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Humans have been using natural resources for various ailments from their existence,
and it is nature that supports and heals by the different ways and fulfills the needs of
human beings. The human beings of different era in different parts of the globe
independently discovered the drugs from natural sources.

Interestingly, the last few decades have witnessed a quantum jump in relevant
and useful publications, especially with regard to books pertaining to medicinal
plants and their uses for scientific fraternity and commoners. The primary emphasis
of this book was placed on basic pharmacological principles of inflammation.
Details and individual herbal drug properties were deliberately omitted in the inter-
est of making drug action more transparent and affording an overview of the
pharmacological basis of drug therapy for inflammation.

The authors wish to reiterate that Inflammation: Natural Resources and Its
Application cannot replace a textbook of inflammation or medicinal plants, neither
can it replace a book on pain management, nor does it aim to do so. Rather, this
little book is designed to arouse the curiosity of the pharmacological novice, to
help students of medicine and pharmacy gain an overview of the inflammation and
its management by natural sources, and to review certain bits of information in a
concise format, and, finally to enable the experienced pain therapist to recall certain
factual data.

The book essentially comprises six chapters wherein each chapter begins with
collectively accepted information of the plant, animal and marine sources and its
applications. We earnestly hope that the book will provide the kind of information
that will interest those who work or plan to begin work in the area of inflammation
and its management by natural resources.

Raipur, Chhattisgarh, India Parag Jain
15 October 14 Ravindra Pandey
Shiv Shankar Shukla
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Abstract

Nature is an inevitable source on earth; it may refer to the various types of living
plants and animals and in some cases to the processes associated with inanimate
objects. Natural resources include land, forests, wildlife resources, fisheries,
water resources, energy resources, marine resources, and mineral resources. The
way that these particular types of things exist and serve the humankind for better
lifestyle is fairly noticeable. Forests provide us variety of services and nurture the
mankind with its incomparable facilities and functions such as maintaining oxy-
gen levels in the atmosphere, removal of carbon dioxide, control over water
regimes, and slowing down erosion and also produce products such as food, fuel,
timber, fodder, medicinal plants, etc. Marine fishes are an important protein food
and contain significant medicinal value. There are several principles that each of
us can adopt to bring about sustainable lifestyles. This primarily comes from
caring for our Mother Nature and its resources in all respects. Regard for the
nature is the greatest sentiment that helps bring about a feeling of protecting and
conserving the natural resources, looking at how we use natural resources in a
new and sensitive way. Through this book, we are going to explore the richness
of nature, its kindness towards human race and purpose for the whole world.

1.1 Natural Resources

Natural resource is the form of matter or energy which is available in the earth and
used by living things. Natural resources in the ecosystem are often characterized by
amounts of biodiversity and geodiversity existent. These are essential for our sur-
vival and various valuable uses. These resources occurring naturally within environ-
ments may exist as air, water, plant, as well as living organism such as fish and
microbes or may exist in other forms which may be processed to obtain the resources
such oil, ores, and most forms of energy. Anything which comes from nature and

© Springer India 2015 1
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2 1 Introduction

people can use is natural resource; soil, sunlight, water, and wood are renewable
resources, while coal, oil, and minerals are nonrenewable resources.

The living part of nature consists of plants and animals, including microbes.
Plants and animals are biotic part of nature; but they require specific abiotic condi-
tions to live in. The forests, grasslands, deserts, mountains, rivers, lakes, and the
marine environment all form abiotic habitats for specialized communities of plants
and animals and all are closely linked to each in their own habitat. Interactions
between the abiotic aspects of nature and specific living organisms together form
the basis of ecosystems.

1.1.1 Sources of Medicinal Value

Natural products have been playing an important role throughout the world in treat-
ing and preventing human diseases for a long time. Natural product medicines have
come from various source materials including terrestrial plants, terrestrial microor-
ganisms, marine organisms, and terrestrial vertebrates and invertebrates [1, 2].
Figure 1.1 represents the sources available against inflammation. Different natural
sources used for anti-inflammatory and other medicinal purposes are stated below:

1.1.1.1 Plant Source
Plants have been catering as rich source of effective and safe medicines from ancient
times. Plants have been used to attempt cures for diseases and to relive physical

Plantsource

Fig. 1.1 Natural resources against inflammation
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suffering. Plant’s medicinal value is due to the presence of active chemical constitu-
ents or secondary metabolites, namely, alkaloids, glycosides, flavonoids, tannins,
resins, terpenoids, saponins, etc. All these chemical substances are responsible for
healing properties against several diseases. The large proportion of natural products
in drug discovery has stemmed from the diverse structures and the intricate carbon
skeletons of natural products. Since secondary metabolites from natural sources
have been elaborated within living systems, they are often perceived as showing
more drug likeness and biological friendliness than totally synthetic molecules [3].
Medicinal plants are source of raw materials for both traditional systems of medi-
cine and modern medicine. These medicines are also in great demand in the devel-
oped world for primary health care because of their efficacy, safety, and lesser side
effects. Indian Vedas describe the widespread use of herbal medicines and aqueous
extracts of different plant parts for curing different diseases [4].

1.1.1.2 Animal Source

Animal source foods can provide a variety of micronutrients that are difficult to
obtain in adequate quantities from plant source foods alone. Animals have been
used as medicinal resources for the treatment and relieve of a myriad of illnesses
and diseases in practically every human culture. The phenomenon of zootherapy
represents a strong evidence of the medicinal use of animal resources. The healing
of human ailments by using therapeutics that are obtained from animals or ulti-
mately are derived from them is known as zootherapy [5].

Over 500 species of insects, mites, and spiders are used as medicines to cure both
common and complicated ailments in Chhattisgarh, India [6]. Tetrameric polypep-
tide “melittin,” the major component of bee venom, may be responsible for antiar-
thritic and anti-inflammatory effects [7]. Traditionally, leeches are usually used in
conditions like abnormal swellings, piles, inflammatory abscess, skin diseases,
rheumatoid arthritis, eye diseases, and poisonous bites.

1.1.1.2.1 Marine Source

Marine sources provide significant number of natural products with range of medic-
inal benefits. Marine natural products are obtained from major taxonomic groups
like Mollusca, Arthropoda, Echinodermata, Porifera, Cnidaria, and many other
phyla used in treatment of several diseases. Organisms from these source show wide
range of therapeutic properties including anti-inflammatory, anticancer, antimicro-
bial, antihypertensive, anticoagulant, wound healing, and other medicinal effects
[8]. The marine environment is a rich source of biologically active natural products
of diverse structural types. The sponge Luffariella variabilis produces a chemical
called monalide having anti-inflammatory activity by inhibiting the action of
enzyme phospholipase A, [5].

Marine sponges belong to the genus Ircinia and are known to be a very rich
source of terpenoids, several of which have shown a wide variety of biological
activities. Variabilins, a polyprenyl hydroquinone, are chemicals obtained from
sponges used as analgesic and anti-inflammatory properties [9].
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Marine wealth exploration often leads to new ideas and new theories and discov-
eries, including new medicines. From slime molds to sponges, researchers are
exploring the ocean’s depths for new medications to treat inflammation, cancer,
bacterial infections, viruses, heart disease, pain, and other ailments. Microbes hav-
ing immense genetic and biochemical diversity look likely to become a rich source
of novel effective medicines.
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Abstract

Inflammation is a tissue-destroying process that involves the recruitment of
blood-derived products, such as plasma proteins, fluid, and leukocytes into per-
turbed tissue. The source of the inflammation needs to be found by identifying
the trigger factors which cause the inflammation, which includes physical, envi-
ronmental, emotional, chemical, and most important nutritional factors.
Inflammation cascade is regulated by immunological, physiological, and behav-
ioral processes that are orchestrated by immune signaling molecule called cyto-
kines. Inflammation is the basis for many diseases; it progresses to more serious
degenerative conditions that ultimately get diagnosed as disease, i.e., irritable
bowel syndrome, Crohn’s disease, arthritis, allergies, hay fever, infertility, endo-
metriosis, skin disorders like eczema along with major disorders including can-
cers, dementia, Alzheimer’s disease, atherosclerosis, diabetes, and autoimmune
disorders like systemic lupus erythematosus. While inflammation is necessary
for debridement after injury, understanding the important role and stages of
inflammation in the process of healing is fundamental to prevent chronic and
debilitating diseases from occurring. This chapter signifies inflammation and its
cause, mechanism, functions, and recovery.

2.1 Inflammation

Inflammation is derived from Latin word “inflamao” that means “Ignite, set alight”
[1]. It is the process to remove the injurious stimuli like irritants, damaged cells,
infection, and other stimulants and to initiate the healing process [2]. It may occur
due to several causes such as burns, infections, chemical irritants, frostbite, toxins,
physical injury, hypersensitivity, ionizing radiation, stress, trauma, and alcohol [2].
Several authors define inflammation in their own way but the basic phenomenon of
inflammation is protecting body against injury. Authors outline inflammation as
“Inflammation is a complex process that occurs in vascular tissues in response to

© Springer India 2015 5
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Fig.2.1 Causes of inflammation

injurious stimuli like pathogens, damaged cells, or irritants.” Or “Inflammation is a
biological response that fills an area with blood in order to remove damaged tissue
for recycling.” Or “Inflammation is a first response of defense and healing that
becomes active before our immune system does.” Or “Inflammatory response is a
series of events, or stages, that the body performs to attain homeostasis.” Or
“Inflammation is the body's physiological response or a nonspecific defense mecha-
nism to a superficial cut, burn or a bacterial infection.” Inflammation does not mean
infection, even when an infection causes inflammation (Fig. 2.1).

2.2  Diagnosis of Inflammation

Inflammation in any body part makes release of extra protein from the site of inflam-
mation which circulates in the bloodstream. The erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), and plasma viscosity (PV) blood tests are com-
monly used to detect this increase in protein and so are markers of inflammation.
Only correct diagnosis will relief from inflammation, while avoidance or incorrect
diagnosis may give rise to more serious conditions like gangrene (Fig. 2.2).

2.3 Mechanism of Action

When a tissue is injured by any physical or chemical means, the process of
inflammation starts automatically. Inflammation is caused by release of chemicals,
most importantly prostaglandins (PGs), leukotrienes (LTs), histamine, bradykinin,
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Fig.2.2 Inflammation and
diagnosis
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and, more recently, platelet-activating factor (PAF) and interleukin-1. All the
antiinflammatory sources achieve their effects by blocking the increase in prosta-
glandins (PG) synthesis, competitively inhibiting histamine receptors. Aspirin-like
anti-inflammatory drugs inhibit the cyclo-oxygenase (COX) enzyme and reduce
synthesis of prostanoids. However, corticosteroids prevent the formation of both
PGs and LTs by causing the release of lipocortin, which by inhibition of phospholi-
pase A2 reduces arachidonic acid release.

24 Pathway of Inflammation

The inflammatory response is accompanied by erythema, edema, hyperalgesia, and
pain. Inflammation is mediated by synthesis and release of various cytokines,
growth transforming and chemotactic factors, and infiltration of various inflamma-
tory cells mainly the neutrophils which try to protect from harmful effect of noxious
stimuli and cause inflammation. Figure 2.3 represents the pathway of
inflammation.
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2,5 Types of Inflammation

Broadly, inflammation is of two types, i.e., acute and chronic. Acute inflammation
persists for a short duration from few hours to days, and the process is initiated by
cells like macrophages, dendritic cells, histiocytes, Kupffer cells, and mastocytes.
Acute inflammation comprises of two events, namely, the vascular and the cellular
events. In chronic inflammation, the inflammatory process persists for a longer
period and is generally accompanied by tissue granulation and fibrosis.

2.5.1 Acute Inflammation

Acute inflammation is the initial response of the immune system against pathogens
and tissue injury which is characterized by ischemia, metabolic disturbance, and
cell-membrane damage. It is a rapid self-limiting process, mediated by eicosanoids
and vasoactive amines followed by vascular and cellular events which increase the
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movement of plasma and leukocytes into infected site. The proliferative phase of
inflammation leads to granulation tissue formation lasts for 6-8 weeks. The final
phase of acute inflammation deals with healing and scar formation. During this
stage, cellular activity goes decrease and increased organization of extracellular
matrix. Several inflammatory conditions are the result of acute inflammation, i.e.,
acute respiratory distress syndrome, acute transient rejection, asthma, glomerulone-
phritis, reperfusion injury, septic shock, and vasculitis.

2.5.1.1 Phases of Inflammation

Inflammation is immensely a complex response which seems to bring fluid, protein,
and cells from the blood into the damaged tissues. It is known that the tissues dipped
in watery fluid or extracellular lymph lack most of the proteins and cells that are
present in blood, since most of the proteins are too large to cross the blood vessel
endothelium. Thus, when damage and infection occurred, there is some mechanism
which allows cells and proteins to expel out to extravascular sites. The inflammatory
response includes vasodilatation, increased vascular permeability, cellular infiltra-
tion, and activation of cells of the immune system as well as of complex enzymatic
systems of blood plasma (Fig. 2.4).

2.5.1.1.1 Vascular Events

The response which occurs in seconds of the tissue injury and last for minutes is
acute vascular response. Vascular events comprise of vasodilatation and increased
vasopermeability which leads to increased blood flow and entry of fluid into the tis-
sues, and its duration varies in different types of inflammation [2]. This phase of
inflammation response can be demonstrated by scratching the skin with a fingernail.
The wheal and flare reaction which occurs is composed of various response blanch-
ing of skin due to vasoconstriction, appearance of red line due to capillary dilation,
and flush due to arterioles dilation; a wheal appears as fluid leaks from the
capillaries.

VASCULAR
al id leakage

Fig.2.4 Effects of inflammation on body system
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2.5.1.1.2 Cellular Events

The acute cellular response takes place over the next few hours when sufficient
damage to the tissue has occurred. The neutrophils appear in the tissues during this
phase, erythrocytes also gain access into the tissues, and bleeding occurs. Platelets
aggregate at the site of injury in which red cell stacked together help to stop bleed-
ing and clot formation. The dead and dying cells contribute to pus formation fol-
lowed by chronic cellular response which is characterized by appearance of
mononuclear cell infiltrate composed of macrophages and lymphocytes.
Macrophages are involved in microbial killing, in clearing up cellular and tissue
debris. The cellular events begin due to movement of the leukocytes in the blood-
stream and adhering to the endothelium by a process called margination. All these
occur commonly at the site of postcapillary venules and take place because of the
interaction of various adhesion molecules like selectins, integrins, ICAM-1 (inter-
cellular adhesion molecule-1), VCAM-2 (vascular cell adhesion molecule-1), CD31
(cluster of differentiation-31), and Sialyl-Lewis X-modified proteins. The expres-
sion of these adhesion molecules is controlled by various cytokines [3]. After exit-
ing the circulation, leukocytes migrate towards the site of injury by a process called
chemotaxis in response to chemo attractants. These chemo attractants may be bacte-
rial products, peptides, lipids, leukotrienes, and cytokines.

Over the next few weeks, resolution may occur, i.e., normal tissue architecture is
restored. Blood clots are removed by fibrinolysis to return tissue to its original form.
However, if it is not possible to remove the infectious agents which have accumu-
lated at the site completely, they are walled off from the surrounding tissue in granu-
lomatous tissue. A granuloma is formed when macrophages and lymphocytes
accumulate around material that has not been eliminated, together with epithelioid
cells and giant cells that appear later, to form a ball of cell.

2.5.2 ChronicInflammation

Chronic inflammation is inflammation of prolonged duration that lasts for several
months to years in which continuing inflammation, tissue injury, and healing, often
by fibrosis, proceed simultaneously. Chronic inflammation may arise due to persis-
tent infections by microbes like Mycobacterium tuberculosis, Treponema pallidum
and certain viruses and fungi. These microorganisms elicit T lymphocyte—mediated
immune response called delayed-type hypersensitivity. Autoimmunity also plays an
important role in several common and debilitating chronic inflammatory diseases
such as rheumatoid arthritis, inflammatory bowel disease and psoriasis [4]. Chronic
inflammation also relates to some diseases like Alzheimer disease, atherosclerosis,
metabolic syndrome, type 2 diabetes and some forms of cancer. Prolonged exposure
to silica leads to silicosis, a chronic inflammatory condition. Figure 2.5 shows
different types of inflammation according to its progression.
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2.6 Inflammatory Cells

Inflammatory cells participate in acute and chronic inflammation are polymorpho-
nuclear neutrophils (PMN), basophils, eosinophils, lymphocytes, plasma cells, and
monocytes that response to a foreign substance.

2.6.1 MastCells

Mast cells are an important source of a variety of proinflammatory mediators and
cytokines than can promote inflammation and vascular changes. Main substances
released from mast cells are histamine, heparin, leukotrienes, platelet-activating
factor (PAF), nerve growth factor, and some interleukins. Therefore, they are con-
sidered to be involved in tissue repair [5, 6].

2.6.2 Polymorphonuclear Leukocytes
Neutrophil polymorphs are the shock troops of inflammation and are the first of the

blood leukocytes to enter an inflamed area. Polymorphonuclear neutrophils (PMN)
contain many substances in their granules like protease, myeloperoxidase,
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lysozyme acid, and alkaline phosphatase. PMN are considered to be first line of
defence against bacteria because of phagocytosis of microorganisms and engulf-
ment of antigen-antibody complex. The process is regulated by the adhesion mole-
cules, i.e., selectins, intercellular adhesion molecule (ICAM), and integrins. The
neutrophil is attracted to the invading pathogen by chemicals termed chemotaxins
which are released by microorganisms or by local cells such as macrophages (e.g.,
chemokines). Neutrophils can engulf, kill, and digest microorganisms by generating
toxic oxygen products and enzymatic digestion. Neutrophils are live, apoptotic, and
constitute pus. When neutrophils have released their toxic chemicals, they undergo
apoptosis and must be cleared by macrophages [5].

Eosinophils kill multicellular parasites like helminthes. These include eosinophil
cationic protein, a peroxidase, the eosinophil major basic protein, and a neurotoxin.
Eosinophils are considered in pathogenesis of asthma where granule proteins cause
damage to bronchiolar epithelium. The number of eosinophils increases in condi-
tions like allergy, parasitic infections, skin diseases, and certain lymphomas.

Basophils are found in certain parasitic infections and hypersensitivity reactions.
They form only 0.5 % of circulating white blood cells.

2.6.3 Monocytes/Macrophages

Monocytes arrive in inflammatory lesions several hours after the polymorphs.
Adhesion pattern of this cell is similar to neutrophils, although monocyte chemo-
taxis utilizes additional chemokines, such as MCP-1 (monocyte chemoattractant
protein-1). Activated macrophages release many substances like collagenase, elas-
tase, plasminogen activating factor, products of complement, coagulation factor,
interleukin-1, tumor necrosis factor (TNF), and oxygen-derived free radicals that
act on vascular endothelial cells, attract other leukocytes to the area, and give rise to
systemic manifestations of the inflammatory response such as fever. Macrophages
engulf tissue debris and dead cells, killing most microorganisms [6].

2.6.4 Vascular Endothelial Cells

Vascular endothelial cells play active role in inflammation; endothelial cells secrete
nitric oxide, causing relaxation of the underlying smooth muscle, vasodilatation,
and increased delivery of plasma and blood cells of the inflamed area. The endothe-
lial cells regulate plasma exudation and delivery of plasma-derived mediators and
express variety of receptors including those for histamine, acetylcholine, and inter-
leukin-1 [6].
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2.6.5 Platelets

Platelets are primarily involved in coagulation and thrombotic phenomena but also
play a part in inflammation. They can generate free radicals and proinflammatory
cationic proteins in addition to thromboxane A, and platelet-activating factor (PAF).
They have low affinity receptors for IgE and are believed to contribute to the first
phase of asthma.

2.6.6 Neurons

Some sensory neurons release inflammatory neuropeptides and are fine afferents
with specific receptors at their peripheral terminals. Kinins, 5-hydroxytryptamine,
and other chemical mediators generated during inflammation act on these receptors,
stimulating the release of neuropeptides such as neurokinin A, substance P, and
calcitonin gene-related peptide (CGRP) [6].

2.7 Inflammation and Recovery

Recovery of an inflammatory condition is a complicated process; it starts as soon as
the injury occurs and can take hours, days, weeks, and months or more to complete.
The inflammatory phase normally takes between 24 and 72 h, depending on the
severity of damage. Injured tissue can include skin, muscles, ligaments, or tendons.
The recovery or healing includes inflammatory phase, proliferation phase, and
remodeling phase. Inflammatory phase is a great deal of activity in the tissues.
Where there is bleeding, a blood clot forms to join tissue back together, at the same
time vascular and cellular activity starts dealing with microbes, foreign bodies, and
dying tissue. The inflammation process is instigated and controlled by chemical
mediators released from blood, cells, and tissues. This includes histamine, Hageman
factor, and bradykinin. The proliferation phase is next and can take up to 21 days.
While the macrophage cells are busy cleaning up, they also instigate the prolifera-
tion stage by secreting active mediators, which include chemotactic and growth
factors; these mediators propagate granulation tissue. Granulation tissue consists of
fibroblasts which entangle with fibronectin molecules, contracts, and can reduce the
wound area by up to 30 %. Lastly, the remodeling stage is also known as the matura-
tion stage. This is the stage of wound strengthening in which realignment or remod-
eling of the collagen occurs, so that the bundles of fibers become aligned along the
stress of the tissue. When the process is finally complete, the capillaries in the area
are reduced and the collagen bundles increase in size. Figure 2.6 represents overall
inflammation and recovery process.
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Abstract

Inflammation is the complex pathophysiologic response of tissue injury or infec-
tion. Biochemical mediators released during inflammation intensify and propa-
gate the inflammatory response leading to organ dysfunction and major problem
in many clinical conditions such as sepsis, severe burns, acute pancreatitis, hem-
orrhagic shock, and trauma. Inflammatory mediators are soluble, diffusible mol-
ecules that act systemically and locally at the site of injury or infection.
Inflammation causes stimulation of body’s defense system; activation of leuko-
cytes causes release of inflammatory mediators at a site of infection or inflamma-
tion which control the later accumulation and activation of other cells. These
mediators secrete primarily from blood plasma, neutrophils, monocytes, macro-
phages, platelets, mast cells, endothelial cells lining the blood vessels, and dam-
aged tissue cells. This chapter summarizes recent studies that demonstrate the
critical role played by inflammatory mediators in the pathogenesis of acute and
chronic inflammation. It is reasonable to speculate that elucidation of the key
mediators in inflammation, coupled with the discovery of specific inhibitors,
would make it possible to develop clinically effective anti-inflammatory
therapy.

3.1 Inflammatory Mediators

There are several inflammatory mediators, either cell derived or plasma derived,
released at the time of tissue injury. Cell- and plasma-derived mediators work in
concert to activate cells by binding specific receptors, activating cells, recruiting
cells to sites of injury, and stimulating release of additional soluble mediators. These
mediators are relatively short-lived or are inhibited by intrinsic mechanisms, effec-
tively turning off the response and allowing the process to resolve. The cell-derived
mediators like histamine, serotonin, prostaglandins, leukotrienes, and platelet-
activating factor are released at the site of inflammation, whereas the plasma-derived
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Table 3.1 Inflammatory mediators

Cell-derived mediators Functions

Histamine Arteriole dilation and increased venous permeability

Serotonin Vasoconstriction in denervated tissue, vasodilatation in intact
tissue

Prostaglandins Vasodilatation, pain perception

Leukotriene Leukocyte adhesion, potent chemoattractant, release of lysosomal
enzymes

Cytokines Vasodilatation, increased vasopermeability, and phagocytosis

Interleukins Activation and chemoattraction of neutrophils

Plasma-derived mediators | Functions

Bradykinin Vasodilatation, increase vascular permeability, smooth muscle
contraction, and induce pain

Complement system Stimulates histamine release by mast cells

mediators are mostly generated in the liver and circulate in the plasma. Histamine is
one of the best-known mediators released from cells during inflammation which
triggers vasodilatation and increases vascular permeability. The prostaglandins are
a group of fatty acids produced by many types of cells, responsible for sensitizing
pain at nerve ending. The sources of the principal mediators and their roles in the
inflammatory reaction are summarized in Table 3.1.

3.1.1 Cell-Derived Mediators

The major cells involved in inflammatory responses include mast cells, neutrophils,
eosinophils, macrophages, lymphocytes, endothelial cells, and platelets. These cells
react to a variety of signals, stimuli, and irritants to orchestrate the inflammatory
response. Cell-derived mediators have redundant activities and include variety of
chemical groups such as vasoactive amines (histamine and serotonin), lipid media-
tors (prostaglandins and leukotrienes), and cytokines (interleukins and tissue necro-
sis factor). Mast cells, platelets, and basophils produce the vasoactive amines
serotonin and histamine. Other mediators are derived from injured tissue cells or
leukocytes recruited to the site of inflammation.

3.1.1.1 Histamine

It is a biogenic amine mediator formed by decarboxylation of the amino acid histi-
dine by the enzyme L-histidine decarboxylase which is stored in granules of mast
cells and basophils (Fig. 3.1). In mast cells and basophils, histamine is complexed
in intracellular granules with an acidic protein and a high molecular weight heparin
termed macro heparin. Histamine release is initiated by a rise in cytosolic Ca?*.
Agents that increase cAMP (cyclic adenosine monophosphate) formation, e.g.,
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[B-adrenoceptor agonists, inhibit histamine secretion [1]. Histamine causes vasodila-
tation and increases permeability and endothelial gap formation. The release of
cytokines, namely, interleukin-1 (IL-1) and tumor necrosis factor-o (TNF-ar) by the
macrophages and other cell types, triggers the release of the biogenic amines [2].
Histamine is a well-known mediator involved in anaphylaxis and causes severe
edema, pruritus, and bronchospasm.

Histamine receptors are of two types H; and H,, both are G protein-coupled
receptor. H; receptor has been described recently which acts as inhibitory receptor
on central nervous system. Histamine stimulates protein kinase C (PKC) via phos-
phoinositide (PI) hydrolysis through H; receptor activation. Increased cAMP level
in lung fragments indicates that H, receptors are positively coupled to adenylyl
cyclase in lung. In human skin, histamine causes a vasodilating response (flare) that
is mediated by H1 receptors. Human bronchial vessels are relaxed by low concen-
trations of histamine in vitro but are constricted by high concentrations [3]. It is
likely that the vasodilating response is the result of the release of nitric oxide (NO)
from endothelial cells and that the vasoconstricting effect is the result of the direct
action of histamine on vascular smooth muscle H1 receptors.

3.1.1.2 Serotonin

Serotonin [5-hydroxytryptamine (5-HT)] causes vasoconstriction in most animal
species. It is formed by decarboxylation of tryptophan and is stored in secretory
granules (Fig. 3.2). Degradation occurs mainly by monoamine oxidase, forming
5-hydroxyindoleacetic acid (5-HIAA), which is excreted in urine and serves as an
indicator of 5-HT production in the body. Serotonin is derived from mast cells, but
in humans, it is found in serum after blood clot [4]. It was subsequently found in the
gastrointestinal tract and central nervous system (CNS) and shown to function both
as a neurotransmitter and as a local hormone in the peripheral vascular system. Over
90 % of the total amount in the body is present in the enterochromaffin cells in the
gut. In the blood, it is present in high concentration in platelets, and in CNS, it is
present in localized region of the midbrain. These are divided into seven classes
(5-HT,;), one of which (5-HTj) is a ligand-gated ion channel and the rests are G
protein-coupled receptors [1]. It causes increase in gastrointestinal motility, con-
traction of smooth muscle, platelet aggregation, stimulation of peripheral nocicep-
tive endings, and excitation/inhibition of central nervous system.
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3.1.1.3 Adenosine

Adenosine is a purine nucleoside that is produced by dephosphorylation of 5'-AMP
by the membrane-associated enzyme 5’'-nucleotidase and is liberated intracellularly
by cleavage of the high-energy bonds of adenosine triphosphate, adenosine diphos-
phate, and cyclic 5'-AMP. However, during hypoxia or even excessive cell stimula-
tion, when the utilization of energy and oxygen exceeds the supply, 5'-AMP is
metabolized to adenosine. It exists free in the cytosol of all cells and is transported
in and out of the cells mainly using a membrane transporter. Most of the cells are
capable of producing adenosine in times of energy deficit. Adenosine can be
released by lung tissue in times of hypoxia, such as after allergen-induced broncho-
constriction, when the circulating levels of adenosine have been shown to be 3 times
the baseline concentrations. Adenosine includes three receptor subtypes A, A,, and
Ay, and A;. These all are G protein-coupled receptor. Interaction of adenosine with
these receptors leads to either inhibition of adenylyl cyclase (A;), stimulation of
adenylyl cyclase (A,, and A,,), or activation of phospholipase C (Ajz) [1].
Functionally, A, causes blockade of AV conduction and reduction of force of con-
duction, neuroprotection against cerebral ischemia through inhibition of glutamate
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release, and bronchoconstriction. A, receptors deal with vasodilatation, inhibition
of platelet aggregation, and stimulation of nociceptive afferent neurons especially in
the heart. A; causes release of mediators from mast cells. A; receptors have been
recently identified on human eosinophils, and activation of these receptors by ade-
nosine inhibits eosinophil migration. Activation of A; receptors on eosinophils has
also been shown to lead to an increase in [Ca®*].

3.1.1.4 Prostanoids

Prostanoids are generated from arachidonic acid by COX (Cyclooxygenase). It is of
two types COX-1 and COX-2 [5]. Prostanoids include prostaglandins (PGs) and
thromboxane (Tx). Arachidonic acid plays a central role in inflammation related to
injury and many disease states. COX-1 is present in most cells as a constitutive
enzyme that produces prostanoids that act as homeostatic regulators, whereas
COX-2 is inducible by inflammatory stimuli, such as endotoxin and proinflamma-
tory cytokines, and its induction is inhibited by glucocorticoids (Fig. 3.3a). Both
enzymes catalyze the incorporation of two molecules of oxygen into every arachi-
donate molecule, forming the highly unstable endoperoxides prostaglandin G,
(PGG,) and prostaglandin H, (PGH,).

These are rapidly transformed by isomerase or synthase enzymes to prostaglan-
din E, (PGE,), prostaglandin I, (PGL,), prostaglandin D, (PGD,), prostaglandin F,,
(PGF,,), and thromboxane A, (TXA,), which are bioactive end products of this
reaction (Fig. 3.3b). There are five main classes of prostanoid receptors, all of which
are typical G protein-coupled receptors. They are termed DP, FP, IP, EP, and TP
receptors, respectively, depending on whether their ligands are PGD,, PGF,,, PGL,
PGE,, or TXA, [6].

PGE, causes contraction of bronchial and gastrointestinal smooth muscles
through action on EP;, dilatory action on EP,, contraction of intestinal smooth mus-
cles, and inhibition of gastric acid secretion through action on EP; receptors. PGD,
causes vasodilatation, inhibition of platelet aggregation, relaxation of gastrointesti-
nal and uterine muscle, and release of pituitary hormones. PGF,, causes myometrial
contraction in humans, luteolysis, and bronchoconstriction in some species. PGI,
causes vasodilatation, inhibition of platelet aggregation, renin release, and

Physiologic function

(platelets, Gl mucosa,
kidneys, lung)

COX-1
(constitutive)

Arachidonic acid

COX-2
(inducible)

Inflammation Neoplasia

Fig.3.3a Role of arachidonic acid
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Fig.3.3b Stimulation of inflammation

natriuresis through effects on tubular reabsorption of Na*. TXA, causes vasocon-
striction, platelet aggregation, and bronchoconstriction. In areas of acute inflamma-
tion, PGF, and PGI, are generated by the local tissues and blood vessels, while mast
cells release mainly PGD,. In chronic inflammation, cells of the macrophage series
also release PGE, and TXA,. Prostanoids have effects on the release of inflamma-
tory mediators from inflammatory cells which inhibit the release of mediators from
mast cells, monocytes, neutrophils, and eosinophils. The receptors involved are
probably EP, receptors. PGE, favors the development of helper T (Th2) cells by
inhibiting interleukin-2 (IL-2) and interferon (IFN)-y production in human CD41
cells and inhibiting the secretion of interleukin-12 (IL-12) from macrophages [3].
Moreover, in presence of PGE,, the dendritic cells cause Th2 cell differentiation and
increased synthesis of interleukin-5 (IL-5). It is suggested that the anti-inflammatory
action of prostanoids against eosinophils may predominate over its T cell action.

3.1.1.5 Leukotrienes

Leukotrienes (LTs) are synthesized from arachidonic acid by lipoxygenase-
catalyzed pathways (Fig. 3.4). The main enzyme in this group is 5-lipoxygenase. On
cell activation, this enzyme translocates to the nuclear membrane, where it associ-
ates with a crucial accessory protein affectionately termed FLAP (5-lipoxygenase-
activating protein) [3]. Several types of cells, including mast cells, eosinophils,
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macrophages, neutrophils, and epithelial cells, can synthesize LTs in response to a
variety of stimuli. The 5-lipoxygenase incorporates a hydroperoxy group at C5 in
arachidonic acid, leading to the production of the unstable compound leukotrienes-
A4 (LTA,). This may be converted enzymically to LTB, and is also the precursor of
the cysteinyl-containing leukotrienes LTC,, LTD,, LTE,, and LTF, [1].

3.1.1.6 Platelet-Activating Factor

Platelet-activating factor (PAF) is a biologically active lipid that can produce effects
at exceedingly low concentrations. It is believed to be an important mediator in both
acute and chronic allergic and inflammatory phenomena. PAF is biosynthesized
from acyl-PAF in a two-step process. The action of phospholipase A, (PLA,) on
acyl-PAF produces lyso-PAF, which is then acylated to give PAF. Large amounts of
PAF can be synthesized by several inflammatory cell types in the lung, including
resident cells such as mast cells and alveolar macrophages. The major enzyme
responsible for the catabolism of PAF is PAF acetylhydrolase. It is now known to be
an intracellular acetylhydrolase enzyme present in the cytoplasm of several inflam-
matory cell types, including mast cells, macrophages, and platelets. PAF is a G
protein-coupled receptor and its cell signaling pathways include increases in [Ca?'],
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increases in IP3 and diacylglycerol levels, and induction of cell cycle-active genes,
such as egr-1, fos, and jun [3]. PAF produces vasodilatation, increased vascular
permeability, and weal formation. PAF is a potent chemotaxin for neutrophils and
monocytes and recruits eosinophils into the bronchial mucosa in the late phase of
asthma. It can activate PLA, and initiates eicosanoid synthesis.

3.1.1.7 Endothelins

Endothelins (ETs) are potent constrictor peptides that were originally described as
vasoconstrictors released from endothelial cells. There are three ET peptides known:
ET,, ET,, and ET; [6], ETs responses are mediated by at least two receptor subtypes
ET, and ETj, both are G protein-coupled receptors. ETs may increase the release of
inflammatory mediators from a variety of cells. ET-1 increases the release of lipid
mediators from cultured human nasal mucosa and increases superoxide formation
and tumor necrosis factor-a (TNF-a) release in alveolar macrophages [3]. ET-1
potently stimulates collagen secretion from pulmonary fibroblasts and therefore
involved in the increased collagen formation observed in asthmatic airways.

3.1.2 Plasma-Derived Mediators

Mediators derived from plasma include complement and complement-derived pep-
tides, kinins, and platelets. Released via the classic or alternative pathways of the
complement cascade, complement-derived peptides (C3, C5a, and C5b) increase
vascular permeability, cause smooth muscle contraction, activate leukocytes, and
induce mast-cell degranulation. C5a is a potent chemotactic factor for neutrophils
and mononuclear phagocytes. The kinins are also important inflammatory media-
tors. The most important kinin is bradykinin, which increases vascular permeability
and vasodilatation and, importantly, activates phospholipase A2 to liberate arachi-
donic acid. Bradykinin is also a major mediator involved in the pain response.
Platelets play only a reactionary role at the time of endothelial disruption and are
now recognized as important mediators of the inflammatory process [6]. Platelets
contribute as hemostasis and thrombosis during inflammation.

3.1.2.1 Bradykinin

Bradykinins are active peptides formed by proteolytic cleavage of circulating pro-
teins termed kininogens through a protease cascade pathway. There are two brady-
kinin receptors, designated B, and B,, both are G protein-coupled receptors and
mediate very similar effects [1]. B, receptors are normally expressed at very low
levels but are strongly induced in inflamed or damaged tissues by cytokines such as
IL-1. It is likely that B, receptors play a significant role in inflammation and hyper-
algesia, and its antagonists are now developing for neurological disorders.
Bradykinin causes vasodilatation and increased vascular permeability. It is a potent
pain-producing agent, and its action is potentiated by the prostaglandins. Bradykinin
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also has spasmogenic actions on intestinal, uterine, and bronchial smooth muscle.
Physiologically, the release of bradykinin by tissue kallikrein may regulate blood
flow to certain exocrine glands and influence secretions.

3.1.2.2 Cytokines

Cytokine is an all-purpose functional term that is applied to protein or polypeptide
mediators synthesized and released by cells of the immune system during inflam-
mation. The family comprises interleukins, chemokines, interferons, colony-
stimulating factors, growth factors, and tumor necrosis factors (TNFs). Chemokines
act on G protein-coupled receptors, while the rests all act on kinase-linked recep-
tors, regulating phosphorylation cascades that affect gene expression, such as the
Jak/Stat pathway. Chemokines are defined as chemoattractant cytokines that control
the migration of leukocytes, functioning as traffic coordinations during immune and
inflammatory reactions. Cytokines have been linked to a complex signaling lan-
guage, with the final response of a particular cell involved being determined by the
strength and number of different messages received concurrently at the cell surface
(Fig. 3.5). TNF-a and interleukin-1 (IL-1) are primary inflammatory cytokines
which participate in acute and chronic inflammatory reactions as well as repair and
resolution. Transforming growth factor-p (TGF-f), IL-4, IL-10, and IL-13 are anti-
inflammatory cytokines that inhibit chemokine production [1].
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Abstract

All the anti-inflammatory sources or drugs achieve their effects by blocking the
increase in prostaglandin (PG) synthesis. PG synthesis is blocked by blocking
the enzyme cyclooxygenase — an enzyme in arachidonic acid cascade for the
synthesis of prostanoids. Mother Nature created these natural supplements eons
ago, and it has been present in ecosystems for over a billion years. Hundreds of
plant metabolites are reported to have many pharmacological activities although
most of these reports are of academic interest and very few find entry at clinical
trials. Compilation of the information would help promote wider acceptance and
use of these nature-based drugs in mainstream of medicine. The present chapter
is directed towards compilation of the pharmacological attributes of natural
sources in the drug discovery and development process as it could be a driving
force to identify lead molecules providing an attractive strategy for novel and
improved therapeutics. In this chapter, we are going to reveal the name of these
natural medicines and different sources available to us and what health benefits
it provides to us to fight against inflammation.

4.1 Anti-inflammatory Source

Nature is the inevitable source on earth to fulfill our basic requirements for living.
Plant drugs have been the major source for treatment of diseases for a long time.
Alkaloid is a group of biological amine and cyclic compounds having nitrogen in
the ring, naturally occurring in plant, microbes, animals, and marine organisms.
Many plants, including the Amazon bark cats’ claw (Uncaria tomentosa) and the
common spice rosemary (Rosmarinus officinalis), demonstrate powerful anti-
inflammatory, pain-relieving properties. In toxicity studies, the anti-inflammatory
plants demonstrate great safety. Many hundreds of plants contain well-known anti-
inflammatory agents. Hops (Humulus lupulus), a herb used in beer brewing, con-
tains a group of compounds called the humulones, which are being studied for their

© Springer India 2015 25
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significant anti-inflammatory and pain-relieving properties. The science of plant-
based medicines is significantly advanced, and we now have products available to
us that will reduce or eliminate inflammation without being hazardous to health.
Herbs can be used as the sole therapy in autoimmune disease or as complementary
corticosteroid sparing therapies allowing patients to take smaller doses or shorter
courses of corticosteroids.

Alternately, marine medicines also play a role in inflammation apart from that
plant-derived bioactive compounds showed anti-inflammatory actions. The marine
environment associated with chemical diversity constitutes an actually unlimited
resource of new active substances in the field of the development of bioactive prod-
ucts. Due to phenomenal biodiversity, the marine world is a rich natural resource of
many biologically active compounds such as polyunsaturated fatty acids (PUFAs),
sterols, proteins, polysaccharides, antioxidants, and pigments. Marine organisms
include algae, sponges, coelenterates, bryozoans, mollusks, tunicates, echinoderms,
miscellaneous marine organisms and marine microorganisms, and phytoplankton.
Many marine organisms produce a wide variety of biologically active metabolites
which cannot be found in other organisms. Moreover, considering its great taxo-
nomic diversity, investigation related to the search of new bioactive compounds
from the marine environment has seen in almost unlimited field [1, 2].

Marine-based bioactive food ingredients can be derived from many sources,
including marine plants, microorganisms, and sponges, all of which contain their
own unique set of biomolecules [1]. These natural products have a wide range of
therapeutic properties, including antimicrobial, antioxidant, antihypertensive, anti-
coagulant, anticancer, anti-inflammatory, wound-healing and immune modulator,
and other medicinal effects [3]. The new cembranoids, crassumolides A and C, from
the soft coral Lobophytum crassum inhibited the expression of iNOS and COX-2 [4].
A new briarane-type diterpenoids frajunolides B and C, isolated from the Taiwanese
gorgonian Junceella fragilis, significantly inhibited superoxide anion and elastase
generation from human neutrophils in vitro [5]. A novel compound carteramine A
in the marine sponge Stylissa carteri inhibited neutrophil chemotaxis [6].

4.1.1 Plant Sources

Moreover, novel bioactive peptides from plants, animals, marine sponges, bacte-
rium, and microalgae are also described with their pharmacological effects in rela-
tion with anti-inflammation. Plant source include a variety of medicinal plants used
in herbalism and treatment of disease. Moreover, most of the plants are considered
as important source of anti-inflammation, and as a result of that, these plants are
recommended for their therapeutic values (Table 4.1).

Aloe vera is a succulent plant species. Aloe vera is a stemless or very short-
stemmed succulent plant growing to 60—100 cm tall. The leaves are thick and fleshy,
green to gray green, and with some varieties showing white flecks on their upper
and lower stem surfaces. The margin of the leaf is serrated and has small white
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teeth. The flowers are produced in summer on a spike up to 90 cm tall, each flower
being pendulous, with a yellow tubular corolla 2-3 cm long. Extracts from Aloe
vera are widely used in the cosmetics and alternative medicine industries, being
marketed as variously having rejuvenating, healing, or soothing properties.
Researchers found that oral administration of aloe vera might be effective in reduc-
ing blood glucose in diabetic patients and in lowering blood lipid levels in hyperlip-
idemia. The topical application of aloe vera does not seem to prevent radiation-induced
skin damage. It might be useful as a treatment for genital herpes and psoriasis. The
evidence regarding wound healing is contradictory. Topical application of aloe vera
may also be effective for genital herpes and psoriasis. There is, however, little sci-
entific evidence of the effectiveness or safety of Aloe vera extracts for either cos-
metic or medicinal purposes, and what positive evidence is available is frequently
contradicted by other studies. Like other Aloe species, Aloe vera forms arbuscular
mycorrhiza, a symbiosis that allows the plant better access to mineral nutrients in
soil (Fig. 4.1a) [384-388]

Rosa canina commonly known as the dog rose is a variable climbing wild rose
species. It is native to Europe, northwest Africa, and western Asia. It is a deciduous
shrub normally ranging in height from 1 to 5 m, though sometimes it can scramble
higher into the crowns of taller trees. Its stems are covered with small, sharp, hooked
prickles, which aid it in climbing. The leaves are pinnate, with 5-7 leaflets. The
flowers are usually pale pink, but can vary between a deep pink and white. They are
4-6 cm diameter with five petals and mature into an oval 1.5-2 cm red-orange fruit
or hip (Fig. 4.1b).

Rosmarinus officinalis, commonly known as rosemary, is a woody, perennial
herb with fragrant, evergreen, needle-like leaves and white, pink, purple, or blue
flowers, native to the Mediterranean region. It is a member of the mint family
Lamiaceae, which includes many other herbs. Rosemary is an aromatic evergreen

Fig.4.1a Aloe vera
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Fig.4.1b Rosa canina

Fig.4.1c Rosmarinus officinalis

shrub that has leaves similar to hemlock needles. The leaves are used as a flavoring
in foods such as stuffings and roast lamb, pork, chicken, and turkey. It can withstand
droughts, surviving a severe lack of water for lengthy periods. Forms range from
upright to trailing; the upright forms can reach 1.5 m tall, rarely 2 m. The leaves are
evergreen, 2—4 cm long and 2-5 mm broad, green above, and white below, with
dense, short, woolly hair (Fig. 4.1c) [389, 390].

Prunus cerasus also called sour cherry, tart cherry, or wild cherry is a species of
Prunus in the subgenus Cerasus (cherries), native to much of Europe and south-
western Asia. It is closely related to the sweet cherry (Prunus avium), but has a fruit
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Fig.4.1d Prunus cerasus

that is more acidic, has greater nutritional benefits, and may have greater medicinal
effects. It has twiggy branches, and its crimson-to-near-black cherries are borne
upon shorter stalks. There are two varieties of the sour cherry: the dark-red morello
cherry and the lighter-red amarelle cherry. Medicinally, sour cherries may be useful
in alleviating sleep problems due to its high melatonin content, a compound critical
in regulating the sleep-wake cycle in humans. Further research is going on explor-
ing the significant benefit of sour cherries in several medical applications like
inflammation, pain management and others (Fig. 4.1d) [391, 392].

Cinnamomum osmophloeum, commonly known as pseudocinnamomum or
indigenous cinnamon, is a medium-sized evergreen tree in the genus Cinnamomum.
It is native to broad-leaved forests of central and northern Taiwan. Cinnamaldehyde,
an essential oil extracted from C. osmophloeum, has numerous commercial uses.
Also, it is a xanthine oxidase inhibitor, hence a potential drug for treatment of
hyperuricemia and related medical conditions including gout (Fig. 4.1e) [393].

Inula viscose (L.) is a bushy plant, usually evergreen, belonging to the family of
the Asteraceae which is quite common in the Mediterranean regions. It is a woody
shrub and abundantly branched, vigorous, with erect branches, typically 50-80 cm
tall, exceptionally up to 150 cm, and with pubescent leaves and shoots, glandulous
and stickier, emanating a strong odour of aromatic resin. The leaves are alternate or
irregularly scattered, the lower ones sessile, the upper ones amplessicauli, with
entire margin and lamina lanceolate, toothed, or serrated teeth sparse. They are usu-
ally persistent. The flowers are grouped in showy yellow flower heads 1-1.5 cm in
diameter, in turn, gathered in abundant and long terminal panicles. Peripheral flow-
ers are feminine and ligulate with long, straight, golden yellow color; the internal
ones are hermaphrodites, with tubular corolla, ending with five golden yellow teeth.
The fruit is an achene about 2 mm long, equipped with a hairy pappus hairs gathered
at the base (Fig. 4.1f) [394, 395].
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Fig.4.1e Cinnamomum osmophloeum

Fig.4.1f [nula viscose

Aesculus chinensis is also known as Chinese horse chestnut or Chinese buckeye.
It is a rounded deciduous tree and member of Hippocastanaceae family. A. chinensis
is native to China. The tree can grow to a height of 25 m and up to 10 m wide. A.
chinensis is used in the treatment of stomach aches. The seed is antirheumatic and
emetic in action and needs to be leached of toxins before it becomes safe to eat (Fig.
4.1g) [396].

Coptis japonica, also called Goldthread or Canker Root, is a species of flowering
plants in the family Ranunculaceae, native to Asia and North America. It is used as
a medicinal herb in China andas a bitter tonic for dyspepsia in the Himalayan
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Fig.4.1g Aesculus chinensis

Fig.4.1h Coptis japonica

regions of India. It is also believed to help insomnia in Chinese herbology. The roots
contain the bitter alkaloid berberine. The dried roots were commercially marketed
in Canada onto areas affected by thrush (candidiasis) infection (Fig. 4.1h) [397].
Heterotheca inuloides is a member of the family Asteraceae. They are annual or
perennial herbs, usually with primary roots, sometimes with rhizomes, and stem
base sometimes slightly woody. Stems are erect or ascending, usually several with
numerous ascending branches above the midpoint, sometimes only a few-branched
towards the tip. Basal leaves are often withered or absent at the time of flowering;



44 4 Natural Sources of Anti-inflammation

Fig.4.1i Heterotheca inuloides

the leaf is narrowly to broadly oblanceolate, tapered at the base with a winged peti-
ole, the margins entire, slightly wavy, or toothed in various ways. Stem leaves are
slightly moderately reduced to the root tip, sessile, and narrowly oblanceolate to
oblong-lanceolate and oblong-ovate, with the margins entire or variously toothed
and surfaces and especially margins moderately to densely hairy, sometimes glan-
dular (Fig. 4.11) [398].

Artocarpus is a genus of approximately 60 trees and shrubs of Southeast Asian
and Pacific origin, belonging to the mulberry family, Moraceae. All Artocarpus spe-
cies are laticiferous trees or shrubs that are composed of leaves, twigs, and stems
capable of producing a milky sap. The fauna type is monoecious and produces uni-
sexual flowers; furthermore, both sexes are present within the same plant. The plants
produce small, greenish, female flowers that grow on short, fleshy spikes. Following
pollination, the flowers grow into a syncarpous fruit, and these are capable of grow-
ing into very large sizes. The stipulated leaves vary from small and entire (Artocarpus
integer) to large and lobed (Artocarpus altilis), with the cordate leaves of the spe-
cies A. altilis ending in long, sharp tips (Fig. 4.1j) [399].

Santolina is a genus of flowering plants in the family Asteraceae, native to the
Mediterranean. They are small evergreen shrubs growing 10-60 cm tall. The leaves
are simple and minute in some species, or pinnate, finely divided in other species,
often densely silvery hairy, and usually aromatic. The composite flower heads are
yellow or white, produced in dense globose capitulae 1-2 cm in diameter, and on
top of slender stems held 10-25 cm above the foliage. Santolina species are used as
food plants by the larvae of some Lepidoptera species (Fig. 4.1k).

Vitis vinifera belongs to the family Vitaceae. It is native to the Mediterranean
region, central Europe, and southwestern Asia. A grape is a fruiting berry of the
deciduous woody vines of the botanical genus Vitis. Grapes can be eaten raw or they
can be used for making wine, jam, juice, jelly, etc. Grapes are non-climatic type of
fruit, generally occurring in clusters. Grape seed extracts are industrial derivatives



4.1 Anti-inflammatory Source 45

Fig.4.1k Santolina insularis

from whole grape seeds that have a great concentration of vitamin E, flavonoids,
linoleic acid, and phenolic procyanidins. The typical commercial opportunity of
extracting grape seed constituents has been for chemicals known as polyphenols
having antioxidant activity in vitro (Fig. 4.11).

Picrorhiza scrophulariaeflora belongs to the family Scrophulariaceae. The root
contains several glycosides and active constituents including iridoid glycosides,
amphicoside, catalpol, aucubin, androsin, and cucurbitacin glycosides. It is stimu-
lant, expectorant, powerful diaphoretic. It is used in hair tonics to stimulate hair
growth. The leaf contains a parasympathetic stimulant pilocarpine (0.5 %). It is an
obsolete medicinal herb, but is used in the production of pilocarpine (Fig. 4.1m).
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Fig.4.11 Vitis vinifera

Fig.4.1m Picrorhiza scrophulariaeflora

Helichrysum italicum is a flowering plant of the daisy family Asteraceae. It is
sometimes called the curry plant because of the strong smell of its leaves. It grows
on dry, rocky, or sandy ground around the Mediterranean. The stems are woody at
the base and can reach 60 cm or more in height. The clusters of yellow flowers are
produced in summer; they retain their color after picking and are used in dried
flower arrangements.
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Fig.4.1n Helichrysum italicum

The plant produces oil from its blossoms which is used for medicinal purposes.
It is anti-inflammatory, fungicidal, and astringent. It soothes burns and raw chapped
skin. It is used as a fixative in perfumes and has an intense fragrance. This plant is
sometimes used as a spice. Rather, it has a resinous, somewhat bitter aroma reminis-
cent of sage or wormwood and is used like these: the young shoots and leaves are
stewed in Mediterranean meat, fish, or vegetable dishes till they have imparted their
flavor and removed before serving (Fig. 4.1n) [400].

Garcinia indica, a plant in the mangosteen family (Clusiaceae), commonly
known as kokum, is a fruit-bearing tree that has culinary, pharmaceutical, and
industrial uses. It is indigenous to the Western Ghats region of India located along
the western coast of the country. Of the 35 species found in India, 17 are endemic.
Of these, seven are endemic to the Western Ghats, six in the Andaman and Nicobar
Islands, and four in the northeastern region of India. Garcinia indica is found in
forest lands, riversides, and wastelands. These plants prefer evergreen forests, but
sometimes they also thrive in areas with relatively low rainfall. It is also cultivated
on a small scale. It does not require irrigation and spraying of pesticides or fertiliz-
ers (Fig. 4.10) [401].

Rubus pungens is a deciduous shrub growing to 3 m. It belongs to the family
Rosaceae. It is easily grown in a good well-drained loamy soil in sun or semi-shade.
Plants in this genus are notably susceptible to honey fungus. R. pungens is suitable
for nearly all types of soil and tolerate any pH condition of soil (Fig. 4.1p).

Uncaria is a genus of flowering plants in the family Rubiaceae. It has about 40
species. Their distribution is pantropical, with most species native to tropical Asia,
three from Africa and the Mediterranean and two from the neotropics. They are
known colloquially as Gambier or cat’s claw. The genus name is derived from the
Latin word uncus, meaning “a hook.” It refers to the hooks, formed from reduced
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Fig.4.10 Garcinia indica

Fig.4.1p Rubus pungens

branches that Uncaria vines use to cling to other vegetation. Cat’s claw (U. tomen-
tosa) and the Chinese species are used medicinally. The glycosidic compounds have
recognized anti-inflammatory properties, while the alkaloids increase the reactivity
of lymphocytes, granting higher response to viral infection. Cat’s claw has two vari-
eties depending on whether the alkaloids have four rings or five. Chinese were using
it for tanning and noted that the Uncaria gambir made “leather porous and rotten.”
It is also noted that Chinese would chew it with areca nut. It contains many flavan-
3-ols (catechins) which are known to have many medicinal properties and are
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components of Chinese herbal remedies and certain modern medicines. Research
has shown that rhamnose, a chemical extracted from Uncaria plants, can actively
regenerate skin, making it feel plumper and more elastic (Fig. 4.1q) [402].

Symphytum asperum is a flowering plant of the genus Symphytum in the family
Boraginaceae. Common names include rough comfrey and prickly comfrey. It is
native to Asia, and it is known in Europe and North America as an introduced spe-
cies and sometimes a weed (Fig. 4.1r).

Glycyrrhiza uralensis, also known as Chinese liquorice, is a flowering plant
native to Asia, which is used in traditional Chinese medicine. Liquorice root, or

Fig.4.1r Symphytum asperum
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radix glycyrrhizae, is one of the 50 fundamental herbs used in traditional Chinese
medicine, where it has the name gan cao. It is usually collected in spring and
autumn, when it is removed from the rootlet and dried in the sun. Liquorice root is
most commonly produced in the Shanxi, Gansu, and Xinjiang regions of China. As
well as traditional Chinese medicine, liquorice root is used in Greco-Arab and
Unani medicines, as well as in the traditional medicines of Mongolia, Japan, Korea,
Vietnam, Pakistan, India, and other Asian nations. In India, it is referred to as
mulethi. The Greco-Arab (Unani) medicine recommends its oral use after removal
of external layer to avoid side effects. People with heart conditions or high blood
pressure should avoid ingesting extensive amounts of liquorice, as it can further
heighten blood pressure and lead to stroke (Fig. 4.1s).

Morinda citrifolia is a tree in the coffee family, Rubiaceae. Its native range
extends through Southeast Asia and Australasia, and the species is now cultivated
throughout the tropics and widely naturalized. English common names include
great morinda, Indian mulberry, noni, beach mulberry, and cheese fruit. It grows in
shady forests, as well as on open rocky or sandy shores. It reaches maturity in about
18 months and then yields between 4 and 8 kg (8.8 and 17.6 1b) of fruit every month
throughout the year. The plant bears flowers and fruits all year round. The fruit is a
multiple fruit that has a pungent odor when ripening and is hence also known as
cheese fruit or even vomit fruit. It is oval in shape and reaches 10-18 cm size. At
first green, the fruit turns yellow and then almost white as it ripens. It contains many
seeds. It is sometimes called starvation fruit. Despite its strong smell and bitter taste,
the fruit is nevertheless eaten as a famine food and, in some Pacific islands, even as
a staple food, either raw or cooked. Southeast Asians and Australian Aborigines
consume the fruit raw with salt or cook it with curry. It is tolerant of saline soils,
drought conditions, and secondary soils. It is therefore found in a wide variety of
habitats: volcanic terrains, lava-strewn coasts, and clearings or limestone outcrops,

Fig.4.1s Glycyrrhiza uralensis
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Fig.4.1t Morinda citrifolia

as well as in coralline atolls. It can grow up to 9 m tall and has large, simple, dark
green, shiny, and deeply veined leaves. The seeds are edible when roasted. Morinda
citrifolia is especially attractive to weaver ants, which make nests from the leaves of
the tree. These ants protect the plant from some plant-parasitic insects. The smell of
the fruit also attracts fruit bats, which aid in dispersing the seeds. A type of fruit fly,
Drosophila sechellia, feeds exclusively on these fruits. Morinda citrifolia fruit con-
tains a number of phytochemicals, including ligands, oligo- and polysaccharides,
flavonoids, iridoids, fatty acids, scopoletin, catechin, beta-sitosterol, damnacanthal,
and alkaloids. Although these substances have been studied for bioactivity, current
research is insufficient to conclude anything about their effects on human health
(Fig. 4.1t) [403, 404].

Zanha golungensis, velvet-fruited Zanha, is a species of fruit plants from
Sapindaceae family which can be found in Angola, Kenya, Mozambique, Zimbabwe,
and the Democratic Republic of the Congo where it is used as door frame and tool
handles. It is also used for flooring and for creating toys, railway sleepers, turnery,
furniture, and ship designs. The species is a 12—17 m tall shrub, which have 3-6
pairs of leaflets which are ovate, elliptical, and 8—15 cm by 4-8 cm. The petioles are
1-3 mm long, while the pedicels are around 2.5 mm long. It has 4-6 stamens which
are 10 mm long with a cup-shaped disk that is hairy with a diameter of 2 mm. Ovary
is absent in male species, while the females bare flowers which turn into 3 cm by
2 cm fruits that are hairy and ellipsoid as well. Just like the fruit, the seed is also
ellipsoid, but is 1.5 cm by 1 cm and is yellow (sometimes bright orange) in color
(Fig. 4.1u).

Gnetum cleistostachyum belongs to the family Gnetaceae. It is a tropical ever-
green tree. Unlike other gymnosperms, they possess vessel elements in the xylem.
Some species have been proposed to have been the first plants to be insect pollinated
as their fossils occur in association with the extinct pollinating scorpionflies.
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Fig.4.1v Gnetum cleistostachyum

Molecular phylogenies based on nuclear and plastid sequences from most of the
species indicate hybridization among some of the Southeast Asian species. Fossil-
calibrated molecular clocks suggest that the Gnetum lineages now found in Africa,
South America, and Southeast Asia are the result of ancient long-distance dispersal
across seawater (Fig. 4.1v) [405, 406].

Vaccinium vitis-idaea is a short evergreen shrub in the heath family Ericaceae. It
is native to boreal forest and Arctic tundra throughout the Northern Hemisphere
from Eurasia to North America. Vaccinium vitis-idaea is most commonly known in
English as lingonberry or cowberry. Vaccinium vitis-idaea spreads by underground
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Fig.4.1w Vaccinium vitis-idaea

stems to form dense clonal colonies. Slender and brittle roots grow from the under-
ground stems. The stems are rounded in cross section and grow from 10 to 40 cm in
height. The fruit is a red berry 6—10 mm across, with an acidic taste, ripening in late
summer to autumn. In folk medicine, V. vitis-idaea has been used as an apéritif,
astringent, antihemorrhagic, anti-debilitive, depurative, antiseptic, a diuretic, a tonic
for the nervous system, and in various ways to treat breast cancer, diabetes mellitus,
rheumatism, and various urogenital conditions. In traditional Austrian medicine, the
fruits have been administrated internally as jelly or syrup for treatment of disorders
of the gastrointestinal tract, kidneys, and urinary tract and fever (Fig. 4.1w) [407,
408].

Zingiber cassumunar, now thought to be a synonym of Zingiber montanum, is a
species of plant in the ginger family and is also a relative of galangal. It is called plai
in Thailand. The rhizome of variant Roxburgh is used medicinally in massage and
even in food in Thailand and somewhat resembles ginger root or galangal. In aro-
matherapy, plai oil is utilized as an essential oil that is believed to ease pain and
inflammation. Study by different researchers found that (E)-1-(3,4-dimethoxyphenyl)
but-1-ene, an active ingredient of Zingiber cassumunar rhizomes, has analgesic and
anti-inflammatory properties [409]. In addition to these, plai oil also exhibits anti-
microbial activity against a wide range of Gram-positive and Gram-negative bacte-
ria, dermatophytes, and yeasts [410], and the plant has antifungal properties against
pathogenic fungi. The plant also contains the essential oils sabinene 31-48 %, ter-
pineol 4-30 % [411], and apparently unique curcuminoid antioxidants, namely, cas-
sumunarin types A, B, and C (Fig. 4.1x) [412].

Tanacetum microphyllum is a species of flowering plants in the aster family,
Asteraceae. It is endemic to the Iberian Peninsula. The plant has been used for cen-
turies in Spanish traditional medicine as an anti-inflammatory and antirheumatic.
Compounds isolated from extracts of the plant include santin, ermanin, centaure-
idin, and hydroxyachilin (Fig. 4.1y).
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Fig.4.1y Tanacetum microphyllum

Celastrus orbiculatus is a woody vine of the Celastraceae family. It is commonly
called Oriental bittersweet. Other common names include Chinese bittersweet,
Asian bittersweet, round-leaved bittersweet, and Asiatic bittersweet. Celastrus
orbiculatus is considered to be an invasive species in eastern North America. The
defining characteristic of the plant is its vines: they are thin, spindly, and have silver
to reddish brown bark. They are generally between 1 and 4 cm in diameter. When
Celastrus orbiculatus grows by itself, it forms thickets; when it is near a tree or
shrub, the vines twist themselves around the trunk. The encircling vines have been
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Fig.4.1z Celastrus orbiculatus

known to strangle the host tree to death, also true of the American species. The
leaves are round and glossy and 2—-12 c¢m long, have toothed margins, and grow in
alternate patterns along the vines. Small green flowers produce distinctive red seeds.
The seeds are encased in yellow pods that break open during autumn. All parts of
the plant are poisonous (Fig. 4.1z) [413].

Rubus is the genus of the rose family; raspberry is the edible fruit of a multitude
of plant species in the genus. Raspberries are perennial with woody stems.
Traditionally, raspberries were a midsummer crop. Raspberries need ample sun and
water for optimal development. Raspberries thrive in well-drained soil with a pH
between 6 and 7 with ample organic matter to assist in retaining water. An individ-
ual raspberry weights 3—5 g and is made up of around 100 drupelets, each of which
consists of a juicy pulp and a single central seed. A raspberry bush can yield several
hundred berries a year. Unlike blackberries and dewberries, a raspberry has a hollow
core once it is removed from the receptacle. Raspberries are a rich source of vitamin
C, manganese, and dietary fiber. Raspberries contain anthocyanin, pigments, ellagic
acid, quercetin, gallic acid, cyanidins, pelargonidins, catechins, kaempferol, and
salicylic acid. Animal research indicates presence of antioxidant and antiprolifera-
tive effects in raspberries (Fig. 4.1aa) [414—417].

Picrorhiza kurroa is one of the major income-generating non-timber forest prod-
ucts found in the Nepalese Himalayas. It is one of the oldest medicinal plants traded
from the Karnali zone known as Kutki. It is a perennial herb and is used as a substi-
tute for Indian gentian. Leaves: 5-15 cm long leaves, almost all at the base, often
withered. Rhizomes of the plant are 15-25 cm long and woody. Flowers are about
8 mm long, 5-lobed to the middle, and with much longer stamens (Fig. 4.1ab).

Origanum onites is also known as Cretan oregano or Turkish oregano or pot
marjoram; it is a perennial growing to 0.3-0.6 m. The flowers are hermaphrodite
and are pollinated by bees. It is noted for attracting wildlife. They are used as a
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Fig.4.1ab Picrorhiza kurroa

flavoring for salad dressings and added in the final stages of cooking. Having strong
thyme-like aroma, the leaves are used as a substitute for oregano or marjoram, but
they are inferior in flavor. Its flavor, however, lasts longer in cooked dishes.
Medicinally, it is used as antiseptic, antispasmodic, carminative, cholagogue, dia-
phoretic, emmenagogue, expectorant, stimulant, stomachic, and mildly tonic. It has
antimicrobial activities (Fig. 4.1ac) [418, 419].

Dysoxylum densiflorum is a flowering plant, constituting the mahogany family
(Meliaceae). Dysoxylum densiflorum, locally known as majegau, is the plant “mas-
cot” or floral emblem of Bali. In India, apart from its economic importance for
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Fig.4.1ad Dysoxylum densiflorum

building and furniture making, it is an important ingredient in Ayurvedic medicine
as many species have curative qualities taken independently or as an ingredient of a
medicinal mixture. Some of the uses in Ayurveda are reported as follows: Wood
decoction of D. malabaricum is used to cure theumatism and its oil is used to cure
eye and ear diseases and a few species are used to cure inflammation, heart disorder,
CNS disorder, and also tumor. In Indian tradition and culture, oil is extracted from
the seeds of Dysoxylum malabaricum, which has wide beneficial application
(Fig. 4.1ad).
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Fig.4.1ae Visnea mocanera

Visnea mocanera is a species of plant in the Theaceae family. It is found in
Portugal and Spain. It is threatened by habitat loss. One of the major uses of Visnea
mocanera is its use for treatment of wounds caused from physical workouts. Its
healing properties have shown remarkable results for faster healing of damaged
cells when applied externally. This helps increase the rate of protein synthesis
allowing the muscle to rebuild faster and a bodybuilder to train harder, building
more muscle in the long run. Extract of Visnea mocanera is used as a dietary supple-
ment; it contains high levels of flavan-3-ols and other various nutritional properties.
Therefore, this plant is considered a complete nutrition package that can be very
effective in building and maintaining good health (Fig. 4.1ae).

Murraya koenigii is a tropical to subtropical tree in the family Rutaceae, which
is native to India and Sri Lanka. Its leaves are used in many dishes in India and
neighboring countries. Often used in curries, the leaves are generally called by the
name “curry leaves,” though they are also translated as “sweet neem leaves” in most
Indian languages. It is a small tree, growing 4-6 m tall, with a trunk up to 40 cm
diameter. The leaves are pinnate, with 11-21 leaflets, each leaflet 2—4 cm long and
1-2 cm broad. They are highly aromatic. The flowers are small, white, and fragrant.
The small black shiny berries are edible, but their seeds are poisonous. The leaves
of Murraya koenigii are also used as an herb in Ayurvedic medicine. They are
believed to possess antidiabetic properties (Fig. 4.1af) [420].

Curcuma longa is a thizomatous herbaceous perennial plant of the ginger family,
Zingiberaceae. It is native to tropical Tamil Nadu, in southeast India. Its active
ingredient is curcumin, and it has a distinctly earthy, slightly bitter, slightly hot pep-
pery flavor and a mustardy smell. Curcumin has been a center of attraction for
potential treatment of an array of diseases, including cancer, Alzheimer’s disease,
diabetes, allergies, arthritis, and other chronic illnesses. Turmeric is a perennial her-
baceous plant, which reaches a stature of up to 1 m. There are highly branched,
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Fig.4.1ag Curcuma longa

yellow to orange, cylindrical, aromatic rhizomes. The most important chemical
components of turmeric are a group of compounds called curcuminoids, which
include curcumin (diferuloylmethane), demethoxycurcumin, and bisdemethoxycur-
cumin. The best studied compound is curcumin, which constitutes 3.14 % (on aver-
age) of powdered turmeric. In addition, there are other important volatile oils such
as turmerone, atlantone, and zingiberene. Some general constituents are sugars,
proteins, and resins. Curcumin, the active component of turmeric, has also been
shown to be a vitamin D receptor ligand “with implications for colon cancer chemo-
prevention” (Fig. 4.1ag) [421-423].
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Fig.4.1ah Buddleja globosa

Buddleja globosa, also known as the orange ball buddleja, is a species of flower-
ing plants endemic to Chile and Argentina, where it grows in dry and moist forest.
The young branches are subquadrangular and tomentose, bearing sessile or subses-
sile lanceolae or elliptic leaves that are 5-15 cm long by 2—6 cm wide, glabrescent
and bullate above and tomentose below. Flowers are yellow to orange, 1.2-2.8 cm
in diameter, and heavily honey scented. Folk medicine attributes to B. globosa
wound-healing properties, and the infusion of the leaves is used topically for the
treatment of wounds, burns, and external and internal ulcers. Chemical studies of
this species have allowed to isolate glycosidic flavonoids, phenylethanoids includ-
ing verbascoside, iridoids, triterpenoids, diterpenoids, and sesquiterpenoids (Fig.
4.1ah) [424-426].

Wolfiporia extensa (Peck) Ginns is a fungus in the Polyporaceae family. It is a
wood-decay fungus but has a terrestrial growth habit. It is notable in the develop-
ment of a large, long-lasting underground sclerotium that resembles a small coco-
nut. This sclerotium called tuckahoe, or Indian bread, was used by Native Americans
as a source of food in times of scarcity. It is also used as a medicinal mushroom in
Chinese medicine (Fig. 4.1ai).

Helianthus annuus (sunflower) is a species of flowering plants belonging to
Asteraceae family. It is native to North America. The genus is one of many in the
Asteraceae that are known as sunflowers. Helianthus species are used as food plants
by the larvae of many Lepidoptera species. They bear one or several wide, terminal
capitula with bright yellow ray florets at the outside and yellow or maroon disk
florets inside. They usually grow to the height of 50-390 cm or more. Stems are
rough and hairy; leaves are dentate and often sticky. The domesticated sunflower,
Helianthus annuus, is the most familiar species (Fig. 4.1aj).

Tanacetum parthenium is a traditional medicinal herb also known as feverfew
which is commonly used to prevent migraine headaches and is also occasionally
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Fig.4.1aj Helianthus annuus

grown for ornament. The plant grows into a small bush up to around 46 cm high
with citrus-scented leaves and is covered by flowers reminiscent of daisies. It
spreads rapidly, and they will cover a wide area after a few years. Feverfew was
native to Eurasia, specifically the Balkan Peninsula, Anatolia, and the Caucasus,
and also found in the rest of Europe, North America, and Chile. Feverfew has been
used as a herbal treatment to reduce fever and to treat headaches, arthritis, and
digestive problems, though scientific evidence does not support anything beyond a
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Fig.4.1ak Tanacetum parthenium

placebo effect. The active ingredients in feverfew include parthenolide and tanetin.
There has been some scientific interest in parthenolide, which has been shown to
induce apoptosis in some cancer cell lines in vitro and potentially to target cancer
stem cells (Fig. 4.1ak) [427-429].

Ribes nigrum is a woody shrub in the family Grossulariaceae grown for its
piquant berries. It is native to temperate parts of central and northern Europe and
northern Asia. Ribes nigrum, the blackcurrant, is a medium-sized shrub, growing to
1.5 m. The leaves are alternate, simple, 3—5 cm broad, and long with five palmate
lobes and a serrated margin. Blackcurrant fruit is rich in vitamin C, various other
nutrients, phytochemicals and antioxidants, and seed oil is also rich in many nutri-
ents, especially vitamin E and several unsaturated fatty acids including alpha-
linolenic acid and gamma-linolenic acid. Major anthocyanins in blackcurrant
pomace are delphinidin-3-O-glucoside, delphinidin-3-O-rutinoside, cyanidin-3-O-
glucoside, and cyanidin-3-O-rutinoside which are retained in the juice concentrate
among other yet unidentified polyphenols. It has potential to inhibit inflammation,
cancer, microbial infections, or neurological disorders like Alzheimer’s disease, and
blackcurrant juice was found to have high antioxidant content and a potent free radi-
cal scavenger. The fruit is also used in the preparation of alcoholic beverages, and
both fruit and foliage have uses in traditional medicine and the preparation of dyes.
In Europe, the leaves have traditionally been used for arthritis, spasmodic cough,
and diarrhea and as a diuretic and for treating a sore throat. The berries were made
into a drink thought to be beneficial for treatment of colds and flu, for other fevers,
for diaphoresis, and as a diuretic (Fig. 4.1al) [430-434].

Citrus sinensis is the fruit of the citrus species in the family Rutaceae. The fruit
of the Citrus sinensis is considered a sweet orange. It was probably originating in
Southeast Asia, cultivated in China from ancient times. Orange trees are widely
grown in tropical and subtropical climates for their sweet fruit. The fruit of the
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Fig.4.1am Citrus sinensis

orange tree can be eaten fresh or processed for its juice or fragrant peel. Sweet
oranges currently account for approximately 70 % of citrus production (Fig. 4.1am).

Atractylodes lancea, a member of the Compositae family, is a traditional Chinese
medicinal plant. Volatile oils from A. lancea show antimicrobial activities as well.
These oils comprise active secondary metabolites terpenes, flavonoids, and alka-
loids including the characteristic components atractylone, p-eudesmol, hinesol, and
atractylodin. Activation of multiple signaling events by plant as defense response,
i.e., jasmonic acid biosynthesis by plants, is induced by pathogen infection and sali-
cylic acid is involved in activating distinct sets of defense-related genes (Fig. 4.1an)
[435-438].
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Fig.4.1an Atractylodes lancea

Fig.4.1a0 Idesia polycarpa

Idesia polycarpa is a species of flowering plants in the family Salicaceae (for-
merly Flacourtiaceae). It is native to eastern Asia in China, Japan, Korea, and
Taiwan. It is a medium-sized deciduous tree reaching a height of 8-21 m, with a
trunk up to 50 cm diameter with smooth grayish-green bark. The leaves are large,
heart shaped, 8-20 cm long, and 7-20 cm broad, with a red 4-30 cm petiole bearing
two or more glands. The flowers are small, yellowish green, fragrant, and 13-30 cm
long. The fruit is a berry 5-10 mm diameter, ripening orange to dark purple red,
containing several 2-3 mm brown seeds, and often persisting until the following
spring (Fig. 4.1a0).
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Fig.4.1ap Ipomoea batatas

Ipomoea batatas (sweet potato) is a dicotyledonous plant that belongs to the
family Convolvulaceae. Roots are large, tuberous, starchy, and sweet tasting. The
young leaves and shoots are sometimes eaten as greens. 1. batatas is the only crop
plant of major importance; some others are used locally, but many are actually poi-
sonous. The plant is an herbaceous perennial vine, bearing alternate heart-shaped or
palmately lobed leaves and medium-sized sympetalous flowers. The edible tuberous
root is long and tapered, with a smooth skin whose color ranges between yellow,
orange, red, brown, purple, and beige (Fig. 4.1ap) [439].

Atractylodes macrocephala is one of the oldest and most frequently used Chinese
herbs for oriental medicine in China. Many components, such as volatile oils, ses-
quiterpenoids, polysaccharides, amino acids, vitamins, resins and other ingredients,
have been found in Atractylodes macrocephala up till recently. A. macrocephala
possesses various bioactivities, including diarrhea, abdominal pain, and insuffi-
ciency of the stomach, intestine, liver, and kidney or insufficiency of the spleen with
abundance of dampness (Fig. 4.1aq) [440].

Ganoderma is a polypore mushrooms which grows on wood, and nearly 80 spe-
cies have been reported. It belongs to the family Ganodermataceae. It is an impor-
tant genus economically based on its traditional medicinal use in Asian Countries.
G. colossum is popularly known as shelf mushrooms or bracket fungi. Ganoderma
are characterized by basidiocarps that are large, perennial, woody brackets also
called “conks.” They are lignicolous and leathery either with or without a stem. The
fruit bodies typically grow in a fan-like or hoof-like form on the trunks of living or
dead trees. They have double-walled, truncate spores with yellow to brown orna-
mented inner layers. Ganoderma are wood-decaying fungi with a cosmopolitan dis-
tribution. They can grow on both coniferous and hardwood species. They are
white-rot fungi with enzymes that allow them to break down wood components
such as lignin and cellulose. Significant research has been trying to harness the
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Fig.4.1aq Atractylodes macrocephala

Fig.4.1ar Ganoderma colossum

power of these wood-degrading enzymes for industrial applications such as biopulp-
ing or bioremediation (Fig. 4.1ar) [441].

Ganoderma lucidum is a member of Ganodermataceae family. Ganoderma is a
genus of polypore mushrooms which grow on wood. It contains bioactive com-
pounds such as triterpenoids and polysaccharides useful in treatment of various
diseases. Moreover, G. lucidum contains the largest variety of cellulose, lignin, and
xylan-digesting enzymes, which are being used in biomass remediation and indus-
trial sludge processing. G. lucidum contains variety of potential therapeutic benefits
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like anticancer, immunoregulatory, antioxidant, hepatoprotective, hypoglycemic,
antibacterial, antiviral, antifungal, and reducing blood cholesterol (Fig. 4.1as) [442,
443].

Justicia is a genus of flowering plants in the family Acanthaceae. The plant is
native to warm temperate regions of the America, with two species occurring north
into cooler temperate regions. Common names include water-willow and shrimp
plant, the latter from the inflorescences, which resemble a shrimp in some species.
They are evergreen perennials and shrubs with leaves which are often strongly
veined; but they are primarily cultivated for their showy tubular flowers in shades of
white, cream, yellow, orange or pink (Fig. 4.1at).

Fig.4.1as Ganoderma lucidum

Fig.4.1at Justicia ciliate
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Fig.4.1au Vaccinium macrocarpon

Vaccinium macrocarpon is also called large cranberry, American cranberry, and
bearberry. It is a cranberry of the subgenus Oxycoccus and genus Vaccinium. It is
native to North America. Preliminary studies show V. macrocarpon fruit has anti-
bacterial activity against the intestinal pathogens Escherichia coli and Listeria
monocytogenes (Fig. 4.1au).

Brosimum acutifolium belongs to the family Moraceae. It is also known as ahua
jonra, mururi, takini, tamamuri, tauni, and vegetable mercury. It has been used for
arthritis and rheumatism. Researchers found that it is also helpful in reducing
inflammation. The active compound mururin A and B have the ability to inhibit
protein kinase C (PKC) and protein kinase A (PKA). PKC is involved with various
conditions and is one of the chemicals that the body uses to actually produce inflam-
mation. People with autoimmune disorders, arthritis, and rheumatoid arthritis usu-
ally have elevated PKC levels, and PKC inhibitors are a new class of drugs under
research for these types of conditions. PKC and PKA also play role in cancer and
tumor cell growth. Researchers at Cornell University reported that tamamuri bark
showed in vitro antibacterial actions against Bacillus and Staphylococcus (Fig.
4.1av) [444].

Ruscus aculeatus (Butcher’s broom) is a low evergreen Eurasian shrub, with flat
shoots known as cladodes that give the appearance of stiff, spine-tipped leaves.
Small greenish flowers appear in spring, and are borne singly in the center of the
cladodes. Ruscus aculeatus occurs in woodlands and hedgerows, where it is tolerant
of deep shade, and also on coastal cliffs. It is also widely planted in gardens and has
spread as a garden escape in many areas outside its native range. R. aculeatus has
been known to enhance blood flow to the brain, legs, and hands. It has been used to
relieve constipation and water retention and improve circulation. It is also used to
treat varicose veins and treat hemorrhoids. Suggested mechanisms to explain this
include stimulation of venous alpha 1 and 2 adrenoreceptors and decreased capil-
lary permeability (Fig. 4.1aw) [445, 446].
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Fig.4.1av Brosimum acutifolium

Fig.4.1aw Ruscus aculeatus

Morus nigra, the black mulberry, is a species of flowering plants in the family
Moraceae, native to southwestern Asia. It is known for its large number of chromo-
somes, as it has 154 pairs. Morus nigra is a deciduous tree growing to 12 m tall by
15 m broad. The leaves are 10-20 cm long by 6—10 cm broad—up to 23 cm long on
vigorous shoots, downy on the underside, the upper surface rough with very short,
stiff hairs. The edible fruit is dark purple, almost black, when ripe, 2-3 cm long, and
a compound cluster of several small drupes; it is richly flavored, similar to the red
mulberry (Morus rubra) but unlike the more insipid fruit of the white mulberry
(Morus alba) (Fig. 4.1ax).
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Fig.4.1ax Morus nigra

Fig.4.1ay Ornithogalum caudatum

Ornithogalum caudatum or false sea onion or pregnant onion is a curious bul-
bous plant and looks very similar to an onion. It cannot tolerate the dry period of the
Mediterranean climate. The bulb may reach up to 10 cm in diameter. Leaves under
ideal circumstances grow up to 40 cm in length. They are wonderful novelty plants
for indoors or out. It looks like a pregnant mother; the bulb grows on the top of the
soil. The babies grow under the skin making the bulb look as if it is pregnant. Once
the little bulblets free themselves, they sit on top of the soil and they will root and
grow. Traditionally, it has been tide over cuts and bruises and said to have healing
effects similar to aloe vera (Fig. 4.1ay).
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Chenopodium quinoa is an annual herbaceous plant in the family Amaranthaceae.
It was discovered as a health food by North Americans and Europeans and has
increased dramatically in popularity in recent years because it is gluten-free and
high in protein. It is a grain crop grown primarily for its edible seeds. Quinoa is a
fast-growing plant, up to 2 m tall, with alternate and coarsely toothed leaves. Quinoa
can be cooked to produce a fluffy grain-like dish with a nut-like flavor, although the
seed coats contain saponins that convey a bitter flavor unless the achenes are rinsed
and soaked before use. Quinoa was traditionally fermented into a beer-like bever-
age, chichi, by the Incas. The leaves can be used as a cooked vegetable, similar to
spinach. It is similar to Chenopodium species, such as pitseed goosefoot
(Chenopodium berlandieri) and fat hen (Chenopodium album), which were grown
and domesticated in North America as part of the Eastern Agricultural Complex
before maize agriculture became popular. The nutrient composition is favorable
compared with common cereals. Quinoa seeds contain essential amino acids like
lysine and acceptable quantities of calcium, phosphorus, and iron (Fig. 4.1az).

Camellia sinensis is a type of tea called black tea. It is more oxidized and stron-
ger in flavor than other types of tea. Black tea contains negligible quantities of calo-
ries, protein, sodium, and fat. Camellia tea plants are rich in polyphenols, which are
a type of antioxidant. Drinking a moderate amount of black tea may boost blood
pressure slightly, but the effect does not last long (Fig. 4.1aaa) [447].

Prunus amygdalus is a species of tree native to the Middle East and South Asia.
It is also known as almond. The fruit of the almond is a drupe, consisting of an outer
hull and a hard shell with the seed inside. Shelling almonds refers to removing the
shell to reveal the seed. The almond is a deciduous tree, growing 4-10 m in height,
with a trunk of up to 30 cm in diameter. The leaves are 3-5 in. long, with a serrated
margin and a 2.5 cm petiole. The flowers are white to pale pink, 3-5 cm diameter

Fig.4.1az Chenopodium quinoa
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Fig.4.1aaa Camellia sinensis

Fig.4.1aab Prunus amygdalus

with five petals, produced singly or in pairs, and appearing before the leaves in early
spring (Fig. 4.1aab) [448].

Andrographis paniculata is an annual herbaceous plant in the family Acanthaceae,
native to India and Sri Lanka. It is widely cultivated in Southern and Southeastern
Asia, where it has been traditionally used to treat infections and some diseases.
Andrographis paniculata grows erect to a height of 30-110 cm in moist, shady
places. The lance-shaped leaves have hairless blades measuring up to 8 cm long by
2.5 wide. The small flowers are borne in spreading racemes. The fruit is a capsule
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Fig.4.1aac Andrographis paniculata

around 2 cm long and a few millimeters wide. It contains many yellow-brown seeds.
The herb has a number of purported medicinal uses, although research has found
evidence of its effectiveness is limited to treatment of upper respiratory infection,
ulcerative colitis, and theumatic symptoms; in particular, there is no evidence of its
effectiveness in cancer treatment (Fig. 4.1aac) [409].

Pulsatilla cernua is a species of herbaceous perennials native to meadows and
prairies of North America, Europe, and Asia. Common names include pasque flower,
wind flower, prairie crocus, Easter flower, and meadow anemone. Several species
are valued ornamentals because of their finely dissected leaves, solitary bell-shaped
flowers, and plumed seed heads. Pulsatilla is highly toxic and produces cardiogenic
toxins and oxytoxins which slow the heart in humans. Excess use can lead to diar-
rhea, vomiting and convulsions, hypotension, and coma. Blackfoot Indians used it
to induce abortions and childbirth but not be taken during pregnancy nor during
lactation. Extracts of Pulsatilla have been used to treat reproductive problems such
as premenstrual syndrome and epididymitis. Additional applications of plant
extracts include their uses as sedatives and treatment of coughs (Fig. 4.1aad) [410].

Tinospora cordifolia, which is known by the common name Guduchi, is an her-
baceous vine of the family Menispermaceae, indigenous to the tropical areas of
India, Myanmar, and Sri Lanka. The plant is a glabrous climbing shrub found
throughout India, typically growing in deciduous and dry forests. The leaves are
heart shaped. The succulent bark is creamy white to gray in color, with deep clefts
spotted with lenticels. It puts out long, slender aerial roots and is often grown on
mango or neem trees. Flowers are yellow, growing in lax racemes from nodes on old
wood. Fruits are drupes, turning red when ripe. The active adaptogenic constituents
are diterpene compounds, polyphenols, and polysaccharides, including arabinoga-
lactan polysaccharide. A research concluded that 7. cordifolia exhibited hepatopro-
tective property (Fig. 4.1aae) [411, 449].
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Fig.4.1aae Tinospora cordifolia

Rheum emodi is a species of perennial plants in the family Polygonaceae. The
species have large somewhat triangular-shaped leaves with long, fleshy petioles.
The flowers are small, greenish-white to rose-red, and grouped in large compound
leafy inflorescences. Many Rheum species have food and medicinal uses. Rheum
rhabarbarum is used to make pies, jellies, jams, and wine. All parts of the plant
contain the poison oxalic acid, but its concentration in the leaf stems or petioles used
in food preparation is very low, and their tart flavor instead is caused by nontoxic
malic acid. The plants also produce other poisonous compounds, including citric
acid and anthraquinone glycosides, and the raw or cooked leaf blades are poisonous
to humans and livestock if consumed in large enough amounts (Fig. 4.1aaf).
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Physalis peruviana is also known as Cape gooseberry, Inca berry, Aztec berry,
golden berry, giant ground cherry, Peruvian groundcherry, etc. The fruit is a smooth
berry, resembling a miniature, spherical, yellow tomato. Removed from its bladder-
like calyx, it is about the size of a marble, about 1-2 cm in diameter. Like a tomato,
it contains numerous small seeds. It is bright yellow to orange in color, and it is
sweet when ripe, with a characteristic, mildly tart flavor, making it ideal for snacks,
pies, or jams. It is relished in salads and fruit salads, sometimes combined with
avocado. Also, because of the fruit’s decorative appearance, it is popular in restau-
rants as an exotic garnish for desserts (Fig. 4.1aag) [450].

Fig.4.1aaf Rheum emodi

Fig.4.1aag Physalis peruviana
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Fig.4.1aah Echinochloa utilis

Echinochloa utilis is a grass genus, some of whose members are millets grown as
cereal or fodder crops. Collectively, the members of this genus are called barnyard
grasses. In particular, common barnyard grass (E. crus-galli) is notorious as a weed.
Among the plant pathogens that affect this genus are the sac fungus Cochliobolus
sativus, which has been noted on common barnyard grass, and rice hoja blanca
virus. Both affect many other grass species, in particular most important cereals,
and Echinochloa weeds may serve as a reservoir. The fungi Drechslera monoceras
and Exserohilum monoceras have been evaluated with some success as potential
biocontrol agents of common barnyard grass in rice fields (Fig. 4.1aah) [451].

Withania somnifera is also known as ashwagandha, Indian ginseng, poison
gooseberry, or winter cherry; it is a plant of Solanaceae family. Several other species
in the genus Withania are morphologically similar. Roots are used for medicinal
purposes. Berries and leaves are applied externally to tumors, tubercular glands,
carbuncles, and ulcers. The roots are used to prepare the herbal remedy ashwa-
gandha, which has been traditionally used to treat various symptoms and condi-
tions. Ashwagandha exhibits greater clinical benefit in concentration, fatigue, social
functioning, vitality, and overall quality of life. It has been useful in stress releasing
as well as restoring and increasing energy levels. Studies reported a significant
improvement in both cardiovascular and respiratory endurance (Fig. 4.1aai).

Melaleuca alternifolia, commonly known as narrow-leaved paperbark, narrow-
leaved tea tree, narrow-leaved ti tree, or snow-in-summer, is a species of tree or tall
shrub native to Australia. It grows along streams and on swampy flats and is often
the dominant species where it occurs. Leaves are linear, 10-35 mm long, and 1 mm
wide. White flowers occur in spikes 3—-5 cm long. Small woody, cup-shaped fruit are
2-3 mm in diameter. The indigenous people of eastern Australia used leaves to treat
coughs and colds. They also sprinkle leaves on wounds, after which a poultice is
applied (Fig. 4.1aaj) [452, 453].
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Fig.4.1aai Withania somnifera

Fig.4.1aaj Melaleuca alternifolia

Cymbopogon citratus is commonly known as lemon grass or oil grass; it is a
tropical plant from Southeast Asia. In the folk medicine of Brazil, it is believed to
have anxiolytic, hypnotic, and anticonvulsant properties. Laboratory studies have
shown cytoprotective, antioxidant, and anti-inflammatory properties in vitro, as
well as antifungal properties. Lemon grass contains 65-85 % of citral and active
ingredients such as myrcene, an antibacterial and pain reliever; citronella; citronel-
lol; and geranilol. Its essence is used for the production of skin care products such
as lotions, creams, and facial cleansing toner in its pure form (Fig. 4.1aak) [454].
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Fig.4.1aak Cymbopogon citrates

Plantago major is a species of Plantago, family Plantaginaceae, and is also
known as broadleaf plantain or greater plantain. The plant is native to most of
Europe and northern and central Asia. Plantago major is one of the most abundant
and widely distributed medicinal crops in the world. Plantago major is a herbaceous
perennial plant with a rosette of leaves 15-30 cm in diameter. Each leaf is oval
shaped, 5-20 cm long, and 4-9 cm broad. Flowers are small, greenish brown with
purple stamens, produced in a dense spike 5—15 cm long on top of a stem 13-15 cm
tall. The active chemical constituents are aucubin, allantoin, ursolic acid, flavo-
noids, and asperuloside. Broadleaf plantain is also a highly nutritious wild edible
that is high in calcium and vitamins A, C, and K. A poultice of the leaves can be
applied to wounds, stings, and sores in order to facilitate healing and prevent infec-
tion. Plantain has astringent properties, and a tea made from the leaves can be
ingested to treat diarrhea and soothe raw internal membranes. Scientific studies
have shown that plantain extract has a wide range of biological effects, including
wound-healing activity, anti-inflammatory, analgesic, antioxidant, weak antibiotic,
immunomodulating, and antiulcerogenic activity. When ingested, the aucubin in
plantain leaves leads to increased uric acid excretion from the kidneys and may be
useful in treating gout (Fig. 4.1aal) [455].

Phyllanthus emblica (or Emblica officinalis) is a deciduous tree of the family
Phyllanthaceae. It is also popular with its other names, Indian gooseberry, Dhatrik,
or amla. Fruits of E. officinalis are reputed to contain high amounts of ascorbic acid,
the specific contents are disputed, and the overall antioxidant strength of amla may
derive instead from its high density of ellagitannins such as emblicanin A (37 %),
emblicanin B (33 %), punigluconin (12 %), and pedunculagin (14 %). It also con-
tains punicafolin and phyllanemblinin A, phyllanemblin and other polyphenols: fla-
vonoids, kaempferol, ellagic acid, and gallic acid.
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Fig.4.1aal Plantago major

Indian gooseberry has reported activities of antiviral, antimicrobial, anticancer,
etc. It also promoted the spontaneous repair and regeneration process of the pan-
creas occurring after an acute attack. Experimental preparations of leaves, bark, or
fruit have shown potential efficacy against laboratory models of disease, such as for
inflammation, cancer, age-related renal disease, and diabetes. A study demonstrated
that it reduces blood cholesterol levels in both normal and hypercholesterolemic
men along with reduction of blood glucose level. In traditional Indian medicine,
dried and fresh fruits of the plant are used. According to Ayurveda, amla fruit is sour
(amla) and astringent (kashaya) in taste (rasa), with sweet (madhura), bitter (tikta),
and pungent (katu) secondary tastes (anurasas). Its qualities (gunas) are light (laghu)
and dry (ruksha), the postdigestive effect (vipaka) is sweet (madhura), and its energy
(virya) is cooling (shita). Emblica officinalis tea may ameliorate diabetic neuropa-
thy due to aldose reductase inhibition. In rats, it significantly reduced blood glucose,
food intake, water intake, and urine output in diabetic rats compared with the non-
diabetic control group (Fig. 4.1aam) [456—458].

Carpesium longifolium is a species of flowering plants belonging to the family
Asteraceae. They are distributed in Europe and Asia. These are mainly perennial
herbs, but a few species are annuals. The fruit is a hairless, ribbed, beaked achene.
Several other species including C. abrotanoides, C. divaricatum, and C. rosulatum
have been used in traditional medicine in China and Korea (Fig. 4.1aan).

Paeonia suffruticosa, the tree peony, is a species of peony native to China. More
commonly, the plant is referred to as the tree peony. It is known as mudan in Chinese
and is an important symbol in Chinese culture. The flower component is its most
attracting feature of the plant. Paeonia suffruticosa’s flower is very large in com-
parison with most other flower species. The size of the flower usually ranges from 6
to 12 in. It is the flower component that is used to classify the plant’s cultivar, using
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Fig.4.1aam Phyllanthus emblica

Fig.4.1aan Carpesium longifolium

characteristics such as the flower form and color. The epidermis of its roots is used
in traditional Chinese medicine, called mudanpi (Fig. 4.1aao) [459].

Panax ginseng is any one of 11 species of slow-growing perennial plants with
fleshy roots, belonging to the genus Panax of the family Araliaceae. Ginseng is
found only in the Northern Hemisphere, in North America, and in eastern Asia.
Ginseng is characterized by the presence of ginsenosides. Folk medicine attributes
various benefits to oral use of P. ginseng roots, including roles as an aphrodisiac,
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Fig.4.1aao Paeonia suffruticosa

stimulant, type II diabetes treatment or cure for sexual dysfunction in men. The
common adaptogen property of P. ginseng is generally considered to be relatively
safe even in large amounts.

A common side effect of P. ginseng may be insomnia, but this effect is disputed.
Other side effects can include nausea, diarrhea, headaches, nose bleeds, high blood
pressure, low blood pressure, and breast pain. Ginseng may also lead to induction of
mania in depressed patients who mix it with antidepressants. Ginseng has been
shown to have adverse drug reactions with phenelzine and warfarin; it has been
shown to decrease blood alcohol levels. One of the most common and characteristic
symptoms of acute overdose of Panax ginseng is bleeding. Symptoms of mild over-
dose may include dry mouth and lips, excitation, fidgeting, irritability, tremor, pal-
pitations, blurred vision, headache, insomnia, increased body temperature, increased
blood pressure, edema, decreased appetite, dizziness, itching, eczema, early morn-
ing diarrhea, bleeding, and fatigue (Fig. 4.1aap) [460, 461].

Caulophyllum thalictroides is a flowering plant in the Berberidaceae (barberry)
family, also called squaw root or papoose root. It is found in hardwood forest of the
eastern United States and favors moist coves and hillsides, generally in shady loca-
tions, in rich soil. It grows in eastern North America, from Manitoba and Oklahoma
east to the Atlantic Ocean. It is a medium-tall perennial with blue berry-like fruits
and bluish-green foliage. From the single stalk rising from the ground, there is a
single, large, three-branched leaf plus a fruiting stalk. The bluish-green leaflets are
tulip shaped, entire at the base, but serrate at the tip. It is used as a medicinal herb
by American Indians. Many Native American tribes use this herb in conjunction
with other herbs and fluids for abortive and contraceptive purposes (Fig. 4.1aaq)
[462].
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Fig.4.1aap Panax ginseng

Fig.4.1aaq Caulophyllum thalictroides

Bidens pilosa is a species of flowering plants in the family Asteraceae. It is a
native plant of South America and has cosmopolitan distribution; in some parts of
the world, it is a source of food. It is considered a weed in some tropical habitats.
However, in some parts of the world, it is a source of food. Due to the type of inflo-
rescence present they are called chapter disk flowers; flowers are fertile and yellow.
The seeds are black and stick to livestock (Fig. 4.1aar).
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Fig.4.1aar Bidens pilosa

4.2 Marine Sources

Marine resources are one of the richest sources of anti-inflammatory medicines;
these are biological entities found in seas and oceans that are beneficial to man.
Marine sources contain a huge biodiversity including fish, coral reefs, crabs, micro-
organisms, and fungi of several species with significant medicinal importance. An
effort is required to conserve and protect these resources from destruction of extinc-
tion, mainly because of human activities like pollution and over fishing. Table 4.2
contains a vast anti-inflammatory source found in sea and oceans.

Aspergillus terreus is a fungus found worldwide in soil. It is also known as
Aspergillus terrestris. This saprophytic fungus is prevalent in warmer climates such
as tropical and subtropical regions. Aside from being located in soil, A. ferreus has
also been found in habitats such as decomposing vegetation and dust. Aspergillus
terreus produces a number of secondary metabolites and mycotoxins including ter-
ritrem A, citreoviridin, citrinin, gliotoxin, patulin, terrein, terreic acid, and terreto-
nin. Aspergillus terreus is commonly used in industry to produce important organic
acids, such as itaconic acid and cis-aconitic acid as well as enzymes, like xylanase.
Aspergillus terreus can cause opportunistic infection in people with deficient
immune systems. It is relatively resistant to amphotericin B, a common antifungal
drug. It causes both systemic and superficial infections. It causes typical respiratory
infection. Aspergillus terreus has the ability to cause serious effects in immunocom-
promised patients who lack specific immune cells. Specifically, it is prolonged neu-
tropenia that predisposes humans and animals to this fungal disease. It hinders
cholesterol synthesis by inhibiting enzymes responsible for the process (Fig. 4.2a)
[548].



4 Natural Sources of Anti-inflammation

84

[10S-L6¥]
[967]
[S6¥ ‘vovl
[cov]
[z6v-06]
[687 ‘8871
[L8¥ ‘98]
[csyl
[+87]
[£8% T8yl
[18% ‘081
[6L7]
[8L¥]
[LLy]
[9L1—TL]
[1L1 0L
[69
[89% “L9¥

14
id
]

(9971

[Sovl
[¥9v “€9v]

Kynanoe [erpowse(dnue

‘A1anoe [e3unjnue ‘AJIAnoe
J1X0)0340 ‘AJIATIOR 2AnRIRfTjOIdnUY
K)1ATIOR JuepIXONUY

K)IADOR D1X0)0IAD)

K)IADOR OTX0)03AD

AIAnOE [RIqOITWNUY

Kyanoe rerpowse[dnuy

Ky1anoe oruagoruenuy

KJIATIOR JOWMITIUR ‘O1X0)03AD)
KAJIADOR [RIIADUY

K)IATIOR [eLIIORQIUY

K)TATIOR OTX0)03AD)

K)IATIOR D1X0)0IAD)

Ky1anoe KJ101X01014D)

A1Anoe o1sa3eUY

KJTATIOR OTX0)01KD

(snarao[e3aw0lAo uewny) ANDH-DIUY
Ananoe £1011qIyui QU 0IL)
SONIANO. [BIQOIDTWIUL PUB JIX0J0}KD)
K)IATIO® JUBPIXONUY

sau] [[90 onsejqoydwA| uewny pue
BLI9)ORQ Jsurede sanianoe [eorsoorg
Kyanoe A10NqIyui-ATH Yeapm
K)1A13OR O1UQSO0JLINAN

QPI[0IR[BISAXOIPAY-9 |
UIIR)SIaISas pue ‘g ‘Y [0SHIAUBWIES
‘ursAdeosej pue y ursA[deosejowo

UnjuexeIsy
spunoduwiod QueIe[eds ‘OUBIe[eISOWOH
SoueIe[eIS

q aprjouorsuodsooe))

[ouayiydau-(F) ‘g pue ( SOPIS0dA[Se[noA[e)
urAeye7

g pue Y seurureuoproewsel(q

pudA[3 [Aojtwredrp [Asoaoumnbouojng
-V S2U0Is030S]

sprure3uodsojera))

v unpedie)

oprueSuAeA

D 9PIOUS[OS ‘SIPIO[IA

A—S SOpI[0JeABOXIBIIq

pue Z—[) pue g—V SOpI[0JeABdXHq
QuIsIp[eIuawAY

surjourdiuad pue sunOINEUIY
UIUQ[OLISISE pUE (J—Y SUTUOJOLIA],

[0OTUOJ0IPAYSPIP PUE [OIPIUOIAXOYISA
g 9JB[OULIOOUE-SIq PUB D—Y SAIB[OULIOOUY
A QuUIWeZURWEXO-H¢ 7]

a3uods surrely
QeI [ROIDIA
93uodg
youelqipnu proq
93uodg
81008100
[e100 1J0S
93uodg

e3[e QULIB]A
21090100
Je3[e QuLIey
a3uodg

Jrey eaS
21050190

ueruo3Ion
a3uods surrey
sn3ung
BA0OAWOOSY

djeomuny,
93uodg
38uodg

$SN102.42 SONLLE

sypianjd sn220201PWIDE]
SYOUDIGIPNU S1LOPOSSOID)
DIDULEADULOLID S1LOPOSSOID)
DSOULIADD DISUOAS010SD]
“ds vaorung

DAND DIGOLIYINI]T

“ds uoprovwsvaq
SunL3v.f $s110]y204301(7

-ds dyydouoipuag
wmso13uods uok1o1poinia))
“ds soyjadigin)

1Yoa] vjjAISIng

1242218 WNAUDILG

WNIDADIND WNIUDLLG
11214DD D]]OUIXY
WNIDININIL UOLYIIDXNY

§na.L42] sNJ13L1adsy

wnsuap “ffp wmpydy
-ds purioouy

vaoydojL3uosisoyiupoy

90INOS QULIEW AIOJRWWRYUI-NUY ' 3|qeL



85

(panunuoo)

[vTs-Tes]

[0zs ‘6161
[81¢°L16]

[916]
[c16]

148y

[e16“TI4]
[116 ‘01¢]
[60S ‘8051
[L0S “905]

[s0s—zos]

4.2 Marine Sources

AyiAnoe ‘qQuA-nue ‘[-ATH-DUe
‘IO0URITUR ‘[RLIR[RWNUR ‘[BIGOIOTWUNUY

K1AT)OR TeLI)ORQIUY

K)IATIOR JuepIXONUY

KJIATIOR [RIIAIUY

KIATIOR O1X0101KD)

Ananoe aanerdrordnuy
K1Anoe oserojron|

K)1anoe d1sa3[euy

AIAnoE sIso[ndIaqmnue
AiAnoe o1saS[euR pue O1X0J0IAD)

K)1anoy Terpowseidnuy
KIIATOR [EPIONRWAN

K)IATIOR OTX0)03AD
K)1ADOR D1X0)01AD)

K)1A1IOR [eLIIORqIUY

Kyanoe

K101qIyui-ATH pue [erqororunuy
K)1AnO€ SUI[NOJIIUE PUE JUBPIQYNIUY
KJIATIO® [BLIDUOYOOIA

K)TATIOR OTX0)03AD)

Kyanoe

AI01IQIUUI-QWAZUD ‘[RITAIIUE ‘O1I0IqUR
‘Terowrminue ‘JUrNOJNUE ‘OTX0J0IAD)

urstiA1g

SULIBWO[IAD)

V-UIonAIos

L [093Aydoores

H—V SUISSeIoIeS

olopuistg

-V sul[rusy

03 ‘g suneuurdig

souadioyp ad£y-oueyooydwe g

pue vy uisoraidesia pue g ‘D—V suryiaqesig
v oprjoraydeuurdiq

pue ‘[ ) ‘v uneuutdiq ‘y dprjof[ey]
PIOB JI1SO[NWNJOIPAYP ‘proe JrwAyded

QueIe[edSION

d pue ‘D) ‘g ‘V SepInAL[AYdL]
suaryueuaydoIpAyesspo
p1rx01Aydoores-(S8‘S/‘Sg) QurIquid)
d pue ‘D ‘g dpro[aoung

 9prof[e3dun(iA1aoeag
V URISYIURI-OS]

S[OUIpEISBqIWAY ‘SUIPBISEqIUOH

a3uodg
WINLIA)ORQ SULIBIA]
eLIgORYg

[e109 1j0S

8102 1JOS
38uodg

Asued vag
81008100

[£I000300
ueruogion

81008100
sn3unj

a3uods
uedse3epe

[102 1J0S

wnLR)oeqoURAd
[eINSOLIRT,

[102 3JOS
[e10D
[e10D

a3uodg

a8uodg

D21qLIDI DSS1AIS

s2102ds s208uoydasig
DoUAJ124N DUDLIIS
1812quaatya U0 ydoaung
2[np20ssD.42 Uu0ikydooung
122000] PISYdpyy
SNULOf1udL DIJIUIY

sojpy vdio30421dopnasg
aDY12qDS1)d
vi131030421dopnasq

pipuuidlq
v18.103042)dopnas g

§0200 DLIOG

SISUILIDISDIDPDUL
pi3uodsoylyqg

D2ID]01A DLIDINAD]I YID]
QUNUIUOD DOISON

winssvao wnilydoqoy
paoun{ vjjaaouny
sy3v.f vjaaoung

pimduniponb vjjayun|

pIsSPq D]jAYIUD]



4 Natural Sources of Anti-inflammation

86

[L¥6S “ovc] Ananoe onayiuksoloyq proe onnupeq ssei3 vog potodnl nia1soz
[S¥S “p¥6] KIANO® [RIqOIDTWNUY -V SOpIsoyo[oY] sngunyg “ds vy
wnrejoeq
[ev6 ‘Trs] K1Anoe onAjowoy Qurpunry IS YLION snonkjowavyvind o014qIA
sarejns
[T¥6] - [0IQ)SOUR[-IOU PUB SJBJ[NS [OUILO[IAD) 3y s18v4f vdiP202]OLL]
[0t “6¢6] Jooueonuy [orpodA£jog, WNIIR)OBqOURLKD) psopou x1yjod{jog
[8¢¢] K)1AT)OR OTX010IKD) | pue y SouIpessijA1s§ a3uodg vv]1aqDY DSSNS

(ponunuoo) 'y ojqey



4.2 Marine Sources 87

Fig.4.2b Briareum excavatum

Briareum excavatum is a gorgonian coral belonging to the genus Briareum
(Briareidae) which were proven to be a rich source of marine diterpenoid deriva-
tives, such as briarane, asbestinane, and eunicellin-type natural products. Most
compounds of these classes were found to possess complex structure. Excavatoids
A-D, a new polyoxygenated briaranes, are obtained from the octocoral Briareum
excavatum (Fig. 4.2b) [549].

Ceratodictyon spongiosum is a woolly branching organism. Grows on coral rub-
ble, it looks like a sponge, complete with holes along the stems. It is overall
20-30 cm in length with stem 1-1.5 cm wide. It is light to dark green in color. The
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Fig.4.2c Ceratodictyon spongiosum

stems are often dividing frequently to form large spreading mats with tips usually y
shaped; each stem is made up of fine, branched filaments that are packed together to
form structures that feel woolly, velvety, spongy, or felt like with tiny holes on each
stems. This organism is actually a symbiotic combination of algae (Ceratodictyon
spongiosum) and a sponge (Haliclona cymaeformis). The algae make up the bulk of
the organism, while the sponge provides the tough exterior and appears to give the
organism its shape and form, contributing to the formation of the tiny holes. The
algae get most of the nitrogen it needs from the sponge (Fig. 4.2c) [550].

Dendronephthya species collectively reaches up to 250 in number. It is found in
a variety of flamboyant colors with red or orange being the most common. It is nor-
mally shipped while attached to a small piece of live rock or coral rubble. The
Carnation Tree Coral or Dendronephthya Carnation is one of the most beautiful and
peaceful corals and is also known as the cauliflower soft coral, or strawberry soft
coral. The Carnation Tree Coral requires excellent water conditions with very low
nitrate and phosphate levels as well as frequent feedings of phytoplankton-based
foods. This combination is difficult to achieve for most hobbyists, which makes this
species the domain of the expert hobbyist. Unlike many other species, the Carnation
Tree Coral does not contain symbiotic algae zooxanthellae; thus, it needs to get all
of its nutrition from micro-foods that it catches from the water currents. Ideally,
they should be able to filter feed on nutrient-rich waters containing phytoplankton
and photosynthesizing microscopic organisms that are found inhabiting the upper
sunlight areas of the ocean (Fig. 4.2d).

Doriprismatica atromarginata is a species of sea slug, a dorid nudibranch. It is a
shell-less marine gastropod mollusk in the family Chromodorididae. It ranges in
color from creamy white through yellow to pale brown. It typically has a black-
lined edge running down the outside of a much folded mantle and black rhinophore
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Fig.4.2e Doriprismatica atromarginata

clubs. The frilly mantle sometimes appears to move like a wave as the animal crawls
along. It can reach a total length of at least 60 mm (Fig. 4.2¢) [551-553].
Haematococcus pluvialis is a freshwater species of Chlorophyta from the family
Haematococcaceae. This species is well known for its high content of the strong
antioxidant astaxanthin, which is important in aquaculture and cosmetics. The high
amount of astaxanthin is present in the resting cells, which are produced and rapidly
accumulated when the environmental conditions become unfavorable for normal
cell growth. Examples of such conditions include bright light, high salinity, and low
availability of nutrients. Haematococcus pluvialis is usually found in temperate
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Fig.4.2f Haematococcus pluvialis

regions around the world. Their resting cysts are often responsible for the blood-red
color seen in the bottom of dried out rock pools and bird baths. This color is caused
by astaxanthin which is believed to protect the resting cysts from the detrimental
effect of UV radiation, when exposed to direct sunlight (Fig. 4.2f) [554].

Hyrtios erectus belongs to the genus Hyrtios. Previous chemical investigations of
different Hyrtios sp. and their associated microorganisms revealed the presence of
numerous structurally unique natural products including scalarane, acyclic triter-
penes, indole alkaloids, and macrolides in addition to steroids. Many of these com-
pounds possess different biological activities. Spongistatins, the most important
metabolites of the genus Hyrtios, shows powerful anticancer activity, which encour-
aged an exhaustive recollection of the H. erecta sponge for further chemical inves-
tigations, which afforded the antineoplastic agents sesterstatins (Fig. 4.2g) [555].

lanthella basta or elephant ear sponge is a species of fan-shaped sponge in the
class Demospongiae. It is also known as the paper sponge or scroll sponge. Sponges
are marine invertebrates with a jellylike mesohyl sandwiched between two layers of
cells. They are filter feeders maintaining a flow of water through their structure
which passes out through large openings called oscula. They have a fragile skeleton
of stiff spicules. Research is being undertaken on various metabolites and other
biologically active constituents that are synthesized by the sponge (Fig. 4.2h).

Pachyclavularia violacea is synonymous to Clavularia viridis which belongs to
the family Clavularidae. It is a tube coral Stolonifera which grows with a kind of
leathery stolon directly on a solid substrate. Sclerites of the lower layer are branched
y shaped, the upper layer of straight and spindle shaped. The colored sclerites the
stolon is colored purple. On the stolon grow tubes, each of them a polyp. The polyps
are usually light or dark brown in color (Fig. 4.2i).
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Fig.4.2h Ianthella basta

Phyllospongia madagascariensis is a type of marine organism and Phyllospongia
genus of the Phyllospongiinae subfamily. It is a sedentary filter feeder, has a porous
body with holes and channels that allow water flow throughout, depends on water
flow through its body to obtain food and remove waste, has a jelly-like mesohyl
between two thin layers of cells, and contains unspecialized cells that can transform
into other cells, can migrate between the main cell layers and the mesohyl, and do
not have any developed organ systems. They are motile ingest another organisms or
their product to live (Fig. 4.2j).
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Fig.4.2j Phyllospongia madagascariensis

Poria cocos is a fungus in the Polyporaceae family. It is now known as Wolfiporia
extensa (Peck). It is a famous home-grown bulk Chinese herb, which has been used
medicinally for about 2,000 years. It is a wood-decay fungus but has a terrestrial
growth habit. It is notable in the development of a large, long-lasting underground
sclerotium that resembles a small coconut. Poria sclerotium contains chemical con-
stituents like pachymic acid, pachyman, pachymaran, tumulosic acid, polysaccha-
ride, ergosterol, caprylic acid, undecanoic acid, lauric acid, dodecenoic acid,
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Fig.4.2k Poria cocos

palmitic acid, dodecanoate, caprylate, and other elements. It is also used as a medic-
inal mushroom in Chinese medicine. In traditional medicine, poria mushroom fila-
ments have been used for amnesia, anxiety, restlessness, fatigue, tension,
nervousness, dizziness, urination problems, fluid retention, insomnia, an enlarged
spleen, stomach problems, diarrhea, tumors, and to control coughing. Poria mush-
room contains chemicals that might improve kidney function, lower serum choles-
terol, reduce inflammation, and suppress immune function. It might also have
antitumor and anti-vomiting effects (Fig. 4.2k).

Pseudopterogorgia elisabethae, the Caribbean sea plume, is found in the tropical
Caribbean portion of the Atlantic Ocean. This species, as well as other gorgonian
octocorals, is found most extensively in this region of the world. Pseudopterogorgia
elisabethae is usually found at deeper and calmer reef sites, up to depths of about
100 ft, and along reef drop offs. Pseudopterogorgia elisabethae is frequently found
as a bushy aggregation of feather-like branches, each resembling a plume, around a
central axis. The branches are long, with pinnate, distichous branchlets. This tall
feathery morphology is more suitable for the deeper waters where the water move-
ment is slower because the gentle currents will not uproot the structure. The pseu-
dopterosins that are produced have been used in medications such as analgesics, and
as a nonsteroidal anti-inflammatory drug. The main compound isolated is pseudop-
terosin A, which is being studied because of the selectivity it exhibits as an analge-
sic (Fig. 4.21) [522, 556].

Pseudopterogorgia kallos is a marine organism belonging to the family
Gorgoniidae. This organism is a type of aquatic animals with cnidocytes to capture
prey and a mesoglea jellylike body. They have cnidocytes, which are specialized
cells used for capturing prey; bodies consisting of mesoglea between two layers of
epithelium that are mostly one cell thick, swimming medusae and sessile polyps,
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Fig.4.2m Pseudopterogorgia kallos

radially symmetrical with mouths surrounded by tentacles that bear cnidocytes; and
a single orifice and body cavity used for digestion and respiration. It is a multicel-
lular organism and must ingest another organisms or their product to live (Fig.
4.2m).

Renilla reniformis, the sea pansy, is a colonial cnidarian native to warm conti-
nental shelf waters of the New World. It is frequently found washed ashore on
northeast Florida. It also can often be found living intertidally completely buried in
the sand. Its predator is the striped sea slug Armina tigrina. The sea pansy is a col-
lection of polyps with different forms and functions. A single, giant polyp up to two
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Fig.4.2n Renilla reniformis

inches in diameter forms the anchoring stem. The pansy-like body bears many
small, anemone-like feeding polyps. Cluster of tentacle-less polyps forms an outlet
valve that releases water to deflate the colony. Small white dots between the feeding
polyps are polyps that act as pumps to expand the deflated colony. The feeding pol-
yps secrete sticky mucus to trap tiny organisms suspended in the water. The colo-
ny’s rigidity and purple color come from calcium carbonate spicules throughout the
polyp’s tissues (Fig. 4.2n).

Sarcophyton crassocaule is a type of marine organism belonging to the family
Alcyoniina. This organism is a type of aquatic animals with cnidocytes to capture
prey and a mesoglea jellylike body. They have cnidocytes, which are specialized
cells used for capturing prey; bodies consisting of mesoglea between two layers of
epithelium that are mostly one cell thick, swimming medusae and sessile polyps,
radially symmetrical with mouths surrounded by tentacles that bear cnidocytes; and
a single orifice and body cavity used for digestion and respiration. It is a multicel-
lular organism and must ingest another organisms or their product to live (Fig.
4.20).

Serratia ureilytica belongs to genus Serratia of the family Enterobacteriaceae. It
is Gram-negative, facultatively anaerobic, rod-shaped, urea-dissolving, and
nonspore-forming bacterium. Members of this genus produce characteristic red pig-
ment, prodigiosin, and can be distinguished from other members of the family
Enterobacteriaceae by their unique production of three enzymes: DNase, lipase, and
gelatinase. Serratia infection is responsible for about 2 % of nosocomial infections
of the bloodstream, lower respiratory tract, urinary tract, surgical wounds, and skin
and soft tissues in adult patients. Serratia infection has caused endocarditis and
osteomyelitis in people addicted to heroin (Fig. 4.2p).

Stylissa caribica is a type of marine organism, in the family Dictyonellidae.
Stylissa caribica is a sponge and strictly marine, is a sedentary filter feeder, has a
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Fig.4.2p Serratia ureilytica

porous body with holes and channels that allow water flow throughout, depends on
water flow through its body to obtain food and remove waste, has a jellylike meso-
hyl between two thin layers of cells, and contains unspecialized cells that can trans-
form into other cells, can migrate between the main cell layers and the mesohyl, and
do not have any developed organ system (Fig. 4.2q).

Tricleocarpa fragilis is a type of marine organism of the family Galaxauraceae.
It is a multicellular thallus with apical growth and has tetrasporangia, filamentous
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Fig.4.2r Tricleocarpa fragilis

gonimoblast, and pit connections. 7. fragilis cells have multiple nuclei and plastids,
triphasic alternation of generations life history. It is red algae with eukaryotic cells
without flagella and centrioles using floridean polysaccharides as food reserve.
These are multicellular organisms with accessory red pigments known as phycobili-
proteins; however chloroplasts lacks external endoplasmic reticulum and containing
unstacked thylakoids. Their cell wall is made up of cellulose, they obtain energy
from sun, and perform sexual or asexual reproduction with modular and indetermi-
nate growth (Fig. 4.2r).

Xylaria is a genus of ascomycetous fungi commonly found growing on dead
wood. The name comes from the Greek xylon meaning wood. Two of the common



98 4 Natural Sources of Anti-inflammation

species of the genus are Xylaria hypoxylon and Xylaria polymorpha. Xylaria hypox-
ylon is also known as stag’s horn and candle-snuff fungus. It is the most conspicu-
ous because of its erect, 3—7 cm tall, antler-like ascocarps (fruit bodies) which are
black at the base but white and branched towards the top, where the fruiting bodies
produce white conidia. Xylaria polymorpha, commonly known as dead man’s fin-
gers, is a saprobic fungus. It often grows in finger-like clusters from the base of a
tree or from wood just below ground level. This is a primary fungus utilized in the
spalting of sugar maple and other hardwoods. It is a common inhabitant of forest
and woodland areas, usually growing from the bases of rotting or injured tree stumps
and decaying wood. A variety of bioactive compounds have been identified in this
fungus. The compounds xylarial A and B both have moderate cytotoxic activity
against the human hepatocellular carcinoma cell line Hep G2. The pyrone derivative
compounds named xylarone and 8,9-dehydroxylarone also have cytotoxic activity.
Several cytochalasins, compounds that bind to actin in muscle tissue, have been
found in the fungus. X. hypoxylon also contains a carbohydrate-binding protein, a
lectin, with unique sugar specificity and which has potent antitumor effects in vari-
ous tumor cell lines (Fig. 4.2s) [557-559].

Streptomyces is the largest genus of Actinobacteria and the type genus of the
family Streptomycetaceae. Found predominantly in soil and decaying vegetation,
most streptomycetes produce spores and are noted for their distinct “earthy” odor
that results from production of a volatile metabolite, geosmin. Streptomycetes are
characterized by a complex secondary metabolism. They produce over two-thirds of
the clinically useful antibiotics of natural origin (e.g., neomycin and chlorampheni-
col). Streptomyces is the largest antibiotic-producing genus, producing antibacte-
rial, antifungal, and antiparasitic drugs and also a wide range of other bioactive
compounds, such as immunosuppressants. Almost all of the bioactive compounds

Fig.4.2s Xylaria sp.
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Fig.4.2t Streptomyces

produced by Streptomyces are initiated during the time coinciding with the aerial
hyphal formation from the substrate mycelium. The now uncommonly used strepto-
mycin takes its name directly from Streptomyces. Streptomycetes are infrequent
pathogens, though infections in humans, such as mycetoma can be caused by S.
somaliensis and S. sudanensis and in plants can be caused by S. caviscabies, S. aci-
discabies, S. turgidiscabies and S. scabies (Fig. 4.2t) [560, 561].

Zostera is a small genus of widely distributed sea grass, commonly called marine
eelgrass or simply eelgrass. Zostera japonica is native to the seacoast of eastern
Asia from Russia to Vietnam. Z. japonica inhabits previously unvegetated mid and
high intertidal mudflats. Z. japonica exhibits both asexual (rhizomal growth) and
sexual (seed production) reproduction. Z. japonica can also bind sediments creating
a hummocked appearance compared to adjacent unvegetated mud and sand flats.
Zostera marina is found on sandy substrates or in estuaries submerged or partially
floating. Most Zostera are perennial. They have long, bright green, ribbon-like
leaves, about 1 cm wide. Short stems grow up from extensive, white branching rhi-
zomes. The flowers are enclosed in the sheaths of the leaf bases; the fruits are blad-
dery and can float. Zostera beds are important for sediment deposition, substrate
stabilization, as substrate for epiphytic algae and micro-invertebrates, and as nurs-
ery grounds for many species of economically important fish and shellfish. It is an
important food for brant geese and wigeons, and even caterpillars of the grass moth
Dolicharthria punctalis. Zostera is able to maintain its turgor at a constant pressure
in response to fluctuations in environmental osmolarity (Fig. 4.2u) [562, 563]

Tolypothrix is a genus of the tribe of cyanobacteria (blue-green algae). Tolypothrix
is spurious branched, blue green to brown, and their cylindrical cells contain, like all
bacterial cells, neither nuclei nor plastids. Each thread is in its own gelatinous
sheath. An improper lateral branch is formed by fragmentation of a thread on a
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Fig.4.2v Tolypothrix nodosa

preformed body, on which a single cell dies. In this way, two separate threads are
formed which remains connected by gelatinous sheath. One of the threads breaks
forth from the gelatinous sheath, the other thread with a varied range of the resulting
branching point and one or more colorless, thick-walled cells called heterocysts.
They are used for biological nitrogen fixation. Growth occurs by cell division within
the thread (Fig. 4.2v).

Bursatella leachii, common name the ragged sea hare or shaggy sea hare, is a
species of large sea slug or sea hare, a marine, gastropod mollusk in the family
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Fig.4.2w Bursatella leachii

Aplysiidae, the sea hares. Bursatella leachii is green to greenish brown. It has a
broad and short head. Its mantle is covered with papillae (finger-like outgrowths),
which give it a thorny aspect. The mantle has a network-like pattern with blue eye-
spots (ocelli) in black spots and green areas. It moves slowly on a broad foot. There
is short, sharp tail. The short parapodia (fleshy, winglike outgrowths) are fused on
their rear end. The length is up to 15 cm but usually between 5 and 10 cm. The maxi-
mum recorded length is 120 mm (Fig. 4.2w) [564].

Nostoc commune is a species of cyanobacterium in the family Nostocaceae.
Common names include star jelly, witch’s butter, mare’s eggs, and facai. It initially
forms a small, hollow gelatinous globule which grows and becomes leathery, flat-
tened, and convoluted, forming a gelatinous mass with other colonies growing
nearby. Inside the thin sheath are numerous unbranched hair-like structures called
trichomes formed of short cells in a string. Cells have no nucleus nor internal mem-
brane system. Along the trichomes, larger specialist nitrogen-fixing cells called het-
erocysts occur between the ordinary cells. When wet, Nostoc commune is bluish
green, olive green, or brown, but in dry conditions, it becomes an inconspicuous,
crisp brownish mat. Nostoc commune does not have chloroplasts but contains pho-
tosynthetic pigments in the cytoplasm of the cells. It also contains pigments that
absorb long and medium wavelength ultraviolet radiation, which enables it to sur-
vive in places with high levels of radiation. It has been found that extracellular
polysaccharides are vital to its stress tolerance and ability to recover (Fig. 4.2x)
[565].
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Fig.4.2x Nostoc commune

4.3 Animal Sources

It has been an oldest form of connection between mankind and nature. In this con-
nection the use of animals in medical practices can be perceived as persistent rela-
tionship. The antiquity in the use of medicinal animals and its persistency through
times are a testimony to the importance of those therapeutic resources to mankind
(Table 4.3).

Python reticulatus is a species of python found in Southeast Asia. Adults can
grow to 6.95 m in length but normally grow to an average of 3—6 m. They are the
world’s longest snakes and longest reptile, but are not the most heavily built. Like
all pythons, they are nonvenomous constrictors and normally not considered dan-
gerous to humans. Although large specimens are powerful enough to kill an adult
human, attacks are only occasionally reported. An excellent swimmer, Python retic-
ulatus has been reported far out at sea and has colonized many small islands within
its range. The specific name, reticulatus, is Latin meaning net like, or reticulated,
and is a reference to the complex color pattern. The color pattern is a complex geo-
metric pattern that incorporates different colors. The back typically has a series of
irregular diamond shapes flanked by smaller markings with light centers. In this
species’ wide geographic range, much variation of size, color, and markings com-
monly occurs. The smooth dorsal scales are arranged in 69-79 rows at midbody.
There are deep pits on 4 anterior upper labials, on 2 or 3 anterior lower labials, and
on 5 or 6 posterior lower labials (Fig. 4.3a) [572].
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Table 4.3 Anti-inflammatory animal sources

Honey bees Honey Flavonoid Antibacterial activity [566]
Balaenoptera Liver n-3 fatty acids Temperature modulation [567, 568]
acutorostrata of oxygen transport

Python reticulatus Snake Daboiatoxin Antitoxic activity [569]
Sparus aurata Fish Total fatty acids Cytotoxic activity [570, 571]

Fig.4.3a Python reticulates

Sparus aurata is a fish of the bream family Sparidae found in the Mediterranean
Sea and the eastern coastal regions of the North Atlantic Ocean. It commonly
reaches about 35 cm in length, but may reach 70 cm and weight up to about 17 kg.
The gilt-head bream is generally considered the best tasting of the breams. It is the
single species of the genus Sparus. It mainly feeds on shellfish, but also some plant
material (Fig. 4.3b).

Honey bees belong to the genus Apis, primarily distinguished by the production
and storage of honey and the construction of perennial, colonial nests from wax.
Honey bees represent only a small fraction of the roughly 20,000 known species of
bees. All honey bees live in colonies where the workers sting intruders as a form of
defense, and alarmed bees release a pheromone that stimulates the attack response
in other bees. Bee pollen is rich in protein, particularly free amino acids, and also
abounds with carbohydrate, lipid, vitamins, and minerals. In addition, bee pollen
contains minor components, such as flavonoids and phenolic compounds. It is
claimed to be effective for the treatment of asthma, bronchitis, cancers, peptic
ulcers, colitis, various types of infections including hepatitis B, and rheumatism by
the herb dealers in northeast Turkey (Fig. 4.3c) [573, 574].
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Fig.4.3b Sparus aurata

Fig.4.3c Apis mellifera

Balaenoptera acutorostrata (minke whale) is a name given to marine mammal
belonging to a clade within the suborder of baleen whales. B. acutorostrata are the
second smallest whale measure an average of 6.9-7.4 m in length with 4-5 t of
weight. Their life period is typically 30-50 years. It is black or purple in color.
Minke whales have between 240 and 360 baleen plates on each side of their mouths.
The tail extends into two long tips. The dorsal fin is high and curved back. Minke
whales travel in small groups of 2—4 whales. They are thought to be curious,
approaching ships and wharfs which is not typical of its family. Minkes are fast
swimmers that are able to leap completely out of the water like a dolphin (Fig. 4.3d)
[575].
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Fig.4.3d Balaenoptera acutorostrata
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Abstract

Studies performed using in vivo and in vitro experimental model systems are
critical components of the effort to identify the effect of new drug molecules.
Experimental models permit the precise quantification of exposure levels, to
eliminate many external variables that may alter drug response. Experimental
studies can be designed in a manner to include specific endpoint evaluations that
can generate important data concerning possible biological mechanisms of drug
action. Thus, it becomes mandatory to access the cause of disease, and the mech-
anisms behind it, through experimental models which generally involve animals,
in vitro studies, primates, and even humans to a certain extent. Interspecies dif-
ferences and high-dose to low-dose extrapolations remain important challenges
to the interpretation and application of experimental data to assessments of
human risk. Understanding the basic mechanisms and pathogenesis of inflamma-
tion are essential for the development of new treatment approaches and therapeu-
tic agents.

5.1 In Vitro Method for Anti-inflammatory Activity

Autacoids including a large array of physiological substances like histamine, sero-
tonin, bradykinin, substance P, and the group of eicosanoids (prostaglandins, throm-
boxanes, and leucotrienes), the platelet- activating factor (PAF) as well as cytokines
and lymphokines are involved in the process of inflammation and repair. Their dis-
covery makes the use of in vitro studies possible.

5.1.1 3H-Bradykinin Receptor Binding

Bradykinin produces pain by stimulating A and C fibers in the peripheral nerves,
participates in the inflammatory reaction, and lowers blood pressure by
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vasodilatation. The *H-bradykinin receptor binding is used to detect compounds
that inhibit binding of 3H-bradykinin in membrane preparations obtained from
guinea-pig ileum. Pieces of guinea pig ileum are homogenized with TES buffer. The
homogenates are incubated, centrifuged, and washed with buffer. The formed pel-
lets are incubated with various concentrations of *H-bradykinin. Total binding is
determined in the presence of incubation buffer, nonspecific binding is determined
in the presence of nonlabeled bradykinin. Membrane bound radio-activities are
determined using a liquid scintillation counter. Mainly two types of bradykinin
receptor B, and B, are known. B, receptors have been studied in the isolated rabbit
carotid artery, canine cultured tracheal smooth muscle cells, and cultured bovine
aortic endothelial cells. B, receptors have been studied in human fibroblasts, iso-
lated blood vessels from different species, gall bladder, and smooth muscles of
guinea pig. B, and B, receptors play an important role in bradykinin-induced relax-
ation and contraction of isolated rat duodenum [1, 2].

5.1.2 3H-Substance P Receptor Binding

Substance P belongs to the trachykinin family of peptides found in CNS. Substance
P is widely distributed in the central and peripheral nervous systems. It causes vaso-
dilatation and plasma extravasations peripherally. In the midbrain it facilitates dopa-
minergic neurotransmission in response to stress whereas excites dorsal neurons in
the spinal cord in response to noxious stimuli. In vitro studies include antagonist of
substance P for anti-inflammatory and analgesic activity. The porcine brains
obtained from slaughter house are homogenized with Tris-HCI buffer. The homog-
enates are incubated, centrifuged, and washed with buffer. The formed pellets are
incubated with various concentrations of *H-Substance P. Total binding and nonspe-
cific binding are determined in the absence or presence of unlabeled substance
P. Bound radio-activities are determined using a liquid scintillation counter [1].

5.1.3 InVitro Assay for Polymorphonuclear Leukocyte
Chemotaxis

Leukocyte attraction towards infected or inflamed site is an important aspect of host
defense mechanism. This method is widely employed to measure the chemotactic
effects on polymorphonuclear leukocytes. In this method, multiple tissue-culture
plates are utilized and sandwiched. The upper plate is positioned over lower plate
and fastened with bolts. The upper compartments are filled with 0.3 ml of polymor-
phonuclear leukocytes (PMN) suspension. The assembly is incubated; the upper
compartment is decanted and the lower plate is centrifuged and decanted. The pellet
of PMN:ss is dispersed in phosphate buffer saline containing EDTA. Each well con-
taining PMN suspension is determined with micro-plate reader [1, 3].
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5.1.4 InVitro Assay of Arachidonic Acid Metabolism

Arachidonic acid is released from the cellular phospholipids fraction by the action
of phospholipase A,, and subsequently metabolized via two major routes: the cyclo-
oxygenase pathway yielding the primary prostaglandins and thromboxane, and the
5-lipoxygenase pathway yielding the leukotrienes. Thromboxanes, prostaglandins,
and leukotrienes play a pathophysiological role in many diseases. Inhibitors of the
5-lipoxygenase pathway have attracted considerable attention as potential anti-
inflammatories with high potency. Along with that, inhibition of prostaglandins by
inhibiting COX-1 and COX-2 (cyclooxygenases) are also involved in maintaining
vital functions in vascular hemostasis, gastric mucosa, and kidney [1].

5.1.5 InVitro Assay for Induced Release of Cytokines
from Human White Blood Cells

Cytokines are highly potent peptides that are involved in numerous cellular pro-
cesses, such as inflammation, immunological responses, and many others. Cytokines
are synthesized endogenously upon stimulation by infection or injury. It is com-
prised of several inflammatory substances like interleukin-1 (IL-1), IL-6, IL-8,
tumor necrosis factor (TNFa), and many others. Blocking IL-1 or TNF has been
highly successful in patients with rheumatoid arthritis or inflammatory bowel dis-
ease. Different models are based to detect compounds that interact with cytokines
release from human mononuclear blood cells [1].

5.1.6 Flow Cytometric Analysis of Intracellular Cytokines

Flow cytometry is a powerful analytical technique in which individual cells can be
simultaneously analyzed for several parameters, including size and granularity, as
well as the expression of surface and intracellular markers defined by fluorescent
antibodies. Fluorescent anti-cytokine and anti-chemokine monoclonal antibodies
are very useful for the intracellular staining and multiparameter flow cytometric
analysis of individual cytokine-producing cells within mixed populations. Multicolor
immunofluorescent staining with antibodies against intracellular cytokines and cell
surface markers provides a high resolution method to identify the nature and fre-
quency of cells which express particular cytokines [4, 5].

5.1.7 Binding to Interferon Receptors

The interferons (IFNs) are biological agents interfering with virus replication. They
are a family of secreted proteins occurring in vertebrates and can be classified as
cytokines. The IFNs are multifunctional and are components of the host defense
against viral and parasitic infections and certain tumors. They affect the functioning
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of the immune system in various ways and also affect cell proliferation and differ-
entiation. Interferon binds to receptors on the cell surface and induces the synthesis
of specific proteins. Analysis of this binding data using different programs is the
basis of in vitro models [1].

5.1.8 Screening for Interleukin-1 Antagonists

Interleukin-1-o and -f are potent regulators of inflammatory processes. The natu-
rally occurring interleukin-1 receptor antagonist (IL-1ra) is effective in vitro and
in vivo in modulating biological responses to IL-1. Using a combination of anion
exchange, gel filtration, and reverse-phase HPLC, three species of native IL-1ra can
be identify [1, 6].

5.1.9 Inhibition of Interleukin-1p Converting Enzyme (ICE)

Interleukin-1p-converting enzyme (ICE) is also known as caspase-1; it was the pro-
tein identified for programmed cell death (apoptosis) [7]. It is cysteine protease that
processes immature pro IL-1 into active IL-1p. IL-1p is a proinflammatory cytokine
that mediates many of the physiological and behavioural response to inflammation.
Inhibition of IL-1p formation is an approach for treatment of inflammatory disor-
ders such as rheumatoid arthritis [8, 9].

5.2  InVivo Method for Anti-inflammatory Activity

The inflammatory process involves a series of events that can be elicited by numer-
ous stimuli, e.g., infectious agents, ischemia, antigen-antibody interactions, and
chemical, thermal, or mechanical injury. The response is accompanied by the clini-
cal signs of erythema, edema, hyperalgesia, and pain. Different pharmacological
methods have been developed for testing acute and sub-acute inflammation, prolif-
erative phase of granuloma formation, and testing of immunological factors.

5.2.1 UVInduced Erythema in Guinea Pig

This test was performed to observe the efficacy of phenylbutazone or other nonste-
roidal anti-inflammatory agents to delay the development of ultraviolet erythema on
albino guinea pig skin. Erythema is a skin condition characterized by redness or
rash. It is caused by a reaction to sunlight and tends to occur when infection or a
medication increases your sensitivity to ultraviolet radiation. The shaved skin of
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guinea pigs are exposed to ultraviolet radiation for 2 min and erythema is scored 2
and 4 h after exposure. The test compound is administered 30 min before ultraviolet
exposure. Erythema is scored from O to 4 according to severity of injury. The test
has the advantage of simplicity but needs training of the investigators. This model is
useful to measure the vasodilatory phase in the inflammatory reaction rather to
study the duration of the anti-inflammatory effect [1].

5.2.2 Carrageenan Induced Paw Edema Model

This is one of the most commonly employed technique to evaluate the anti-
inflammatory effect of the test compound based upon the ability of such agents to
inhibit the edema produced in the hind paw of the rat after injection of a carrageenan
or other phlogistic agent. Phlogistic agents may be formaldehyde, dextran, egg
albumin, kaolin, or brewer’s yeast. In this technique, the hind paw is measured and
compared with test group animals before and after induction of edema. Rats are
challenged by a subcutaneous injection of 0.05 ml of 1 % solution of carrageenan
into the plantar side of the left hind paw. The increase of paw volume after 3 or 6 h
is calculated as percentage compared with the volume measured immediately after
injection of the irritant for each animal. This method has been proven to be suitable
for screening purposes as well as for more in-depth evaluations. Depending on the
irritant steroidal and nonsteroidal anti-inflammatory drugs, serotonin antagonists
are active in the paw edema tests [1, 10].

5.2.3 Carrageenan Induced Pleurisy

Pleurisy is a well-known phenomenon of exudative inflammation that can be
induced by several irritants, such as histamine, bradykinin, prostaglandins, mast cell
degranulators, dextran, enzymes, antigens, microbes, and irritants, like turpentine
and carrageenan. Carrageenan-induced pleurisy in rats is considered to be an excel-
lent acute inflammatory model in which fluid extravasation, leukocyte migration,
and the various biochemical parameters involved in the inflammatory response can
be measured easily in the exudate. 0.1 ml of 2 % carrageenin solution is injected
into the pleural cavity through the incision made into the skin under the right arm
between the seventh and eighth rib. The wound is closed with a Michel clip. 1 ml of
heparinized Hank’s solution is injected into the pleural cavity by making a cut in the
body wall to gain access in the pleural cavity and the cavity is gently massaged to
mix the contents. The fluid is aspirated out of the cavity using a pipette and col-
lected in a graduated plastic tube. This model has been accepted as a reliable method
to study acute and sub-acute inflammation allowing the determination of several
parameters simultaneously or successively with anti-inflammatory activity of the
drug [1, 10].
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5.2.4 Glass Rod Granuloma

This method is used to observe chronic proliferative inflammation along with mea-
surement of chemical composition and mechanical properties of the newly formed
connective tissue. A glass rod in inserted into the subcutaneous tunnel by an incision
in the caudal region of cranium. The rod remains in situ for 20 or 40 days. After that,
the animals are sacrificed under CO2 anesthesia followed by extraction of glass rod.
The glass rod is now prepared with surrounding connective tissue and the wet
weight of granuloma tissue is recorded. For measurement of the mechanical proper-
ties the specimens are fixed into the clamps of the Instron instrument allowing a
gauge length of 30 mm. Additionally, biochemical analyses, such as determination
of collagen and glycosaminoglycans, can be performed [1].

5.2.5 InVivo Inhibition of Leukocyte Adhesion to Rat
Mesenteric Venules

Reversible adherence of leukocytes to endothelium, basement membranes, and
other surfaces is an essential event in the establishment of inflammation. Leukocyte
adhesion to vessel walls greatly increased during inflammation and collision
behaves elastically. Adhesion initiates rolling of leukocytes, but further increase in
adhesion slows down the rolling process and cells coming to a complete stop and
their migration out of the vessel. This process can be observed by preparing a mes-
enteric venule of an anesthetized rat and following the flow and rolling of leuko-
cytes by means of a microscope. In this test procedure, adhesion of leukocytes, to
the vessel wall, is artificially induced by the application of the formyl-methionyl
peptide fMet-Leu-Phe (FMLP). Formyl peptides are released from bacteria and
mitochondria of damaged tissue, so these peptides provide a specific signal marking
the presence of invading bacteria or tissue damage. The density of FMLP receptors
ranges from 10* to 103 per cell, depending on the cell type. Activation of leukocytes
through this receptor results in rapid expression of preformed L-selectin (LECAM-
1) on the cell surface which causes the cells to roll along the endothelial surface [1].

5.2.6 Oxazolone-Induced Ear Edema in Mice

This is a model of delayed contact hypersensitivity that permits the quantitative
evaluation of topical and systemic inflammation. In the test procedure before each
use of fresh 2 % solution of oxazolone, mice are sensitized by application of 0.01 ml
of halothane on the inside of both ears. The mice are challenged 8 days later again
under anesthesia by applying 0.01 ml 2 % oxazolone solution to the inside of the
right ear, and the left ear remains untreated. After that animals are sacrificed under
anesthesia and a disc of 8 mm diameter is punched from both sides. The discs are
immediately weighed on a balance. The weight difference is an indicator of the
inflammatory edema [1, 10].
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5.2.7 Croton-Oil Ear Edema in Rats and Mice

The method is useful for evaluation of anti-inflammatory topical steroids, especially
in the modification when thymus weight is determined simultaneously. In this
method, standard and test compounds are dissolved in irritant solution made up of
croton oil with concentration of 0.03—1 mg/ml for mice and slightly greater for rats.
Four hours after application of compounds ears are removed and the weight differ-
ence of punched ears is determined [1, 10].
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Abstract

Inflammation is the cause of most serious illness including heart disease and
stroke, many cancers, and arthritis. Many lifestyle factors, including diet, stress
and exposure to environmental and household toxins, contribute to elevated lev-
els of inflammation throughout the body that never subside, creating a cellular
environment that is favorable to disease propagation. Our diet is one of the lead-
ing sources of these chronic illnesses, and changing the diet is the key to preven-
tion and cure. A number of dietary factors, including fiber-rich foods, whole
grains, fruits (especially berries), omega-3 fatty acids, antioxidant vitamins (e.g.,
C and E), and certain trace minerals (e.g., zinc), have been documented to reduce
blood concentrations of inflammatory markers. The best way to correct and elim-
inate inflammation is to improve comprehensive lifestyle and dietary changes
rather than taking pharmaceutical drugs, the latter of which can cause unintended
harm in the form of damaging side effects. Intensive lifestyle interventions
involving both exercise and diet appear to be most effective. This chapter includes
recent news and advances based on anti-inflammatory diets, exercise, and a
healthy lifestyle. Several health benefits of natural sources like vegetables, fruits,
fishes, beans, and oil are also summarized in this chapter.

6.1 Inflammation News

Inflammation is the first response of your immune system to an infecting organism
or foreign material that trips a switch leading to a cascade of biochemical events.
Fluid floods the infected area along with a dozen of different chemicals including
white blood cells and histamine all capable of producing the signs of inflammation
redness, swelling, and pain. When infection occurs, they trigger widespread inflam-
matory reactions by either directly attacking tissues or creating allergic reactions
along with the production of histamine. Various household things and means are
available in our surroundings which are easily accessible and implementable to fight
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Fig.6.1 Anti-inflammatory edible’s pyramid

against inflammation. Several natural food materials, oils, drinks, and exercises are
suggested by researchers and nutritionists useful in day-to-day life as anti-
inflammatory sources (Fig. 6.1). Hippocrates also said “let your food be your
medicine.”

Researchers suggest exercise is more important than diet when working to
decrease inflammation. In particular, aerobic exercise appears to improve the bal-
ance between pro- and anti-inflammatory markers. In addition to exercise and diet,
there are supplements that can help to reduce inflammation including a multivita-
min, and fish oil helps to decrease inflammation and the production of free radicals
which are damaging to the body. Probiotics are also a good choice because they act
as an anti-inflammatory in the gut by introducing good, necessary bacteria.

Making these changes in your life can be overwhelming in reduction of inflam-
mation. Introducing one change at a time will increase the likelihood that you will
maintain your new healthy lifestyle. Americans take food high in calories and fat
which contain large percentage of sugar, refined flour, and trans fats and act as pro-
inflammatory inducers. Refined grains, candy, soda, sugary cereals, processed
meats, and high fat meats can be considered foods that promote inflammation. An
anti-inflammatory diet is one that is low in processed foods and high in fresh fruits
and vegetables, seeds, sprouts, nuts, and super foods. Maca, spirulina, purple corn,
wheatgrass, coconut butter, and raw chocolate are a few of the health-promoting
super foods that are gaining international interest.
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6.1.1 Fish Oil

There are a number of scientifically proven reasons why supplementing with high-
quality fish oil is an important part of a healthy diet. Brain, joints, muscles, heart,
and skin all rely on the omega-3 fatty acids found in fish oil, without these, body is
much more prone to diseases. Fish oil contains two powerful omega-3s, eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA), that have been shown in
numerous scientific studies to quell inflammation. When taken regularly, fish oil
that contains a high ratio of both EPA and DHA can help lower the inflammatory
response associated with conditions like rheumatoid arthritis, lupus, and chronic
back pain, as well as protect against the development of these and other diseases that
often result from chronic inflammation [1]. The cardioprotective benefits of fish oil
are perhaps its most well-known attributes, as omega-3 fatty acids have been shown
time and time again to protect both the heart and cardiovascular system against
debilitating illness. Clinical evidence shows that omega-3s protect against high cho-
lesterol by reducing systemic inflammation, as well as balance blood pressure and
protect against heart disease. Supplementing with fish oil, in other words, can rem-
edy a host of cognitive abnormalities like chronic “brain fog,” depression, neuro-
logical disorders, and dementia. Metabolically, omega-3s protect nerves, cells, and
various other components of the brain against stress and inflammation, which in
turn helps protect memory, hormone production, and nervous system function.

6.1.2 GreenTea

Green tea may help people with rheumatoid arthritis avoid inflammation and joint
damage. The researchers cultured synovial fibroblasts from rheumatoid arthritis
patients and then exposed the cells to epigallocatechin-3-gallate (EGCG), a natu-
rally occurring compound in green tea. They found that EGCG blocked two potent
molecules that cause the bone breakdown in rheumatoid arthritis-affected joints.
EGCG blocks production prostaglandin E2, which causes joint inflammation [2].

6.1.3 Plumeria Acuminate

The herb plumeria acuminate commonly known as perungalli has been widely used
in ayurvedic medicine, and it may be a potent treatment for both acute and chronic
inflammation. Perungalli has been traditionally used in ayurvedic medicine in
Southern India and Sri Lanka to treat a wide array of health disorders. The plant
material is often used to treat diarrhea and itch, while the milky juice of the plant is
used to treat rheumatism and inflammation. The bark is traditionally used as a plas-
ter to cover inflammation or hard tumors, and the leaves reportedly have purgative
and anti-inflammatory effects [3].
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6.1.4 Pyridoxine

Vitamin B6 or pyridoxine is one of the eight B vitamins of B complex. Each one has
an independent but coexisting function. Vitamin B6 is involved with metabolizing
amino acids and the synthesis of neurotransmitters serotonin and norepinephrine in
addition to the sleep hormone melatonin. Vitamin B6 also helps vitamin B12 to
produce red blood cells. It also manages to convert noncarbohydrate sources, such
as proteins and lipids, into glucose for cellular metabolic energy. Foods high in
vitamin B6 and other B vitamins include brewer’s yeast, bee pollen, bell peppers,
mushrooms, turnip greens, summer squash, tuna, cod, turkey or chicken, and all the
other cruciferous vegetables, such as kale, broccoli, and cauliflower [4].

6.1.5 Meditation

Mindfulness meditation techniques may help to reduce the symptoms of chronic
inflammatory conditions such as rheumatoid arthritis, asthma, and inflammatory
bowel disease. Mindfulness meditation-based techniques have long been used for
stress management and to relieve the symptoms of chronic pain. These techniques
typically consist of focusing the attention on the breath, on sensations in the body,
and on thoughts or feelings while sitting, walking, or taking part in a body practice
such as yoga [5].

6.1.6 DMSO

DMSO (dimethyl sulfoxide) is a natural product from trees that relieves muscle and
joint pain, treats bladder inflammation, and protects healthy cells from cancer and
chemotherapy drugs. DMSO was on track to becoming a major cancer treatment
and promising cure for other ailments. It is approved as an anti-inflammatory treat-
ment for horses. It is also used as a prescription medication for bladder inflamma-
tion in people. It can also stop or slow the development of cancers, such as breast,
skin, bladder, colon, and ovarian cancer. Some people use it for cancer prevention.
DMSO is used to help patients in withdraw from conventional cancer treatment and
is promoted as an immune system booster.

6.1.7 Niacin-Bound Chromium (Cr-P)

Inflammation is a normal immune reaction, but chronic inflammation has been
linked to a variety of severe health problems, including cardiovascular disease.
Because people with diabetes are already predisposed to cardiovascular disease,
inflammation is a symptom of particular concern in diabetic patients. Niacin-bound
chromium may prove to be effective in preventing chronic inflammation [6].
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6.1.8 Olive Oil

Polyphenols from extra virgin olive oil have been shown to significantly reduce the
expression of genes that trigger systemic inflammation and can be used along with
natural diet to lower the risks from cardiovascular disease. Leafy greens and raw
green vegetables are packed with folate, which is known to lower levels of circulat-
ing homocysteine that increases risk of coronary artery disease and heart attack.
Olive oil contains powerful antioxidants that neutralize free radicals before they can
deteriorate normal metabolic function. Extra virgin olive oil is packed with antioxi-
dant compounds and squalene that directly regulate genes that trigger inflammation
in the body. The oil was found to reverse the deleterious effect of inflammation
caused by stress, obesity, high blood pressure, and blood glucose. Extra virgin olive
oil turns off multiple inflammatory genes that are activated as a consequence of
metabolic syndrome, effectively providing a protective shield against cardiovascu-
lar disease and other chronic illnesses driven by persistent inflammation. Systemic
inflammation represents a serious health concern to an aging population and those
at increased risk for cardiovascular disease. A solid body of science confirms the
health-promoting effects bestowed by a raw diet of leafy green vegetables and pow-
erful antioxidants found in extra virgin olive oil [7].

6.1.9 Zinc

Zinc helps control infections by gently tapping the brakes on the immune response
in a way that prevents out of control inflammation that can be damaging and even
deadly. Scientists have demonstrated how a specific protein ushers zinc into key
cells that stimulate a critical immune response to fight against infection. The min-
eral interacts with a cellular process that neutralizes infection and helps balance the
normal immune response. Researchers found that when a pathogen is detected, a
series of complex responses occur to wake the innate immune response utilizing the
nuclear-factor kappa beta pathway (NF-kB). The team showed that once NF-kB is
activated, a gene is expressed that allows zinc to be ushered from the bloodstream
into the cell where it can bind with proteins that block the activity of the pathogen
and halt excess inflammation [8].

6.1.10 Pomegranate

Pomegranate extract may inhibit the chronic inflammation linked with a variety of
health problems such as heart disease and arthritis. Pomegranate is known to be
high in antioxidants, including punicalagins and punicalins, and antioxidants are
known to help reduce inflammation in the body. The researchers found that the
activity of both inflammation markers (COX-1 and COX-2) in the rabbits given
pomegranate extract was significantly reduced [9].
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6.1.11 Yoga Reduces Inflammation

Yoga is no longer just a gentle stretching for aging hippies. Ongoing research shows
that this ancient ritual reduces inflammation. Yoga reduces the amount of cytokine
interleukin-6 (IL-6) in the blood.

6.1.12 Fermented Food and Beverages

Eating more foods and drinking more beverages that are rich in probiotic bacteria,
that is, bacteria that promote a healthy, disease-fighting ecosystem inside your
digestive tract, is one of the most effective ways to naturally fight inflammation.
Since probiotics are vital for the body to effectively break down foods and make
them more bioavailable and digestible, they can also help ease the digestive burden
brought about by the modern food supply, which is largely responsible for creating
inflammation inside the body. Popular probiotic beverages include kombucha tea,
unpasteurized apple cider vinegar (ACV), and water kefir.

6.1.13 Omega-3 Fatty Acids

These are natural lubrication for the systems of your body; omega-3 fatty acids like
the kinds found in wild fatty fish, hemp and chia seeds, walnuts, and pastured eggs
and meats are powerful inflammation fighters. Studies have shown that omega-3s
reduce oxidative stress throughout the body and minimize inflammation in the
brain, cardiovascular system, and elsewhere, reducing your risk of developing other
serious diseases. High-quality fish oils like Green Pasture and Carlson, as well as
hemp oil, chia oil, spirulina, pumpkin seed oil, and walnut oil, are all excellent
sources of omega-3s. These foods are also all-around nutritional powerhouses that
help promote an internal habitat that is unfavorable for inflammation and disease.
Low-fat diets are another cause of both inflammation and chronic disease, as the
body needs regular intake of healthy fats to keep the circulatory system in good
health and maintain healthy blood flow. Consuming more healthy saturated fats in
the form of coconut oil, pastured meats and butter, and natural lard cannot only help
ease inflammation but also strengthen your bones, improve lung and brain function,
and modulate nervous system function.

6.1.14 Nopal Cactus Fruit

Uniquely rich in powerful bioflavonoid nutrients known as betalains, nopal cactus
fruit is another must-have anti-inflammatory food that is both delicious and easy to
incorporate into your diet. Members of the quercetin family, betalains have been
shown to help neutralize the free radicals responsible for triggering inflammation,
as well as provide lasting protection against oxidative damage [10].
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6.1.15 Maqui Berry

Magqui berry is a vibrant purple fruit that grows abundantly across fields and hill-
sides in southern Chile. Maqui contains 300 % more anthocyanins and 150 % more
polyphenols than any known food or drink, including wine. Maqui is a potent anti-
inflammatory due to presence of anthocyanin called delphinidin. Since chronic
inflammation contributes to a host of degenerative diseases like arthritis, diabetes,
heart disease, and cancer; consuming ample quantities of inflammation curbing
magqui is a smart choice. Rich in antioxidants, maqui counteracts free radicals and
radiation that contribute to aging. Several other diseases like tumors, hemorrhoids,
diabetes, colon cancer, fevers, and diarrhea also respond well to maqui berry [11,
12].

6.1.16 Astaxanthin

Astaxanthin is a red pigment found in different strains of algae, phytoplankton, and
plants. Because these organisms constitute the base of many food chains, the pig-
ments can also be found in some animals as well, i.e., salmon and trout. Astaxanthin,
a substance known to be the most potent antioxidant, has a natural and scientifically
proven anti-inflammatory ability. The fact that astaxanthin is natural and has no side
effects makes it very attractive to people as a health supplement. The red pigment is
also beneficial for eyes, central nervous system, brain, skin, and immune system and
for increasing sports performance and recovery [13].

6.1.17 Bad Eating Habits

Bad eating habits or overeating is a self-perpetuating habit which has devastating
health effects. The habit sets off a series of events which short circuit the normal
signals the body gives to regulate eating habits. All this leads to wide spread inflam-
mation, contributing to chronic diseases like arthritis, diabetes, heart disease, and
cancer. A protein called IKKbeta/NK-kappaB is normally present in the hypothala-
mus in large quantities. However, it is not generally released into body tissues. This
substance is used by macrophages and leukocytes, triggering inflammation through-
out the body. Your choice of foods, beyond fat content, can affect the inflammation
level in your body. Regular consumption of anti-inflammatory foods may lead to
reduction of inflammation on your body. All processed and junk foods contain
inflammatory food-like substances. Trans-fatty oils, high fructose corn syrup
(HFCS), large doses of sugar, artificial sweeteners, processed salt, and processed
white flours are all inflammatory [14].
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6.1.18 Celery

A nutrient found in celery has been shown highly effective against inflammation
and cancer. Researchers determined that luteolin inhibits lipopolysaccharide-
induced interleukin-6 production in the brain through inhibition of the JNK path-
way in the inflammatory response of microglia, brain cells in the central nervous
system that are key to the body’s immune defense. A recent study indicated that
only luteolin and quercetin inhibited the platelet-activating factor and suppressed
inflammatory response induced by allergens. Luteolin inhibited the excess produc-
tion of TNF-alpha, a direct cause of inflammation. Celery also contains a good
amount of another highly active bioflavonoid, apigenin, a powerful COX-2 inhibitor
able to halt inflammation as effectively as anti-inflammatory drugs. It also exhibits
antioxidant and antitumor properties. Celery is an excellent source of immune
boosting vitamin C, allowing it to be a fighter of the common cold. Its anti-
inflammatory properties have also been found effective against asthma [15].

6.1.19 Chokeberry

Chokeberry is a traditionally used fruit found in eastern deciduous forests of the
USA. New research shows chokeberries have unusually high levels of anthocyanins
that are powerful antioxidants and appear to have potent anti-inflammatory proper-
ties that improve blood sugar and the function of insulin and also halt excessive
weight gain. Chokeberry extract lowered expression of the gene coding for interleu-
kin-6 (IL-6), a protein that normally triggers inflammation following trauma or
infection and that is thought to play a role in the development of a host of human
diseases including cancer, diabetes, arthritis, and atherosclerosis [16].

6.1.20 Fats and Cholesterol

Body requires both saturated fat and cholesterol for proper metabolism, brain health,
hormone balance, and cellular homeostasis. Without these two important nutritional
components, a cascade of health problems can ensue, including debilitating brain
conditions like Alzheimer’s and Parkinson’s [17].

6.1.21 Dark Chocolate and Pistachios

Increase in fats and sugars in chocolate processed from cocoa for semisweet or dark
chocolate countered the cacao benefits. C-reactive protein (CRP) is a protein marker
produced by the liver that indicates inflammation is occurring throughout the body
as the CRP count increases. The CRP blood test is used as an early warning for
cardiovascular disease (CVD). Nuts, especially almonds and walnuts, contain ben-
eficial fatty acids for heart health. dark chocolate and pistachios may reduce CRP
level [18].
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6.1.22 Cilantro

Cilantro is a medicinal herb whose seeds are known as coriander. Seeds contain
anti-inflammatory and detoxification properties. Cilantro contains two specific
compounds known as cineole and linoleic acid that both possess antiarthritic and
antirheumatic properties. Cilantro also contains a substance known as dodecenal
that is twice as powerful as the antibiotic drug gentamicin at fighting infection and
eradicating harmful microbes from the body. Cilantro is also a natural antiseptic that
can help wounds heal more quickly and is a natural chelator of heavy metals from
the body. Cilantro might be the natural solution if you suffer from a chronic inflam-
matory disease, which can manifest itself as arthritis, heart disease, brain fog,
fatigue, and irritable bowel syndrome [19].

6.1.23 Resveratrol and Quercetin

Resveratrol, a phytochemical found in red grapes, grape juice, and red wine, has
been shown to prolong life in yeast and animals because of its anti-inflammatory
and antioxidant properties. Resveratrol and quercetin have been shown to alter lev-
els of inflammation by interacting with DNA sequences at the genetic level. The two
super nutrients influence production of the inflammatory marker TNF-a and can
help to prevent systemic inflammation and insulin resistance. Resveratrol is known
to interfere with the NF-kappaB signaling pathway and to exert a powerful anti-
inflammatory signal that can calm the slow-burning flames that contribute to most
chronic diseases. Diabetes damage is caused when free radicals attack pancreatic
beta cells leading to reduced levels of insulin secretion. The researchers determined
that quercetin influences the process that causes instability to the coronary artery
walls by attenuating the inflammatory process [20].

References

—

. Benson J (2012) Five ways fish oil protects your heart and body. Natural News

2. Gutierrez D (2007) Green tea found to ease inflammation, arthritis pain. Natural news. http://
www.naturalnews.com/022435_green_tea.html#ixzz35xFOtCY1

3. Fraser J (2006) Little-known perungalli herb from India shows powerful anti-inflammatory
effects in latest clinical trials. Natural news

4. Louis PF (2013) Low vitamin B increases inflammation and causes oxidative stress: eat these
foods to boost your levels. Natural news

5. Gutierrez D (2013) Mindfulness meditation shown helpful against chronic inflammation, pain.
Natural news

6. Gutierrez D (2008) New study shows Niacin-Bound Chromium Benefits Diabetics. Natural
news

7. Phillip J (2011) Olive oil and raw green diet lower systemic inflammation and improve
cardiovascular health. Natural news

8. Phillip J (2013) Zinc helps fight infection and inflammation by boosting the body’s immune

response. Natural news


http://www.naturalnews.com/022435_green_tea.html#ixzz35xF0tCYl
http://www.naturalnews.com/022435_green_tea.html#ixzz35xF0tCYl

152 6 Inflammation and Lifestyle

9. Gutierrez D (2008) Pomegranate extracts found to inhibit inflammation. Natural news

10. Benson J (2013) Reduce widespread inflammation in your body with these foods. Natural
news

11. Kilham C (2011) Maqui berry: the Newest Superfruit. Fox News

12. Wright C (2012) Maqui — a rebellious little berry that tames inflammation, prevents cancer and
supports a healthy heart. Natural news

13. Gabriele D (2011) Astaxanthin is a top natural anti-inflammatory. Natural news

14. Marshall M (2008) Bad eating habits produce inflammation and changes in behavior. Natural
news

15. Minton BL (2008) Celery works great for inflammation, gout, cancer, and high blood pressure.
Natural news

16. Baker S (2010) Chokeberry extract found to stop weight gain, regulate blood glucose and halt
inflammation. Natural news

17. Benson J (2013) Cholesterol is not the enemy: it’s inflammation that’s making you fat and kill-
ing you slowly. Natural news

18. Louis PF (2009) Dark chocolate and pistachios: the power snack duo that fights inflammation
and heart disease. Natural News

19. Benson J (2012) Detoxify heavy metals and soothes chronic inflammation with cilantro, a
powerful superherb. Natural news

20. Baker SL (2010) Resveratrol promotes health and longevity; study shows it suppresses inflam-
mation, free radicals. Natural news



Inflammation is a localized, defensive response of the body to injury, usually char-
acterized by pain, redness, heat, swelling, and, depending on the extent of trauma,
loss of function. Inflammatory response serves as the body’s protective mechanism
to treat infection, remove bacteria and toxins, and destroy foreign material at the site
of trauma or injury. Due to this response, the spreading of invading substances is
halted and the injured area prepares for regeneration or repair [1]. The inflammatory
response protects the body against a variety of invading pathogens and foreign mat-
ter and should not be confused with an immune response, which reacts to specific
invading agents.

If our body cannot solve the problem with inflammation, then our immune sys-
tem takes over. Inflammation can occur within seconds in response to some kind of
injury or attack on the body. Specifically, the inflammation process is an extremely
complex and highly evolved system. Effects like redness, swelling, heat, and pain
occur due to release of inflammatory mediators that are released after a detected
injury or attack. Some of the known mediators include prostaglandins, tumor necro-
sis factors, interleukins, and nitric oxide. All of these different substances play a
role in a complex, coordinated, and balanced defense of the body. The arterioles and
capillaries immediately dilate, thus allowing more blood to flow to the injured area.

After dilation, the blood vessel becomes more permeable, allowing plasma and
circulating defensive substances such as antibodies, phagocytes, and fibrinogen to
pass through the vessel wall to the site of the injury. The blood flow to the area
decreases and the circulating phagocytes attach to and digest the invading patho-
gens. Healing takes place, unless the body’s defense system is compromised by a
preexisting disease or a weakened condition. Inflammation is described as acute or
chronic, depending on how long it lasts.

Acute inflammation is a normal response to physical injury, trauma, or infectious
disease. It is an indication that the immune system is functioning accordingly.
Chronic inflammation takes long time and is often imperceptible. The problem link
with chronic inflammation is the chemical signaling, which makes the immune sys-
tem response continue unnecessarily attacking healthy tissue, creating a vicious
cycle of more inflammation and cellular destruction. Even if the immune response
is perceptible, frequent occurrences can act as chronic inflammation and destroy
healthy tissue intermittently. All this inflammation leads to heart disease, diabetes

© Springer India 2015 153
P. Jain et al., Inflammation: Natural Resources and Its Applications,
SpringerBriefs in Immunology, DOI 10.1007/978-81-322-2163-0



154 Summary and Discussion

II, and a host of neurodegenerative diseases that have become more common over
the last 50 plus years [2]. It makes sense to limit or break up those patterns of
chronic inflammation, which can lead to disease and aging more quickly. A primary
cause of chronic illness for many people is systemic inflammation and particularly
the kind that goes unaddressed or even mostly unnoticed until it eventually pro-
gresses into a full-blown chronic disease. Infection from viral and bacterial agents
can pose a significant threat to human health, as it fuels the flames of systemic
inflammation known to contribute to high blood pressure, bacterial and viral infec-
tions, arthritis, acid reflux, premature aging, cancer, and many other common
health-related problems [3]. The best way to correct and eliminate inflammation is
to improve comprehensive lifestyle and dietary changes rather than taking pharma-
ceutical drugs, the latter of which can cause unintended harm in the form of damag-
ing side effects. Many lifestyle factors, including diet, stress, and exposure to
environmental and household toxins, contribute to elevated levels of inflammation
throughout the body that never subside, creating a cellular environment that is favor-
able to disease propagation [4]. Nature has a number of sources which provide natu-
ral compounds and nutrients that help combat inflammation and lower risk of
infection and chronic disease. It is well established that obesity is characterized by
low-level chronic inflammation [5]. Several theories as to how this inflammation
occurs have been proposed, but natural sources including plant, animal, and marine
source seem to be the most important factor for treating inflammation. It is increas-
ingly recognized that regular consumption of certain foods leads to diet-induced
inflammation, which in turn sets the stage for insulin resistance, leptin resistance,
and other conditions that go hand in hand with overweight and obesity [6].

Ridding yourself of body fat may help remove chronic inflammation. It has been
discovered that body fat often acts as an endocrine organ, secreting proinflamma-
tory chemicals. Fatty liver is one example, and visceral fats are inflammatory condi-
tions. But eliminating all fat from diet is the wrong approach. Our brains, nerve
tissues, and cell walls are composed of fat, even cholesterol. The sunshine to vita-
min D3 conversion factor starts with a type of cholesterol in our skin. Based on the
knowledge about inflammation and obesity, it is likely that the limited consumption
of cellular carbohydrates and proinflammatory antinutrients and proteins is very
important in reducing inflammation and promoting weight loss on these diets.

Saturated fats like those found in butter and fat from grass-fed animals, as well
as in coconut and palm oils, are actually beneficial for your health, while carbohy-
drates and oils rich in omega-6 fatty acids are heavy promoters of disease-causing
inflammation [7]. One should skip the low-fat diet and start eating more healthy fats
in combination with mineral and enzyme-rich whole foods. Omega-3 fatty acids are
anti-inflammatory, while omega-6 acids can actually cause inflammation. That is
why we need to balance the use of omega-6 with omega-3. If our diet has been pre-
dominantly rich in the omega-6 oils, body will have to do more than achieve a bal-
ance by increasing omega-3 and drastically reducing the omega-6.

Richest sources of omega-3 fatty acid include oily fish such as herring, sardines,
tuna, mackerel, and salmon. Plant sources such as hemp, flax, pumpkin seeds, wal-
nuts and their oils, and high-fiber non-starchy vegetables such as dark leafy salad
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greens, spinach, kale, tomatoes, broccoli, cauliflower, collard greens, and onions are
all that contribute to fight against inflammation [8]. It is recommended by the
researchers and nutritionists to avoid consuming inflammation-causing processed
foods and pharmaceutical drugs. Dietary polyphenols, found in many edible plants,
are being found to have anti-inflammatory properties. Studies on both animals and
humans have shown that consumption of polyphenol-rich foods lowers incidences
of inflammatory disease [8].

Fermented foods like yogurt, sauerkraut, apple cider vinegar, and fermented veg-
etables are all excellent examples of probiotic-rich superfoods. These richly fer-
mented foods help to populate gut with beneficial bacteria and ensure healthy and
well functioning of digestive tract. Fermented foods and beverages also help prevent
harmful pathogens from taking hold within the body. Vitamin D is a powerful natu-
ral anti-inflammatory source that is easily accessible through natural sunlight expo-
sure or supplementation, and it is one of the most powerful interventions for
deterring inflammation [7].

Fruits rich in phytochemicals like berries, sour cherries, pomegranates, and cran-
berries all help to remove inflammation. Turnip, a Chinese medicinal herb, and
radish both aid digestion by cooling and soothing inflammation and phlegm.
Quercetin is a flavonoid and is very powerful. It is found in red grapes, red and yel-
low onions, garlic, broccoli, and apples. Antioxidant properties in some foods also
help fight inflammation by protecting the body from free radicals. Vitamin C-rich
foods fall into this category, including carrots, orange winter squash, bell peppers,
and tomatoes. Papaya and pineapple also help to reduce swelling and inflammation
quickly. Pineapple contains the enzyme bromelain and papaya contains papain. Pain
and swelling should go down in 2-6 days. It is recommended by the nutritionists to
increase the intake of this food group during inflammation [8]. Animal sources, i.e.,
lean meats and fishes, are also very important in fighting inflammation. Indian foods
involve lots of spices, condiments, oils, vegetables, fruits, and other accessories that
contain good anti-inflammatory properties. Turmeric, and its yellowing substance
curcumin, is most commonly found in Indian foods like curry and in mustards.
Ginger is another flavoring that has many healthful properties, one of which is an
anti-inflammatory [8].

Garlic has been the object of much research and has been shown to inhibit the
growth of 23 organisms, including bacteria, mold, and yeast. It is also very helpful
as an anti-inflammatory agent. But one caution with the use of herbs and spices is
that it should be used with medical supervision because their medicinal properties
can interfere with the drugs.

Even conventional medicine is now recognizing how pivotal inflammation can
be in determining the course of human health. The more conventional medicine
learns about inflammation, the more it realizes that inflammation is the precursor to
dozens of other serious diseases. By halting the inflammation and eliminating its
root cause, one can halt the progression of degenerative disease and begin healing
from the inside out.

Many of the natural sources are highly endangered and urgently need to be main-
tained in their native habitats. Unless we preserve genetic material for propagation
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from these species now, many will extinct before we can protect and restore habitats
for their long-term recovery. The viable plant material, living plant collections, and
long-term seed storage can be preserved in order to maximize their potential for
future use in our restoration efforts [9].
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