtomorb fo pleh eht htiw detceted  .stset )PCB( elprup losercomorb dna )BTB(  

  fo noitcaer ehT  klim  tsom eht ,sdohtem tnereffid lareves yb denimreted eb yam

t srotacidni fo esu eht si hcihw fo nommoc  dluohs Hp ehT .Hp lamron raen ro ta roloc egnahc tah

42 rof pmet rotaregirfer ta dleh klim hguohtla ,klim nward ylhserf no denimreted eb -  yam srh84

 elbatius ton era airetcab fo .on egral a gniniatnoc selpmas ro elpmas klim detanimatnoC .desu eb

gnitset  rof  esotcal sa ,srh wef a rof .pmet mraw a ot desopxe gnieb retfa -   airetcab gnitnemref

  .Hp retla  yb klim fo Hp eht gnitceted rof desived neeb evah stset laicremmoc lareveS

u era srettolb tset esehT .rotacidni na htiw repap retlif yvaeh tnebrosba gnitangerpmi  eht ni des

 .egnahc roloc eht gniton dna rotacidni fo tops eht no klim fo ytitnauq llams a gnicalp yb dleif

 ebut tset a ni  decalp era eyd fo seititnauq llams hcihw ni esoht sa etarucca ton era stset esehT
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etla ,euqinhcet rettal eht htiW .dedda klim eht dna  .elbinrecsid ylisae erom era roloc ni snoitar

 eht rof desu ylediw neeb evah )PCB( elprup losercomorb dna )BTB( eulb lomyhtomorb htoB

 .klim cititsam ni snoitaretla Hp fo noitceted  

 eulb lomyhtomorB  )BTB( :tset   eulb lomyhtomorB :tnegaeR – HOaN 001/N  ,mg 1 -  ,lm 061

 retaw dellitsiD -  .lm 095  si tnegaer siht fo lm enO ettepip d  otni a 8 fo yticapac a gnivah ebut tset -

 sebut ,yltneinevnoc erom ro ettepip a htiw dedda si elttob elpmas a morf klim fo lm eviF .lm 51

6 eht ot dekram eb yam - aht ot dellif dna level lm  dellif era sebut fI .reddu eht morf yltcerid kram t

 ot dedda si eulb lomyhtomorb nehW .gnimaof diova ot nekat eb dluohs erac ,reddu morf yltcerid

 detcefni na morf klim lamronba gniniatnoc elpmas a tub ,sraeppa roloc wolley a ,klim lamron

 eb lliw retrauq rg /neerg krad/nee  .ytinilakla fo tnuoma eht nopu gnidneped ,eulbhsineerg

B eul roloc neerghsiulb/   .sititsam fo evitacidni si  eht ot eud si si ytinilakla ni esaercni sihT

doolb morf devired stlas enilakla fo stnuoma egral yllausunu gniniatnoc etaduxe fo ecneserp   dna

 yam noitatcal fo segats etal ni swoc sa segnahc Hp gniterpretni ni nekat eb tsum eraC .hpmyl

eslaf evig -  .noitcaer evitisop  naht enilakla erom yllamron gnieb noitatcal fo egats siht ta kliM

etla etacidni lliw tset sihT .noitatcal fo segats rehto gnirud  ro etuca tsom htiw detaicossa snoitar

 eb ot egnahc Hp tneiciffus eb ton yam ereht snoitidnoc cinorhc ni tuB .sititsam fo sesac etucabus

 ton si setaduxe taht taht noitammalfni evitca elttil os si ereht ,sititsam cinorhc nI .detceted

s ytitnauq a ni decudorp  .egnahc Hp a esuac ot tneiciffu  

 pirts roF .klim fo spord thgie ot dedda si tnegaer fo pord eno ,etalp no tset eht gnimrofrep roF

 siht no desu era spord klim eht dna noitulos rotacidni eht ni detangerpmi era spirts repap ,tset

ehT .sititsam tceted ot pirts   fo smrof lla fo noitceted rof evitisnes yltneiciffus ton era stset Hp

.sititsam fo segats dna sititsam  

elprup losercomorB  ( stset )PCB -  gninimreted rof BTB sa rennam emas eht ni desu si PCB(

 egnar Hp a ni wolley gnimoceb fo egatnavda eht sah PCB  .Hp klim  suht dna 2.5 woleb

 taht os tset sitoH eht ni desu si rotacidni siht ,noitidda nI .detceted eb yam klim dica yllamronba

 .denibmoc yltneinevnoc eb yam tset sitoH eht dna PCB gnisu noitanimreted Hp a  sti roF

 ni evlossid dna mg9.0 redwop PCB ekaT :noitaraperp  .retaw dellitsid fo lm 001   tset eht htob nI

 si tset sitoH fI .klim fo lm 5.9 ot dedda si noitulos PCB fo lm5.0 ,noitanimreted sitoH dna Hp rof

 htiW .klim fo noitidda ot roirp ebut tset eht ni dezilirets eb dluohs PCB eht ,detcudnoc eb ot

idda ,klim lamron hsiyarg elap a secudorp noitulos PCB fo noit - roloc elprup  lamronba saerehw ,
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 eht htiw gniyrav roloc fo ytisnetni eht ,ytinilakla desaercni htiw elprup peed a emoceb klim

 .ytinilakla fo eerged  

netsixe eht gnitceted ni eulav detimil fo si Hp fo noitanimreteD  dna ,noitammalfni reddu fo ec

 .noitanimreted Hp eht decalper ,trap tsom eht rof ,evah stset gnineercs rehto  

 .2 tset edirolhC  -    fo ytitnauq lamronba na fo noitanimreted eht nopu tnedneped si tset sihT

:sa si tset edirolhc ni desu snoitulos eht fo noitisopmoC .klim eht ni edirolhc  

:A noituloS   :snoitulos tset edirolhC          etartin revliS  - g5143.1  

           retaw dellitsiD  - lm 0.0001  

B noituloS       etamorhc muissatoP  - g0.01  

      retaw dellitsiD   -  lm 0.001  

 80.0 sniatnoc klim lamroN -  fo ytitnauq retaerg a sniatnoc klim lamronbA .edirolhc %41.0

.setaduxe yrotammalfni fo ecneserp eht fo esuaceb edirolhc  T tnoc setaduxe eseh  a nia

 a ni tluser lliw klim ni etaduxe fo tnuoma llams a neve dna ,edirolhc fo tnuoma elbaredisnoc

 ,klim fo lm 1 ot noitulos etartin revlis fo lm 5 gnidda yb detcudnoc si tseT .tset edirolhc evitisop

ulos etamorhc top fo spord 2 fo noitidda eht yb dewollof  .ebut eht fo noisrevni yb gnixim dna noit

tneserp era sedirolhc %41.0 naht erom taht setacidni roloc wolley a fo ecnaraeppa ehT   eht ni

 swoC .tnuoma taht naht ssel sniatnoc elpmas eht taht setacidni roloc der hsinworb a dnA .elpmas

l etal ro ylrae rehtie ni  lamron fo esuaceb tset edirolhc ot noitcaer evitisop eslaf evig yam noitatca

  .reddu eht fo sessecorp lacigoloisyhp  

:)TMC( tset sititsam ainrofilaC .3  .tset gnineercs dipar ,evisnepxeni ,elpmis a si TMC ehT   ekiL

 ,tset edisetihw   yticificeps a sah tI l rof  setycocue .klim eht ni   na fo stsisnoc desu tnegaer ehT

 .elprup losercomorB ,rotacidni na dna tnega evitca ecafrus cinoina   citsalp etihw a tset siht nI

 .desu si nward eb yam klim hcihw otni spuc/selcatpecer 4 htiw elddap  CCS eht stcelfer TMC

etarucca etiuq .noitcefni fo ytireves eht fo rotacidni elbailer si dna yl  CM  T  tnegaer  na ni dedda si

 ot  ytitnauq lauqe  klim  dna klim eht sa dedarg era dna yletaidemmi rucco snoitcaeR .puc hcae ni

.elddap fo noitom ralucric yltneg a yb dexim era tnegaer  oc llec latot ehT  detcelfer si klim fo tnu
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 yb eht   .srucco taht noitamrof leg ro noitatipicerp fo eerged   ehT  htiw detaicossa egnahc Hp

elprup losercomorb htiw noitcaer roloc a yb detacidni si klim lamronba   .tnegaer TMC ni tneserp  

 TMC ma  y desu eb   erof htiw  klim  ro  ot elbacilppa osla si tI .sdnalg laudividni morf sgnippirts

klub ot dna swoc cititsam rof sdreh fo gnineercs dipar rof klim tekcub  klim   ot dereviled sa

 .noitcefni reddu fo eerged hgih a evah taht sdreh fo noitceles rof rossecorp  ssenetairporppa ehT

ulav ro  tsrif eht ni woC .sesaercni ezis dreh eht sa sesaerced klim klub fo noitaulave TMC fo e

  .noitcaer evitisop eslaf evig yam noitatcal fo egats tsal eht dna gnivlac retfa syad wef                     

swollof sa derocs era snoitcaer TMC : 

 evitageN – rutxim ehT .etatipicerp a fo noitamrof fo ecnedive on htiw diuqil sniamer e  

 ecarT –  .elddap eht fo stnemevom deunitnoc htiw raeppasid ot sdnet taht etatipicerp thgils A  

  .noitamrof leg drawot  ycnednet on tub etatipicerp tcnitsid A     +1  

  +2   snekciht erutxim ehT   si erutxim eht sA .noitamrof leg fo noitseggus a htiw ,yletaidemmi

 fo egde retuo eht fo mottob eht gnivael ,ertnec eht sdrawot ni evom ot sdnet ti ,lriws ot desuac

tob eht gnirevoc ,niaga tuo slevel erutxim eht ,deppots si noitom eht nehW .desopxe puc eht  mot

 .puc eht fo   

 A   +3  a gnilriws gnirud dna elddap fo mottob eht ot erehda ot sdnet taht noitamrof leg tcnitsid

 a yb detacidni si klim enilaklA .smrof kaep lartnec tcnitsid p  nehw desu si hcihw ,ngis sul ht  e

sid si erutxim t cni t i sa elprup yl dn c yb detaci  klim dica rof Y lobmys ehT .roloc elprup gnitsartno

 .wolley semoceb elprup losercomorb nehw desu si   

tnuoc llec citamoS dna erocs TMC neewteb pihsnoitaleR  

erocs TMC fo noitalerroc serocs tset sititsam ainrofilaC  

tnuoc llec citamoS htiW  

erocS TMC   citamoS egnar llec  

)N( lamroN          0 – 000,00,2  

)T(secarT         000,00,2 – 000,00,4  
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1        000,00,4 – 000,00,21  

2       000,00,21 – 000,00,05  

3     000,00,05 revO  

 

.4   :tset edis etihw deifidoM   fo rebmun fo noitacidni tceridni na sevig osla tset sihT

.klim ni sllec yrotammalfni   ,dnuorgkcab kcalb htiw puc ro etalp A :edulcni stnemeriuqer tseT

 ”6 kcits rotacilppa nedoow mils a ,ettepip ruetsaP ro reppord ,noitulos %4 edixordyh muidoS

g a dna ,ezis  .stluser fo noitaterpretni dna noitavresbo rof ecruos thgil doo  ,tset eht mrofrep oT  

.i  .gnikahs tneloiv diova ot luferac gnieb ,elpmas klim laudividni hcae xim ylhguorohT   

.ii   revo klim fo gnidaerps diovA .dnuorgkcab kcalb htiw etalp ssalg a no klim fo spord 5 ecalP

  .tluciffid evorp yam tnegaer htiw gnixim reporp sa ,aera taerg oot  

.iii  a era noitulos HOaN %4 fo spord owT d  eht ot ded klim   na htiw derrits si erutxim dna

acilppa 02 rof kcits rot -  .ces 52  

.vi   woc a morf kliM .HOaN fo noitidda eht retfa egnahc on evah lliw lamina lamron morf kliM

 lamina a morf taht tub ,dicsiv dna kciht emoceb lliw sititsam etucabus ro etuca morf gnireffus

cinorhc htiw   wef a ylno evah yam ,sititsam   .sekalf etihw  

stset yrotarobaL  

  :)CCS( tnuoc llec citamoS  .1  na sa setycokuel tceted ot demrofrep si tnuoc llec citamoS

 emoS .klim fo ytilibatpecca tekram dna ytilauq eht fo erusaem a sa osla dna sititsam fo rotacidni

edulcni era syawla sllec ydob rehto  .etarucca eb ot desu si CCS mret eht oS .tset siht ni d

 tnacifingis fo evitseggus si klim dreh dexim fo lm rep sllec scal evif naht erom fo ecneserP

 knat klub eht morf klim no nur eb nac stnuoc llec citamoS .dreh nevig a ni sititsam fo ecnedicni

idni siht(  elbissop htiw woc cificeps a stceted( swoc laudividni morf ro )sutats sititsam dreh setac

 evitacidni ton era klim fo lm/sllec 000,002 ot 000,001 naht ssel fo stnuoc llec citamoS .)sititsam

tcab a taht ecnahc eht seod os esaercni stnuoc llec sA .sititsam fo   .tneserp si noitcefni laire  
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 .3  klim fo noitanimaxe larutluC   -  rof tset cificeps a si klim fo noitanimaxe lacigoloiretcaB

bus fo sisongaid -  .tnega evitasuac cificeps seifitnedi ti sa sititsam lacinilc  fo noitcelloc reporP

 rof laitnesse si selpmas klim  rof klim ehT .snoitcefni yrammamartni fo sisongaid etarucca

:swollof sa dehctapsid dna detcelloc eb dluohs sititsam rof gnitset larutluc  

noitcelloc elpmaS  –  tnega evitasuac sti fo noitacifitnedi dna sititsam fo sisongaid etulosba ecniS

osi eht no desab era  dluohs noitanimaxe bal rof snemiceps lla ,airetcab fo noitacifitnedi dna noital

 fo stsisnoc dluohs elpmaS .elbissop sa noitanimatnoc elttil sa taht os rennam hcus ni detcelloc eb

ferp si klim eroF .gniklim raluger a gniwollof srh 6 tsael ta nekat klim erof  wef tsrif eht sa ,derre

 .lamronba yaw yna ni si reddu eht fi egnahc tsetaerg eht evah yllausu lliw klim fo sretilillim

 :swollof sa yllacidohtem detcelloc eb dluohs elpmaS  

  .retaw dna paos htiw sdnah hsaW  

 sool ,trid yna ffo gnihsurb yb llew reddu eht naelC  ot gnignilc si taht dum ro warts e

.niks eht  

  .noitulos tnatcefnisid a ni dekaos htolc naelc a htiw ylhguoroht reddu eht hsaW  

  tirips/noitulos enidoi fo erutcnit htiw ecifiro taet eht taert dna ,yrd ot reddu eht wollA

 .yrd ot ti wolla dna  lohocla %07 ro  

 W  morf retrauq dna woc ot sa sebut eht lebal ,gniyrd si enidoi fo erutcnit eht elih

 sebut eht lebal ot si desu ylnommoc  erudecorp enO .nekat eb lliw elpmas eht hcihw

 thgir rof( FR dna FL ,HL ,HR slobmys eht yb  erof  thgir dna erof tfel ,dnih tfel ,dnih

rauq )sret  yb dezilirets eb dluohs snemiceps gnitcelloc rof desu sebut tseT .

wercs llamS .gnivalcotua -  gnilebal rof desu eb nac taht aera detsorf a htiw slaiv pac

 .derreferp era  

 us ni sregnif eht neewteb dleh dna devomer ylluferac si ebut elirets eht fo pac ehT  a hc

 a ta dleh eb dluohs sebut ehT .drawnwod gnicaf si pac eht fo edisni eht taht rennam

 ot redro nI .selcitrap gnillaf yb elpmas eht fo noitanimatnoc tneverp ot elgna thgils

eht ni detcelloc eb dluohs snemiceps eht ,ecifiro taet eht fo noitanimatnoc diova  

 htiw tcatnoc ni emoc ot gnihtyna wolla ton oD .FR dna HR ,HL ,FL :redro gniwollof

.ebut eht fo htuom eht  
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  eht esolC .redro nevig eht ni gnitrats ,retrauq hcae morf klim fo smaerts 2 ot 1 tcelloC

 .staet eht htaeneb morf ti gnivomer erofeb reniatnoc  

  eht ot noitatropsnart rof selpmas eht etaregirfer ,noitcelloc gniwollof yletaidemmI

 .nosaes remmus ni ylralucitrap eci no ylbareferp( .yrotarobaL citsongaid tseraen

.)sruoh 42 rof detaregirfer eb nac selpmaS  

 lloc ot yrassecen eb ton yam ti ,syevrus dreh nI  dna selpmas retrauq laudividni tce

 fo lm 5 tsael ta elpmas etisopmoc a gnitcelloc nI .desu eb yam selpmas etisopmoc

 diova ot luferac eb dluohs rotcelloc eht ,retrauq hcae morf detcelloc eb dluohs klim

 .noitanimatnoc  

 :noitanimaxe larutluc fo snoitatimiL  i  .  fo noitcelloc rof deriuqer era snoitidnoc citpesa tcirtS

.selpmas klim   .iI .deriuqer era seitilicaf yrotarobal cificepS   .iiI .evisnepxe dna gnimusnoc emiT  

 AIDEM ERUTLUC CISAB                            

htorb tneirtuN  rof elbatius muidem esoprup lareneg ,  smsinagro suoiditsaf ssel fo noitavitluc eht

.serutluc kcots dna   : fo stsisnoc tI tcartxe feeB  - g 01  ; enotpeP  - g 01  ;  .doS C edirolh - g 5  ; .W.D - 

lm 0001  . retaw ni stneidergni eht evlossiD  ,   ta evalcotua eht ni ezilirets yllanif dna 6.7 Hp tsujda

 rof bl 51 .nim 51   

raga tneirtuN   5.1 htiw dellej htorb tneirtun si - .raga %2                  

,raga doolB   stca osla dna smsinagro suoiditsaf tsom fo htworg eht rof elbatius aidem hcirne na

tneirtun rof sa deecorp aidem fo noitaraperp roF .sisylomeh fo rotacidni na sa   retfA .raga

05 ot raga detlem looc ,noitazilirets 0  C & peehs detanirbifed % 5 dda /  ylluferac xim ,doolb flac

.sehsid irteP ni etubirtsid dna   

 ,raga s’yeknoCcaM a non dna retnemref esotcal neewteb hsiugnitsid hcihw aidem laitnereffid -

 .retnemref esotcal  : fo stsisnoc tI  .doS T etalohcorua - g 5  ; enotpeP - g 02  ; edirolhc .doS  g 5  ;

.W.D  - lm 0001  . .retlif dna looc ,0.8 Hp tsujda dna retaw ni stneidergni eht evlossiD                                  

muidem s’drawdE  – ofiloC dna iccocolyhpatS stibihni muidem sihT  ylidaer era airetcab mr

 ecudorp iccocotpertS fo sps suoiraV .seinoloc kcalb citsiretcarahc rieht yb dehsiugnitsid

eaitcalaga succocotpertS :sa seinoloc citsiretcarahc - yarG -  eaitcalagsyd uccocotpertS ,ynoloc eulb

- hsiyarg ro yarG -  sirebu succocotpertS ,seinoloc eulb –  teV ,ecneirepxe yb fI .seinoloc nworb

 .noitalosi rof desu eb nac muidem siht ,dreh ni melborp a era iccocotperts taht swonk                                                                                                                                                             
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ediza muidoS - raga doolB teloiv latsyrc  –  airetcab lla tsomla fo htworg stibihni muidem sihT

 .selpmas detanimatnoc yldab gnirutluc rof desu ylralucitrap dna iccocotpertS tpecxe

tS  fo citsiretcarahc sisylomeh fo tnuoma gniyrav evah dna llams etiuq era seinoloc succocotper

 evitceles no worg osla lliw iccocorcim fo sps niatrec ,iccocotperts ot noitidda nI .sps rieht

.muidem                                                                                              

raga tlaS  -  evitceles a sekam ,%5.7 fo cnoc a ta aidem nommoc yna ot dedda si edirolhc muidoS

 tub %5.7 sa hgih sa tlas fo cnoc a yb detibihni ton era hcihw ,iccocolyhpats fo noitalosi rof aidem

worg ot liaf airetcab rehto tsom  yb deifitnedi eb tsum raga tlas no gniraeppa ynoloc ynA .

 si noitcefni laccocolyhpats fo sisongaid erofeb noitcudorp esalugaoc dna sisylomeh ,gniniats

  .edam                                                                                                                                    

enicylG - raga etirulleT  –  tub worg ot iccocolyhpats wolla lliw taht aidem evitceles a osla si

enicylg fo ecafrus eht nO .smsinagro rehto ynam stibihni -  ,raga etirullet  sa raeppa iccocolyhpats

gro rehto saerehw ,seinoloc kcalb  .ynoloc sselroloc ot raelc a ecudorp smsina  

 noitabucni retfa setalp erutluc fo noitanimaxE -  yb denimaxe era serutluc ,noitabucni retfA

 ynoloc elgnis morf edam era sraemS .deton si ygolohprom ynoloc fo noitpircsed dna seye dekan

 eht nO  .deniats marG dna  won ,ygolohprom dna noitcaer s’marG ,scitsiretcarahc ynoloc fo sisab

.smsinagro eseht noitacifitnedi lanif rof yrassecen era stset rehtruf tahw ediced ot elbissop si ti  

s derutluc bus era gnitset ytilibitpecsus ro gnitset lacimehcoib eriuqer taht smsinagrO  eseht taht o

 .erutluc erup deetnaraug a no demrofrep eb nac stset   

TSET SITOH  –  .elpmas klim a fo noitidnoc eht gnidrager noitamrofni elbaredisnoc sedivorp ti

 fo lm 5.0 gniniatnoc ebut tset elirets a ni detcelloc eb dluohs tset sitoH rof )lm5.9( kliM

 :edam eb yam snoitavresbo gniwolloF .elprup losercomorb                      

 .1 fo Hp   .klim fo noitidda retfa decudorp roloc eht gniton yb denimreted eb yam klim                     

 .2   .smsinagro cinegohtap fo noitalosi eht rof desu eb yam elpmas klim fo noitrop A                   

 .3 tabucni na fo noitanimaxe rof dezilitu eb yam klim ehT .elpmas de                      

 .4 .edam eb yam tnuoc etycocuel tcerid A                                                                                                   

 .5 cocolyhpats dna iccocotperts fo ecneserp eht gninimreted lufesu si flesti tset sitoH  .ic  

 si elpmas eht ,elprup losercomorb fo lm5.0 ni klim fo lm5.9 fo noitcelloc eht gniwolloF

73 ta detabucni 0  smsinagro fo seinoloc wolley yranac fo ecnaraeppa ehT .srh 42 rof C  eht gnola

uccocotperts fo ecneserp eht setacidni emottob eht no roebut fo sedis  .elpmas eht ni eaitcalaga s
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 ,eborcim siht fo noitca eht yb esotcal klim morf dica fo noitcudorp ot eud si egnahc roloc sihT

 84 rehtona rof detabucni si elpmas fI .ebut fo mottob ro sedis eht no mrof ynoloc ni  worg hcihw

olley nrut netfo elpmas eritne ,srh  .w  

 msinagro ehT .sebut lla ton tub , emos ni egnahc citsiretcarahc a secudorp suerua succocolyhpatS

tsur a gnicudorp ,seinoloc detanitulgga llams ni worg -  osla yam msinagro sihT .roloc nworb

 fo ecneserp eht fI .klim tsegid hpatS succocoly  suerua  etcepsus si  rof detabucni eb yam elpmas ,d

 .msinagro siht htiw snoitcaer evitisop fo % rehgih sdleiy noitabucni degnolorp hcuS .srh 27  

 fo noitanibmoc a ,detanimatnoc si elpmas ro tneserp si msinagro fo epyt eno naht erom fI

 lacipyt eht erucsbo yam segnahc  tset sitoH  seuqinhcet rehto ,srucco egnahc a hcus fI .noitcaer

 etarucca a ekam ot desu eb tsum noitanimaxe erutluc ro noitanimaxe raems tcerid sa hcus

 .sisongaid  

 

diulF lanipsorbereC fo noitanimaxE  

                           :si ereht revenehw detacidni era FSC fo noitanimaxe yrotarobal dna lavomeR

 gnitseggus ecnedive lacinilc .i esaesid SNC     i  sgnis lacinilc noitaivella rof FSC fo lavomeR .i

erp lainarc artni fo noitamitsE .iii    sredrosid SNC htiw  noitcudortnI .vi  retemonam gnisu eruss

 mures ,sgurd gnitcejni yb sesaesid fo tnemtaert roF .v   SNC fo maxe cihpargoidar rof lairetam fo

 .scitehtseana ro   

 .sesaesiD laminA gnisongaid ni maxe FSC fo esu tuoba  tsixe stroper wef ,ecitcarP yranireteV nI

noC  snoitacidni art  rof edam eb ot si erutcnup erehw aera revo stsixe noitcefni niks dezilacol a fI :

 .FSC fo noitcelloc  

 ehT .FSC eht ni segnahc esuac ylmrofinu ro yltnetsisnoc ton od SNC eht gnivlovni snoiseL

 sisylana FSC fo stluser  dna ,esaesid cigoloruen fo secnatsni ynam ni stimil lamron nihtiw eb yam

 .cificepsnon netfo era yeht ,tneserp era seitilamronba cigolotyc FSC nehw neve  fo snoitaretlA

 FSC  ralullec no naht noisel SNC eht fo tnetxe dna noitacol eht no erom dneped ylbaborp

ba  ,suhT .seitilamron  snoitaretla retaerg secudorp segninem eht fo esaesid  tsom od naht FSC ni

 .eussit lamyhcnerap SNC fo sesaesid  sitigninem citpeS  ;FSC eht nihtiw noitaruppus esuac yam
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ekram nietorp evitaduxe fo slevel dna suoremun eb yam sllec yrotammalfni  nI .desaercni yld

 ,tsartnoc SNC eht gnitceffa esaesid lariv  dlim a ylno esuac yllausu repmetsid eninaC sa hcus ,

 FSC ni esaercni srebmun llec detaelcun  .  

FSC fo noitcelloC   .i : obmuL/erutcnuP rabmuL - erutcnuP larcas  dednemmocer dna desu ylediW :

ob rof dohtem 41 ,’’5 elirets esU .seniv -  ,deppilc eb dluohs aera ehT .telyts htiw eldeen ezuag 61

 neewteb detacol noisserped ni eldeen tresnI .erutcnup erofeb detcefnisid dna devahs  lasrod

tserc larcas naideM  fo dne .tna dna earbetrev rabmul tsal fo sessecorp natsiseR .  si erusserp/ec

01 tcelloC .ecaps dionhcarabus ni eldeen fo yrtne nopu desaeler -  .noitanimaxe rof FSC fo lm 51

 noitatimil ehT  laretal ni si lamina fi ,ecaps dionhcara bus eht gniretne ni ytluciffid ylno  si

 .ycnebmucer  

 .ii buS -  erutcnup latipicco - c nac  ew  laretal  ni ro noitisop gnidnats ni lamina na morf FSC tcello

 fo daeh ehT .telyts htiw etelpmoc eldeen ezuag 61 ,’’4 ot 3 elirets esu ,siht roF .ycnebmucer

 devahs ,deppilc eb dluohs aera ehT .stnatsissa htiw dleh ylmrif dna dexelf ylluf eb dluohs lamina

na  a ta niks eht erutcnuP .erutcnup erofeb detcefnisid d  snioj taht enil a fo level eht ta enildim

salta fo sgniw eht fo fo sredrob roiretna  eldeen morf ylidaer swolf FSC ,slamina tsom nI .

5 ,ylsuoenatnops rucco ton seod ti fI .telyts fo lavomer gniwollof - m01  detcelloc eb nac FSC fo l

 .egnirys dezilirets a yb          

 senivo nI  , S bu -  erutcnup latipicco  erutcnup rabmuL .euqinhcet yrotcafsitas tsom si

 si lamina sselnu deniatbo si FSC fo tnuoma etauqedani tuB .swoC rof taht ot ralimis  si euqinhcet

ittis a ni dleh .noitisop gn          

 senicroP roF s , bu -  erutcnup latipicco  etauqeda niatbo oT .eniws ni esu ot tluciffid oot si

 .laitnesse si aisehtseana lareneg a ,tniartser erutcnup larcasobmuL    ot eciohc  fo dohtem eht si

 .noitisop gnittis a ni dleh si lamina sselnu deniatbo si FSC fo tnuoma etauqedani tuB .FSC niatbo

seniuqE nI  ,  erutcnup latipicco buS  edam si erutcnup revewoH .eciohc  fo dohtem eht eht si

arbetrev sixa dna salta eht neewteb A.e   dna eldeen A .yrassecen yllausu si aisehtseana lareneg

 .dednemmocer era ezuag 61 ot 41 dna gnol ’’ 5.3 .xorppa era taht telyts  

seninaC nI  ,  erutcnup rabmul  dna sehcra  larbetrev rabmul eht ot eud god ni tluciffid ylemertxe si

 FSC .aera dionhcarabus llams otnalta eht ta angam anretsic eht ta god morf devomer si -  latipicco

s rof  noitalucitra erutcnup latipicco bu  5 ot 2 ,ezuag 02 A .dednemmocer si aisehtseana thgiL .
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 .desu eb dluohs  telyts htiw eldeen lanips hcni        roF

senileF s , bu -  erutcnup latipicco r si  diulf fo lm0.1 ot 5.0 naht erom toN .tac ni dednemmoce

 oot fi ,egahrromeh laegnineM ot elbitpecsus etiuq si lamina siht sA .tac morf devomer eb dluohs

 .nwardhtiw si FSC hcum          

 tnecnoc emas eht ta tnalugaocitna ATDE ni decalp eb dluohs FSC detcelloC  sa noitar

4 ta noitaregirfeR .selpmas doolb rof desu o  FSC ni sllec esuaceB .noitavreserp llec sdia osla C

 nihtiw demrofrep eb dluohs noitanimaxe cigolotyc dna stnuoc llec ,yldipar etareneged semitemos

 .noitcelloc fo setunim 03  

i dluohs FSC fo maxe enituoR  .A:edulcn  noitanimaxE lacisyhP –   ruoloC .i        ytidibruT .ii

   noitalugaoC .iii           .B

 noitanimaxE lacimehC –     .C  semyznE .vi               muidoS .iii         esoculG .ii  nietorP .i

 noitanimaxE cipocsorciM/lacigolotyC -     tnuoc llec latoT .i         .tnuoc laitnereffiD .ii  

noitanimaxE lacisyhP.1  

.a roloC  lariv nI .retaw dellitsid selbmeser dna sselroloc dna raelc latsyrc si FSC lamron ehT .i :

 .raelc niamer yam FSC eht ,sitigninem ro sitilahpecne       .ii

 dionhcarabus ro larberecartni ro pat citamuart a htiw detaicossa eb yam FSC knip yzaH

 .egahrromeh             .iii

 lliw diulf eht fo noitagufirtneC .egahrromeh cinegortai morf doolb hserf setacidni FSC der thgirB

 .tnatanrepus sselroloc ,raelc a ecudorp  FSC fo stluser eht etadilavni lliw noitanimatnoc doolB

 dna CBW 1 gnidracsid yb edam eb nac noitcerroc edurc a tub sisylana  %gm 1  yreve rof nietorp

sCBR 0001   .tneserp           ro der lluD .vi

 .egahrromeh suoiverp setacidni diulf nworb        .v

aimorhcohtnaX  )wolley ro egnaro elap(   gnitareneged morf niburilib ot eud si .sCBR   setacidni tI

2 tsael ta fo egahrromeh -  htiw detaicossa eb yam tI .syad 04 ot pu rof tsisrep nac dna syad 4

necnoc nietorp evah nac dna sessecsba dna noisserpmoc droc lanips ,amuart ,sromut  snoitart

 naht retaerg .%gm 004   doolb eht fo ytilibaemrep deretla ot eud eb osla yam aimorhcohtnaX

 amsalp doolb morf stnemgip fo xulfni gniwolla reirrab niarb  .)niburilib detagujnocnu ,.g.e(  
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ytidibruT.b 003 sniatnoc FSC eht nehw tnerappa eb lliw ytidibruT : -  .erom ro lu/sllec 005

 ylthgils ylno eb yam sitigninem lairetcaB .ytidibrut ot etubirtnoc nac stnega citocym ro airetcaB

 wohs yam ssecsba ,romut ,amuart ,sitilahpecne lariV .tolc yam hcihw sup erup tsomla ot dibrut

nietorp fo stnuoma egral ot eud ytidibrut .sllec ro/dna nirbif ,  

.c  : noitalugaoC  doolb eht ot egamad fi rucco yam noitalugaoC .etalugaoc ton seod FSC lamroN

.egahrromeh ni stluser noitcelloc FSC fi ro FSC eht retne ot negonirbif stimrep reirrab niarb  

stneutitsnoC lacimehC .2                           
 .a :nietorP   .nimubla fo yltsom tsisnoc dna llams yrev yllamron era slevel nietorp FSC .1   .2

 rieht dna snilubolg fo eerf ylevitaler si FSC lamron taht ni tseretni fo si nietorp nilubolG

 rof tset evitatilauq a si tset ydnaP ehT .snoitidnoc lacigolohtap ni desaercni era snoitartnecnoc

1 ddA .)nilubolg( nietorp thgiew ralucelom hgih - FSC fo spord 2   g 01( tnegaer ydnaP fo lm 1 ot

 secudorp FSC lamroN .ytidibrut etihw rof evresbo dna )retaw dellitsid fo lm 001/slatsyrc lonehp

 .yduolc semoceb noitulos eht ,snilubolg fo stnuoma egral yllamronba htiW .ytidibrut tniaf ylno  

 spirts tnegaer nietorp enirU .3  level nietorp detavele nA .nietorp tceted ylssorg ot desu eb yam

 . ld/gm 001> sa spirts tnegaer no detneserper eb yllausu dluow  

 nietorp ,noitaulave llec ot tsartnoc nI .cirtemodibrut ro cirtemiroloc era stset evitatitnauQ .4

 enod eb ton deen noitatitnauq  .etad retal a ta detaulave dna nezorf eb yam diulF .yletaidemmi

tnaillirb eissamooC ehT -  .yassa cirtemotohportceps desu ylnommoc erom eht si euqinhcet eulb

 ,stac dna sgod rof ld/gm 84< era seulav lamroN  ld/gm 07<  dna sesroh rof  ld/gm 06<  rof

 .stnanimur  

 .5  etaitnereffid ot yrassecen eb yam FSC dna mures htob ni snoitcarf nietorp fo noitatitnauQ

doolb eht ssorca nietorp amsalp fo egakael - onummi fo sisehtnys desaercni morf reirrab FSC -

 snilubolg )GgI(   eht nihtiw SNC bolg FSC dna nimubla FSC neewteb noitalerroC .  slevel nilu

doolb a setacidni -  htiw FSC eht gniretne nilubolg dna nimubla htob htiw noitcnufsyd reirrab FSC

 hgih ,snoitartnecnoc GgI mures wol ,tsartnoc nI .etar lamron naht retaerg a ta tub ,ytilicaf lauqe

GgI FSC  cidni slevel nimubla FSC lamron dna slevel  ton dna noitcudorp GgI SNC lacol a seta

doolb eht ssorca egakael -  .reirrab FSC  
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 eht sesaercni hcihw sitigninem ro sitilahpecnE .a :ni srucco nilubolg ro nietorp latot desaercnI .6

doolb eht fo ytilibaemrep - areneg era sleveL .snietorp amsalp ot reirrab niarb  yldekram yll

 .sitilahpecne ro sitigninem lariv yb deretla ssel tahwemos dna sitigninem lairetcab yb desaercni

 droc lanips ro niarB .b .slevel nietorp FSC esaercni yltaerg osla yam snoitcefni amsalpoxoT

 a gnirud noitanimatnoc doolb ro egahrromeH .c ssecsba  .e noitcurtsed eussiT .d .pat citamuart

 msalpoeN -  naht retaerg nietorp latot %gm 001  lainarcartni hgih morF .g setats evisluvnoC .f

 .egahrromeh larberecartni ro romut niarb a ot eud erusserp     cigolohtap ehT .7

c era slevel nietorp FSC gniretla smsinahcem  FSC taht derebmemer eb tsum ti dna xelpmo

 .srebmun llec ni esaercni tnatimocnoc a tuohtiw esaercni yam tnetnoc nietorp  

 .b  :esoculG  segareva yllamroN .i dna %gm 57   snoitartnecnoc esoculg doolb no tnedneped si

)yltnerrucnoc derusaem eb dluohs(  FSC lamroN . era seulav esoculg  06 - %08   esoculg doolb eht fo

 aimecylgopyh ni nees era slevel desaerceD .ii .level )oitar esoculg doolb/FSC lamron(   eht ni ro

 .esoculg ezilitu hcihw sromut gniworg yldipar ro smsinagro cinegoyp fo ecneserp  desaerced(

itar esoculg doolb/FSC  .)o  setats cimecylgrepyh ni nees era slevel desaercnI .iii  doolb/SC lamron(

.)oitar esoculg   

muidoS .c  desaercni era slevel ehT .2 .doolb fo taht naht ssel ylthgils era slevel muidos FSC .1 :

 FSC ni 061 naht erom( - )L/qEm 002   noitavirped retaw ni osiop tlaS( .)eniws fo emordnys gnin  

semyznE .d   fo yteirav ediw a ni detroper neeb sah ytivitca esanik enitaerC FSC desaercnI .1 :

 detavelE .sredrosid cigoloruen KC FSC   sgod ni slevel )L/UI 3 = seulav lamron(   a eb ot sraeppa

esid SNC fo xedni evitisnes tub cificepsnon  .esa                                      

 .2 )TSA( TOGS   ot egamad ro ,sitigninem tnelurup ,repmetsid eninac ni detavele eb ot dnuof si

    .eussi niarb                                

 TPGS .3 )TLA(   .repmetsid eninac ni detavele eb ot dnuof si  

 .3  cigolotyC noitanimaxe  :a  

stnuoC detaelcuN latoT .a  -  a gnisu yb denimreted eb nac FSC fo stnuoc llec latoT

 rebmahc eno no FSC ecalp ot desu si ettepip yrallipac A .gnilur reuabueN a htiw retemotycomeh

 dna detnuoc era serauqs 9 lla ni sllec ehT .retemotycomeh eht fo  ot 1.1 yb deilpitlum latot eht

 eht gnisu enod si sllec detaelcun dna CBR fo noitaitnereffiD .lµ/tnuoc llec latot eht enimreted
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hgih -  ralunarg a evah dna CBR naht regral era sllec detaelcuN .epocsorcim eht fo evitcejbo yrd

.ecnaraeppa     

 eerf si FSC lamroN  lla ni lu/5< dna stac dna sgod ni lu/sllec detaelcun 8< sniatnoc dna sCBR fo

 ni )sisotycoelp( detavele yldlim era FSC eht ni stnuoc sllec detaelcun latoT .seiceps lamina egral

ammalfni taht tseggus yam sgnidnif cigolotyc hguoht ,dna ,sredrosid fo yteirav a  cinorhc si noit

cinorhc ro )segahporcam yliramirp( -  dna segahporcam fo srebmun lauqe ylraen( evitca

 sgnidnif cigolotyc dna stnuoc llec detaelcuN .tnerappa eb yam ygoloite cificeps on ,)slihportuen

itacifissalc otni tif ot tluciffid eb nac noitanimaxe FSC fo  llA .esaesid cificeps ot gnimrofnoc sno

 yam esaesid SNC tub ,ytilamronba setacidni FSC fo sisotycoelP .palrevo ot raeppa snoitacifissalc

.lamron era tneserp era hcihw sllec eht dna sisotycoelp on si ereht hcihw ni tsixe  

 stnuoc lleC laitnereffiD .b - un ehT  yltnanimoderp si FSC lamron fo noitalupop llec detaelc

 dna sllec lailehtodne ,segahporcam wef a dna setycohpmyl llams fo gnitsisnoc raelcunonom

 dluohs yehT .citamuart si pat eht sselnu FSC ni dnuof yllamron ton era slihportueN .setycoitsih

> etutitsnoc ton  .tnuoc llec latot eht fo %01        

  ,ssecsba na ,noitcefni lairetcab ro cinegoyp setacidni yllausu sisotycoelp cilihportueN

 a revo ot 05 morf yrav yam stnuoc ,snoitidnoc eseht rednU .sitigninem ro sitilahpecne lairetcab

 lihportuen detavelE .lu/sllec 0001  yrotammalfni suoitcefninon ni rucco osla yam srebmun

 nI .derutluc eb dluohs diulf eht dna airetcab yfitnedi ot edam eb dluohs stpmettA .snoitidnoc

.airetcab morf dehsiugnitsid eb tsum dna nommoc era selunarg tnemgip ,stnanimur  

 ocym htiw slamina fo FSC ehT  deirav evah lliw sitilahpecne naozotorp dna cit

 CCNT ni esaercni nA .slihponisoe ro sllec raelcunonom ,slihportuen fo gnitsisnoc ,sisotycoelp

 ,snoitcefni lagnuf ,aimeru ,snoitcefni lariv etacidni yam sllec citycohpmyl fo yliramirp gnitsisnoc

i laniccavtsop  era segahporcam/setyconoM .snoitidnoc cixot dna noitcefni cinorhc ,noitammalfn

 yam yehT .setycohpmyl htiw noitcnujnoc ni esaercni lliw dna setycohpmyl htiw detaicossa netfo

.PIF ni FSC eht ni etanimoderp  

oc yrotammalfninon ni devresbo ylerar si sisotycoelP  slamina nI .SNC eht gnivlovni snoitidn

 latinegnoc htiw slaminA .rucco yam srebmun llec ni esaercni thgils a ,amuart lanips htiw

 evah yam stcrafni larberec htiw slaminA .FSC lamron evah yllareneg SNC eht fo snoitamroflam
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 FSC eht ni CBR fo srebmun desaercni  citsongaid a si segahporcam yb sisotycogahporhtyre dna

 .noitidnoc siht fo erutaef  

 yllausu era seuqinhcet noitartliF .devlovni era segninem eht fi tnedive eb yam sllec citsalpoeN .C

ah lliw selpmas FSC ,sromut SNC tsom nI .sllec eseht etartsnomed ot dedeen  ylno ro lamron a ev

.sllec raelcunonom fo yltnanimoderp gnitsisnoc tnuoc llec detaelcun desaercni ylthgils  
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gniniatS dna gnissecorP eussiT :seuqinhceT ygolohtapotsiH  

uroB oriG otluB .rD  

  )aipoihtE( DhP ,PDH ,)abuC( cSVM ,MVD ,)aipoihtE( HAD  

ygolohtaP yranireteV fo rosseforP etaicossA  

ygolotisaraP dna ygolohtaP fo tnemtrapeD  

V fo egelloC ;ytisrevinU ababA siddA utfohsiB ,enicideM yranirete  

 moc.liamg@40origotlub   dna te.ude.uaa@orig.otlub  

 

:noitanimaxE lacigolohtapotsiH rof gnilpmaS  

      sum ygolohtapotsih rof dettimbus eussiT • regral ton dna kciht mm 3 naht erom eb ton t  

         fo mrof eht ni tuc era seussit dilos morf snemiceps tsoM .desu sedils fo retemaid eht naht  

         eussit esopidA .ssenkciht ni mm 3 ot 2 dna sedils eht no mm 51 ot 01 gnirusaem seceip  

         eb tsum  .renniht neve tuc  

      eb dluohs dna tuo nekat eb dluohs noitacifisso ro noitacificlac fo saera etercsiD •  

        .dica cirtin ni deificlaced  

      .repap niht ni depparw eb tsum eussit fo stnemgarf llamS •  

      hs ti ,llams yrev era stnemgarf eht fI • rieht etatilicaf ot nilyxotameah yb deniats eb dluo  

        .tsigolohtapotsih eht yb noitacifitnedi  

      eht fi ,revewoH .egatteruc lairtemodne citsongaid a ni dettimbus eb dluohs eussit llA •  

        e ssorg dna noitroba etelpmocni rof enod saw erudecorp suoivbo swohs noitanimax  

        .etauqeda naht erom si noitces evitatneserper eno ,noitpecnoc fo tcudorp  

      ralimis a ro kni aidnI htiw meht gnitniap yb lufpleh si nigram lacigrus fo noitanimreteD •  

        .gninoitces erofeb tnemgip  

 

elpmaS fo sdohteM  :noitcelloC - 

yspoiB .1  

noitarepO .2  

  ysporceN .3  
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gnikaT elpmaS yspoiB fo dohteM .I : 

            yspoib lanoisicnI .1  

            yspoib lanoisicxE .2  

            yspoib hcnuP .3  

            yspoib eldeen eroC .4  

            yspoib egatteruC .5  

 

isicnI yspoib lano : 

 eht ,erofereht dna nekat si noisel egral a morf eussit fo egdew ro noitrop a ylno dohtem siht nI

 si noisel eritne fo lavomer nehw demrofrep si tI .erutan citsongaid a yltcirts si erudecorp

lacigrus rojam ot roirp demrofrep netfo dna elbissopmi  .erudecorp  

 

yspoiB lanoisicxE : 

 ,erofereht dna eussit lamron fo mir a htiw yllausu ,devomer si noisel eritne eht ,euqinhcet siht nI

 serusne noisel eritne eht gnisicxE .noitcnuf cituepareht dna citsongaid eht sevres erudecorp eht

otsih rof eussit tneiciffus  dna noitanimessid ruomut fo ksir eht nessel ,noitanimaxe lacigolohtap

.ezis ni rellams si noisel eht nehw demrofrep si tI .srorre gnilpmas etanimile  

 

:yspoiB hcnuP  

 ,ytivac laro ,xivrec eniretu fo noisel eht ni demrofrep si tI .specrof yspoib yb enod si tI

.suhcnorb dna enitsetni ,hcamots ,sugahpose  

 

 

yspoiB eldeeN eroC : 

 ot hcaorppa suoenatucrep a stimrep tI .eldeen yspoib erob ediw fo epyt laiceps htiw enod si tI

.yspoib eldeen ni melborp tnacifingis a era srorre gnilpmaS .serutcurts lanretni  

 

oiB egatteruC ysp : 
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.esaesid lairtemodne fo sisongaid rof enod yllausu era gnitteruC  

 

 

erudecorP yspoiB fo eciohC : 

 ruomut fo ygoloib ,noitaredisnoc cimotana yb detatcid si erudecorp etairporppa fo eciohc ehT

.stsigolohtap fo tseuqer eht yb dna epyt  

  

f seluR lareneG emoS erudecorP yspoib eht ro : 

 eht fo esuaceb ti morf nekat eb dluohs taht seispoib eht suoremun eht ,noisel eht regral ehT .1  

    eb yam saera citsongaid eht taht tcaf eht dna stsixe yam taht nrettap eht ni ytilibairav  

    .yllacof ylno tneserp  

detareclu nI .2   dna sisorcen ylno wohs yam saera detareclu lartnec eht fo seispoib ,romut  

    dna lamron sedulcni taht yrehpirep eht morf nekat eb dluohs seispoiB .noitammalfni  

    .eussit desaesid  

omut neewteb pihsnoitaler eht taht hguone peed eb dluohs seispoib ehT .3 nac amorts dna r  

    .dessessa ylreporp eb  

eussit larehpirep tnenimorp a yb deinapmocca semitemos era snoisel detaes ylpeeD .4  

    ,sisorbif ,aimerepyh ,noitammalfni cinorhc yb deziretcarahc eb yam hcihw noitcaer  

    amrof enob citatsatem dna noitacificlac eb yam siht ,larehpirep oot si yspoib eht fI .noit  

    .deniatbo eussit ylno eht  

ygolohtap eht ot tnes eb dluohs yeht deniatbo era eussit fo stnemgarf lareves nehW .5  

     .noitanimaxe cipocsorcim rof dettimbus meht fo lla dna yrotarobal  

uqs ro gnihsurC .6 .dediova ylluferac eb dluohs specrof htiw eussit eht fo gnizee  

etauqeda htiw reniatnoc otni yletaidemmi decalp eb dluohs ti ,deniatbo si yspoib eht ecnO .7  

      evitaxif fo emulov  

 

gnikaT elpmaS fo dohteM lanoitarepO .II  

od si elpmas eht fo noitcelloc ehT  lareneg ro lacol yb yregrus gnisaeler fo tnemom eht ta en

 ygolohtap ot tnes  dna demmirt si elpmas rof detcelloc nagro eht fo trap ehT .aisehtsena
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 rof yrotarobal lacigolohtapotsih eht ot neht dna tsigolohtap eht yb yduts ssorg rof tnemtraped

tsevni rehtruf .sllec eht fo level eht ta noitagi  

 

 

 

ysporceN .III  

 elbaulav niatbo ot serutcurts lanretni eht ralucitrap ni ,lamina daed fo revadac a fo noitanimaxE

 .sisongaid evitinifed a ekam ot sredrosid lacigolohtap ot detaler noitamrofni  

     

t elpmas fo sepyT .1.3 detcelloc eb dluoc tah  

  .1.1.3 riaH .toor eht sedulcni noitcelloC :  

  .2.1.3 nikS   etis eht si ti esuaceb ,noisel eht fo yrehpirep eht ta detcelloc era selpmaS :  

                               ecalp ekat noitacilpitlum eht erehw  

 .3.1.3 SNC  gnilpmas enituoR :  gnilpmas laires ro esoprup citsongaid rof supmacoppih ta  

                    .krow hcraeser rof )ylesolc(  

 .4.1.3 enoB .evitaxif etairporppa ni ti ecalp dna enob a tuc ot was enif esU :  

  ro/ dna yllatnoziroh enob eht tuc worram enob eht tcelloc oT

nidutignol .ylla  

 .noitulos s’lynereP gnisu enod si noitacificlaceD  

 .stlas muiclac htiw detartlifni neeb evah hcihw seussit cinagro ot deilppa mret a si noitacificlaC

 eht taht erussa ot devomer eb tsum dna enob eht ot ytidigir dna ssendrah edivorp stlas esehT

nemiceps   nehw ylno ,sesac emos nI .elbaliava tnempiuqe eht htiw gnittuc wolla ot hguone tfos si

 etelpmoc eht dluoc snemiceps deificlacednu gninoitces rof elbaliava era semotorcim laiceps

 .elbissop edam eb erutcip cigolotsih  

 

uohs lairetam deificlac rehto dna enoB  nif a htiw )mm5 yletamixorppa( seceip llams otni tuc eb dl

 ta ,noitulos gniyficlaced fo ytitnauq egral a ni ecalp ,noitaxif etauqeda retfA .noitaxif erofeb was

.ezis egareva fo skcolb rof ,retrauq a tsael  
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snetsah muucav fo esu eht dna ,noitatiga ,gnirritS   nehw deyolpme eb dluohs dna noitacificlaced

 wolla lliw noitacificlaced gnirud noitulos eht fo driht reppu eht ni dednepsus seussiT .elbissop

 .devlossid era yeht sa reniatnoc eht fo mottob eht ot knis ot stlas muiclac eht  

 

 

 

 

 

nac eussit eht fo noisnepsuS  :syaw fo rebmun a ni dehsilpmocca eb  

 toh ni deppid neeb sah hcihw gnirts ro ssolf latned htiw dednepsus gab ezuag a ni eussit ecalP ]1  

       ro ;niffarap  

.reniatnoc eht fo mottob eht no hsid nialecrop detarofrep a ni ecalP ]2  

sdica noitacificlaced ecniS   eussit tneuqesbus yna gnirud snemiceps eussit no tca ot eunitnoc

 eb noitulos gniyficlaced fo ecart yreve taht tnatropmi si ti )egarots niffarap gnidulcni( gnildnah

t nac gnissecorp erofeb sruoh lareves rof retaw gninnur ni snemiceps eht gnihsaw yb devomer  eka

:gniwollof eht ees sdohtem tniop dne noitacificlaced eht gninimreted roF .ecalp -  

 

DOHTEM S’LYNEREP  

]1   si noitacificlaced litnu noitulos S’LYNEREP fo ytitnauq egral a ni nemiceps deificlac ecalP  

     .detelpmoc  

noitulos S’LYNEREP fo noitaraperP  

 

01 ]A lm 04 .……………..…………dica cirtiN %  

lm 03..……..…… )lonahtE( lohoclA etulosbA ]B  

 lm 03..……………)suoeuqa( dica cimorhc 5.0 ]C  

 

 sihT .esu erofeb yletaidemmi dexim eb dluohs dna ,kcots ni tpek eb yam stneidergni suoirav ehT

a egnit teloiv eulb a eriuqa yam noitulos  sti no tceffe on evah lliw siht tub ,elihw trohs a retf

.seitreporp gniyficlaced  
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]2   eunitnoc tonnac gnissecorp fi lohocla %59 ni erotS .sruoh 2 rof retaw gninnur ni hsaW  

     .pets eht gniwollof  

 ]3 rp ro niffarap htiw etangerpmi dna gniraelc ,noitardyheD .derised sa gnisseco  

 

 .5.1.3  :dnalg lanerdA 1 nihtiw desylotua eb lliw ti esuaceb ,staf eht evomer ton oD -  2  

                                     .sruoh  

 

 

 .6.1.3 ortsaG - tcart lanitsetni   :)TIG(  

                                            ilamroF tcejnI ]A .ebut yb TIG eht otni n  sisylotua diova oT  

                                            yllaenotirepartni sevitaxif eht tcejnI ]B  

                                           eussit eht denehcterts ot notrac a no ecalp eb tsum nagro ralubut ynA  

 

 .7.1.3 atupmA sbmil det  :  

 .nilamroF %01 htiw knat nilamrof ni dexif dna devreserP  

 4 ot pu erutarepmet eht esaerceD 0 .C  

  fo moor llihc ni elpmas eht tup nac enO - 02 0  ot C – 04 0    C  

 

 .8.1.3  :seyE  ,aenroc ,aniter ,esiwrehto ,ruoh eno na nihtiw delpmas eb dluohs tI  

                    .dezylotua eb lliw cte dna enillatsyrc  

 

gnilpmas eye fo erudecorP  

  eye eht dnuora taf eht evomeR  

 aniter eht yortsed yam ti esuaceb ,llab eye eht otni evitaxif etartlifni reveN  

 sruoh 84 rof evitaxif ni ecalP  

 n citpo eht ot pu yllatnoziroh tcessiD sedalb rozar yb evre  

  ssel ton rof evitaxif etairporppa ni niaga ecalp elpmas eht gninoitces retfA

syad 7 naht  

   eht rof snagro rehto sa emas eht eye eht fo erutcurts hcae eraperP

pets gniwollof  
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 .9.1.3 :sgnuL  laehcart eht hguorht gnul eht ot evitaxif tcejnI    ,mmgH 001 ta ebut  

                       .rucco lliw eussit gnul fo noitcurtsed erusserp siht evoba ,esiwrehto  

 

 .01.1.3 eussit citahpmyL neelpS dna edon hpmyl sedulcni sihT :  

 

 

 

 

erudecorP  

 gnilpmas rof efink ekaT  

  5 tuoba si hcihw trap decils niht a ekaT  si edon hpmyl esuaceb ,mc 3 ro mc

.sevitaxif eht fo noitartenep ysae wolla ton lliw ti ecneh ,eluspac yb derevoc  

 

 .11.1.3 :yratiutiP  sumalahtopyh ni dnuoF                                

 

 

 .21.1.3 selcsuM  :  

 h eht fo xetrev eht ta elpmas eht ekaT :caidraC )a                etisarap rof trae  

 .stsyc ekil ,etisarap eht ro noisel eht gnidulcni mc5 x mc5 ekaT :latelekS )b  

 .”notrac“ a no ti ecalp dna noisel derised eht fo mc5 x mc5 ekaT :htoomS )c  

 

 .31.1.3 :reviL   ni ti tup dna noisel derised eht fo mc5 x mc5 ekaT .evitaxif etairporppa  

 

 .41.1.3 :snagro evitcudorpeR   

  :elaM )a  

 .noitaulave )IA( noitanimesni laicifitra rof tset ot nekaT  

 .trap lartnec eht elpmas ,setset elohw eht fo esac nI  

  eht morf sdnalg yrammam eht dna xivrec ,suretu ,seiravo ekaT :elameF )b  

                              saera detceffa  
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 .51.1.3 yendiK noisel derised eht fo mc5 x mc5 ekaT :  

 

 

nemicepS fo gnildnaH  

 %01 ni gab citsalp a ni ro reniatnoc latem ro citsalp ,ssalg ni detropsnart eb dluohs nemicepS  

 

 

 

 

 

elbaliava ton si nilamrof fI .nilamrof  4 ta rotaregirfer ni nemiceps eht ecalp ,dnah ta 0  wols ot C

 eb nac eussit eht taht os hguone regral gninepo na evah dluohs reniatnoc ehT .sisylotua nwod

 eht rof dedeen si lairetam hserf ,revewoH .noitaxif yb denedrah sah ti retfa ylisae devomer

p gniwollof :esopru  

         noitces nezorF .1  

         yrtsimehcotyconummI .2  

         noitanimaxe lacigolotyC .3  

         ygolohtapotsih erofeb gnilpmas lacigoloiborciM .4  

         sisylana emosomorhC .5  

         esoprup hcraeseR .6  

         yalpsid muesuM .7  

 

iuqeR mooR noitcessiD ygolohtapotsiH ni tnemer  

            eht otni yltcerid wolf lliw sdiulf eht lla taht noihsaf a hcus ni dengised draob gnittuc A .1  

             .knis  

         .reniatnoc nemiceps rof sevleS .2  

         c dna toh htiw knis ot ssecca ydaeR .3 .retaw dlo  

         .nilamrof ot ssecca ydaeR .4  

          dna htooms dezis tnereffid ,srossics llams dna yvaeh gnidulcni stnemurtsni fo xoB .5  
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               dna efink gnol a ,sedalb elbasopsid ,eldnah leplacs a ,eborp elbaellam a ,specrof dehtoot  

             .ecafrus kroc a ot nemiceps gnihcatta rof snip  

         .slebaL .6  

         .reniatnoc nilamrof egral A .7  

         .esu fo emit eht ta meht xim ot woh no noitcurtsni htiw evitaxif rehto htiw reniatnoC .8  

         was draH .9  

         .ecnalaB .01  

 

 

 

 

 noitanimaxE ssorG fo elpicnirP lareneG : 

.nemiceps eht fo noitatneiro dna noitacifitnedi reporP .1  

.dessecorp eb reven dluohs nemiceps dellebalnU .2  

,ega ,eman s’tneitap gniniatnoc mrof noitisiuqer ygolohtapotsih detelpmoc ylreporp A .3  

    tnaveler ,xes  eussit fo eman dna noitarepo fo erutan ,sgnidnif lacigrus ,atad lacinilc  

     .dettimbus  

.redro ni dettimbus eussit eht lla fo noitanimaxe dna hcraes luferaC .4  

eht ton ,devomer evah yeht taht lairetam eht lla timbus ot detcurtsni eb dluohs noegruS .5  

    .ti morf noitrop detceles  

gniwollof eht drocer dna noitisop cimotana na ni draob gnittuc no nemiceps eht ecalP .6  

    :noitamrofni  

               nemiceps fo sepyT .a  

               .dedulcni erutcurtS .b  

               snoisnemiD .c  

               ieW .d thg  

               epahS .e  

               ruoloC .f  

               ycnetsisnoC .g  

               .ruomut yb devlovni ton ro dedulcni rehtehw ,nigram lacigruS .h  
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hcihw ni llams yrev si nemiceps eht sselnu retemitnec ni nevig yllausu era stnemerusaeM .7  

    .desu eb nac mm  

.emulov ni seceip etagergga yb derusaem eb dluohs eussit citatsorp dna lairtemodnE .8  

.derebmun eb dluohs seispoib cipocsodnE .9  

 

selpmas fo gnimmirT  

     yb ton fi ro tsigolohtaP eht yb yllarutan demmirt eb tsum sruoh 84 rof selpmas dexiF  

.naicinilC  

 .ezis ni mm1 x mm1 ro mm3 x mm 3 sa llams sa demmirt eb tsum selpmaS  

 

euqinhceT lacigolohtapotsiH : 

mia ehT .noitanimaxe cipocsorcim rof eussit fo noitaraperp eht htiw slaed euqinhcet lacigolotsiH  

sorcim evreserp ot euqinhcet lacigolotsih doog fo  ,drah meht ekam dna eussit fo ymotana cipoc

tneserper dluohs noitces eht ,gniniats retfA .edam eb nac )norcim 5 ot 4( noitces niht yrev taht os  

 yb deveihca si sihT .efil ni erutcurts rieht ot elbissop sa ot esolc sa eussit eht fo ymotana eht

ot eht gnissap .ssecorp fo seires a hguorht eussit eht fo trap detceles sa lat  

  

:era sessecorp esehT  

       noitaxiF .1  

       gnissecorp eussiT .2  

              noitardyheD .1 .2 -----  lonahte yb elpmas eht morf retaw fo lavomer  

               gninaelC  .2 .2 ---------  r enelyX yb elpmas eht morf lonahte fo lavome  

                noitangerpmI .3.2 ---  niffarap yb elpmas eht morf enelyX fo lavomer  

       gniddebmE .4  

       gnittuC ro gninoitceS .5  

       gniniatS .6  

 

noitaxiF : 

o stneutitsnoc eht hcihw yb ssecorp eht si sihT  yltrap dna lacisyhp a ni dexif era eussit dna sllec f

 stnegaer suoirav htiw tnemtaert tneuqesbus dnatshtiw lliw yeht taht os etats lacimehc a ni osla
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 a ni stneutitsnoc sti gnikam seussit ro sllec evreserp ot ro erutcetihcra fo ssol muminim htiw

w noitidnoc  eussit eht gnisopxe yb deveihca si sihT .eno evil ta nehw llec eht ot lacitnedi si hcih

.sevitaxif llac ,sdnuopmoc lacimehc ot  

 

 

sevitaxif fo noitca fo msinahceM : 

 ro egnops a mrof neht hcihw snietorp gnitatipicerp ro gnirutaned yb tca sevitaxif tsoM

owhsem .stneutitsnoc rehto eht dloh ot gnidnet ,kr  

 

 ni stluser yrotcafsitas fo noitcudorp eht ni srotcaf tnatropmi tsom si evitaxif dooG

:tnatropmi era srotcaf gniwolloF .ygolohtapotsih  

        eussit hserF •  

        sevitaxif yb eussit fo noitartenep reporP •  

        sevitaxif fo eciohc tcerroC •  

rekciht nemiceps htiw gnilaed roF .mc 1 naht rekciht eussit fo eceip a etartenep lliw evitaxif oN  

:dednemmocer era sdohtem gniwollof ,siht naht  

        .1 nagro diloS .mm 5 naht rekciht ton tub sa yrassecen sa secils tuC :  

        .2 nagro wolloH ni dekaos loow htiw ylthgil kcap ro evitaxif htiw llif ro nepo rehtiE :  

           .evitaxif  

        .3 nemiceps egraL  sa ihcnorb ro slessev eht gnola evitaxif tcejnI :noitcessid eriuqer hcihw ,  

           r ti taht os gnul fo esac ni .snagro eht fo strap lla sehcae  

 

 

 

evitaxiF laedI na fo seitreporP : 

        .noitisopmoced lairetcab dna sisylotua stneverP .1  

        .stnenopmoc lla xif dna etats larutan rieht ni eussit sevreserP .2  

        r ot elbulosni stnenopmoc ralullec eht ekaM .3 .gnissecorp eussit ni desu tnegae  

        .noitalugaoc yb emulov eussit sevreserP .4  

        .eussit fo ssendrah evissecxe diovA .5  
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        .eussit fo gniniats decnahne swollA .6  

        non eb dluohS .7 - non dna cixot - .resu rof cigrella  

        n dluohS .8 .evisnepxe yrev eb to  

         imes egnahc oT .9 - imes ot diulf - dilos  

 

 

:erutarepmeT  

neeb sah ti ecno nezorf eb ton dluohs eussiT .erutarepmet moor ta tuo deirrac eb nac noitaxif ehT  

iw noitrotsid slatsyrc eci railucep a rof ,noitulos evitaxif eht ni decalp .tluser ll  

  

noitaxif fo deepS : 

lareves fo emit noitaxif a ,eroferehT .ruoh/mm 1 tsomla si evitaxif tsom fo noitaxif fo deeps ehT  

.snemiceps tsom rof dedeen si sruoh  

 

diulf evitaxif fo tnuomA : 

01 yletamixorppa eb dluohs sihT - ceps eht fo emulov eht semit 02 dnuorrus dluohs evitaxiF .nemi  

.sedis lla no nemiceps eht  

 

noitaxif gnitceffa rotcaF : 

      .eussit fo eceip fo ssenkciht dna eziS .1  

      .ylwols xif suocum fo tnuoma egral yb derevoc eussiT .2  

      agro ro doolb yb derevoc eussit ot seilppa emas ehT .3 fo tnuoma egral yrev gniniatnoc n  

          .doolb  

      .ylwols xif eussit suotamopil dna yttaF .4  

      .noitatiga yb detarelecca si noitaxiF .5  

      .co06 dnuora erutarepmet gniniatniam yb detarelecca si noitaxiF .6  

 

;desu si evitaxif fo epyt elgnis oN  noitanibmoc ni desu era yeht ,revewoh . 

 

sevitaxiF fo noitacifissalC : 
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       sevitaxif eussiT .A  

                 nilamrof dereffuB .a  

                 edyhedlaretulg dereffuB .b  

                 enilas lamrof s’rekneZ .c  

                 diulf s’niuoB .d  

       sevitaxif lacigolotyC .B  

                  lonahtE .a  

                  lonahteM .b  

                   rehtE .c  

         sevitaxif lacimehcotsiH .C  

                   enilas lamroF .a  

                   enoteca dloC .b  

                   etulosbA .c  lohocla  

          egasu dloC .D  

                    ta noitaregirfeR -40  emit ta dna C -20 .selpmas evreserp ot desu si C  

 

nilamroF enituoR : 

 fo noitulos %001 ot tnelaviuqe yletamixorppa si hcihw w/w %04 sa dlos si nilamroF

su si tI .retaw ni sag edyhedlamrof  ton seod tI .enilas lamron ro retaw ni noitulos %01 sa de

HN htiw enibmoc tub nietorp etatipicerp 2  lla ylralucitrap evreserp ,leg elbulosni na mrof ot puorg

 ti ni niamer nac eussiT .stnevlos taf ni elbulosni sdipilohpsohp speek tI .staf gnidulcni stnemele

 tnegnup sah tI .niats laiceps tsom htiw elbitapmoc si tI .noitrotsid tuohtiw sdoirep degnolorp rof

 .evitaxif ralupop tsom dna tsepaehc ,llems  

 

 

 

:htiw deraperp eb nac tI  

 etanobrac muisengaM  

 edixoid nobraC  

 stlas cisabonoM  
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snoitulos fo snoitaraperP  

nilamroF   %01  

 73 nilamroF –  %04 -----------------------------  lm 01  

 retaw paT naelC ro dellitsiD ------------------ lm 09  

%01 enilaS nilamroF  

 73 nilamroF –  % 04 ---------------------------  lm 001  

 retaw paT -------------------------------------   lm 009  

irolhC muidoS  ed --------------------------------  mg9  

:%01 nilamrof lartuen dereffuB  

 73 –  nilamroF % 04 --------------------------  lm 0.001  

 retaw dellitsiD --------------------------------  lm 0.009  

 cisabonom etahpsohp muidoS -----------------  mg 0.4  

bid etahpsohp muidoS  )suordyhna( cisa ------   mg 5.6  

 fo ytilartuen ehT .esu enituor rof dednemmocer ylgnorts erofereht ,evitaxif llarevo tseb ehT

.eussit eht ni dica na dna esab a si ereht esuaceb ,dedeen si nilamrof  

 

lohoclA lyhtE : 

87 ta sliob ,elbammalfni ,sselroloc si tI 0 ,C  09 ni desu -  lufrewop ,enelyX htiw xim ,htgnerts %001

 sesuac tI .nietorpoelcun ton tub nimubla ralucitrap ni nietorp setatipicerp ti ,tnega gnitardyhed

 ,airdnohcotim syortsed tI .sisohrric citapeh sesuac ecneh ,seussit fo gninedrah dna segaknirhs

 sevreserp .cte nori ,dica ciru ,negocylg fo yrtsimehcotsih rof lufesu si dna negocylg  

  

gnissecorP eussiT : 

nehw ycnetsisnoc dna ssendrah elbatius evah dluohs ti ,seussit eht fo snoitces niht tuc ot redro nI  

trapmi eb nac seitreporp esehT .egde efink eht ot detneserp eht gnidnuorrus dna gnitartlifni yb de  

 yb ro sniser fo sepyt suoirav ,esolullecortin ytisocsiv wol ro nidiolloc ,xaw niffarap htiw eussit

 otni dedividbus eb nac tI .segats ni enod si tI .gnissecorp eussit dellac si ssecorp sihT .gnizeerf

raelc ,noitardyhed  era snemiceps lla taht tnatropmi si tI .gniddebme dna gnitangerpmi ,gni

.detrats si gnissecorp erofeb delebal ylreporp  
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 ,nettirw licnep etihparg ,detnirP .desu eb ton dluohs kni yranidro gniniatnoc nep ,gnilebal roF

epyt - slebal nettirw kni aidnI ro nettirw  .yrotcafsitas era  

 

ehT .gnissecorp ni spets suoirav hguorht eussit eht yrrac ot deriuqer si noitatropsnart fo metsys A  

 morf detropsnart neht era dna slebal rieht htiw rehtegot htolc nilsum ni tup era snemiceps tuc

ht sreniatnoc latem ni tnegaer ot tnegaer  otni sretne tnegaer eht taht os ,sllaw detarofrep evah ta

.seussit eht  

 

 yb enod eb nac gnissecorp eussiT .sruoh 42 deriuqer dna erudecorp gnol a si gnissecorp eussiT

.yllacinahcem ro yllaunam  

 

gnissecorP eussiT launaM : 

degnahc si eussit eht ssecorp siht nI  .dnah yb rehtona ot tnegaer fo reniatnoc eno morf  

 

gnissecorP eussiT lacinahceM : 

 gniniatnoc sraj tnereffid era ereht ,rossecorp siht nI .elbaliava era srossecorp eussit citamotuA

raj eno morf devom si eussit ehT .ecneuqes a ni degnarra era esehT .stnegaer   a yb rehtona ot

 sruoh ot tcepser ni detsujda eb nac hcihw remit a yb dellortnoc era sgnimiT .ecived lacinahcem

06 dnuora deniatniam si erutarepmeT .setunim dna o .C  

 

.spets emas eht sevlovni ,yllacinahcem ro yllaunam rehtehw ,gnissecorp ehT  

 

nam fo ecneuqeS :gnissecorp eussit lau  

 

noitardyheD .A : 

 tsom si hcihw lonahte ekil stnardyhed yb retaw elbatcartxe lla fo lavomer eht si noitardyheD

 era seussiT .narufordyhartet dna ,enoteca ,enaxoid ,lohocla lyporposi ,desu ylnommoc

tgnerts gnisaercni gnisu yb detardyhed  noitarud ehT .%001 dna %09 ,%07 ,%05 .g.e ;lohocla fo h

 evitaxif ,eussit fo ezis eht nopu sdneped lohocla fo htgnerts hcae ni tpek era seussit hcihw rof

 eb ot deen eussit etaciled evitaxif suoeuqa ni noitaxif retfa .g.e ;eussit fo epyt dna desu
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 detardyhed  eb yam snemiceps eussit tsom saerehw yltcerid lohocla lyhte %05 ni gnitrats ylwols

 taerg oot yb noitrotsid dna egaknirhs fo eerged hgih teg lliw eussit etacileD .lohocla %07 otni tup

 deriuqer nehw ,dohtem dipar a sedivorp enotecA .lohocla fo noitartnecnoc .dehtem ”tats“ sa  

 

05 eb dluohs lohocla fo emulov ehT - .eussit fo taht semit 001  

  

gniraelC .B : 

 eb dluohs lohocla pets txen ehT .lohocla yb decalper neeb sah eussit ni retaw noitardyhed gniruD

elbulos lohocla ton si xaw niffarap sA .xaw niffarap yb decalper  a htiw lohocla ecalper ew ,

 stnardyhed eht htiw elbicsim eb tsum tnegaer gniraelc eht ,ei ,elbulos si xaw hcihw ni ecnatsbus

 .gniraelc llac si pets sihT.xaw niffarap eht dna  

 

:stnegaer gniwollof eht fo yna yb deveihca si eussit fo gniraelC  

       • enelyX   5.0 ni denaelc era eussit fo eceip llamS .desu ylnommoc tsom si –      saerehw ;ruoh 1  

2 ni denaelc era )kciht erom ro mc5( regral - .sruoh 4  

       • mroforolhC  yrotarobal ruo ni eciohc fo tnega gniraelc eht si  

       • enezneB   dna eneuloT  er ot tluciffid era .noitangerpmi niffarap eht gnirud evom  

       • edirolhcartet nobraC  

       

 .C :xaW htiw noitangerpmI  

 niffarap eht sa ,noitutitsbus yb ,stnegaer gniraelc eht fo lavomer etelpmoc eht si pets sihT

areferp dna owt naht ssel on fo esu htiw eussit eht setartenep  si sihT eerht .shtab niffarap ,ylb

 65 si hcihw ,xaw niffarap fo erutarepmet tniop gnitlem ta rucco ot dewolla – 85 0 45 ro C - 06 o  .C

 a si shtab niffarap eht fo erutarepmet niffarap eht fo kcehc tneuqerF tsum   C05 naht erom ecnis ,

rap eht fo tniop gnitlem evoba  emuloV .gninedrah dna egaknirhs eussit evissecxe esuac lliw niffa

52 tuoba eb dluohs xaw fo -  sdneped noitangerpmi fo noitarud ehT .seussit fo emulov eht semit 03

 rof deriuqer era sdoirep regnoL .deyolpme stnega gniraelc eht dna seussit fo sepyt dna ezis no

 ,neelps ,yendik revil ot derapmoc sa niks dna senob ekil eussit redrah rof osla dna seceip regral

 enituor rof tneiciffus si sruoh 4 fo noitarud latoT .evomer ot yaw tseisae si enelyX .cte gnul

.noitangerpmi  



71  

 

 

eyolpme eb ot xaW niffarap dednemmocer dna sepyT noitangerpmI rof d : 

       xaw niffaraP .1  

       xaw elbulos retaW .2  

       .cte ,dioloiB ,tsalparap ,nitaleg ,nidiolloc ekil ,lairetam rehtO .3  

 

xaw niffaraP  3 fo noitces os ,ycnetsisnoc drah sah tI .ylenituor desu si - eb nac ssenkciht norcim 4  

ewoH .tuc  ,rev tsalparaP   lanoitnevnoc ni esu rof muidem gniddebme tseb eht spahrep si

 niht nehw ,desu eb ton dluohs ti ,tuB .noitaraperp edils ygolohtapotsih –  ralucric dellaw

emul eht fo noisnapxe etelpmoc stneverp tI .stsyc dna ,aehcart ,seye ,sniev ekil snemiceps .n  

 

niffarap thgiartS   mrif ton si tcudorp eht fo ycnetsisnoc gnittuc eht esuaceb ,dednemmocer ton si

 skcal tI .evomer ot ,elbissopmi ton fi ,tluciffid era selknirw dna sserpmoc snoitces ehT .hguone

 elknirw gniniatbo ni sdia taht yticitsale eht – obbir eerf  fi desu eb nac ti tuB .sn  01 - xaweeb % 02  

.seicneicifed eseht emocrevo ot dedda si  

 

gnikcolB .D : 

 deruop si xaw detlem hserf neht dna slebal rieht htiw dluom a ni decalp era seussit detangerpmI

oc sah kcolb eht ecnO .yfidilos dna elttes ot dewolla dna ti ni  ecafrus a mrof ot yltneiciffus delo

.yldipar ti looc ot retaw dloc ni desremmi eb dluohs ti niks  

 

 slebaL .demmirt si hcae dna skcolb laudividni otni tuc si ti delooc yletelpmoc sah kcolb eht retfA

t gnitlem yb kcolb eht fo ecafrus eht no erehda ot edam era  yltneiciffus spirts latem a htiw xaw eh

.demrow  

 gniddebmE xaW niffaraP fo yrammuS  .tsenommoc eht si siht tub ,ynam era erehT :  
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noitardyheD  

            ruoh 1 lohocla %07  

            ruoh 1 I lohocla %09  

            sruoh 2 II lohocla %09  

            ruoh 1 I lohocla %001  

            sruoh 2 II lohocla %001  

            sruoh 2 III lohocla %001  

gniraelC  

            sruoh 2 I enelyX  

            sruoh 2 II enelyX  

noitangerpmI xaW  

            ruoh 1 1 xaw niffaraP  

            ruoh 1 II xaw niffaraP  

            ruoh 1 III xaw niffaraP  

 

NIFFARAP NI GNIDDEBME  

 mrif a sedivorp deifidilos nehw hcihw ,niffarap detlem ni eussit fo noitatneiro eht si gniddebmE

 tseprahs emotorcim yb tuc era snoitces nehw eussit eht fo strap lla tcatni gnipeek rof muidem

l hcaE .efink  tsom owt eht htiw gniddebme rof desu dohtem eht ot sa ecnereferp a sah yrotaroba

.metsys gniddebme hceT eussiT eht dna s’L dael gnieb desu netfo  

 

SNOITCES FO NOITARAPERP  

 

SEVINK STI TNA EMOTORCIM FO ESU DNA ERAC  

 dneped yltaerg snoitces doog fo gnittuc ehT  hguoroht etelpmoc a dna ecneirepxe lacitcarp nopu

 .desu tnempiuqe eht fo egdelwonk tsum a ytiretxed launaM  tluciffid a ecaf yam eno ti tuohtiw ;

 stluser eht ecniS .gnittuc noitces ni deriuqer liated evitalupinam enif eht gnildnah ni ksat

olotsih yb decudorp  eht tuc ot desu sevink eht fo ssenprahs eht nopu yltaerg dneped euqinhcet cig

 llew sa efink sih rof erac ot woh wonk naicinhcet deniart llew hcae taht evitarepmi si ti ,snoitces

h ,ebircsed ot tluciffid si efink emotorcim a no egde tcefrep A .esu ot woh sa  doog a htiw ,revewo
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llew morf tuc eb ylisae dluohs ssenkciht ni snorcim 3 fo snoitces ,egde efink - egareva ,dessecorp -

 sa ,noihsaf delknirwnu dna talf eb dluohs kcolb elpmas eht morf nobbir ehT .skcolb eussit ,dezis

 .sserp gnitnirp a ffo semoc repap sa hcum  lacitrev on wohs tsum noitces eht ,yllacipocsorciM

.saera niht dna kciht latnoziroh ro sehctarcs esiwhtgnel  

 

 ;drawretfa sraey rof yldab tcelfer lliw gniniart laitini ro/dna yrotcudortni etauqedani dna deirruH

erp lliw gniniart fo dradnats hgih a ylesrevnoc  .reerac s’eno tuohguorht ylbarimda liav deepS   ni

 ylno ti ,ecnis evitcejbo yramirp a eb reven dluohs euqinhcet cigolotsih fo esahp yna gnimrofrep

 deniart llew A .snoitces eussit eht fo gniniats dna ,gnittuc ,gnissecorp yrotcafsitasnu ot sdael

cinhcet eussit  si syawla ohw eno naht emit retrohs raf a ni snoitces etar tsrif ecudorp lliw nai

.deeps ta yliramirp gnimia  

sesuac rieht dna gnittuc ni smelborp deretnuocne ylnommoC  

N .o  gnittuc ni smelborP  sesuaC  

1 snobbir nevenu ro dekoorC  lellarap ton kcolb dna efinK  

ralugnatcer ro erauqs ton skcolB  

egde efink ralugerrI  

niffarap erupmi ro suonegomohnoN  

2 snoitces demmaj ro delknirw ,desserpmoC  kcolb ro / dna efink mraw ;efink lluD  

 lacitrev oot ,swercs tes emotorcim esooL

snoitces niht oot dna ..…efink  

3  ro gnilbmurC snoitces fo gniraet   ro/dna ,gniraelc ,noitardyhed etelpmocnI

noitartlifni  

 ro/dna noitartlifni gnirud toh oot niffaraP

gniddebme  

4 sehctarcs esiwhtgnel ro snobbir tilpS   ,efink ro kcolb no trid ,efink ni skciN

 ,trid sa hcus ,stcafitra ,taerg oot tlit efink

tirg ,seidob ngierof  

5 ekortspu no nobbir ro snoitces fo gnitfiL   ,egde efink yrid ,tlit efink a lacitrev ooT

efink llud  

6 snoitces niht dna kcihT   rof swercs tes esool ,kcolb a egral ooT
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 kcolb ,redloh efink esool ro/dna skcolb

 tuohtiw noitces ot drah oot  tliT ,gnikaos

 htiw leveb raelc ot tneiciffusni ,efink fo

   .eussit fo noisserpmoc tnatluser  

 

:gniniatS  

 sniats fo sderdnuh era erehT .noitces a ot ruoloc evig ew hcihw yb ssecorp a si gniniatS

.elbaliava  

 

sniatS fo noitacifissalC : 

 

ra sniats eht yllareneG :sa deifissalc e  

               sniats dicA .A  

               sniats cisaB .B  

               sniats lartueN .C  

 

 ruoloc nac hcihw dnuopmoc a si eyD .stnenopmoc cisab dna dica fo desopmoc era seyd llA

.stneutitsnoc eussit dna serbif  

 

seyD dicA : 

yd dica na nI  seyd dicA .sselruoloc si tnenopmoc dica eht dna deruoloc si tnenopmoc cisab eht e

 .der fo edahs si detrapmi ruoloc ehT .msalpotyc sniats nisoe .g.e stnenopmoc cisab niats  

 

:seyD cisaB  

i tnenopmoc cisab eht dna deruoloc si tnenopmoc dica eht eyd cisab a nI  seyd cisaB .sselruoloc s

 .eulb fo edahs si detrapmi ruoloc ehT .suelcun sniats nishcuf cisab .g.e stnenopmoc cidica niats  

 

 

 

 



12  

 

seyD lartueN : 

 htob sniatnoc ti sA .demrof si eyd lartuen a eyd cisab a htiw denibmoc si eyd dica na nehW

ig ti ,slacidar deruoloc  eht si sihT .ylsuoenatlumis suelcun dna msalpotyc ot sruoloc tnereffid sev

.niats namhsieL fo sisab  

  

sniats laicepS : 

 eb ot si lairetam raelcun ,eussit citsale ,eussit suorbif .g.e eussit fo stnenopmoc cificeps a nehW

su era sniats laiceps niatrec ,deniats .eussit tnenopmoc taht niats yllacificeps hcihw de  

 

:gniniats fo erudecorP  

 yllaunam rehtie enod eb nac gniniatS .dohtem deificeps a ot gnidrocca desu eb ot si niats yrevE

.reniats citamotua na ni ro  

 

:gniniatS launaM  

sedils wef a nehw yrotarobal llams a nI   hguohtlA .eciohc fo dohtem eht si siht ,yliad deniats era

 laiceps a ni decalp era sreniatnoc tnegaer tnereffiD .lacimonoce si ti gnimusnoc emit si ti

.yllaunam rehtona ot reniatnoc eno morf devomer era sedils eht dna ecneuqes  

 

gniniats citamotuA : 

sub a nI  citamotua na ,yliad deniats era sedils fo sderdnuh nehw yrotarobal ygolohtapotsih y

 degnarra era yehT .stnegaer gniniats fo sreniatnoc tnereffid sah dohtem sihT .deriuqer si reniats

emit eht slortnoc hcihw ,remit a sah tI .ecneuqes derised eht ot gnidrocca   a ni sedils fo yats rof

 txen ot reniatnoc eno morf sedils eht stfihs hcihw ecived lacinahcem a sah tI .reniatnoc nevig  

:era reniats detamotua fo segatnavdA .emit deificeps eht retfa  

               rewop nam eht secuder tI .a  

               slortnoc tI .b  yletarucca gniniats fo gnimit eht  

               ylsuoenatlumis deniats eb nac sedils fo rebmun egraL .c  

               desu era stnegaer sseL .d  

 

.secneuqes emas hguorht ssap ,reniats citamotua yb ro yllaunam rehtie deniats sedilS  
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nisoE dna nilyxotameaH  gniniats : 

.yrotarobal ygolohtapotsih ni niats enituor desu nommoc tsom eht si tI  

:stnegaeR  

             nilyxotameaH s’reyaM .1  

             lohocla dicA .2  

             retaw ainommA .3  

             noitulos nisoe cilohoclA .4  

ts fo sdohtem owt era erehT  era yehT .deyolpme si nilyxotameah nehw gninia evissergorP   dna

evissergeR . 

 esaercni suht ,stlas munimulA ssecxe htiw los nilyxotameaH sesu si dohtem evissergorp ehT

.lairetam gniniats dnoces erofeb retaw ni dehsaw eb nac evissergorP .ielcun rof ytivitceles   sihT

 eht dohtem siht nI .snoitces eht gniulb dna noitaitnereffid rof ytissecen eht setanimile dohtem

 sihT . sraey eerht ot eno retfa edaf netfo sedils deniats ehT sselruoloc yletelpmoc si dnuorgkcab

r ni dehsaw era sedils eht fi ,detanimile eb nac melborp  ytnewt fo muminim a rof retaw gninnu

 fi neve stluser tnetsisnoc a gnivig rof srehto gnihcaet rof doog si euqinhcet elpmis sihT .setunim

 ni tfel eb nac elpmas denoitces ehT .kcolb emas eht morf snoitces sniats snosrep tnereffid owt

iw sruoh rof nilyxotameaH  ot emit trohs ekat selpmas eussit dexif llew ynA .sniats revo tuoht

 ,eromrehtruF .flesti niats eht fo ecnamrofrep emit ni noitcuder etinifed si ereht ,eroferehT .niats

.denoitces nezorf ro nidiollec ,niffarap ni deddebme eb nac elpmas eht  

 

erger fo esac nI  dica yb dehsaw si tI .gniniats revo si erehT .desu si nilyxotameaH lartuen ,eviss

 gnirud ,noitidda nI .ezilartuen ot etanobrac muihtiL ro retaw ainommA seriuqer hcihw ,lohocla

lbo si ti ro ylreporp niats ot seye deniart dna decneirepxe seriuqer ti gniniats  esu ot rotagi

secnatsmucric siht lortnoc ot epocsorcim  

   .  
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nilyxotameaH s’reyaM fo noitaraperP  

  slatsyrc nilyxotameaH -------------------------  mg 0.1  

  retaw dellitsiD ------------------------------  lm 0.0001  

  etadoi muidoS ------------------------------ -----  mg2.0  

 mula muissatoP ro muinommA --------------  mg 0.05 )suordyhna( cisabid ro cisabonom etahpsohp(  
  dica cirtiC ----------------------------------------  mg 0.1  

 etardyh larolhC ----------------------------------   mg0.05  

 fo erutxim eht rof erudecorP reyaM nilyxotameaH s’  

 .ekil eht dna elacs ,renrub nesnuB ,kcar ,hcneb ekil tnempiuqe lareneg eht lla eraperP  

 .gnitraeh tuohtiw )lm 0001( eno derusaem morf retaw dellitsid ni mulA evlossiD  

 .noitulos siht ni nilyxotameaH ddA  

 olhC dna dica cirtiC ,etadoi muidoS ddA .etardyh lar  

  morf detcetorp dna deppot llew elttob nworb ni tpek eb dluohs noitulos gniniats sihT

.esu ni ton elihw ecalp krad ni erots / peeK .thgilnus tcerid  

 

 na si gniniats nilyxotameaH gniniats tceridni  munimulA ekil tnadrom seriuqer hcihw ,

uS muinommA  eussit mrof ot etafluS muissatoP munimulA ro etafl –  tnadrom –  xelpmoc eyd

 niatreC .sdohtem niats tceridni ni sniats cisab sa tca eyd tnadroM .gniniats yrotcafsitas erofeb

fo gniniats eht fo esac nI .rewop gniniats eht esaercni ot deriuqer era sretautnecca   evren lartnec

 cinnaT ekil stnega gnippart seyd eht dloh oT .laitnesse si etardyh larolhc ekil srotarelecca metsys

 na ,htmraw ,thgil ,ria ni tup fi denepir teg nac noitulos nilyxotameaH .detnemelpmi eb nac dica

IaN( etadoi muidoS ekil stnadixo fo esu 2 oP ,) K( etanagnamrep muissat 2 OnM 2  cirucreM dna ,)

OgH( edixo 2  enelyhteM ,nisoE sa hcus seyd noitulos cilohocla ro suoeuqa elpmiS ,dnah eht nO .)

 era yeht ,ecneh ,yltcefrep eussit gniniats yltcerid era eulb sniats tcerid   

 

 esac eht nI  fo gniniats tcerid  
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RAPERP NILYXOTAMEAH ROF NIATS RETNUOC FO NOITA  

 

 tI .stluser lacitnedi tsomla dna doog evig dluow hcihw ereh detsil eb dluoc sniats retnuoc ynaM

.stluser gniniats tnereffid evig hcihw sniats retnuoc esoht tsil ylno lliw ew taht nosaer siht rof si  

 

LOHOCLA KCOTS %1 NISOE CI  

  elbulos retaw ,Y nisoE ------------------------------ mg 0.1  

  retaw dellitsiD --------------------------------------- :dda dna evlossid : lm 0.02  

  %59 ) lyhtE ro lonahtE( ,lohoclA -----------------  lm 0.08  

 

NOITULOS NISOE GNIKROW  

 …noitulos kcots nisoE trap 1 ....………………………  

 strap 3………………..% 08 )lyhte ro lonahtE( lohoclA  

.rits dna niats fo lm 001 hcae ot dica citecA laicalG fo lm 5.0 dda ,esu erofeb tsuJ  

 

 elbinrecsid erom niats rehtona fo stceffe eht redner ot deilppa sniats ot gnirrefer si sniats retnuoC

 segnahc cimsalpotyc ro slarenim ,stnemgip ,seidob noisulcni wohs ot ,raelc ekam ro etarapes ro

 ni srucco taht srorre nommoc tsom eht ,dnim ni siht htiW .sisongaid evitinifed eht ta evirra ot

o lohocla ,nisoe retfa lohocla fo esu reporpmi era gniniats nisoe  eht gnirud ,esu evitardyhed ni en

 ro slarenim ,stnemgip ,seidob noisulcni  fo gniwodahsrevo eht diova ot ,nisoe ssecxe fo lavomer

 eht fo noitaitnereffid reporp ,eroferehT .yldipar lohocla hguorht gnissap dna segnahc cimsalpotyc

 si lohocla yb nisoe TSUM . 

 

S :erudecorP gniniat  

              .setunim 3 rof enelyx ni sedils no dexif snoitces eht tuP .1  

              .setunim 3 rof lohocla etulosba ot refsnart nehT .2  

              .setunim 2 rof lohocla %08 ot refsnarT .3  

              of lohocla %05 ni ecalP .4 .setunim 2 r  

                nilyxotameaH s’sirraH ni tup dna etunim 1 rof retaw epat gninnur ni edils eht hsaW .5  

                  5 rof - .setunim 7  
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              sdnoces 03 rof retaw epat gninnur ni hsaW .6  

              la dica %1 ni eyd ssecxe hsaW .7 .dnoces 51 rof noitatiga suounitnoc yb lohoc  

              sdnoces 03 rof retaw epat gninnur ni hsaW .8  

              2 eviG .9 - .ruoloc eulb a niatta seussit litnu noitulos retaw ainomma ni spid 3  

              sdnoces 03 rof retaw epat gninnur ni hsaW .01  

              3 rof nisoe htiw niats retnuoC .11 - .setunim 5  

              sdnoces 03 rof retaw epat gninnur ni hsaW .21  

              2( lohocla fo noitartnecnoc gnisaercni ni gnipeek yb etardyheD .31 -    ,%05 ni setunim 3  

                     dna %59 ,%07 .)lohocla etulosba  

              .maslab adanaC ro XPD htiw tnuom dna enelyx ni ti raelC .41  

 

:tluseR  

          eulb thgirB ....………………………………………ielcuN  

          knip thgirB ..………………………………nitarek ,elcsuM  

          knip elaP .………………………msalpotyc dna negalloC  

          der egnarO ...…………………………………setycorhtyrE  

 

H gniwollof eht noitidnoc ruo nI - .lufpleh si erudecorp gniniats E  

 

 .2 ,1 enelyX  

 .4,3,2,1 lohocla etulosbA  

 .1 %59 lohoclA  

 1 %07 lohoclA  

 retaW  

 nilyxotameaH  

 retaW  

 nisoE  

 retaW  

 1 %07 lohoclA  

 .1 %59 lohoclA  
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 losbA .3,2,1 lohocla etu  

 .3.2 ,1 enelyX  

 …maslab adanaC ,XPD yb tnuoM  

 gnilebaL  

 noitaterpretnI  

 .xob edils ni ro ecalp krad ni gniliF  

 

SNOITCAER GNINIATS EYD LACIMEHC  

 gnitinu fo elbapac era hcihw snoina ro snoitac deruoloc ecudorp ot noitulos ni ezinoi tsum eyd A

w  si eyd cisab lacipyt A .sdnuopmoc deruoloc mrof ot stneutitsnoc eussit rehto dna nietorp hti

 si eyd cidica na dna ,ygolotsih ni desu era taht segar Hp a ta )cinoitac( degrahc ylevitisop

tniop degrahcnu na sah eyd ciretohpma na ;)cinoina( degrahc ylevitagen   nihtiw )tniop cirtceleosi(

.Hp siht evoba cidica dna woleb cisab si dna egnar Hp eht  

 

 elbaT ------  seyd ciretohpma dna ,cidica ,cisab fo noitazinoI  

 

seyD  Hp  ytiniffa Hp  

3 4 5 6 7 8 9 01  

teloiv latsyrC  + + + + + + + + cinoitaC( eyd cisaB  

G egnarO  _ _ _ _ _ _ _ _ )cinoina( eyd cidicA  

nietameaH  + + + + _ _ _ _ eyd ciretohpmA  

 

 fo stnenopmoc rehto dna snietorp eht ni tneserp era spuorg degrahc yllacirtcele ,yaw emas eht nI

idica ,cisab era ,seyd ekil ,stneutitsnoc eussit egnar Hp yranidro eht tA .seussit  ciretohpma ro ,c

 elbaT( -----  elihw ,spuorg lyrohpsohp rieht ot eud cidica era sdipilohpsohp dna ,ANR ,AND .)

 yxobrac dna lyruhplus cidica niatnoc sdnalg fo snoiterces suocum emos dna egalitrac ,sllec tsam

arg eht dna ,selcsuproc doolb der ,negalloC .spuorg  eud cisab era setycocuel lihponisoe fo selun

 dna msalpotyc llec fo snietorp ciretohpma eht elihw ,spuorg onima cisab fo ecnanimoderp eht ot

 .spuorg onima cisab dna spuorg lyxordyh dna lyxobrac cidica neewteb ecnalab a niatnoc elcsum
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liw Hp ni segnahc llamS  regral tslihw ,cidica ro cisab seussit ni secnatsbus ciretohpma ekam l

 .stnenopmoc eussit cidica ro cisab fo segrahc lacirtcele eht retla segnahc  

 

 : elbaT ----  stnenopmoc eussit fo noitazinoI  

)+( cisaB  ( cidicA -) /+( ciretohpmA -) 

negalloC  nitamorhc , AND  msalpotyC  

selucsuproc doolb deR  ANR  elcsuM  

lihponisoe fo selunarG  nileyM   

setycocueL  segalitraC   

 snoiterces suocuM   

 selunarg llec tsaM   

 

 gniniats tcerid os od dna ,rehtegot tcaer lliw yeht ,dezinoi htob era seussit dna seyd sA

portcele ;seuqinhcet  detnadroM .asrev eciv eht dna seussit evitagenortcele htiw tinu sniats evitiso

 cisab dna cidica fo noitaitnereffid ehT .sdohtem gniniats tceridni ni sniats cisab sa tca seyd

segrahc eht yb tuoba thguorb segrahc cinoi ot eud si senikla dna sdica yb gniniats   eht htob ;Hp ni

niats  fo noitidda eht ,ecnatsni roF .detceffa eb lliw eussit eht dna s enilakla   cinoi eht sehsinimid

 sesaercni dna spuorg onima cisab fo noitaicossa eht   gnikam suht ,spuorg lyxobrac fo noitaicossid

 llec fo snietorp eht  ,msalpotyc elcsum dna   tceffe esrever eht evah lliw cidica ;degrahc ylevitagen

 niats a fo pirg ro ’ssentsaf‘ dna ytisnetni ehT .degrahc ylevitisop emoceb  lliw snietorp dna

 dna rebmun eht morf dna stnenopmoc eussit rof slacidar dezinoi sti fo ytidiva eht nopu sdneped

gnerts eht  lyrohpsohp tslihw cidica ylkaew ylno era spuorg lyxobraC .sdnob lacimehc eseht fo ht

 dica( seyd detanohplus suht ;llits regnorts era spuorg lyruhplus eht dna regnorts era spuorg

cihw ,snietorp fo spuorg cisab eht rof ytiniffa gnorts evah )G egnarO ,nishcuf  lufitnelp ni era h

 .noitaitnereffid gnorts eriuqer taht sdnob lufrewop mrof ot meht htiw etinu lliw dna ,ylppus

 ssel ecalpsid neve lliw dna ,seussit ni noi rof etepmoc ylevisseccus lliw seyd detanohplus esehT

ussit htiw denibmoc ydaerla evah taht seyd diva  tsrif eht gnitaitnereffid ro gniniats ybereht ,se

 cillatem eht tub ,sniats cisab tcerid sa yaw emas eht ni eussit htiw enibmoc seyd detnadroM .eyd

eussit mrif a smrof tnadrom - latem - .egaknil eyd  
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ylfeirb eb nac noitcaretni lacimehc yb gniniats eyd lufsseccuS   fo noitatneserp a sa debircsed

 etisoppo dna tnereffid htiw snoitulos gniniats ot spuorg lacimehc dezinoi htiw seussit dexif

.rehto hcae rof ytiniffa na evah taht slacidar degrahc  

 

GNINIATS EYD LACISYHP  

 

 yb seussit htiw enibmoc nac seyD noitprosda i hcihw ,  yllaicepse ,stcejbo dilos foytreporp eht s

 secafrus eerf rieht no secnatsbus rehto dloh dna tcartta ot ,noisivid enif fo etats a ni nehw

 srotcaf lacisyhP .lohocla ro retaw ni detaitnereffid eb yllausu nac sniats hcus ; )6091 ,ssilyaB(

ni tnatropmi era taht  eht edulc ytisned   dna ytilibaemrep   secnatsbus eussit esneD .seussit eht fo

 lliw dna eyd tnuoma egral a dloh emulov tinu rep niahc nietorp fo tnuoma egral a evah taht

imiS .noitaitnereffid yb deziruolocsid neeb evah seussit esned eseht retfa deruoloc niamer  ,ylral

 elbaemrep ssel tslihw ,detaitnereffid ylkciuq dna deniats ylkciuq eb lliw seussit elbaemrep ylhgih

 nevow ylesolC .noitaitnereffid ot tnatsiser erom dna niats a pu ekat ot regnol eriuqer secnatsbus

 thgit a evah )2691 ,rruG( seussit ’tink esolc‘ ; ro  tsrif taht sniahc nietorp ralucelom fo krowhsem

 egnahc yam secnatsbus eussit ,revoeroM .eyd fo noitaitnereffid tsiser neht ,noitartenep tsiser

 fo nirbif rof sdohtem gniniats debircsed )2691( ,.la te murdneL ;ega htiw ytilibaemrep rieht

hcihw sega tnereffid   nirbif eht sa nepo erom gnimoceb nirbif fo erutcurts enif eht nopu desab era

 neeb osla sah elpicnirp sihT .selucelom egral htiw seyd gnidloh fo elbapac erom suht dna sega

rla sah tI .)2791 ,resarF dna ,sreddilS ,murdneL( diolyma fo gniniats eht ot deilppa  neeb ydae

 fo selpmaxe tseb eht era sniats taf naduS eht ,ytilibulos ot eud semitemos si gniniats eyd tahtnees

er eb tsum ti ,yllaniF .ereh rehtruf dessucsid eb ton lliw yeht dna eseht -  eyd taht dezisahpme

hp fo erutxim a yb tuoba thguorb yllausu si gniniats  eht neewteb seitiniffa lacimehc dna lacisy

 .stneutitsnoc eussit eht dna eyd  

 

SDOHTEM GNINIATS FO LORTNOC CIFITNEICS EHT  

 

 ,snoitcaer lacimehc esicerp yb dehsilpmocca eb nac gniniats lacigolotsih taht nwohs neeb sah tI

tcaxe ssel yb tuo deirrac llits si tub   gniniats taht snaem sihT  .sessecorp lacisyhp dna lacimehc

 eht snialpxe dna srotcaf tnereffid fo rebmun egral a ot gnidrocca ylbaredisnoc yrav lliw sdohtem
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 seuqinhcet ehT .depoleved neeb evah taht seuqinhcet gniniats fo snoitacifidom suoremun

ni debircsed   eht dah sah tsigolotsih yreve tub ,detset neeb lla evah sretpahc gniwollof eht

 ot eud eb yam sihT .stluser evitagen neve ro roop sevig taht dohtem a fo ecneirepxe gnigaruocsid

ulos dna noitisopmoc ni secnereffid ot ;noitaxif elbatiusnu ;seussit evitcaernu  ot ;seyd eht fo ytilib

 ,erutarepmet eht ni snoitairav ot ;noitulos gniniats a fo noitaroireted eht ro nepir etauqedani eht

.srotcaf rehto ynam ot dna ;sniats ro retaw eht fo Hp  

 ygolotsih taht snaem gniniats eyd ni noisicerp cifitneics fo kcal sihT  eb tsum   ot deraperp

 eht niatbo ot redro ni sdohtem nwo sih lortnoc doog  .stluser  

 ni neve ro ,yrtnuoc rehtona ni yrotcafsitas eb ton yam yrtnuoc eno ni llew skrow hcihw dohtem A

oitisopmoc eht ro seirav noitidnoc lacitamilc fi ,yrtnuoc emas eht fo trap tnereffid a  pat fo Hp ro n

 yllausu tub ,dewollof ylluferac eb dluohs euqinhcet gniniats a ni nevig noitcerid ehT .sretla retaw

 a dloh dluohs yrotarobal ehT .elbaloivni sa dedrager eb ton dluohs dna esimorpmoc a stneserper

o snoitces niffarap deniatsnu detnuom fo kcots  ,stnemele eussit laiceps niatnoc ot nwonk seussit f

 slatem ,airetcab ,segnahc lacigolohtap  .ekil eht dna  sa desu era esehT snoitulos lortnoc   era dna

 sihT .noitagitsevni rednu snoitces eht sa yaw emas eht yltcaxe osla dna emit emas eht ta deniats

ca tseb si  fo edils htiw kcab ot kcab ,noitces tset eht htiw edils eht gnicalp yb deveih  lortnoc

noitces  emas eht rof ,.cte ,detaitnereffid ,deniats gnieb ,yllacitnedi detaert era sedils owt eht ;

iceps rof gniniats fo noitartsurf diova slortnoc esehT .emit fo shtgnel  sa hcus ,serutcurts la

 negocylg on deniatnoc eussit eht rehtehw llet ot elbanu gnieb neht dna ,illicab cidica ro negocylg

dica ro -  lliw noitces lortnoc eht ta ecnalg a ;eruliaf a saw euqinhcet eht rehtehw ro ,illicab tsaf

ekrow yrotarobal yrevE .siht ediced  .euqinhcet a fo snoitairav dellortnoc ekam ot elba eb dluohs r

 si ti tub ,stluser tnellecxe evig ecnahc eb yam dohtem gniniats snoitaretla drazahpah elpitluM

 edam eb tsum dohtem gniniats a ni segnahC .euqinhcet eht ecudorper ot elbissopmi yllausu neht

 eno  eb dluohs snoitces fo rebmun egral A .noihsaf dedrocer ylluferac dna ylredro na ni ,emit a ta

 eb dluohs dohtem eht fo pets hcae fo snoitairav fo seires a dna ,kcolb eussit emas eht morf tuc

 eno htiw ,eno yb eno ,edam ---   gnipeek yB .noitces hcae ni egnahc  euqinhcet eht fo tser eht

 eb nac ti woh dna evitcefed saw dohtem eht fo trap hcihw wohs lliw snoitces eht tnatsnoc

 hcihw egnahc lacigolohtap a ro ecnatsbus ngierof a niats ot deriuqer si ti yllanoisaccO .detcerroc

i tnuoma elbaicerppa yna ot tneserp ton si  nI .snoitces lortnoc yrotarobal eht ni ro eussit ton n

 rednu ecnatsbus eht gniniatnoc nitaleg fo edam eb nac ’kcolb eussit‘ laicifitra na sesac eseht
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 lamina yrotarobal a otni detcejni eb yam lairetam eht ro ,)0391 ,noremaC( noitanimaxe ----   eht

esu seussit .snoitces lortnoc rof d  

  eht fo noitatimil eht dna shtgnerts eht etaicerppa ot laitnesse si ti yrotarobal eht nI

 ot snoitacilppa rieht dna sniats fo noitca fo sedom eht fo gnidnatsrednu na yB .esu ni sdohtem

ser tseb eht niatbo ot elbissop si ti ,ygolotsih  seruliaf fo eruc eht dna esuac eht ezingocer ot stlu

.rucco yeht nehw  

 

SECEREFER  

.nodnoL ,neuhteM .euqinhcetorcim fo selpicnirP .)8591( .R.J ,rekaB  

5 ,euqinhcet lacigolotyC .)6691( .R.J rekaB ht  .nodnoL ,neuhteM .nde  

 .J yrtsimehcoiB .)6091( .M.W ,ssilyaB 1, 571  

 .)5681( .F ,remhöB Ä  )hcinuM( .lbznegilletnI .ltzr 21 935 ,  

.tcaB .htaP .J )0391( .R.G ,noremaC 33 .929 .  

2 ,gniniats fo yrotsih ehT .)8491( .J.H ,nnoC dn  .kroY weN C ,snoitacilbuP hcetoiB .nde  

 .lbZ .loiB .)7881( .P ,hcilrhE 6 412 ,  

iw.Z .)4981( .P ,hcilrhE .rkiM.ss 11 .052,  

 

.elgoog ro skoob ni gniwollof eht refer esaelP  

noitanimaxe nemeS   

 noitcelloc elpmas dna noitacidnI  

etalucaje fo ecnaraeppa ssorg dna emuloV  

- ytisned mreps dna aozotamreps fo ytilitoM  

- /nemes fo noitaulave cipocsorciM - stset lacimehcoiB  

avE slamina elam ni ecnamrofrep evitcudorper fo noitaul  
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