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1.1 Immune System  

The immune system can be defined as a diverse and complicated defence system in existing in 

vertebrates which guard them against detrimental assault. This system produces numerous cells 

and macromolecules which are able to distinguish and eliminating various undesirable agents. The 

course of inflection of immune system represents the transformation in the response to immunity 

which is associated with initiation, expression, propagation or prevention of any arm of immunity. 

The man lives in the world which is dwelled by variety of ‘pathogenic’ as well as ‘non-

pathogenic’ microbes that adversely affect the life of the populace. Environmental toxins and 

pollutants are also responsible to produce toxicity and allergy which negatively affect the normal 

cellular response. The immunity can be regarded as the capability of a living organism to 

recognize and defy the microbes/ toxins that are potentially lethal for the life. This tendency 

facilitates the organism to combat or resist the infection and prevent the tissue or organ from 

injury. The immune system is not located at any specified part of the body; however, in general, it 

is diffused. The stem cells located in the bone marrow upon ‘maturation’ get circulated in the 

body and demonstrate a specific pharmacological effect 
[1]

.  

1.2  Cell mediated Immunity 

In any organism, the cell mediated immune response is seen when a specific antigen comes in the 

contact with a specific T-lymphocyte. The contact with antigen and the lymphocytes occurs at the 

site of infection or near the area of parasite invasion. There are two types of antigen which are 

responsible to stimulate T-lymphocytes which includes small molecules viz acetyltyrosine of 

peptides of glutamic acid or large macromolecular structures. The antigen found on the surface of 

living cells is more effective as compared to those present on dead cells.  Phagocytes and 

macrophages participate to have an early role in the dispensation of antigen. The antigens which 

are ‘phagocytosed’ and ‘processed by macrophages’ are are offered to lymphocytes seem to be 

significant sensitizers of cell mediated immunity. After sensitized with the antigen, T lymphocytes 

play the role to become mediator of cell mediated immunity. Some of them convert to memory 

cells. These memory cells travel in blood and respond to a specific antigen. The T-lymphocytes 

may produce soluble lymphokines that could stimulate phagocytes and lymphocytes (Table 1) to  
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Abstract 

 

The process of regulation of immune system is allied with many physiological and 

pathological processes including arthritis, inflammation and cancer. Immune mediators 

associated with macrophages play a vital role in this event. Thus, the process of 

immunomodulation plays an important role to regulate immune system.  This event of 

regulation of immune system consists of either stimulation or suppression. The cytokines and 

antibodies play an important role in this regard. Endogenous immune response modifiers also 

influence the process of immune-modulation. An immunomodulator is a substance either 

biological or synthetic origin which promotes or suppresses any component of immune 

system belonging to adaptive or innate type of immunity. The modulation of immune system 

via herbs seems to be novel approach whereby increase in the natural resistance of the body is 

observed rather than neutralizing invading the cause or pathogen. Therefore, the objective of 

this study was to evaluate immunomodulatory potential of Rutin, Catechin and Hesperidin. 

Various animals models like delayed type hypersensitivity, carbon clearance test, 

cyclophosphamide-induced neutropenia, neutrophil adhesion test, indirect hemagglutination 

test and serum immunoglobulin estimation were performed to access the immunomodulatory 

potential of  rutin, catechin and hesperidin. The dose of rutin, catechin and hesperidin used in 

the present study was 25, 50 and 100 mg/kg orally. In silico docking studies on 

immunomodulatory targets (TNF-α, IL-1β, IL-6 and NOs) was performed.  In vitro cell 

culture study was performed to evaluate the effect of rutin, catechin and hesperidin treatment 

on secretion of TNF-α, IL-1β, IL-6 and NO. 

The present study highlights and establishes rutin, catechin and hesperidin (test flavonoids) to 

be the promising immunomodulatory molecules. The effectiveness of these flavonoids over 

cyclophosphamide induced myelosuppression offer sufficient support as ‘hematopoietic 

promoter.' Further the test flavonoids also aided in the removal of foreign particles, leukocyte 

migration. Increased antibody response and raised immunoglobulin levels were also observed 

by these test flavonoids especially due to rutin administration. With each target (TNF-α, IL-

1β, IL-6 and NOs), rutin, catechin and hesperidin demonstrated a noteworthy affinity for 

binding. These test flavonoids enhanced macrophage activity by increasing cell proliferation 

and inhibited LPS stimulated activities of rat macrophage by suppressing the production of 

TNF-α, IL-1 β, IL-6 and NO levels.   



The results of the present study demonstrate rutin, catechin and hesperidin to be promising 

immunomodulatory molecules. These molecules can serve as leads for development of 

potential immunomodulators. Further detailed studies are required to elucidate the exact 

mechanism responsible for immunomodulatory activity. 

Keywords 

Rutin, Catechin Hesperidin, Immunomodulatory, Cytokine, Antibodies 
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CHAPTER 1 

Introduction 

 

1.1 Immune system 

The immune system can be defined as a diverse and complicated defence system in existing 

in vertebrates which guard them against detrimental assault. This system produces numerous 

cells and macromolecules which have ability to distinguish and eliminate various undesirable 

agents. The course of inflection of immune system represents the transformation in the 

response to immunity which is associated with initiation, expression, propagation or 

prevention of any arm of immunity. world is dwelled by variety of ‘pathogenic’ as well as 

‘non-pathogenic’ microbes that adversely affect the life of the populace. Environmental 

toxins and pollutants are also responsible to produce toxicity and allergy which negatively 

affect the normal cellular response. The immunity can be regarded as the capability of a 

living organism to recognize and defy the microbes and toxins that are potentially lethal for 

the life. This tendency facilitates the organism to combat or resist the infection and prevent 

the tissue or organ from injury. The immune system is not located at any specified part of the 

body; however, in general, is diffused. The stem cells located in the bone marrow upon 

‘maturation’ get circulated in the body and demonstrate a specific pharmacological effect 
[1]

.  

1.2 Cell mediated Immunity 

In any organism, the cell mediated immune response is seen when a specific antigen comes in 

the contact with a specific T-lymphocyte. The contact with antigen and the lymphocytes 

occurs at the site of infection or near the area of parasite invasion. There are two types of 

antigen which are responsible to stimulate T-lymphocytes which includes small molecules 

viz acetyl-tyrosine of peptides of glutamic acid or large macromolecular structures. The 

antigen found on the surface of living cells is more effective as compared to those present on 

dead cells.  Phagocytes and macrophages have an early role in the dispensation of antigen. 

The antigens which are phagocytosed and processed by macrophages are offered to 



2 
 

lymphocytes seem to be significant sensitizers of cell mediated immunity. After sensitized 

with the antigen, T lymphocytes play the role to become mediator of cell mediated immunity. 

Some of them convert to memory cells which travel in blood and respond to a specific 

antigen. The T-lymphocytes may produce soluble lymphokines that could stimulate 

phagocytes and lymphocytes (Table 1) to defend the host. Some other functions of T-

lymphocytes include augmentation or repression of production of antibody. They also 

transform normal macrophages to activated macrophages.  

 

TABLE 1.1 Some products of activated lymphocytes 

Factor Effects 

Aggregation factor Agglutination of macrophages 

Blastic factor Blastic transformation of lymphocytes 

Chemotactic factor Tantalize monocytes and macrophages 

Growth inhibitory factor Checks metastasis 

Interforons Prevention of viral multiplication 

Lymphotoxins Lysis of cells 

Migration inhibition factor Prevention macrophage migration 

1.3 Humoral Immunity 

The immune system activates specified B-cells to propagate and secrete huge quantity of 

antibodies. These antibodies are capable to battle a virus or microbe and thus aid in stopping 

the infection. The humoral immune response is categorized into two stages. In the initial 

stage, activation of helper T-cells in observed against a particular antigen. In the late stage, B-

cells are expected to produce and discharge antibodies. The antibodies protect the body by 

various ways. They bind to antigen found on virus and bacteria and stop it to bind with cells 

and thus prevents the harm produced by the antigen. Further, the antigens which are coated 

with antibodies are easily identified by the macrophages which engulf and digest them. 

Activation of complement system is also observed due to antibodies. The specified proteins 
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due to activation of complement system cause formation of minute pores over the surface of 

bacteria which are responsible for their death. ‘Memory B-cells’ and ‘long-lived plasma 

cells’ are responsible to produce serological memory.  

1.4 Hallmarks of Immune system 

1.4.1 Leukocytes 

The leukocytes or White Blood Cells are one of the essential components of the blood. They 

can be considered as one of the integral part of immune system of the body. They support the 

body to combat infection and are originated from hematopoietic stem cells. The normal 

number range of leukocytes is 4 × 10
9
/L and 1.1 × 10

10
/L. The increment in the number of 

leukocytes is termed as leukocytosis. It is observed during prevalence of neoplastic condition 

or during autoimmune diseases. A decrease in the number of leukocytes is regarded as 

leukopenia. They consist of monocytes, lymphocytes and granulocytes. Granulocytes 

comprise of neutrophils, eosinophils and basophils.  

 

 

FIGURE 1.1 Types of leukocytes 
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1.4.2 Lymphocytes 

They are one of the subtypes of white blood cells having versatile functions. They are 

necessary for production of antibodies, killing of virus and immune response regulation. 

Because they are generally found in lymph, they are named so. They include B-lymphocyees, 

T-lymphocytes and killer cells.  

 B lymphocytes play an important role in humoral immunity. They are responsible for 

secretion of antibodies. These cells get matured in bone marrow. The activation of B-

cells occurs in lymph node and spleen.  

 T lymphocytes play a major role in the development of immune response. They have 

T-surface receptors on their surface. They are developed in thymus gland. They 

include regulatory T-cells, memory T-cells, helper T-cells and cytotoxic T-cells.  

 Killer cells are the type of T-cells that kills and destroys cancer cells. Their receptors 

(T-cell receptors) are recognized by a specific antigen.  They also have antiviral 

properties such as against hepatitis B virus. 

1.4.3 Antibodies and Cytokines  

The antibodies are the diverse class of macromolecular proteins that bind to specific targets. 

They are Y shaped proteins that are usually produced by plasma cells. They neutralize virus 

and bacteria. Antibody recognizes antigens and bind to their surface. Antibodies exist in 

soluble as well as in membrane bound form. The activation of B-cells promotes 

differentiation into memory B-cells and plasma cells.  Surface immunoglobulins are 

membrane bound antibodies and are associated with B-cell receptor. The various classes of 

antibodies are are listed in the table 1.2. 

TABLE 1.2 Location and functions of antibodies 

Immunoglobulins Location Function References  

Ig A Sweat, saliva, milk, tears Line of defence 
[2]

 

Ig D Mucosal linings Antimicrobial effect 
[3]

 

Ig E Monocytes, platlets Pathology of allergy 
[4]

 

Ig G Plasma Phagocytosis, toxin neutralization 
[5]
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Ig M Spleen Immunization 
[6]

 

 

 Ig A 

This immunoglobulin is found in surface of mucosa and body secretions, breast milk and 

saliva. It is present in colostrums, blood, respiratory tract, prostate gland and GIT. It poorly 

activates complement system. It plays an important role in antibody dependent cell mediated 

cytotoxicity and degradation of basophils 
[7]

. It helps in preventing bacterial and viral 

infection 
[8]

 andpotentiates immune response in intestine by promoting antigen uptake by 

dendritic tissue
[8]

.   

 Ig D 

It is found in immature B-lymphocytes. A small amount of this immunoglobulin is found in 

serum. It is a monomeric antibody comprising of two heavy and two light chains. It gets 

bound to mast cells and basophills leading to biosynthesis of antimicrobial factors. 

Expression of Ig D is promoted by Zinc finger protein. Ig D behaves as Ig M in early stage of 

infection 
[9]

. The levels of Ig D are increased in various diseases including malaria, leprosy, 

tuberculosis and infectious hepatitis 
[10]

.  

 Ig E 

It is another important antibody that comprises of two heavy and two light chains. It plays an 

important role in Type I hypersensitivity leading to sinusitis, bronchial asthma, food allergies 

and dermatitis. It binds to Fc receptors found in mast cells and basophiles. It identifies 

specific allergen and progresses towards inflammatory reactions 
[11]

.  

 Ig G 

It is one of the important classes of antibody found abundantly in human serum. It is widely 

circulated in the blood and is an integral component of humoral immunity. The major 

mechanisms through which Ig G works include agglutination causing immobility of 

pathogen, complement activation, toxin neutralization and antibody mediated proteolysis 
[12]

. 

Ig G is secreted as monomer which crosses placenta and defends foetus against any insult and 

stress. High percentage of Ig G is found in colostrum.  The isotypic forms of Ig G are IgG1, 
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IgG2, IgG3, and IgG4. The estimation of Ig G serves an important diagnostic tool in 

determination of hepatitis 
[13]

.  

 Ig M 

It is one of the largest antibodiesThe B1 and B2 lymphocytes are responsible to produce Ig M 

as a result of antigen challenge 
[14]

. The basic functions of Ig M are cytolysis, opsonisation of 

antigens, activation of complement pathway, and prevention of infection over mucosal 

surface. Ig M is found in chronic infection. Treatment with Ig M is promising strategy in 

autoimmune diseases
[15]

.  

1.5 Roles of Interleukins in health and diseases 

Interleukins are protein secreted by specific immune cells which bind to particular receptors 

and play a key role in the intercellular communication among the leukocytes. Interleukins are 

cytokine that play indispensable roles in the activation and proliferation of immune cells. 

Interleukins have pro-inflammatory and anti-inflammatory properties. Their key function is 

to regulate the growth, distinction, and instigation during inflammatory and immune 

responses. These molecules have autocrine and paracrine effects. Table 1.3 lists the roles of 

various interleukins 

TABLE 1.3 Sources and roles of various cytokines 

Interleukins Sources Role 

IL-1β Fibroblasts, neutrophils, 

lymphocytes, monocytes 

Initiation of inflammation, 

development of blood cells 

IL-2 Neutrophils, macrophages, 

monocytes, keratinocytes 

Growth promotion of NK cells, 

Proliferation of T and B cells 

IL-3 Eosinophils, mast cells, NK 

cels, T cells, macrophages 

Growth of langerhan cells, 

growh of B cells, Hemaotpoiesis 

IL-4 Eosinophils, basophils, thymus 

cells, mast cells 

Tissue inflammation, tissue 

adhesion, production of 

macrophages and TH cells 

IL-5 Mast cells, eosinophils, Th2 

cells, NK cells 

Regulation of myeloid cell 

function, chemoattractant effect, 

role in inflammation 
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IL-6 Monocytes, fibroblast, 

macrophages 

Protein synthesis, leukocyte 

mobilization, B and T cell 

differentiation 

IL-7 Keratinocytes, epithelium, 

macrophages 

Maturation of megakaryocytes, 

initiation of inflammation 

IL-8 Endothelial cells, epithelial 

cells, fibroblasts, epithelial 

cells, endothelial cells 

Angiogenesis, chemoattractant,  

IL-9 Eosinophils and mast cells Growth of mast cells and T-

cells, hematopoiesis, 

angiogenesis 

IL-10 Monocytes, macrophages Immunosuppression 

IL-11 Fibroblast, epithelial cells, 

endothelium, smooth muscles 

Promotion of erythroid and 

myeloid growth, growth of 

hepatocytes,  

IL-12 Monocytes, macrophages, 

neutrophils 

Induction of cytotoxicity 

IL-13 Eosinophils, basophils, 

neutrophils 

Induction of CD18, CD29; 

CD11b, CD11c, CD23, and 

MHC-II on monocytes, 

activation of eosinophils and 

mast cell 

IL-14 T-cells Propagation of B-cells 

IL-15 Activated CD4+ T cells, 

keratinocytes 

Propagation and establishment 

of NK and T cells 

IL-16 Fibroblasts, dendriatic cells Chemotaxis 

IL-17 Chondrocytes, neutrophils,  Initiation of proinflammatory 

cytokines activity 

IL-18 Epithelial cells, macrophages, 

kuffer cells 

Induction of IFN- γ 

IL-19 Airway epithelial cells, B-cells  

IL-20 Endothelial cells, epithelia 

cells, keratinocytes 

Maintenance of skin epithelium 
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IL-21 Activated T-cells Regulation of differentiation, 

apoptosis, proliferation 

IL-22 Myofibroblast, keratinocytes Wound healing, pathogen 

defence 

IL-23 Macrophages and T-cells Promotion of activity of 

proinflammatory cytokines and 

promotion of T-memory cells 

IL-24 Monocytes, melanocytes and 

T-cells 

Suppression of tumor 

IL-25 Eosinophils, basophils TH2 

cells 

Induction of antibody secretion 

IL-26 Activated T-cells Activation and regulation of 

epithelial cells 

IL-27 Macrophages, epithelial cells, 

dandriatic cells 

TH1-cell differentiation 

IL-28 Monocytes, activated T cells Immunity against viral infection 

IL-31 Activated CD4+T cells Growth factor activation 

IL-32 Monocytes, macrophages, T-

cells 

Induction of TNF-a, IL-8, and 

IL-6, apoptosis 

IL-33 Necrotic cells Transcriptional repressor activity 

IL-34 Liver, kidney, spleen, prostate, 

colon 

Cellular proliferation 

IL-35 Treg cells Different types of T-cells 

IL-37 Monocytes, plasma cells Suppression of proinflammatory 

cytokines 

IFN- γ Myelomonocytes, 

macrophages, TH1 cells 

Antimicrobial and antiviral 

properties 

  

1.6 Disorders of Immune system 

The immune system is a sophisticated and complex system with the aim to invade the foreign 

attack. With a defective immune system, it becomes difficult for the body to fight against 

bacterial fungal and viral infections. There are numerous problems which arise during 
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malfunctioning of immune system. Some of the problems are less insidious (pollen allergy) 

whereas, some issues are critical and need special attention. Some immune disorders develop 

as a result of over-expression of immune components or autoimmune destruction. In 

autoimmune diseases, the immune system is unable to differentiate between ‘self-cells’ and 

invaders due to which, the body’s own cells are destroyed. Some important disorders of 

immune system are listed in Table 1.4.    

TABLE 1.4 Disorders of the Immune system 

Disorder Description References 

Asthma Inflammatory condition in lungs, 

observed with airway destruction and 

bronchospasm,breath shortness, 

coughing 

[16]
 

Ataxia telangiectasia Weakening of immune system with 

sinusitis and respiratory infection.  

[17]
 

Burkitt lymphoma Cancer of B-cells prevails due to weak 

immune system 

[18]
 

Diabetes (Type 1) Observed by destruction of pancreas 

(β-cells) by immune cells leading to 

the deficiency of insulin in the blood/ 

body. 

[19]
 

DiGeorge syndrome A disease characterized by T-cell 

deficiency, with features like 

congenital heart disease and 

hypocalcemia 

[20]
 

Familial Mediterranean fever An autoinflammatory condition 

observed by pain in abdomen, chest, 

or joints. Long term fever and injury 

to internal oragns is seen.  

[21]
 

Immunodeficiency with hyper-IgM A condition with decerased levels of 

Ig M. There is risk of infection and 

cancer.  

[22]
 

Leukemia (chronic myeloid) Amplified and unfettered 
[23]
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intensification of myeloid cells in 

the bone marrow and the accretion of 

these cells in the blood. 

Lupus An autoimmune disease whereby the 

immune system becomes hyperactive 

and affects skin, joints, heart, lungs, 

kidney. 

[24]
 

Severe combined immunodeficiency An immunodeficiency condition 

observed by partial deficiency of T-

and B-lymphocytes. The person 

becomes highly susceptible to the 

infections. 

[25]
 

 

1.7 Pathogenic Autoantibodies in Autoimmunity 

In the healthy immune system, the antibody production is activated by introduction of foreign 

proteins, toxins and microbes. Antibodies play a key role in elimination of these invaders. 

Auto-antibodies are responsible for the prognosis of autoimmune diseases. There are several 

ways by which the pathology is induced by autoantibody. The events like mimicking the 

activation of receptors by hormone, blockade of enzymes, changes in cellular signalling, 

activation of neutrophils, cellular lysis and blockade of neuronal transmission along with 

initiation of inflammation are some of the important events that cause organ damage during 

autoimmunity (Table 1.5).  

TABLE 1.5 Pathogenic effects of antibodies 

Allergy/ Hypersensetivity Reference 

Degradation of mast cells Allergic Asthma 
[26]

 

Anaphylaxis Drug induced allergic reactions 
[27]

 

 

Modification in Cellular Activity  

Systemic Lupus Erythematosus Alteration in Dendritic cells 
[28]

 

Cell membrane defunctionalization Inflammation 
[29]

 

Cell Destruction  
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Cytolysis Hemolytic anemia 
[30]

 

Opsonization Immune thrombocytopenic purpura 
[31]

 

 

1.8 Immunotherapy 

Recently, immunotherapy has gained extreme importance which proves to be beneficial in 

defending body against infection and cancer cells. The immunotherapy comprises of the use 

of cancer vaccines, adoptive cell transfer, targeted antibodies, cytokines, tumor-infecting 

viruses and checkpoint inhibitors to combat disease. Genetic engineered cells are also used to 

destroy carcinoma 
[32]

. Synthetic drugs used during immunotherapy cause a notable lethality 

over cancer and immune cells.  

The aims of immunotherapy are 

 To program the immune system to identify and assault particular cancer cells. 

 To heighten immune cells to assist them eradicate cancer. 

 To afford the body with supplementary mechanism to augment the immune reaction. 

The use of immunostimulants and immunosuppressants is of extreme importance during 

immunotherapy.  

1.8.1 Immunostimulants 

The process of immunostimulation comprises of stimulation of ‘nonspecific immune system’. 

This involves the antigen-independent stimulation of activities of macrophages, killer cells 

and granulocytes 
[33]

. This phenomenon is regarded as ‘paramunity’ and the agents causing 

paraminity are ‘paramunity inducers’ 
[34]

. The memory cells are not affected due to this 

process. The various clinically used immunostimulants are listed in Table 1.6 

TABLE 1.6 Classification of Immunostimulants 

Type Example References 

Specific Immunostimulants Antigens, Vaccines 
[35]

 

Non-specific Immunostimulants Deoxicholic acid, piracetam 
[36,37]
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Uses of Immunostimulants 

 To treat cencer 

 To treat severe infections 

 To strebgthen immunity in AIDS 

1.8.2 Immunosuppressants 

The phenomenon of immunosuppression entails chiefly the diminution in confrontation 

against stress, infections and may occur owing to environmental or chemotherapeutic factors 

[38]
. These drugs are generally used to decrease the activity of immune system. 

Immunosuppressant therapies are used to decrease the ability of the body to reject the 

‘transplanted organ’ 
[39]

. The various clinically used immunosuppressants are listed in Table 

1.7 

TABLE 1.7 Classification of Immunosuppressants 

Type Example References 

Corticosteroids Dexamethasone, hydrocortisone, corticosterone 
[40]

 

Cytostatic agents Cyclophosphamide, cis-platin, busulfan 
[41]

 

Antibodies Muromonab-CD3, basiliximab, daclizumab 
[42,43]

 

Immunophilin modulators Tacrolimus, Ciclosporin, Sirolimus 
[44]

 

 

Uses of Immunosuppressants 

 To suppress the rejection of transplanted organs (bone marrow, heart, liver, kidney) 

 To suppress ‘graft-versus-host disease’ during bone marrow transplantation. 

 To treat auto-immune conditions (haemolytic anemia, lupus) 

1.9 Immunomodulators 

An immunomodulator is an agent of synthetic or biological origin, which has capability to 

stimulate or suppress or modulate many of the elements of immune system 
[45]

. These 

compounds have ability to influence adaptive as well as innate immunity
[46]

. The process of 

immunomodulation expresses a necessary means to regulate the immune mechanisms. This 

regulation of immune system comprises of either stuimulation or suppression of immune and 

inculdes modulation of cytokine or antibody production. There are numerous endogenous 
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modulators of immunity that play a key role in maintaining homeostasis inside the body 
[47]

. 

Exogenous molecules or ‘Immune response modifiers’ are also utilized to influence the 

immune system
[48]

. The modulation of immune system (via stimulation or inhibition of 

immune system) helps to maintain the disease free condition in the body 
[49]

. These agents 

also normalize various patho-physiological events in the body.  

1.10 Plant derived Immunomodulators 

The effectiveness of immune system is persuaded by numerous endogenous as well as 

exogenous factors leading to immunostimulation or immunosuppression.  Immunomodulators 

regulate and modulate the various pathological processes going inside the body
[50]

.  In the 

recent times, the research is focused on biochemicals which target towards a disease. It seems 

to be quiet hard to achieve a single molecule with high degree of specificity along with high 

potency 
[51]

. The development of new drug lead from natural source is gaining interest. The 

use of herbal medicine to treat or prevent a disease or disorder is acquiring attention 
[52]

. 

There are numerous drugs isolated from plants viz. paclitaxel (Taxus brevifolia) vinblastine, 

vincristine (Catharanthus roseus), galantamine (Galanthus caucasicus) and have shown a 

significant impact on human health 
[53]

. The use of plants as medicines find its roots in 

traditional, complementry and folklore medicine
[54]

.  Plants are the valuable and conventional 

sources of medicine to cure many diseases 
[55]

.  Form ancient times, herbal medicine is 

utilized as source of pharmaceuticals, cosmeceuticals and nutraceuticals.  

1.11 Role of Complementary and Traditional Medicine in Immunomodulation 

The medicinal products from nature and traditional medicine play a key contribution in 

design and development of therapeutic agents. Numerous plant originated compounds are 

recognized and credited for their immunomodulatory potential 
[56]

. Various diseases can be 

effectively treated by immunomodulators. The isolation and characterization of particular 

immunomodulatory agent from natural source carry prospective to offset the adverse effects 

associated with compounds of synthetic origin 
[57]

. Immunomodulatory therapy possibly will 

offer a substitute to conventional chemotherapy for an array of diseased conditions, in 

particular whilst host’s defence system have to be triggered underneath the circumstances of 

impaired immune receptiveness or even as a discerning immunosuppression has to be 

persuaded in a circumstance, like inflammatory diseases, auto-immune disorders and 

organ/bone marrow transplantation 
[58]

. The isolated compounds from medicinal plants can 

provide a substitute to conventional drugs for numerous auto-immune and neuro-immune 
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diseases 
[59]

. Herbal medicines are time tested medicines. The efficiency of herbal medicine 

can be evaluated in clinical study. The phytochemicals present in them are less harmful as 

compared to synthetic compounds 
[60]

. They can be used for long term mamagment of 

disorders like rheumatism, diabetes and hypertension. The herbs viz. Garlic, ginger, neeem 

and tulsi possess significant antibacterial and antifungal effects 
[61]

 that are comparable to 

synthetic drugs. 

1.12 Rasayana 

Indian medicinal treatise, Ayurveda, is a system of medicine which is based on the concept to 

‘poise’ the body system.  It is a system that has been used for thousands of years before the 

birth of modern medicine, and, is still flourishing in Indian sub-continent. Today, many of 

patents and new molecules discovered find their roots in reverse pharmacology approach 
[62–

64]
. Rasayana play a significant role in the prevention of disease, strengthening of immune 

system and rejuvenation of the body. Rasayana therapy is recommended for health 

preservation and prevention of a disease or disorder. The treatment retards the progression of 

adverse biological consequences and helps to maintain good health
[65]

.  

        :                      : |                              || 

                                 |                                  || [66]
 

The word ‘Rasayana’ is formed by the amalgamation of two words viz. ‘Rasa’ and 

‘ayana’
[67]

. The word ‘Rasa’ represents ‘rasadhatu’ which is believed to nourish the body 

tissues and the word ‘ayana’ represents circulation/ flow. According to Ayurveda, if 

rasadhatu is produced optimally (regarding its quality as well as quantity), all the body tissues 

are well nourished. Such nourishment can be believed to bring rejuvenation of the body. 

Rasayana is the seventh division out of eight division of Ayurveda 
[68]

. 

Outcomes of Rasayana therapy include retardation of aging phenomenon, increased physical 

and mental vigor leading to increased longevity which in turn increase the quality of life of 

organism. Therapy with Rasayana can prevent progression of lifestyle diseases/ disorders like 

hypertension, diabetes, obesity, arthritis and cancer  
[69–74]

. Adverse effects produced as a 

result of radiotherapy and chemotherapy can be prevented by use of Rasayana drugs 
[75]

. 
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1.13 Pharmacological aspect of Rasayana Herbs 

Since mid-eighties and nineties of the previous century, a worldwide breakthrough in the 

screening, isolation and quantification of herbal phytoconstituents has observed 
[76–79]

. Thus, 

it became a quest to explore and unfold the necessary mechanisms associated with 

rejuvenating and immunomodulatory effects of Rasayana. As discussed in the literature, 

some Rasayana herbs (Table 1.8) and poly-herbal formulations have been tested for their 

protective effects on the vitality of body functions. Primary mechanisms involved in 

immunomodulation include: 

 Development of humoral antibody response (due to challenge with sheep red blood 

cells) produced as a result of diffusion of antigen to extravascular space and its entry 

in lymph nodes and further up taken by macrophage where interaction with MHC 

class II molecules leads to the formation of antibodies
[80]

. 

 Decrease in swelling (reduced foot pad thickness in the case of rats/ mice) as a result 

of activation of activation of macrophages, natural killer cells, and cytotoxic T-cells 

[81]
.  

 Clearance of foreign particles due to activation of the reticuloendothelial system 

leading to increased phagocytotic activity 
[82]

.  

 Prevention of leucopenia and thrombocytopenia and an increase in WBCs levels
[82,83]

. 

Apart from mechanisms mentioned above, other mechanisms and effects like a decrease in 

the arthritic index, decreased joint swelling, improvement in the functioning of Kupffer cell, 

prevention of sepsis, increased WBCs in HIV-positive subjects, a decrease in IL-4 levels, 

increased levels of interferon- γ, decreased morbidity and mortality is observed. 

TABLE 1.8 List of Rasayana plants 

Acorus calamus (Bach) Glycerrhiza glabra (Yashtimadhu) 

Allium sativum (Lahsuna) Gmelina arborea (Gamari) 

Aloe vera (Ghrit-kumari) Hemidesmus indicus (Anant mul) 

Argyreia speciosa (Samander ka pat) Ipomoea digitata (Ajvayan) 

Asparagus racemosus (Satawar) Leptadenia reticulate (Dori) 

Azardirachta indica (Nimba, Neem) Piper longam (Piplamul) 
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Bacopa monnieri (Brahmi) Plumbago zeylanicum (Chita) 

Boerhavia diffusa (Sant) Psoralea corylifolia (Babchi) 

Cissampelos pareira (Akanadi) Pterocarpus marsupium (Bijasar) 

Commiphora mukul (Guggul) Semecarpus anacardium (Bhiawa) 

Convolvulus pluricaulis (Shankhpushp) Sida spinosa (Gulsakari) 

Curculigo orchioids (Krishna musali) Solanum nigrum (Makoi) 

Curcuma longa (Haldi) Sphaeranthus indicus (Mundi) 

Desmodium gangeticum (Shalaparni) Terminalia belirica (Bahera) 

Dioscorea bulbifera (Ratalu) Terminalia chebula (Haritaki/Panhar) 

Emblica officinalis (Amla) Tinospora cordifolia (Guduchi) 

Emblica ribes (Vidanga) Withania somnifera (Ashwagandha 

1.14 Role of Plant Secondary Metabolites in Immunomodulation 

Primary plant products or primary metabolites in plant participate in essential metabolic 

processes within the plant, whereas, the secondary products influence the ecological 

interaction of plant with the environment. Secondary metabolites in plants are 

phytochemicals that play an essential role in growth, development and defence in the plants.  

Role of secondary metabolites 

 Protection against invasion of bacteria, fungi, virus etc 
[84]

. 

 Aid in transportation of metal ions 
[85]

 

 Act as sexual hormones 
[86]

 

 Promotion/ inhibition of germination 
[87]

 

 Prevention against feeding/ grazing 
[88]

 

The various secondary metabolites directly or indirectly influence the immune system of an 

organism. For instance, the extract of Asparagus racemosus potentiated the activity of natural 

killer cells and stimulated IL-12 production with suppression in the production of IL-6 
[89,90]

. 

The various plant secondary metabolites with their immunomodulatory effects are listed in 

Table 1.9.  

 

 



17 
 

TABLE 1.9 Immunomodulatory effects of various phytoconstituents 

Constituents Example Mechanism Reference 

 

 

Alkaloids 

Berberine Modulation of Th17/Th1 response 
[91]

 

Emetine Inhibition of human cytomegalovirus  
[92]

 

Sinomenine COX-2 inhibitor 
[93]

 

Vincristine Inhibition over IL-6 expression 
[94]

 

Withaferin Decreased TLR6 and NO overexpression 
[95]

 

 

 

Glycosides 

Apigenin Suppression of IgE and Th2 cytokines 
[96]

 

Chrysin Increased NK cells and T cell production 
[97]

 

Genistein Decreased IL-17 production 
[98]

 

Kaempferol T-cell activation 
[99]

 

Luteolin Decreased MMP-9 production 
[100]

 

 

 

Saponins 

Ginsengoside Increased Bax expression 
[101]

 

Glycyrrhizin Decreased IL- expression 
[102]

 

Oleanolic acid Restoration of WBC production 
[103]

 

Quil A Increment in antigen specific Ig G responses 
[104]

 

13 Cycloartane saponin Promotion of IL-2 release 
[105]

 

 

 

Polyphenols 

Curculigoside Restored levels of ALT, AST, ALP  
[106]

 

Epicatechin gallate Amelioration of Graft-versus-Host Disease 
[107]

 

Epigallocatechin gallate Increased production of TNF-α and IL-12 
[108]

 

Gossypol Increased lymphocyte proliferation 
[109]

 

Plumbagin Prevention of NF-κB activation 
[110]

 

 

 

Polysaccharides 

Acemannan Macrophage activation 
[111]

 

Arabinogalactan Weak stimulation of NO and IL-6  
[112]

 

Arabinose Pro‐inflammatory activity 
[113]

 

Glucan Increased production of IL-2, 4 and IFN-γ  
[114]

 

Xylose Increased production of TNF-α and NO 
[115]

 

 

 

Lectin 

ArtinM Induction of Th1 immunity 
[116]

 

Cramoll Increased  IFN‐γ production 
[117]

 

Concanavalin A Macrophage activation 
[118]

 

Jacalin Increased TGF-β and IL-4 production 
[119]

 

Viscumin Modulation of humoral immunity 
[120]
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CHAPTER 2 

Literature Review 

 

2.1 Herbal Medicine 

Medicinal plants and herbal remedies continue to be an important part of health care system 

[121]
. Herbal remedies are vital part of healthcare system in Afro- Asian and European 

countries. In the present scenario, India, China, Nigeria, and USA as well as WHO have 

made substantial efforts to explore therapeutic effects of these remedies 
[122]

.  Herbal 

medicines have played an imperative role to maintain good vigor since prehistoric era. 

According to World Health Organization (2012), 60% of world’s population relies on herbs 

and botanicals for treatment of various pathogeneses. Plants are biological factories that 

produce diverse phytochemicals and secondary metabolites that have a wide array of 

biological activities. Plant-derived immunomodulators are extensively used to treat various 

disorders like gouty arthritis, rheumatoid arthritis, osteoarthritis, liver damage, allergy, cancer 

and many others 
[123,124]

. Many synthetic molecules share structural homology with various 

natural products that serve as leads. Phytochemicals like carbohydrates, alkaloids, flavonoids, 

polyphenols, fatty acids, and proteins have been acknowledged for their beneficial role in an 

immune system which acts either by suppressing or stimulating its functions. Compounds 

from marine and fungal (mushrooms) source too are rich sources of immunomodulatory 

agents apart from terrestrial plants. Compounds like arabinogalactan, shatavarins, 

sarsasapogenin, catechin, hesperidin, fistin, glucan, lentinan etc. are known to modulate the 

immune system. Immunomodulation due to these secondary metabolites is characterized by 

various mechanisms viz. development of humoral antibody response, activation of 

macrophages, natural killer cells, and cytotoxic T-cells, phagocytosis, and an increase in 

WBC's levels
[125,126]

.    
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2.2 Immunomodulatory effects of Indian medicinal plants and Rasayanas 

 Tinospora cordifolia 

Tinospora cordifolia (Guduchi, Giloy) is a deciduous climbing shrub with ovated leaves. 

Berberine, choline, columbin, gilloin, giloinin, jatrorhizine, jateorine, palmatine (5), 

phenylpropene disaccharides, tembeterine, tinocordifolioside, tinosporic acid, tinosporal, and 

tinosporon are active constituents found in plant 
[127]

. In Indian system of medicine, 

Tinospora cordifolia is recognized as ‘Rasayana’ which is known to improve and strengthen 

the vital functioning of the immune system (Table 2). Ayurveda also recognizes its 

rejuvenating, anti-aging and health-promoting properties 
[128,129]

. Guduchi plant growing on 

neem tree (Azadirachta indica) is bitter, and is believed to carry the medicinal properties of 

neem 
[130]

. The scientific world has evaluated protective and beneficial effects of Tinospora 

cordifolia on functioning of immune system. Various extracts and isolated constituents from 

Tinospora cordifolia are appraised for immunomodulatory effects. Water and ethanol extracts 

of stem from Guduchi caused a significant suppression of cyclophosphamide-induced anemic 

condition in experimental animals 
[131]

. Modulating effects of Tinospora cordifolia over the 

changes occurring in the phagocyte activity of peritoneal macrophages on rats was observed 

[132]
. Administration of Guduchi extract increased ‘in vivo’ production of antibodies 

[133,134]
.Neem Giloe/ Giloy demonstrated anti-inflammatory and immunomodulatory 

properties 
[135]

. Apart from immunomodulatory properties, protective effects of Tinospora 

cordifolia on organ damage have been assessed. In a study, hepatoprotective effect of 

guduchi on rats was determined by carbon clearance test. There was a substantial 

improvement in functioning of Kupffer cell 
[136]

. Sepsis in rats due to caecal ligation was also 

inhibited due to Tinospora cordifolia extract 
[137]

. Similar effects were observed on E. coli 

induced abdominal sepsis in mice 
[138]

. Radioprotective effects of guduchi were also 

documented 
[139]

. 

 Asparagus racemosus 

It is one of the important medicinal herb found in Asian sub-continent. Medicinal properties 

of Asparagus racemosus are reported in various ancient Indian texts. According to Ayurveda, 

the herb is Rasayana and galactagogue which was used to cure pathologies like dyspepsia, 

debility and gastric ulcers 
[140–142]

. Asparagus racemosus is a rich source of nutritive 

substances like Vitamin A, B1, B2, folic acid, elements like magnesium, potassium, calcium 

and iron. Phytoconstituents viz.sarsasapogenin, shatavarin I-IV, 8-methoxy-5,6,4’-
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trihydroxyisoflavone-7-O-β-D-glucopyranoside (isoflavone), asparagamine, racemosol, 

kaempferolcurillins G and  curillins H  
[143–146]

 are present in various parts of Asparagus 

racemosus. With respect to immunomodulatory potential, in a study, oral administrations of 

hot water extract of A. racemosus promoted ‘leucocytosis’ and increased ‘phagocytic 

activity’. Mortality of extract treated group was also less. Immunomodulatory effects of 

Asparagus racemosus extract and protection against sepsis was observed due to alterations in 

the function of macrophages was seen 
[147,148]

. In another study, immunoadjuvant potential of 

aqueous extract of root of Asparagus racemosus was evaluated in animals immunized with 

tetanus, pertussis and diphtheria vaccine. Extract administration in experimental animals 

resulted in an increased antibody titre. A less ‘morbidity and mortality’ was observed in 

laboratory animals  
[149–151]

. Fructo-oligosaccharides of Asparagus racemosus potentiated 

natural killer cells activity 
[89]

. Co-administration of Asparagus racemosus extract with 

cisplatin in L. donovani infected BALB/c mice improved and reinstated ‘cellular and humoral 

immunity’ 
[152]

. Mixed Th1/Th2 adjuvant activity of standardized Asparagus racemosus root 

aqueous extract is documented 
[150]

.  

 Withania somnifera 

Withania somnifera (Indian Gensing) is an important herb documented in Ayurveda. It is 

recognized as ‘Rasayana’ and has variety of health benefits 
[153]

 . Withania somnifera is used 

to treat rheumatism, constipation, leukoderma, goiter, nervous breakdown, boils and pimples 

in ethnomedicinal practice. Withania somnifera contains variety of phytoconstituents like 

anahygrine, anaferine, cuseohygrine, isopelletierine (alkaloids), withaferins, withanolides 

(lactones), saponins, acylsterylglucosides, sitoindosides, withaferin-A, withasomniferin-A, 5-

dehydroxy withanolide-R 
[154–158]

.  

Withania somnifera has been experimentally evaluated to validate claims as being Rasayana 

(Table 4). Extract of Withania somnifera was studied for delayed type hypersensitivity and 

active paw anaphylaxis experimental models. Extract suppressed cyclophosphamide-induced 

potentiating of delayed type hypersensitivity response along with augmentation in platelet 

and white blood cell counts. It added to ‘hemagglutinating antibody responses’ and 

‘hemolytic antibody responses’ when challenged with sheep red blood cells 
[159]

. In another 

study, Withania somnifera extract treatment enhanced bone marrow cellularity, α-esterase 

positive cell number, plaque forming cell count in the spleen and phagocytic activity of 

peritoneal macrophages 
[160]

. Up-regulation of Th1-dominant polarization and decrease in IL-
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4 due to Withania somnifera extract are possibly involved in immunomodulation 
[161]

. Colon 

cancer in mice (induced by azoxymethane) was adequately controlled by Withania somnifera 

extract 
[162]

.  

 Ocimum sanctum 

Ocimum sanctum (Tulsi) is native to the Indian subcontinent, though grows through the word 

[163]
. It is recognized for ‘spiritual and medicinal’ properties and is regarded as ‘Mother 

medicine of nature’ 
[164]

. Tulsi is believed to prevent diseases, maintains health and promotes 

endurance 
[165]

. Black or purple variety of Ocimum sanctum (Krishna Tulsi) has high phenolic 

content compared to wild one (Vana Tulsi) 
[166]

. Volatile oils found in Ocimum sanctum are 

euginal, eugenol, limatrol, caryophyllene, carvacrol, Other constituents present are urosolic 

acid, sitosterol, apigenin, cirsimaritin, orientin, vicenin 
[167–169]

. 

Various scientific studies have confirmed immunomodulatory effects of Ocimum sanctum on 

the biological system. Immunomodulatory effects of Ocimum sanctum evaluated on bovine 

sub-clinical mastitis Administration of Ocimum sanctum aqueous extract in experimental 

animals diminished total bacterial count with an increase in neutrophil and lymphocyte 

counts. There was an increment in phagocytotic activity and phagocytotic index
[170]

.A 

dministration of  Ocimum sanctum seed oil in animals produced a noteworthy increase in 

anti-sheep red blood cells antibody titer along with a decrement in histamine release. 

Involvement of GABAergic pathway was thought to be a possible mechanism for it
[171]

. 

Similar in another study, an increase in antibody titer in widal agglutination tests and 

lymphocytosis were observed due to Ocimum sanctum administration. Neisseria gonorrhoeae 

strains were found to be sensitive to Ocimum sanctum extract
[172]

. 

In another independent study immunomodulatory effects of Tulsi (Ocimum sanctum Linn.) 

leaf extract on healthy volunteers were determined whereby administration of ethanolic 

extract of Ocimum sanctum to volunteers demonstrated increased levels of interferon- γ, 

interleukin-4, natural killer cells and helper T cells. This intervention clearly revealed 

immunomodulatory effects of Ocimum sanctum 
[173]

. 

 Plumbago zeylanica 

Plumbago zeylanica is an important Indian medicinal plant. Indian texts consider Plumbago 

zeylanica as a rejuvenator which confer intelligence, strength and longevity
[129,174,175]

.  

Plumbago zeylanica is rich in chemicals like plumbagin, isoshinanolone, plumbagic acid, 
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beta-sitosterol, 4-hydroxybenzaldehyde, trans-cinnamic acid, vanillic acid, 2, 5-dimethyl-7-

hydroxychromone, indole-3-carboxaldehyde
[176]

. 

In DBA/1 mice, the protective effect of plumbagin on collagen-induced arthritis was studied. 

Plumbagin administration in animals caused an increase in T cell proliferation and 

Interleukin-2expression. Elevated IFN- γ levels of spleen were decreased to normal. A 

decrement in Ig G secretion and specifically, IgG2a level reduction was seen 
[177]

. An 

independent study revealed ‘modulation of NF-kB activation ‘as one of the 

immunomodulatory mechanism of plumbagin
[110]

. In another study, noteworthy reduction in 

carrageenan-induced paw edema, ankle joint circumference and body weight of animals was 

observed
[178]

. Cytotoxic effects of Plumbago zeylanica extract on MCF7 and Bowes cancer 

cell lines (IC50 1.28 μM and 1.39 μM, respectively) was observed 
[179]

. 

 Phyllanthus emblica (Emblica Officinalis) 

Phyllanthus emblica is one of the important Rasayana which promotes health and longevity. 

β-Amyrin ketone,β-Amyrin-3-palmitate, betulonic acid, betulinic acid , daucosterol, lupeol 

acetate, triacontanol, triacontanoic acid, gallic acid, ursolic acid, oleanolic acid, rutin, 

quercetin, mucic acid derivatives, kaempferol-3-O-alpha-L-(6''-methyl)-rhamnopyranoside 

and kaempferol-3-O-alpha-L-(6''-ethyl)-rhamnopyranoside are some of the chemical 

constituents found in P. embelica 
[180,181]

.  

Leaf extract of Phyllanthus emblica has been studied for its regulatory effects on immune 

system on mice. Administration of extract in animals improved expurgation index, natural 

killer cell activity and phagocytotic activity
[182]

. Toxic effect of arsenic due to depletion of 

glutathione was replenished by a crude extract of Indian gooseberry
[183]

. Apoptosis of 

splenocytes 
[139]

 and thymocytes 
[184]

 was inhibited by Phyllanthus emblica extract. 

Pretreatment with Phyllanthus emblica extract in cyclophosphamide intoxicated animals 

resulted in the restoration of antioxidant enzymes 
[185]

. Tannins from Indian gooseberry 

demonstrated immunostimulatory and protective effect against coccidiosis in industrial 

broiler chickens as observed by increased antibody titer and body weight. Increase in the 

lifespan of  Drosophila melanogaster was observed 
[186]

. 

 Centella asiatica 

It is recognized as ‘medhya rasayana’ in Ayurveda and is known to improve memory 

function  
[187–190]

. Centellin, asiaticin, centellicin, docosyl ferulates, bayogenin, 3beta-6beta-
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23-trihydroxyolean-12-en-28-oic acid, 3-β-6-β-23-trihydroxyurs-12-en-28-oic acid, D-

gulonic acid, asiaticoside, acetoxycentellynol are few important chemical constituents 
[191–

193]
. Aqueous extract of Centella asiatica was studied for immunomodulatory effects. 

Treatment with extract to human peripheral blood mononuclear cells caused an increased 

proliferation and the production of IL-2 and TNF-α. Production of antibodies in BALB/c 

mice increased due to  Centella asiatica treatment. Increased phagocytic index and total 

WBC count\ on treatment with Centella asiatica extract was observed 
[194]

. Cytotoxic effects 

against mouse melanoma (B (16) F (1)), human breast cancer (MDA MB-231) and rat glioma 

(C (6)) cell lines were also observed
[195]

. 

 Bacopa monniera 

Another ‘medhya rasayana’, Bacopa monniera has been extensively studied for its health 

benefits
[196,197]

. Secondary metabolites found in plant are bacosides (36),  monnierasides I–III, 

bacopasaponin C (37), bacopasides I–XII, bacosaponin C, apigenin, hersaponin,nicotine, 

herpestine and brahmine
[197–205]

. In view of immunomodulatory effects, supplementation 

Bacopa monniera (1% in diet) to Sprague Dawley rats promoted biosynthesis and secretion 

of immunoglobulins like IgA and IgG in the serum, whereas production of TNF-α was 

lowered
[206]

. Downregulation of NO production and stimulation of interferon- γ 
[207]

 along 

with increased lysosomal activity is observed due to it. The protective effect on central and 

peripheral neuronal systems due to Bacopa monniera was seen as a result of promotion of 

activity of antioxidant enzymes and tyrosine hydroxylase expression
[208]

. 

Some polyherbal rasayana are mentioned as 

Brahmarasayana 

It is recommended management of mental conditions like poor cognition and concentration 

deficit. It comprises of mixture of Emblica officinalis, Terminalia chebula, Urarira pitca, 

Desmodium gangeticum, Gmelina arborea, Solanum nigrum, Tribulus terrestris, Aegle 

marmelos, Premna tomentosa, Stereospermum suvaeolens, Sida rhombilfolia, Boerhaavia 

diffusa, Ricinus communis, Vigna vexilata, Phaseolus adenanthus, Asperagus racemosus, 

Holostemma annulare, Leptadenia reticulate, Desmostachya bipinnata, Saccharum 

officinarum, Oryza malampuzhensis, Cinnamomum iners, Elettaria cardamomum, Cyperus 

rotundus, Curcuma longa, Piper longum, Aquilaria agallocha, Santalum album, Centella 
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asciatica, Mesua ferrea, Clitoria ternate, Acorus calamus, Scirpus crossus, Glycyrrhiza 

glabra and Embelia ribes
[209]

. 

Modulatory effects of Brahma Rasayana have been evaluated on various animal models. In a 

study, administration of Brahma Rasayana to mice elevated levels of superoxide dismutase, 

catalase, glutathione reductase and caused a remarkable decline in serum and tissue lipid 

peroxidation. In addition to this, successive progression in levels of interferon-gamma, IL-2, 

and granulocyte macrophage-colony stimulating factor were observed in cyclophosphamide 

treated mice
[210]

. In another study, Brahma Rasayana administration augmented natural killer 

cell activity in tumor-bearing animals
[211]

. Brahma Rasayana administration allayed 

chromosomal aberrations produced as a result of ethyl methane sulfonate treatment
[212]

. 

Triphala Rasayana 

It is an essential polyherbal formulation in Ayurved and is composed of equal parts of three 

medicinal fruits viz. Phyllanthus emblica L. (or Emblica officinalis Gaertn.), Terminalia 

chebula Retz., and Terminalia belerica Retz. Triphala is acknowledged for its harmonizing 

and resuscitating effects on three humors as per Ayurveda viz. Vata, Pitta and Kapha 
[213,214]

. 

Triphala has demonstrated vitalizing and immunomodulatory properties in many studies. In a 

study, Triphala caused augmentation in neutrophil functions in sheep RBCs immunized 

animals with a decrement in corticosterone levels. Similarly, noise-stress-induced alterations 

were reverted by Triphala. On the other side, Triphala supplementation decreased foot pad 

thickness and inhibited leukocyte migration
[215]

. In a clinical study, Triphala administration 

demonstrated immunostimulatory response as observed by increase in cytotoxic T cells and 

natural killer cells
[216]

. 

Ranahamsa Rasayanaya 

It comprises of Abies spectabilis, Abrus precatorius, Allium sativu, Aloe vera, Amomum 

subulatum, Anacyclus pyrethrum, Bacopa monnieri, Benincasa hispida, Bombax ceiba, 

Borassus flabellifer, Cannabis sativa, Cassia auriculata, Cinnamomum zeylanicum, Cocos 

nucifera, Coptis teeta, Coriandrum sativum, Crocus sativus, Cuminum cyminum, Cyclea 

burmanni, Elettaria cardomomum, Embelia ribes, Glycyrrhiza glabra, Gynura pseudochina, 

Hemidesmus indicus, Ipomoea mauritiana, Myristica fragrance, Myristica fragrance, Nigella 

sativa, Nymphaea stellata, Papaver sominferum, Phyllanthus emblica (dried), Phyllanthus 

emblica (fresh), Piper cubeba, Piper longum, Plumbago rosea, Pogostemon heyneanus, 
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Saccharum officinarum, Santalum album, Saussurea lappa, Semecarpus anacardium , 

Syzygium aromaticum, Terminalia bellerica, Terminalia chebula, Tinospora cordifolia, 

Trachyspermum ammi, Tribulus terrestris, Vitis vinifera, Sugar, Cows milk (Go-dugdha), 

Cows ghee (Go-ghrita) and Honey 
[217]

. In a study on wistar strain albino rats, increase in 

antibody formation and cell-mediated immunity was observed due to administration of 

Ranahamsa Rasayana. Adaptogenic effect of the same was also observed 
[218]

. 

2.3 Flavonoids 

Flavonoids are the class of natural products ubiquitously found in every plant. They play 

integral role in pharmaceutical, nutraceutical, cosmetic and medicinal applications. The term 

‘flavonoid’ comes from Latin word where the word ‘flavus’ represents ‘colour’ (yellow 

colour of flavonoids).  They have variable phenolic structures. In term of their chemical 

structure, flavonoids are 15-carbon skeleton comprising of two phenyl rings (ring A and ring 

B) along with a heterocyclic ring (ring C). This carbon structure of flavonoids can be can be 

represented as  C6-C3-C6 
[219]

.  

Classification 

According to IUPAC, they are classified into following types 

 2-phenyl-1,4-benzopyrone (flavones) 

 3-phenyl-1,4-benzopyrone (isoflavones) 

 4-phenyl-1,2-benzopyrone (neoflavones) 

Flavonoids based on their structure (Table 2.1) can also be classified as  

TABLE 2.1 Classification of Flavonoids 

Subclass Example References 

Flavonols Myricetin, Quercetin, Kaempferol  

 

[220]
 

 

 

Flavanols Catechin, Epicatechin, Epigallocatechin gallate 

Flavones Tangeretin, Luteolin, Apigenin 

Flavanones Naringenin, Hesperidin 

Isoflavones Daidzein,  Genistein  

Anthocyanins Pelargonidin, Delphinidin, Cyanidin, Malvidin 
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2.4 Flavonoids and Plants 

Flavonoids are secondary products of plant metabolism. They are found in various parts of 

plants including leaves, stem, flower, fruits and seeds. Flavonoids aid in the process of 

pollination. They play an important role in nitrogen metabolism in nitrogen fixing plantsby 

binding to ‘transcriptional regulators’ present inside rhizobia which is needed for activation 

of downstream transcription of nodulation genes. They also inhibit free radical formation in 

plants and also offer protection to plants against UV rays 
[221]

. Phenyl phenalenones 

(metabolites of flavonoids) are reported to afford protection against weevils in banana 

[222]
.Flavonoids can also be regarded as phytoalexins. They remove disease causing organism 

from plants and are responsible for antifungal and antibacterial activity.  It is also observed 

that the flavonoids accumulate many folds in plant during metal induced stress in them 
[223]

. 

These compounds also inactivate Fe
3+

 ions and suppress ‘Fenton reaction’ 
[224]

. 

2.5 Flavonoid rich Medicinal Plants 

Flavonoids are one of the most common and widely distributed phytochemicals found in all 

the parts of the plant. However, they are not synthesized by animals or human 
[221]

. In food 

flavonoids impart a characteristic flavour, colour and texture. They also prevent fat from 

oxidation and also protect the integrity of enzymes and vitamins.  The various foods with 

their flavonoids contents are listed in the Table 2.2 

TABLE 2.2 Biological sources of flavonoids 

Flavonoid Sources Examples References 

Flavonols Apples, kale, onions Kaempfreol,Myrecetin,Quercetin 
[225]

 

Flavones Coriander, pepper, celery Leutonin, apigenin 
[226]

 

Flavanones Grapefruit, lemon, oranges Naringenin, hesperidin 
[226]

 

Flavan-3-ols Green tea, chocolates Catechin ,epicatechin 
[227]

 

Anthocyanins Blackberry, black current Peonidin, cyanidin 
[228]

 

Isoflavone Soy Genistein, glycitein 
[229]

 

 

2.6 Rutin 

Rutin,) is a flavonol type flavonoid found widely in plants, like buckwheat, passion flower, 

apple and tea. It is one of the vital nutritional components of foods stuffs 
[230]

. Rutin is also 
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termed as quercetin-3-rutinoside, rutoside, and sophorin 
[231]

. The name ‘rutin’ comes from 

the name of a plant viz. Ruta graveolens, which too contains rutin. Rutin glycoside comprises 

of quercetin and rutinose. Rutin has been reported for antiallergic, antifungal and antibacterial 

activity. Similarly protective effects against hypertension, diabetes, hypercholesterolemia and 

cancer have also been reported 
[232]

.  

TABLE 2.3 Physico-chemical properties of Rutin 

Property Value 

Molecular formula C27H30O16 

Molecular mass (Da) 610.518 

IUPAC Name 2-(3,4-Dihydroxyphenyl)-5,7-dihydroxy-4-oxo-4H-chromen-3-

yl, 6-O-(6-deoxy-α-L-mannopyranosyl)-β-D-glucopyranoside 

Melting point ( °C) 195 

Solubility Water, ethanol, DMSO 

 

Pharmacological effects 

 Neuroprotective effect 

Neuroprotection against brain ischemia is demonstrated by rutin. Rutin administration in 

animals resulted in decrease in ‘ischemic neural apoptosis’ associated with p53 expression, 

increased antioxidant enxyme activity and decreased lipid peroxidation 
[233]

. In another study, 

rutin also demonstrated protective effect against oxidative, hypoxic and glutamate induced 

stress 
[234]

. Administration of rutin also resulted in decrease in neuroinflammation in rat 

model (‘sporadic dementia of Alzheimer type’) 
[235]

. There was also diminution of 

dexamethasone induced inflammation in mice due to administration of rutin 
[236]

. The 

inhibition over chronic painful peripheral neuropathy due to oxaliplatin was observed owing 

to rutin administration. There was a reduction in peooxidative change at spinal chord 
[237]

.   

 Antialzheimer activity 

Administration of rutin in animals caused decreased expression of inflammatory mediators 

like IL-1β and TNF-α in microglia of animal. There was also a decrease in neuronal cell 

cytotoxicity and aggregation of β-amyloid in the brain 
[238]

. Supplementation with rutin 

resulted in a decrease in inflammation induced due to streptozotocin. A decrease in 
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expression of IL-8, COX-2, NF kB , NO and glial fibrillary acidic protein was seen. There 

was restoration of cellular architecture in brain as observed by histopathological analysis of 

rat hippocampus
[235]

. In an independent study, Protective effect of rutin administration on 

orofacial dyskinesia induced by haloperidol was seen. There was an improvement in 

behavioural changes 
[239]

.  

 Analgesic and antiarthritic effect 

Rutin has been studied for its possible analgesic effect. In a study, rutin administration in 

swiss mice revealed a significant increase in residence time on hot plate 
[240]

. An independent 

study also established central and peripheral anti-nociceptive effect 
[241]

. Rutin treatment to 

animals decreased the expression of rheumatoid arthritis and fanconi anemia by virtue of 

inhibiting overproduction of oxygen radicals 
[242]

. In another model of arthritis induced by 

Freund’s adjuvant administration rutin caused a significant inhibition over acute and late 

phase of inflammation. The late and chronic phase of inflammation was significantly 

inhibited by rutin administration 
[243]

. Antiarthritic effect of rutin due to Candida albicans 

was associated with its antifungal effect 
[244]

. In another study, there was a noteworthy 

decrement in inflammation and catabolic marker in Hartley guinea pig 
[245]

.  

 Antidiabetic effects 

Administration of rutin to diabetic rats (streptozotocin) resulted in the decrement in the levels 

of glucose levels. There was an increase in serum insulin level. A restoration of glycolytic 

enzymes and glycogen content was observed 
[246,247]

. Similarly, in another study, a decrease 

in levels of fasting glucose, C-peptide, haemoglobin, malondialdehyde and glycosylated 

haemoglobin was seen
[248]

. Rutin treatment caused restoration of protective antioxidant 

enzymes (LDH. ALT, AST) in heart, liver and serum revealing protective effect on cardio 

and hepatic toxicity observed due to streptozotocin 
[249]

. Similarly, rutin afforded protection 

against reanl injury caused due to streptozotocin and and restored the levels of matrix 

metalloproteinase
[250]

. Promotion of glucose uptake in soleus muscle was associated due to 

upregulation of calcium-calmodulin-dependent protein kinase II. This was followed by an 

increase in intracellular concentration of calcium 
[251]

. The increase in activity of ‘insulin 

receptor kinase’ promoted ‘insulin signaling pathway’ which was due to increased GLUT4 

translocation causing an enhancement of glucose uptake 
[252]

.  

 Hepatoprotective activity 
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Rutin is an excellent antioxidant and has proven to be a hepatoprotective agent. Rutin has 

been comprehensively studied for its potential hepatoprotective activity in various 

experimental models. Rutin administration in CCl4 intoxicated rats restored the levels of 

AST, ALT and ALP 
[233]

. A proper regulation of blood cholesterol level was observed after 

rutin treatment. Similarly restoration of enzymes viz. superoxide dismutase, glutathione 

peroxidase, glutathione-S-transferase, glutathione reductase and catalase were seen. Rutin 

treatment also restored expression of CYP2E1 and p53. 
[233]

 

 Nephroprotective activity 

Rutin afforded protection against oxonate-induced renal dysfunction and hyperuricemia in 

mouse model. Rutin treatment in these animals caused a decrease in blood urea nitrogen, 

kidney uromodulin, serum urate and creatinine in hyperuricemic animals. A ‘down regulation 

in mRNA and protein levels’ associated with organic cation/carnitine transporters and 

organic anion transporter 1 was seen. In another experimental model  of fructose fed 

hyperurecimia, rutin treatment caused blockade of ‘NOD-like receptor 3 inflammasome 

activation’, which resulted an improvement in cellular signalling. A reduction in 

accumulation of fats in rat kidney was seen 
[253]

. There was setback of renal transported 

dysregulation 
[254]

. Similarly, there was a decrement in expression of iNOs and formation of 

3-nitrotyrosine 
[255]

. In an independent study, rutin treatment resulted in restoration of renal 

functions. There was a partial inhibition over expression of TNF-α and NFκB. These changes 

were evident by histopathological analysis of renal cells 
[256]

.  

2.7 Catechin 

Catechin is a plant-derived secondary metabolite widely found in nature belonging to 

flavonol family. The word ‘catechin’ is originated from catechu, obtained from the boiled 

extract of Mimosa catechu
[257]

. The sources of catechin include green tea
[258]

 Korean tea
[259]

, 

matcha tea 
[258]

, black tea
[260]

, coconuts
[261]

  onion, grape seeds
[262]

 and much more. Catechin 

contains two benzene rings (A ring, B ring) along with dihydropyran (C ring) onto which 

hydroxyl group is attached to 3
rd

 carbon. The presence of two chiral centres molecule at 2
nd

  

and 3
rd

  carbon is accountable for generation of diastereoisomers. Two isomers with trans 

configuration are termed as ‘catechin; while other two with cis configuration are known as 

‘epicatechin.' These isomers can be distinguished by chiral chromatography
[263]

.  
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TABLE 2.4 Physico-chemical properties of Catechin 

Property Value 

Molecular formula C15H14O6 

Molecular mass (Da) 290.271 

IUPAC Name (2S,3R)-2-(3,4-dihydroxyphenyl)-3,4-dihydro-2H-chromene-

3,5,7-triol 

Melting point ( °C) 175 

Solubility Ethanol, DMSO, DMF 

 

Pharmacological effects 

 Neuroprotective effect 

The chronic administration of catechin to laboratory rats resulted in decrease in spatial 

learning and memory impairment. This action was observed due to a decrease in  αβ1-42 

oligomers and upregulating synaptic plasticity-related proteins in the hippocampus
[264]

. In 

mouse model of brain scenescence and cognitive decline, catechin administration resulted in 

decreased cerebral atrophy and decline in cognitive dysfunction. 
[265]

. Administration of 

catechin in elderly stage in animals resulted in repression of brain dysfunction. Catechins 

inkake caused partial improvement in morphologic and functional changes in the brain 
[266]

. 

There was also an improvement in  cognition and learning ability due to catechin
[267]

. 

 Anti-Alzheimer effect 

Administration of green tea catechin resulted in a considerable diminution in behavioural 

impairment, Aβ-42 production, γ-secretase component, APP-C99/89 expression, γ-secretase 

activity, Wnt protein levels, and MAPK activation. There was an increase in levels of 

enzymes α-secretase, neprilysin, and Pin1. Over-all catechin present in green tea showed a 

beneficial and protective effect against Alzheimer's disease
[264]

. 

 Hepatoprotective effect 

Various biological studies have revealed hepatoprotective effects on biological system. In a 

study, catechin administration in the dose of 1 mg/ ml revealed hepatoprotective effect on 

HepG2 cells  cells
[268]

. In another study, catechin administration decreased accumulation of 
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lipids in animals (due to ethanol administration) and maintained cellular redox state 
[269]

. 

Catechin grafted insulin restored the levels of antioxidant enzymes (glutathione reductase, 

glutathione peroxidise, catalase and superoxide dismutase) and decreased lipid peroxidation 

[270]
. 

 Nephroprotective effects 

Administration of catechin (50 mg/kg/day, per os) retarded the degeneration of glomeruli and 

tubules to a major extent. Apart from it, the restoration of renal-reduced glutathione to normal 

levels was seen. The antioxidant mechanism of catechin led a promising role in mediating 

nephroprotective effect
[271]

. Catechin also exhibited renoprotective effect against ischemia-

reperfusion-induced renal injury
[272]

. 

 Analgesic and antiarthritic effect 

Catechin is also evaluated for analgesic and anti-inflammatory effect. In a study, standardized 

extract of Acacia catechu (rich source of catechin) was studied for analgesic effect. The 

treatment with extract in animals caused a significant decrease in writhing and abdominal 

constriction 
[273]

. In another study, administration of catechin rich extract of Acacia hydaspica 

resulted in time and dose dependent decrease in the body temperature. The sensation to pain 

in hot plate model was inhibited. It also showed anti-inflammatory effect as evident by a 

decrease in carrageenan induced inflammation in the animal paw
[274]

.  

 Antidiabetic activity 

Catechin is clinically evaluated to determine its effects on obesity and blood glucose control 

in patients with type 2 diabetes. The intake of catechin rich caused  prevention of obesity 

along with the recovery of ability of insulin secretion along with maintenance low 

haemoglobin A(1c) levels in the patients of type 2 diabetic 
[275]

. The treatment with catechins 

aided in restoration in the altered levels of glucose-6 phosphatase, glycogen synthase, 

glucokinase, and glycogen phosphorylase levels nearly normal. The expression of GLUT4 

mRNA and protein was amplified due to catechin treatment. Catechin caused Insulino-

mimetic effect 
[276]

. There was decrement in the activity of phospholipase A2 and lipid 

peroxidation 
[277]

. Diabetic complication like vascular endothelial dysfunction and ‘activation 

of the endothelial PI3K signal following activation of eNOS and nitric oxide generation were 

decreased 
[278]

. Catechin grafted insulin caused inhibition of glycolytic enzymes viz amylase 

and glucosidase 
[279]

.  
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2.8 Hesperidin 

Hesperidin, a flavanone, is abundantly found in the rind of citrus fruits. The important 

sources of hesperidin include Agathosma serratifolia, Citrus aurantium, Citrus sinensis, Citrus 

limon. Gyrogri, a Hungarian researcher, recognised that intake of ‘citrus peel flavonoids’ 

effectively averted ‘capillary bleeding’ 
[280]

.  Hesperidin is a stable compound. But, it gets 

degraded in presence of strong oxidizing agents. In general, hesperidin is stable below 75℃, 

oxygenless and in neutral or acidic environment. 

TABLE 2.5 Physico-chemical properties of Hesperidin 

Property Value 

Molecular formula C28H34O15 

Molecular mass (Da) 610.565 

IUPAC Name (2S)-5-hydroxy-2-(3-hydroxy-4-methoxyphenyl)-7-

[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-[[(2R,3R,4R,5R,6S)-

3,4,5-trihydroxy-6-methyloxan-2-yl]oxymethyl]oxan-2-yl]oxy-

2,3-dihydrochromen-4-one 

Melting point ( °C) 262 

Solubility DMSO, DMF 

 

Pharmacological effects 

 Neuroprotective effect 

Neuroprotective effect comprises of preserving the activity of neurons due to damage 

associated with neurodegenerative diseases and neurotoxins.  In a study, hesperidin treatment 

resulted in decrease in depressive and cognitive deficits which was due to the modulation of 

neurotransmitters. Further, there was less diminution of  homovannillic acid and 3,4-

dihydroxyphenylacetic acid
[281]

. The learning tendency was increased and memory 

impairment was also decreased by treatment with hesperidin in AlCl3 induced dementia in 

animals. Hesperidin treatment resulted in a decrease in expression of amyloid precursor 

protein in cortex and hippocampus of rat brain 
[282]

.  
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 Anti-alzheimer activity 

Administration of hesperidin in APPswe/PS1dE9 transgenic mice for 16 weeks resulted in 

restoration of brain antioxidant enzyme levels (catalase, superoxide dismutase and 

glutathione). An upregulation of mitochondrial complex I-IV enzymes and glycogen synthase 

kinase-3β was seen
[283]

.Oral hesperidin treatment in AlCl3 intoxicated rats resulted in 

decrease in brain Al concentration. There was an increase in exploratory behaviour and 

spontaneous locomotor activity along with improved performance in morris maze
[282]

. In 

other study, hesperidin treatment resulted in upregulation of Akt/Nrf2 signalling and 

deceased RAGE/NF-κB activity 
[284]

.  Hesperidin revealed inhibition of enzyme beta-

secretase at concentration 500 nM 
[285]

. Hesperidin treatment prevented cognitive impairment 

against ischemic brain damage
[286]

. 

 Analgesic and antiarthritic effect 

Hesperidin is well studied for analgesic and inflammatory studies in many study models 
[287]

. 

Hesperetin prevented G-protein-activated inwardly rectifying K
+
 channels and demonstrated 

a weak binding affinity for μ-opioid receptor 
[288]

. Hesperidin inhibited COX-2 and iNOS 

[289]
. The capsicin induced nociceptive response was decreased which was seen due to 

involvement of  transient receptor potential cation channel subfamily V member 1 (TrpV1) 

receptor. A supraadditive effect was seen with co-administration of hesperidin and 

ketorolac
[290]

. Hesperidin repressed the formation of polyunsaturated fatty acid radicals by 

preventing formation of methyl methacrylate radicals
[291]

. Hesperidin caused a decrease in 

expression of PG E2 in concentration dependent manner 
[289]

. 

 Antidiabetic effects 

Hesperidin supplementation in the diet (10 g/kg diet) caused a decrease in glucose,  lipid and  

adiponectin levels 
[292]

. In high-fat fed/streptozotocin-induced type 2 diabetic rats, hesperidin 

treatment resulted in decrease in blood glucose levels. There was restoration of antioxidant 

enzyme defence system. Glycosylated haemoglobin levels were decreased
[293]

. Hesperidin 

also regulated hepatic glycolysis and gluconeogenesis 
[294]

. It also decreased gestational 

glycemia and prevented the signs of embryopathy 
[295]

.  Diabetic nephropathy was also 

attenuated which was observed due to modulation of DNA damage and TGF-β1
[296]

. 

Hesperidin also inhibited enzymes amylase and glucosidase  (glucosidase IC50 150μm; 

amylase  more than 0.50 mM) 
[297]

.  
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 Hepatoprotective activity 

Hesperidin treatment demonstrated a protective effects on hepato-histo-architecture of 

hepatocytes. Administration of hesperidin in male Sprague-Dawley rats exposed to gamma-

irradiation (1 Gy, 3 Gy and 5 Gy) resulted in restoration of ALT, AST, ALP, gamma-

glutamyl transpeptidase, serum ceruloplasmin and LDH levels. Histopathological changes 

witnessed such protective effect. Cellular deterioration was prevented due to hesperidin 

treatment. Protection against acetaminophen induced hepatotoxicity was also seen due to 

hesperidin 
[298]

. Hesperidin administration resulted in antifibrotic effect against dimethy-

lnitrosamine-induced liver damage in rats 
[299]

. Similarly, there was augmentation of lipid 

peroxidation in alcohol induced liver damage in animals. 
[300]

. Hesperidin administration 

aided in restoration of  biochemical and histochemical changes in iron-induced hepatic 

toxicity in rats 
[301]

 and   hydrogen peroxide-induced damage 
[302]

. Protection against hepatic 

steatosis is also observed 
[303]

.  

 Nephroprotective activity 

Administration of hesperidin in CCl4 intoxicated animals resulted in attenuation of TBARS 

with an increase in protective antioxidant enzymes (CAT, SOD and glutathione) 
[298]

. 

Hesperidin combated cis-platin-induced oxidative stress over kidneys and significantly 

restored expression of nitric oxide in the kidney. Inflammation was attenuated due to 

prevention of infiltration of leukocytes and pro-inflammatory cytokine. Activity of caspase-3 

was downregulated, necrosis was seen. A damage to DNA was prevented 
[304]

. Hesperidin 

administration in gentamicin treated animals resulted in revertion the harmful effects. The 

histomorphological study revealed normal kidney features with little degenerative changes 

[305]
. Protective effect of hesperidin was observed in case of trichloroethylene

[306]
, 

acetaminophen
[307]

, nicotine
[308]

 and γ-radiation
[309,310]

 toxicity.  

2.9 Animal Models for Screening Immunomodulatory Activity 

Laboratory animals play an indispensible part in biomedical research. They are the best 

available models to mimic the diseases including diabetes, cancer, epilepsy, drug and 

chemical toxicology, behavioural and neurological studies 
[311]

. They are the best substitutes 

of human in experimental research. Wistar albino rats and Sprague-Dawley rats are widely 

used in immunomodulatory studies 
[312,313]

. Swiss albino mice 
[314]

, BALB/c mice 
[315]

, 
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Dunkin-Hartley guinea pigs 
[316]

, Cyprinus carpio (fish) 
[317]

 are few of the animal models 

used in immunomodulatory protocols. 

2.9.1 Study Protocols 

2.9.1.1 Humoral antibody (HA) response 

It is elicited by antibody molecules. Immunoglobulins (Ig) viz. IgM and IgG are the principal 

Ig related to neutralization, opsonization and complement activation of toxin 
[16,318,319]

. 

Humoral response is evaluated by injecting prepared erythrocytes of sheep into the rats. The 

exposure to antigens produces the antigen-specific immune response due to the expression of 

antigen-presenting cells, B-cells and T helper cells leading to the production of Ig M. In order 

to evaluate the humoral antibody response, animals are suitability divided into various 

groups. Animals are immunized with SRBC (0.1 ml, 25% suspension in saline). Upon 

exposure to antigenic substance, formation of antibody is endorsed by alpha globulin 

antibodies. The production of antibody can also be stimulated by administration of numerous 

exogenous agents 
[320,321]

. The sensitization by RBCs results in the diffusion of antigen into 

extra-vascular spaces and the antigen gains the entry into the lymph node. The antigenic 

peptides get associated with MHC class II molecules and yield numerous daughter cells. 

Among these cells, some cells serve as ‘memory cells’. Some cells diffuse in the plasma and 

produce antibodies 
[319,322]

. After two weeks of sensitization, blood is collected and processed 

for serum. The antibody titre is determined. A two-fold dilution method is utilized. SRBCs 

are added to well to observe visible hemagglutination. The highest dilution which produces 

hemagglutination regarded as the antibody titer 
[323]

. 

2.9.1.2 Delayed type hypersensitivity response 

These reactions are also termed as type IV reactions. These reactions are instigated by 

macrophages and mononuclear leukocytes. The word ‘delayed’ is used because the response 

occurs after 36-48 hours. This type of hypersensitivity reaction is the main mechanism of 

protection against pathogens, tumours and organ transplant/ graft. An increase in delayed 

type of hypersensitivity reaction due to the administration of test compound is indicative of 

the stimulatory effect of test compound. In order to determine the effect of test compound on 

delayed type hypersensitivity reaction, laboratory animals (rats/ mice) are divided into the 

numerous groups. One of the animal groups receives cyclophosphamide (30 mg/ kg). The 

other test groups receive test compound. SRBC suspension is used to immunize the animals 
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(1×10
8
/mm

3
, 0.1 ml). The thickness of paw is assessed on the fifth day after administration 

protocol. The thickness of foot pad is assessed after 24, 48, 72 and 98 hours post 

administration. After 96 hours, blood is collected and the level of platelets and WBCs is 

determined [
[324]

]. The change observed as a result of administration of test compound in 

animals is taken. The mechanism underlying such effect is activation of natural killer cells, 

cytotoxic T-cells and macrophage [
[325]

]. 

2.9.1.3 Carbon Clearance Test 

The process of phagocytosis includes removal of substances of foreign origin and invading 

micro-organisms. This process is also helpful in getting rid of malignant, damaged and dead 

cells 
[326]

.  The carbon clearance test is an important parameter to be assessed in order to 

evaluate the ability of reticuloendothelial system in removal of foreign particles. In this 

protocol, animals are divided into various groups. Among the several groups, one of the 

group serves as toxic control (cyclophosphamide, 30 mg/kg, i. p.). The other groups receive 

test compounds. The treatment is continued for six days. On the last day, all the study groups 

are injected with 0.1 ml of ink suspension (carbon ink) via tail vein. The blood from the 

animals is collected at 0 and 15 minutes immediately after administration of carbon ink. Bod 

sample is processed and absorbance is determined spectrophotometrically [
[327–329]

].  The 

rapid removal of carbon particles from ink is allied with an increase in phagocytic activity. 

2.9.1.4 Effect on total leucocytes count 

Among the various agents used in management of cancer, cyclophosphamide is one of the 

important cytotoxic agent.  However, it produces serious side-effects such as hematotoxicity, 

hepatotoxicity, mutagenicity and immunotoxicity. With respect to immunity, a loss in 

viability of bone marrow M cells is observed. This hampers cytogenesis of blood cells 

leading to thrombocytopenia and leukopenia 
[330]

. Thus, ‘deterrence against 

cyclophosphamide-induced leucocyte suppression is another measure of immunomodulatory 

effect’.  To evaluate hematopoietic effect of test compounds against cyclophosphamide 

induced leukopenia, animals are divided into the several groups, out of which, one group is 

treated with cyclophosphamide (30 mg/kg, i.p.) on day 11, 12 and 13.On the day 14, total 

WBC count is determined 
[131]

. The enhancement in total WBCs count indicates stimulation 

of hematopoietic stem cell of bone marrow 
[159]

. 
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2.9.1.5 Leucocyte mobilization studies 

The process of inflammation warns the body against the detrimental stimulus. During this 

event, there is increased movement of leukocytes near injured tissues 
[159,331,332]

. The 

mobilization of leukocytes in animals is determined by injecting inflammogen in the animals. 

In order to assess leukocyte mobilization, animals are divided into several groups and treated 

with standard and test compounds. After one hour, each animal receives agar suspension (3% 

w/v, 0.5 ml, i.p.). Four hours later, animals are sacrificed, peritonial fluid is collected and is 

calculated for total leukocyte count and differential leukocyte count
[333]

. 

2.9.1.6 Mice lethality test 

In this study, animals are treated with test compounds for three weeks prior to administration 

of challenging agent. On day 7 and 17, hemorrhagic septicemia vaccine is injected to animals 

subcutaneously. On day 21, Pasteurella multocida’ (10
7
cells /ml) is given inn the double 

lethal dose
[334]

. Any sign of lethality and mortality is observed for next 72 hours and 

percentage motility is calculated.  

2.10 Research Envisage 

Flavonoids belong to a group of natural substances with variable phenolic structures and are 

found in fruit, vegetables, grains, bark, roots, stems, flowers, tea, and wine 
[335,336]

. However 

as far as talking about therapeutic potential, flavonoids have been found to have 

antimicrobial, antiviral, anti-ulcerogenic, cytotoxic, anti-neoplastic, mutagenic, antioxidant, 

antihepatotoxic, antihypertensive, hypolipidemic, antiplatelet and anti-inflammatory 

activities.  They have been found to have anti-inflammatory activity in both proliferative and 

exudative phases of inflammation 
[337]

. A number of plants rich in flavonoids are known to 

show immunomodulatory potential. However, no systematic attempts to study effect of 

flavonoids on immune system have been done so far. Thus, the aim of present study is to 

explore immunomodulatory potential of rutin, catechin and hesperidin. 

 To evaluate the effect of flavonoid administration on delaved type type 

hypersensitivity 

 To evaluate the effect of flavonoid administration on clearance of foreign particles 

 To evaluate the effect of flavonoid administration on WBC and antibody production. 
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 To evaluate the effect of flavonoid administration on production of IL-1Β, IL-6, TNF-

α and NO production. 

2.11 Plan of Work  

1. Procurement of Plant Flavonoids 

2. Experimental 

In vivo studies 

 Delayed type hypersensitivity response  

 Carbon clearance test  

 Cyclophosphamide induced myelosuppression  

 Neutrophil adhesion test   

 Humoral antibody titre 

 Effect on serum immunoglobulin  

In vitro cell culture studies 

Cell line: Murine macrophage/ Peritoneal macrophage 

Parameters 

A. Assessment of Cell viability using MTT assay 

B. Determination of following mediators after treatment with bacterial liposaccharides 

 Interleukin 1β 

 Interleukin 6 

 Tumor Necrosis Factor α 

 Inducible Nitric Oxide synthase 

3. Compilation and Presentation of Scientific Data. 
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CHAPTER 3 

Experimental Studies 

 

 

3.1 Animals 

Wistar rats (180-200 g) of either sex were housed in polypropylene cages, maintained under 

standardized conditions (12 h light/dark cycles, 28±2°) used in the study. Animals were 

provided with standard pellet food and had free access to drinking water. All the animal study 

protocols were duly approved by Institutional Animal Ethics Committee (CPCSEA/15-

16/PY/04).  

3.2 Chemicals 

Rutin, Catechin and Hesperidin were purchased from Central Drug House, Mumbai, India. 

All the other chemicals used in the study were of analytical grade. The identity of rutin, 

catechin and hesperidin was confirmed by FTIR. 

3.3 Carbon ink  

Carbon ink suspension (Camel, India) was injected in a dose of 10 μl/g. 

3.4 Antigen 

Sheep red blood cells (SRBCs), collected in Alsevier’s solution, washed with large volumes 

of sterile normal saline thrice and adjusted to a concentration of 5 x 10
9
 cells/ml, was used for 

the purpose of immunization and challenge to animals.  

3.5 Alsever’s solution 

Alsever’s solution was prepared by adding citric acid 0.055 g, sodium citrate 0.8 g, glucose 

2.05 g, sodium chloride 0.42 g. Distilled water to make volume up to 100 ml 
[338,339]
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3.6 Selection of dose 

The dose of rutin, catechin and hesperidin were selected based on previous studies (Table 

3.1) 

TABLE 3.1 Dose of rutin, catechin and hesperidin used in study 

Test Compound Dose Route Reference 

Rutin 25, 50, 100 mg/ kg Oral 
[340]

 

Catechin 25, 50, 100 mg/ kg Oral 
[341]

 

Hesperidin 25, 50, 100 mg/ kg Oral 
[342]

 

 

3.7 Dosing Protocol 

Animals were divided into eleven groups containing six animals in each group. The dosing 

scheme is shown in Table 3.2.  

 

TABLE 3.2  Dosing protocol for studies 

Treatment Dose 

Group I Normal control 

Group II Cyclophosphamide (30 g/ kg) 

Group III Rutin (25 mg/ kg) 

Group IV Rutin (50 mg/ kg) 

Group V Rutin (100 mg/ kg) 

Group VI Catechin (25 mg/ kg) 

Group VII Catechin (50 mg/ kg) 

Group VIII Catechin (100 mg/ kg) 

Group IX Hesperidin (25 mg/ kg) 

Group X Hesperidin (50 mg/ kg) 

Group XI Hesperidin (100 mg/ kg) 

 

Animals from Group III to Group XI received Cyclophosphamide (30 mg/ kg) once during 

the beginning of experiment except in cyclophosphamide induced neutropenia. In these 

protocol (cyclophosphamide induced neutropenia) animals from Group II to Group XI 

received Cyclophosphamide (100 mg/ kg) once during the starting of experiment. 
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3.8 Study protocols 

3.8.1 In vivo studies 

3.8.1.1 Hypersensitivity reaction (delayed type, DTH) 

On the 0
th

 day, all the groups were immunized by subcutaneous administration of 1 ml of 

SRBC cell suspension into the right hind footpad. On day 15, all groups were immune-

challenged by subcutaneously injecting 0.5 mL of SRBC cell suspension into the left hind 

footpad
[81]

, and the thickness of the left hind footpad was measured after 24 and 48 h of a 

challenge using vernier calipers. The difference in the thickness of the right hind paw and the 

left hind paw was used as a measure of DTH reaction and was expressed in terms of  mean 

percent increment in thickness/edema. 

 

3.8.1.2 Carbon Clearance Test 

The phagocytic activity of the reticulo-endothelial system (RES) was assessed by carbon 

clearance method. Briefly, 1 ml of Indian ink was administered intravenously to all the 

groups of rats on the 8th day of daily administration of rutin, catechin and hesperidin. Blood 

samples were collected at 0 and 15 min after administration of Indian ink. The blood was 

transferred directly into the centrifuge tube, allowed to coagulate at room temperature, and 

centrifuged at 2,000 rpm for 10 min. 50 µL of clear supernatant (serum) was collected and 

transferred to the different volumetric flask. The volume was made up to 25 ml by distilled 

water and absorbance was measured at 650 nm using a spectrophotometer
[343,344]

. 

The phagocytic index K was calculated using the following equation: 

K = (Loge OD1-Loge OD2)/15 

where OD1 and OD2 are the optical densities at 0 and 15 min respectively. 

 

3.8.1.3 Cyclophosphamide-induced neutropenia 

The method described by Manjrekar et al. 
[131]

was adopted. The animals of groups II-XI were 

administered with cyclophosphamide (100 mg/kg, i.p.) on the 11
th

, 12
th

, and 13
th

 day one h 

after the administration of the respective drug treatments. Blood samples were collected from 

retro-orbital plexus on the 14
th

 day of the experiment. The total white blood cells were 

determined. 
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3.8.1.4 Neutrophil Adhesion test  

The rats were treated with standard and test compounds as mentioned (Table 3.2) for 14 days. 

On 14
th

 day, blood samples were collected from the retro-orbital plexus into heparinized vials 

and analyzed for total leukocyte count (TLC) and differential leukocyte count (DLC). After 

the initial counts, blood samples were incubated with 80 mg/ml of nylon fibers for 10 min at 

37°C. The incubated blood samples were again analyzed for DLC. The percent neutrophils 

count in the treated and untreated blood was determined, and the difference was taken as an 

index of neutrophil adhesion
[82,83]

. The product of total leukocyte count and % neutrophil 

known as the neutrophil index was determined for each of the groups
[345]

. The % neutrophil 

adhesion for each of the test groups was determined as follows: 

% Neutrophil adhesion=(Difference in neutrophil count in untreated and fiber treated blood 

)/(Neutrophil count of untreated blood)  ×100  

 

3.8.1.5 Indirect hemagglutination test  

Rats were pretreated with the drugs for 14 days followed by immunization with 0.5×10
9
 

sheep red blood cells (SRBCs) intraperitoneally, including control rats. The day of 

immunization was referred to as 0
th

 day. The drug treatment was continued for next 14 days, 

and blood samples were collected from each rat at the end of the drug treatment.  The titer 

value was determined by titrating serum dilutions with SRBC (0.025×10
9
 cells) in micro titer 

plates. The plates were incubated at room temperature for 2 h and examined visually for 

agglutination. The minimum volume of serum showing hemagglutination was expressed as 

hemagglutination (HA) titer 
[80]

. 

 

3.8.1.6 Serum immunoglobulin  

All the groups of rats were treated with respective standard and test drug orally for 21 days. 

Blood samples were collected after 6 h after of the last dose and the serum was separated by 

centrifugation. The serum was used for estimation of immunoglobulin levels. For each serum 

sample to be analyzed, a control tube containing 6 ml of distilled water and a test tube 

containing 6 ml of zinc sulfate solution was prepared. To each, 0.1 ml of serum was added. 

They were inverted to enable complete mixing of the reagents and left to stand for 1 h at 

room temperature in plugged tubes. The first tube served as blank. The optical density 

developed was measured spectrophotometrically at 580 nm. The turbidity obtained (sample-

blank) was compared with optical density of standard barium sulfate (BaSO4) solution. The 

standard BaSO4 solution was prepared by adding 3 ml of barium chloride solution (1.15% 
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w/v) to 97 ml of 0.2 N sulphuric acid. The turbidity obtained with this solution was expressed 

as 20 zinc sulfate turbidity (ZST) units
[346]

. 

 

3.8.2 In vitro studies 

3.8.2.1 Isolation of rat peritoneal-exudate macrophages  

For induction of inflammatory responses, rats were injected intraperitoneally with 1 ml of 3% 

thioglycollate broth, and peritoneal exudate was extracted 5 days later. After gentle 

abdominal massage, about 30 ml of peritoneal fluid was extracted using the same syringe and 

transferred to 50-ml sterile polypropylene tubes placed on ice. A 20 µl aliquot was then 

extracted for cell counting in a hemocytometer. Aliquots of 100 µl of the cell suspension 

were added to the wells of 96- well microculture plates (Corning, USA) or placed on 

microscope slides, and left for 90 min in a humidified incubator (37 ˹C, 5% CO2) to allow 

adhesion. Nonadherent cells were then removed by gently washing with HBSS
[347]

.  

3.8.2.2 Determination of the inflammatory cytokines and chemokines (TNF-α, IL-1β, 

IL-6) 

The concentrations of inflammatory cytokines and chemokines in  DMEM in presence and 

absence of lipopolysaccharides (from E. coli) was determined by using Krishgen ELISA 

based kits as per manufacturer’s instructions. 

3.8.2.3 Determination of Nitric oxide 

After stimulation of macrophages (1 × 10
5
 cells) with  E. coli LPS (1 μg/mL) for 24 h in the 

presence of various concentrations of each drug, nitrite levels in the conditioned medium 

were determined using Griess reagent 
[348]

. Nitrite concentrations in culture supernatants were 

measured to assess NO production in macrophages. NaNO2 was used as standard to 

calculated nitrite concentrations 
[349]

. 

3.8.3 In silico studies 

3.8.3.1 Software  

Python 2.7- language was downloaded from www.python.com, Molecular graphics 

laboratory (MGL) tools and AutoDock 4.2 was downloaded from www.scripps.edu, 

Discovery Studio visualizer 4.1 was downloaded from www.accelerys.com.  

3.8.3.2 Protein preparation 

The three-dimensional crystalline structures of 4 targeted proteins (Table1) were retrieved 

from the Protein Data Bank (http://www.rcsb.org/). The retrieved protein were TNF-α (PDB 

http://www.accelerys.com/
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ID: 2AZ5), IL-1β (PDB ID: 2NVH), IL-6 (PDB ID: 1P9M) and NOs (PDB ID: 1NSI). The 

coordinates of the structures were complexed with water molecules, and other atoms which 

are responsible for increased resolution and therefore the water molecules and het-atoms were 

removed using discovery studios and saved in. pdb format.  

3.8.3.3 Docking analysis  

The three-dimensional crystalline structures of 4 proteins were obtained from Protein Data 

Bank (http://www.rcsb.org/). These protein were TNF-α (PDB ID: 2AZ5), IL 1β (PDB ID: 

2NVH), IL 6 (PDB ID: 1P9M) and NOs (PDB ID: 5UO1). The 2D and 3Dchemical 

structures of rutin, catechin and hesperidin was retrieved (http://pubchem.ncbi.nlm.nih.gov/). 

These .sdf and .mol files obtained from PubChem were converted into .pdb files using 

Marwin Sketch (http://www.chemaxon.com/marvin/ sketch/index.jsp).  These .pdb files were 

converted to .pdbqt using ligand preparation module of autodock tools 1.5.6. The docking 

analysis of hesperidin was carried out using the Autodock tools (ADT) v1.5.4 and autodock v 

4.2 programs. Rutin, catechin and hesperidin were docked to all the target protein complexes 

with the molecule considered as a rigid body. The search was carried out with the 

Lamarckian Genetic Algorithm; populations of 100 individuals with a mutation rate of 0.02 

have been evolved for ten generations. The remaining parameters were set as default. The 

Docked structure was then visualised using Discovery Studio 2016 for obtaining the binding 

interactions 

3.9 Statistical analysis  

For all in vivo studies, all the values were expressed as mean±SEM. Statistics was applied 

using Graph Pad Prism version 5.0 for Windows, Graph Pad software, San Diego, California, 

USA. One-way ANOVA followed by Dunnet’s comparison test was used to determine the 

statistical significance between various groups. Differences were considered to be statistically 

significant when *p < 0.05; **p< 0.01, ***p < 0.001. For in vitro cell culture studies, the data 

is expressed as Mean ± SD and statistical analysis was carried out employing the one-way 

ANOVA followed by Bonferroni multiple comparison test. p values < 0.05 are being taken as 

statistically significant. 
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CHAPTER 4 

Results 

 

4.1 In vivo studies 

4.1.1 Hypersensitivity reaction  

The SRBC induced delayed type hypersensitivity response in rats displayed a ‘dose-

dependent’ increase owing to treatment with the test flavonoids. The animals treated with 

cyclophosphamide (Group II) showed a significant response in delayed type hypersensitivity. 

Administration of rutin, catechin and hesperidin also prolonged foot thickness time. In case 

of rutin, a dose dependent response was observed. The thickness of the left hind-limb foot 

pad significantly increased at 4 and 24 h after SRBCs challenge in Group III, IV and V 

animals (***p<0.001; ***p<0.001; **p<0.01). While in case of catechin, there was increase 

in foot pad thickness in group in Group VI and VII (***p<0.001; ***p<0.01;*p<0.05) 

Hesperidin in the dose of 25, 50 and 100 mg/kg/day demonstrated a significant increase in the 

foot pad thickness after 24 h compared to group II (*p<0.05; *p<0.05; *p<0.05) (Table 4.1, 

Figure 4.1). 

TABLE 4.1 Effect of administration of Rutin, Catechin and Hesperidin on delayed type 

hypersensitivity response in rats.  

Groups Before treatment After treatment 

0 h 4 h 24 h 48 h 

Group I 4.36±0.06 6.83±0.30 5.38±0.04 4.71±0.08 

Group II 4.45±0.11 5.51±0.09*** 4.68±0.16*** 4.51±0.11 

Group III 4.48±0.05 5.62±0.19*** 4.71±0.06*** 4.55±0.05 

Group IV 4.45±0.09 5.56±0.05*** 4.68±0.07*** 4.60±0.08 

Group V 4.51±0.05 5.71±0.07*** 4.88±0.05**# 4.46±0.07 

Group VI 4.54±0.06 5.48±0.03*** 4.81±0.12*** 4.41±0.07 

Group VII 4.53±0.10 5.52±0.08*** 5.03±0.11** 4.45±0.06 

Group VIII 4.62±0.11 5.61±0.07*** 5.06±0.12* 4.61±0.10 

Group IX 4.58±0.07 5.48±0.08*** 4.91±0.07* 4.48±0.06 

Group X 4.51±0.11 5.55±0.04*** 5.01±0.10* 4.55±0.07 

Group XI 4.56±0.08 5.71±0.11*** 5.36±0.08*### 4.65±0.04 
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Results are given as mean ± SEM of six animals in each group.  Significance at *p < 0.05; **p< 0.01; 

***p < 0.001 when compared to Group I; #p < 0.05; ##p< 0.01; ###p < 0.001 when compared to 

Group II 

 

 

 

FIGURE 4.1 Effect of administration of Rutin, Catechin and Hesperidin on delayed type 

hypersensitivity response in rats. Results are given as mean ± SEM of six animals in each group.  

Significance at *p < 0.05; **p< 0.01; ***p < 0.001 when compared to Group I; #p < 0.05; ##p< 

0.01; ###p < 0.001 compared to Group II. 

 

4.1.2  Carbon clearance Test 

Administration of rutin in the dose 50 mg/kg and 100mg/kg caused an increment in carbon 

particles clearance from blood which was also signified by the increased phagocytic index 

(*p < 0.05, *p < 0.05). While in case of treatment of catechin, there was increased clearance 

of carbon particles from blood particularly at the dose of 100 mg/kg (***p < 0.001). Catechin 

in the doses of 25 and 50 mg/kg (Group VI and VII) displayed significant increase in particle 

clearance when compared to Group II animals(*p < 0.05, *p < 0.05). Hesperidin 

administration (25, 50 and 100 mg/kg) also increased carbon particles clearance from blood 

as evident by a significant increase in the phagocytic index (***p < 0.001; (***p < 0.001; 

*** *** *** 
*** *** *** *** *** *** 

*** *** *** 
**# *** 

** * * * 
*### 

0 

1 

2 

3 

4 

5 

6 

7 

8 

Group I Group II Group III Group IV Group V Group VI Group VII Group VIII Group IX Group X Group XI 

Fo
o

t 
th

ic
kn

e
ss

 (
m

m
) 

0 h (Before treatment) 4 h (After treatment) 24 h After treatment) 48 h After treatment) 



47 
 

***p < 0.001). Administration of cyclophosphamide caused a decrease in the phagocytic 

index (Table 4.2, Figure 4.2). 

TABLE 4.2 Effect of administration of Rutin, Catechin and Hesperidin on phagocytic index in 

rats. 

Groups Phagocytotic Index 

Group I 0.031156±0.001263 

Group II 0.016551±0.002367* 

Group III 0.020172±0.001591* 

Group IV 0.022236±0.002353*# 

Group V 0.024791±0.002133* 

Group VI 0.023065±0.00116* 

Group VII 0.024773±0.000787*# 

Group VIII 0.026389±0.002651*** 

Group IX 0.020185±0.001297*** 

Group X 0.023662±0.001609***# 

Group XI 0.025242±0.000946*** 

 

. Results are given as mean ± SEM of six animals in each group. Significance at *p < 0.05; **p< 0.01; 

***p < 0.001 when compared to Group I; #p < 0.05; ##p< 0.01; ###p < 0.001 when compared to 

Group II 

 

 

 

FIGURE 4.2 Effect of administration of Rutin, Catechin and Hesperidin on phagocytic index in 

rats. Results are given as mean ± SEM of six animals in each group. Significance at *p < 0.05; 

**p< 0.01; ***p < 0.001 when compared to Group I; #p < 0.05; ##p< 0.01; ###p < 0.001 when 

compared to Group II 
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4.1.3 Cyclophosphamide Induced Neutropenia 

The treatment with rutin at dose of 25, 50 and 100 mg/kg (Group III, IV and V) resulted in a 

decreased neutropenic condition which was evident by a significant increase in total 

leukocyte count (***p < 0.001; ***p < 0.001; *p < 0.05). The administration of catechin at 

the dose of 25, 50 and 100 mg/kg/day (Group VI, VII, and VIII) also resulted in the 

decrement in neutropenic condition (***p < 0.001; ***p < 0.001; ***p < 0.001). But, 

hesperidin administration in the dose of 25 and 100 mg/kg/day (Group IX and XI)  

aused a decreased neutropenia which was reflected by a significant increase in total leukocyte 

count. Administration of cyclophosphamide led to decrease in the leukocyte count (Figure 

4.3, Table 4.3). 

 

TABLE 4.3 Effect of administration of Rutin, Catechin and Hesperidin on WBC counts in rats. 

Animal Groups WBC Count (thousand per mm
2
) 

Group I 5883.33±101.37 

Group II 4141.67±54.08*** 

Group III 5033.33±101.77***### 

Group IV 5308.33±99.05***### 

Group V 5725.05±84.73*### 

Group VI 5008.35±122.55***### 

Group VII 5258.03±90.17***### 

Group VIII 5608.33±71.47***### 

Group IX 5433.32±90.411***### 

Group X 5633.34±44.26### 

Group XI 5866.66±88.33***### 

 

Results are given as mean ± SEM of six animals in each group. Significance at *p < 0.05; **p< 0.01; 

***p < 0.001 when compared to Group I; #p < 0.05; ##p< 0.01; ###p < 0.001 when compared to 

Group II 
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FIGURE 4.3 Effect of administration of Rutin, Catechin and Hesperidin on WBC counts in 

rats. Results are given as mean ± SEM of six animals in each group. Significance at *p < 0.05; 

**p< 0.01; ***p < 0.001 when compared to Group I; #p < 0.05; ##p< 0.01; ###p < 0.001 when 

compared to Group II 

 

 

4.1.4 Neutrophil adhesion 

The incubation of neutrophils with nylon fibers resulted in a decrease in the neutrophil counts 

which displayed ‘adhesion of neutrophils’ to fibers.  The treatment with rutin showed 

significant increase in the neutrophil adhesion (**p < 0.01, **p < 0.01, ***p < 0.001) when 

compared to control. A lower dose of 25 mg/kg of rutin was more effective than other higher 

doses. The administration of catechin revealed no significant change in leukocyte 

mobilization as compared to Group II. The administration of hesperidin caused significant 

increase in the  neutrophil adhesion in Group IX and X animals (***p<0.001; ***p<0.001) in 

comparison with control (Table 4.4).  
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TABLE 4.4 Effect of administration of Rutin, Catechin and Hesperidin on leukocyte 

mobilization/ migration in rats. 

Treatment TLC % Neutrophils Neutrophil Index % Neutrophil 

adhesion 
UTB TB UTB TB UTB TB 

Group I 6.20±0.12 5.64±0.10 45.50±1.05 36.66±1.38 282.46±12.68 206.83±14.65 9.13±0.14 

Group II 4.76±0.28 4.40±0.25 40.66±0.49 34.82±0.65 193.81±13.89 153.54±16.81 7.51±0.24*** 

Group III 6.10±0.16 5.36±0.09 47.32±1.02 37.83±1.01 289.11±17.17 203.01±9.22 12.14±0.77** 

Group IV 6.21±0.12 5.43±0.05 49.34±1.08 39.33±1.30 306.65±13.78 213.69±6.67 12.59±0.76** 

Group V 6.33±0.07 5.64±0.24 50.33±0.76 40.16±0.70 318.76±16.01 226.58±16.87 10.92±0.61*** 

Group VI 5.81±0.21 5.26±0.70 47.16±0.70 36.83±0.71 274.31±14.78 193.66±4.94 9.59±0.44 

Group VII 5.96±0.14 5.33±0.98 48.33±0.88 38.66±0.99 288.37±12.97 206.18±9.78 10.61±0.56 

Group VIII 6.01±0.11 5.53±0.65 49.50±0.92 39.16±0.65 297.41±9.81 216.69±4.28 7.90±0.36 

Group IX 6.14±0.17 5.03±0.42 46.33±0.56 36.66±0.42 284.51±13.26 184.71±1.82 17.95±0.20*** 

Group X 6.33±0.18 5.46±1.19 49.16±0.65 38.16±1.20 311.35±11.60 208.64±14.28 13.68±0.22*** 

Group XI 6.41±0.08 5.65±1.15 50.83±0.87 39.66±1.50 326.16±7.46 224.41±22.50 11.81±0.36 

 

Results are given as mean ± SEM of six animals in each group. Group I compared with rest of the 

treated groups. Significance at *p < 0.05; **p< 0.01; ***p < 0.001. 

 

4.1.5 Hemagglutination reaction  

Rutin demonstrated a significant increase in the antibody titer at lower dose. The dose of 25 

mg/kg/day showed a significant response (*p < 0.05) when compared to the Group I. 

Catechin administration revealed a significant increase in the antibody titer at the dose of 25 

and 50 mg/kg (Group VI and VII). Hesperidin administration demonstrated a significant 

increase in the antibody titer. The dose of 25 mg/kg/day displayed a significant response 

(***p<0.001) in comparison to group I. There was a significant change in HA titer levels in 

animals treated with cyclophosphamide (***p<0.001) (Table 4.5; Figure 4.4). 
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TABLE 4.5 Effect of administration of Rutin, Catechin and Hesperidin administration on HA 

antibody titer in rats. 

Group Titre value Range 

Group I 192.00±28.62 128-256 

Group II 53.33±6.74 32-64 

Group III 96.00±14.31* 64-128 

Group IV 149.33±21.33## 128-256 

Group V 170.67±26.98### 128-256 

Group VI 74.67±10.66*** 64-128 

Group VII 85.33±13.49*** 64-128 

Group VIII 106.67±13.49 64-128 

Group IX 106.67±13.49*** 64-128 

Group X 138.66±25.68# 64-128 

Group XI 170.67±26.98### 128-256 

Results are given as mean ± SEM of six animals in each group. Significance at *p < 0.05; **p< 0.01; 

***p < 0.001 when compared to Group I; #p < 0.05; ##p< 0.01; ###p < 0.001 when compared to 

Group II 

 

 

FIGURE 4.4 Effect of administration of Rutin, Catechin and Hesperidin on HA antibody titer 

in rats. Results are given as mean ± SEM of six animals in each group. Significance at *p < 0.05; 

**p< 0.01; ***p < 0.001 when compared to Group I; #p < 0.05; ##p< 0.01; ###p < 0.001 when 

compared to Group II 
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4.1.6 Serum immunoglobulin  

The results of the study revealed a significant increase in the serum immunoglobulin levels 

on rutin treatment at the dose of 25 and 50 mg/kg (Group III and IV) (***p < 0.001; ***p < 

0.001). In case of catechin, all the three test doses (25, 50 and 100 mg/kg) in Group VI, VII 

and VII displayed a significant increase (***p < 0.001; ***p < 0.001; ***p < 0.001) in 

immunoglobulin production. As evident from figure 4.5, a significant increase in the serum 

immunoglobulin levels in all hesperidin treated groups (Group III ,  IV and V) (***p < 0.001; 

***p < 0.001; ***p < 0.001) was seen; whereas group II animals revealed lower serum 

immunoglobulin levels compared to vehicle treated group (***p < 0.001) (Table 4.6; Figure 

4.5). 

 

TABLE 4.6 Effect of administration of Rutin, Catechin and Hesperidin on serum 

immunoglobulin levels 

Group Serum immunoglobulin level (ZST units) 

Group I 15.03±0.34*** 

Group II 8.61±0.50***## 

Group III 10.94±0.56***### 

Group IV 11.82±0.72***### 

Group V 14.40±0.32### 

Group VI 8.74±0.11*** 

Group VII 9.25±0.16*** 

Group VIII 9.93±0.21*** 

Group IX 10.37±0.37***# 

Group X 11.13±0.39***### 

Group XI 12.57±0.42***### 

 

Results are given as mean ± SEM of six animals in each group.Significance at *p < 0.05; **p< 

0.01; ***p < 0.001 when compared to Group I; #p < 0.05; ##p< 0.01; ###p < 0.001 when compared 

to Group II 
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FIGURE 4.5 Effect of Rutin, Catechin and Hesperidin administration on serum 

immunoglobulin levels in rats. Results aregiven as mean ± SEM of six animals in each 

group. Significance at *p < 0.05; **p< 0.01; ***p < 0.001 when compared to Group I; #p < 0.05; 

##p< 0.01; ###p < 0.001 when compared to Group II 
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4.2 In silico studies 

A docking study was performed to evaluate the binding mode at active sites on various 

immunomodulatory targets. Docking studies were carried out on active sites of four target 

proteins 2AZ5, 1ITB, 1P9M and 5UO1 with rutin, catechin and hesperidin. Figure 4.6-4.17 

indicate the interactions of rutin, catechin and hesperidin with the active pocket of 

immunomodulatory targets which demonstrated minimum binding energy with targets via 

non-covalent interaction. 

4.2.1 Interaction with TNF-α 

The docking of rutin with TNF-α showed hydrogen bonding with the backbone at A:Gly121 

while its sugar moiety also showed hydrogen bonding with B:Gly121 and B: Tyr151. Beside 

these major interactions, Flavanol moiety also showed π-amide interaction with B:Gly-121, 

B:Gly122 and π- π interaction with Chain A: Tyr-59. The other minor alkyl and π-alkyl 

interactions were observed with Chain B: Leu-57, Leu-94 and Phe-124 respectively (Figure 

1). Its binding affinity was -5.13 Kcal/mole. The docking of catechin with TNF-α revealed 

‘hydrogen bond’ as an interacting force. Bonding at A: Ser 60 and A:Leu 120 and B:Ser 60 

and 151:Tyr. Binding energy of hesperidin for TNF-α was -6.96 kcal/mol,. Multiple 

interactions were observed with binding of hesperidin to TNF-α. B:Ser-69, B: Leu-120 and 

B:Tyr-151 of TNF-α interacted with glycone part of hesperidin via hydrogen bonding. π-alkyl 

interaction at A:Tyr-119 and π- π interaction at B: Tyr-119 were observed. 
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FIGURE 4.6 Molecular docking studies of rutin against TNF-α 

[(a) 2D-interactions (b) 3D-interactions] 
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FIGURE 4.7 Molecular docking studies of catechin against TNF-α 

[(a) 2D-interactions (b) 3D-interactions] 
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FIGURE 4.8 Molecular docking studies of hesperidin against TNF-α 

[(a) 2D-interactions (b) 3D-interactions] 
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4.2.2 Interaction with IL-1β 

Rutin also showed interaction with Interleukin 1β. Its polyphenolic flavanol nucleus, as well 

as sugar units, showed hydrogen bond interaction with B: Ser-37, B:Lys-171 and B: Gln-175. 

The sugar provides quite strong interaction with B:Lys-171 with hydrogen bonds. The 

presence of such high number of hydrogen bonds could make it potential inhibitors of IL-1β. 

In case of catechin oxygen of hydroxyl group was bound to A: Tyr-24, A:Leu-26, A:Leu-80, 

A:Leu-82, A:Val-132 and A:Leu-134. With A: Pro-131, catechin revealed the existence of 

Pi- anion bond. Interaction of catechin was full of multiple bond. In case of hesperidin, B: 

Glu-37, B:Glu-64 and B:Lys-65demonstrated hydrogen binding.  A: Met-20 revealed π-

sulphur interaction and A:Pro-23 showed π-alkyl interaction. 
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FIGURE 4.9 Molecular docking studies of rutin against IL-1β 

[(a) 2D-interactions (b) 3D-interactions] 
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FIGURE 4.10 Molecular docking studies of catechin against IL-1β 

[(a) 2D-interactions (b) 3D-interactions] 
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FIGURE 4.11 Molecular docking studies of hesperidin against IL-1β 

[(a) 2D-interactions (b) 3D-interactions] 
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4.2.3 Interaction with IL-6 

The docking of rutin with IL-6 showed various H-bond interactions with Helix A and D. 

These helices interact with IL-1α receptors. The A:Asp-34, A:Ser-37, A:Lys-171 and A:Gln-

175 residues have demonstrated multiple H-bond interactions. Apart from these interactions, 

A:Leu-33showed π-σ interactions. B:Arg-30 showed π-cation and B:Leu-178 demonstrated 

π-alkyl interaction. With respect to catechin, two hydroxyl groups of benzopyrone nucleus 

(viz. OH at C-3 and OH at C-5) demonstrated hydrogen bonding type interactions with 

B:Phe-74 and B:Ser-176 respectively. B:Arg-179 and 182 position represented hydrogen 

bonding interactions. Apart from displaying hydrogen interactions, B:Phe-74 and B:Arg-179 

demonstrated π- π interaction. Additionally, B:Arg-179 also revealed π-alkyl bond. Less 

favoured interactions at B:Ala-20 chain were also seen. Hesperidin interacted with IL-6 in 

multiple ways. Hydrogen binding at B:Met-67, B:Glu-172, B:Ser-176 and B:Arg-179 was 

seen. B:Arg-179, π-alkyl interaction with hesperidin aglycone was observed. 
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FIGURE 4.12 Molecular docking studies of rutin against IL-6 

[(a) 2D-interactions (b) 3D-interactions] 
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FIGURE 4.13 Molecular docking studies of catechin against IL-6 

[(a) 2D-interactions (b) 3D-interactions] 

 

 



65 
 

 

 

 

 

FIGURE 4.14 Molecular docking studies of hesperidin against IL-6 

[(a) 2D-interactions (b) 3D-interactions] 
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4.2.4 Interaction with NOs 

Rutin shows various interaction with NOs which include H-bond interaction with A:Ser-339, 

A:Trp-683, A:Val-685, A:Asp-601 and A:Hem-801, π-π stacking with A:Trp-683, π-σ 

interaction with A:Met-341 and π-alkyl interaction with A:Met-341(Figure 4). Multiple 

interactions were observed in docking of catechin with NOs. Hydrogen bonding was seen at 

A:Ser-418, A:Leu-705 and A:Gln-710 at A chain. With catechin (ring B), catechin interacted 

with A:Met-575 by sulfide bond. A π-sigma interaction of A:Arg-417 with catechin was 

notable. A:Arg- 419 and A:Arg-714 of catechin interacted with NOs via the π-alkyl bond. 

With respect to hesperidin, hydrogen bonding, π-sigma interaction, π-alkyl interaction, 

carbon-hydrogen bond and ven der Waal interaction were observed. Hydrogen bonding was 

seen at A:Asp- 476 and A:Glu-710. van der Waal interation was seen at A:Gln-712. Carbon 

hydrogen binding was observed at A:Arg- 470 and A:Gly-473.  π-sigma interaction was 

observed at A:Tyr-711 whereas π-alkyl interaction was seen at A:Pro-713 . 
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FIGURE 4.15 Molecular docking studies of rutin against NOs 

[(a) 2D-interactions (b) 3D-interactions] 
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FIGURE 4.16 Molecular docking studies of catechin against NOs 

[(a) 2D-interactions (b) 3D-interactions] 
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FIGURE 4.17 Molecular docking studies of hesperidin against NOs 

[(a) 2D-interactions (b) 3D-interactions] 
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TABLE 4.7 Molecular docking studies of rutin, catechin and hesperidin on some chemokines and enzymes 

Target Resolution PDB ID Rutin Catechin Hesperidin 

Binding 

energy 

Inhibitory 

constant (µM) 

Binding 

energy 

Inhibitory 

constant (µM) 

Binding 

energy 

Inhibitory 

constant (µM) 

Tumor Necrosis Factor-α 2.10Å 2AZ5 -6.25 25.62 -5.79 57.14 -6.96 24.52 

Interleukin 1β 2.50Å 1ITB -4.24 774.3 -7.50 3.16 -6.64 3.16 

Interleukin 6 3.65 Å 1P9M -5.96 42.43 -6.20 20.69 -7.07 20.69 

Inducible nitric oxide synthase 1.90 Å 5UO1 -5.71 64.88 -7.44 3.45 -6.83 3.45 

TABLE 4.8 Hydrogen binding of of rutin, catechin and hesperidin on some chemokines and enzymes 

Target Rutin Catechin Hesperidin 

TNF-α A: Gly-121; B: Tyr 119, Gly121, Tyr-151 A: Ser 60, Leu 120; B: Ser 60, Tyr 151 B: Ser 60, Leu 120, Tyr 121 

IL-1β B: Ser 37, Lys 171, Gln 175 A: Tyr 24, Leu 26, Leu 80, Leu 82, Val 132, Leu 134 B: Glu 37, Glu 64, Lys 65 

1L-6 B: Asp 34, Ser 37, Lys 171, Gln 175 B: Phe 74, Ser 176, Arg 179, Arg 182 B: Met 67, Glu 172, Ser 176, Agr 179A 

NOs A: Ser 339, Asp 605, Asp 683, Val 685, A: Ser 418, Leu 705, Glu 710 A: Asp 476, Glu 710 
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4.3 In Vitro studies 

4.3.1 Cell viability 

MTT assay is extensively used to determine the activity of mitochondrial enzyme succinate 

dehydrogenase. This protocol is generally utilized to determine the effect of chemicals from 

natural and synthetic origin over the biological system. In the present work, the MTT assay 

was used to access the effect of hesperidin on viability of rat macrophage. Hesperidin 

supplementation caused no harmful effect over the cultured rat peritoneal cells. There was an 

cell proliferation by 98 % for rutin, 98 % for catechin and 99 % for hesperidin.  

4.3.2 Effect on cytokine levels 

There was a noteworthy increment in the levels of cytokines due to treatment with 

lipopolysaccharides. Conversely, the treatment with rutin, catechin and hesperidin caused a 

significant reduction in cytokine levels. Briefly, there was a decrease in TNF-α levels in the 

cells treated with hesperidin as compared to control (LPS only) in a concentration dependent 

manner. There was a significant decrease in level of this cytokine at 100 µM (p < 0.001) 

(Figure 1). Hesperidin followed by rutin and catechin (1 and 10 µM) caused a significant 

(p < 0.001) decrease in IL-1β as compared to control (Figure 2). Results indicated that the all 

all the tested flavonoids inhibited the release of IL-6 from macrophages in a concentration 

dependent manner whereby maximum inhibition was observed at concentration 100 µM 

(p < 0.001) (Figure 3).   

4.3.3 Effect on NO production 

Because NO is also considered as a pro-inflammatory mediator in various acute and chronic 

inflammatory diseases, the present work was aimed to determine whether rutin, catechin and 

hesperidin modulates the NO production from rat macrophages stimulated by LPS. The test 

flavonoids inhibited the NO production in a concentration dependent manner at a dose range 

of 0.1-100 µM (Figure 4). The maximum inhibition was observed at 100 µM compared to 

control (p < 0.001). 
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FIGURE 4.18 Effects of the rutin, catechin and hesperidin on the production of TNF-α in rat macrophages. Rat peritoneal macrophages 

cells were cultured with indicated concentrations of catechin in combination with LPS (1ng/ml) at 37 ◦C in a 96-well plate. Media were 

collected after 6 h of treatment. Data are expressed as the mean ± S.D. of three individual experiments. Statistically significant change of 

cytokine release (#p < 0.05, ##p < 0.01, ###p < 0.001), control group  treated with LPS treated group; (*p < 0.05, **p < 0.01, ***p < 

0.001) as compared with the group treated with LPS treatment 
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FIGURE 4.19 Effects of the rutin, catechin and hesperidin on the production of IL-1β in rat macrophages. Rat peritoneal macrophages 

cells were cultured with indicated concentrations of catechin in combination with LPS (1ng/ml) at 37 ◦C in a 96-well plate. Media were 

collected after 6 h of treatment. Data are expressed as the mean ± S.D. of three individual experiments. Statistically significant change of 

cytokine (#p < 0.05, ##p < 0.01, ###p < 0.001), control group  treated with LPS treated group; (*p < 0.05, **p < 0.01, ***p < 0.001) as 

compared with the group treated with LPS treatment 
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FIGURE 4.20 Effects of the rutin, catechin and hesperidin on the production of IL-6 in rat macrophages. Rat peritoneal macrophages 

cells were cultured with indicated concentrations of catechin in combination with LPS (1ng/ml) at 37 ◦C in a 96-well plate. Media were 

collected after 6 h of treatment. Data are expressed as the mean ± S.D. of three individual experiments. Statistically significant change of 

cytokine (#p < 0.05, ##p < 0.01, ###p < 0.001), control group  treated with LPS treated group; (*p < 0.05, **p < 0.01, ***p < 0.001) as 

compared with the group treated with LPS treatment 
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FIGURE 4.21 Effects of the rutin, catechin and hesperidin on the production of NO in rat macrophages. Rat peritoneal macrophages 

cells were cultured with indicated concentrations of catechin in combination with LPS (1ng/ml) at 37 ◦C in a 96-well plate. Media were 

collected after 6 h of treatment. Data are expressed as the mean ± S.D. of three individual experiments. Statistically significant change of 

cytokine release (#p < 0.05, ##p < 0.01, ###p < 0.001), control group  treated with LPS treated group; (*p < 0.05, **p < 0.01, ***p < 

0.001) as compared with the group treated with LPS treatment 
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TABLE 4.9 Effects of the rutin, catechin and hesperidin on the production of TNF-α, IL-1β, IL-6 and NO in rat macrophages 

Treatment TNF-α (pg/ml) IL-1β (pg/ml) IL-6 (pg/ml) NO (µM) 

Control 35.84±0.92 28.99±0.78 67.91±4.45 0.0063±0.0025 

LPS 95.48±0.94### 66.64±1.24### 924.07±13.62### 0.0748±0.0028### 

LPS+Rutin (0.1 µM) 84.11±1.52*** 62.57±1.77*** 202.54±7.79*** 0.0477±0.0034*** 

LPS+Rutin (1 µM) 71.76 ±1.25*** 57.03±1.09*** 142.10±4.63*** 0.0200±0.0020*** 

LPS+Rutin (10 µM) 60.37±2.72*** 42.99±0.69*** 131.87±3.33*** 0.0083±0.0017*** 

LPS+Rutin (100 µM) 51.04±1.17*** 35.24±0.83*** 114.15±2.30*** 0.0033±0.0015*** 

LPS+Catechin (0.1 µM) 83.06±1.29*** 63.78±1.21*** 198.68±8.03*** 0.0504±0.0040*** 

LPS+Catechin (1µM) 73.90 ±0.70*** 55.94±1.96*** 161.64±4.02*** 0.0348±0.0040*** 

LPS+Catechin (10 µM) 62.34±0.61*** 46.86±0.66*** 144.67±5.10*** 0.02740±0.0020*** 

LPS+Catechin  (100 µM) 54.15±1.78*** 39.55±0.86*** 123.05±3.34*** 0.0177±0.0015*** 

LPS+Hesperidin (0.1 µM) 83.76±2.24*** 63.93±0.59*** 200.35±7.67*** 0.0337±0.0040*** 

LPS+Hesperidin (1 µM) 75.29±2.32*** 56.25±0.79*** 164.24±2.64*** 0.0267±0.0045*** 

LPS+Hesperidin (10 µM) 62.76±1.40*** 45.61±0.52*** 139.93±1.11*** 0.0157±0.0030*** 

LPS+Hesperidin (100 µM) 53.64±1.41*** 37.34±0.74*** 103.94±2.55*** 0.0086±0.0035*** 

 

Data are expressed as the mean ± S.D. of three individual experiments. Statistically significant change of cytokine release (#p < 0.05, ##p < 

0.01, ###p < 0.001), control group  treated with LPS treated group; (*p < 0.05, **p < 0.01, ***p < 0.001) as compared with the group treated 

with LPS treatment
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CHAPTER 4 

Discussion 

 

 

The communicable and non-communicable diseases are global threat. They affect a vast 

population in developed as well as developing countries. The morbidity and mortality due to 

these diseases poses social and economic burden to the society. The healthy immunity is 

necessary to maintain the normal homeostasis in the body. The immune system is a 

comprehensive association of various cellular and humoral effects which overall are helpful 

in modulating the immunity of an organism. The immune system defends the organism 

against invading attacks of bacteria, fungi, virus and parasites. It also aid in removal of 

neoplastic growth. A healthy immune system must be capable of combating dreadful diseases 

like Ebola and AIDS. The changes in the structural and functional aspect of immune system 

are responsible for immunostimulation or immunosuppression. Imunostimulatory agents are 

required in the situation where the host defence system has to be reinforce i.e. during 

generalized immunosuppression and immunodeficiency. Immunosuppressants are vital when 

the host defence response is required to be minimized (inflammation, allergy, autoimmune 

disorders). Immunomodulators are the agents that cause the alteration in immune response by 

boosting or reducing the capacity of immune system to biosynthesize the antibodies or 

immune cells viz. leukocytes, macrophages, etc. Pharmaceuticals like corticosteroids, 

cytotoxic agents and antibiotics weaken the functions of immune system. There is a rising 

interest towards the search for natural drugs that can modulate immune system. The 

galenicals, herbal and polyherbal formulations have been the hallmark of traditional Indian 

health care system. Phytochemicals present in medicinal plants demonstrate varied 

pharmacological activities and are advantageous over synthetic drugs
[350]

.  The 

immunomodulatory agents function by either stimulating or normalizing/suppressing 

abnormal immune reaction persisting in the body. They are particularly useful during 

microbial resistance.  



78 
 

During the screening of immunomodulatory effect of test compounds, drugs like 

cyclophosphamide, corticosteroids and cisplatin are used to produce immunosuppression in 

laboratory animals. These drugs produce ‘free radicals’ producing oxidative stress. There are 

various studies that reveal that oxidants and pro-oxidants are responsible to produce 

immunosuppression in laboratory animals
[351]

. In the present study, cyclophosphamide 

administration impaired immune response in rats was used to study immunomodulatory 

effect in line of previous reported studies 
[352]

.  

 

T-cells are one of the lymphocytes developed from thymus gland that play an important role 

in mediation of immune response in mammals. They have characteristic T receptors on their 

surface that distinguishes them from other lymphocytes. They are derived from hematopoietic 

stem cells
[353]

.  The T-cells regulate the activity of immune system by directly or indirectly 

affecting the actions of B-lymphocytes 
[354][355]

. These cells differentiate into multipotent 

progenitors that proliferate and a few of them become T-cells. The various types of T-cells 

include helper, cytotoxic, memory and regulatory T-cells 
[356]

. Helper T-cells play an 

important role in adaptive immunity. They promote activation of cytotoxic T-cells and 

destroy the infected area 
[357]

. Activation of helper T-cells is associated with signals from 

antigen presenting cells 
[358]

. These signals are provided from peptide bound to MHC protein. 

Another mechanism of activation includes role of proteins i.e. CD80 and CD86. The T-cells 

differentiate and develop TH1 or TH2 cells 
[359]

. TH1 cells secrete IFN-γ on the surface of 

macrophage and bind to CD40 present on the surface of macrophages 
[360]

. The macrophages 

once activated, kill the microbes. T-cells also promote production of neutrophils and 

monocytes. Delayed type hypersensitivity is triggered as a consequence of over-stimulation 

of macrophages and lymphocytes 
[361]

. There is no direct role of antibodies in this type of 

allergy. Activation of T-cells and further macrophages is associated with this type of 

hypersensitivity. The consequences of this allergy include destruction of pathogens by 

hydrolytic enzymes, release of cytokines and cell necrosis. T cell plays an essential role 

during ‘surveillance and tumor rejection’. The event of delayed type hypersensitivity is 

observed during chronic microbial infection such as tuberculosis. This phenomenon is 

observed by involvement of various non-specific inflammatory cells, among which, the 

macrophages play a central role in the process. This reaction extends during the activation of 

antigen. TH1 sub-population of cells is associated in this process. The event of DTH requires 

precise recognition of antigen by activated lymphocytes. These lymphocytes propagate and 
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release cytokines IL-2, interferon, TNF-α and macrophage migration inhibition factor within 

cellular environment. The outcomes of such process are observed by phagocytosis, 

vasodilation and accumulation of ‘lytic’ enzymes. The more and more scavenger cells are 

migrated towards the site of action. These cells are responsible to produce inflammatory 

reactions. The DTH reaction is significant to protect host against invading pathogen.  In the 

present study, the administration of test flavonoids (rutin, catechin and hesperidin) caused 

enhancement in footpad volume. The DTH reaction was potentiated due to these flavonoids. 

This suggests increased infiltration of macrophages towards the site of inflammation. The 

enhancement in DTH reaction corresponds to active involvement of T-lymphocytes produced 

via thymus dependent antigen.  

Phagocytosis is a process whereby the plasma membrane of the cell is utilised to engulf the 

large particles 
[362]

. It is one of the prime processes operating during immunological stress. 

The event of phagocytosis is associated with removal of  dead cells, debries, inhaled 

particles, minerals and bacteria. A compartment termed as ‘phagosome’ is created while 

doing so 
[363]

. Monocytes, neutrophils, macrophages eosinophil, dendritic cells and 

osteoclasts can be collectively regarded as ‘professional phagocytes’ 
[364]

. These cells have 

antimicrobial effects and store various enzymes like gelatinase, collagenase, myeloperoxidase 

and protease which are responsible for such effect 
[365]

. As soon as the foreign particles comes 

in association with these phagocytes, a sequence of episodes are initiated which includes 

remodelling of membrane, covering of particles by pseudopods and formation of phagocytic 

cup
[366]

. The carbon clearance test is used to assess the consequences on reticuloendothelial 

cell mediated phagocytosis. Ink consist of solid pigments suspended in a suitable liquid and is 

used to study the clearance of carbon particles. Indian ink comprises of fine soot from lamp 

which is mixed with water to form colloidal suspension. When colloidal carbon particles 

from ink enter blood, the recruited macrophages engulf the carbon particles present in the ink. 

The rate of removal of ink from the blood is regarded as ‘Phagocytic index’. Thus, this 

process is dependent on vitality of phagocytes. Phagocytes are susceptible to damage by 

biological oxidation. The imbalance in molecular and cellular antioxidant defence may alter 

the functions of phagocytes. The flavonoids rutin
[367]

, catechin
[368]

 and hesperidin
[369]

 are 

reported to have noteworthy antioxidant effect. Thus, enhancement in the clearance of carbon 

particles by macrophages/reticulorendothelial system may be corroborated with antioxidant 

effect. 

Cyclophosphamide is an important drug used in cancer chemotherapy. It is used in the 

treatment of myeloma, leukemia, and lymohoma. and during bone marrow transplantation. Its 
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produce metabolites viz. arecolin and phosphoramide mustard 
[370]

. This mustard causes 

crosslinking of DNA at N-7 atom of guanidine and  causes cellular apoptosis
[371]

. The 

decrement in the number of leukocytes i.e. leukocytopenia is one of the major adverse effects 

associated with cyclophosphamide. Cyclophosphamide represses cellular and humoral 

immune response. The bone marrow is adversely affected during its treatment  and hence its 

administration causes a significant reduction in RBC, WBC and platelet count 
[372][373]

. The 

growth of granulocyte-macrophage progenitors is also suppressed 
[374,375]

. The process of 

proliferation and differentiation of is governed by colony stimulating factors (granulocyte-

colony stimulating factor) and interleukins. GCSF promotes the bone marrow to produce 

stem cells and granulocytes which are pooled into the blood. It also promotes the 

proliferation, differentiation, survival and activity of precursors of neutrophils 
[376]

.  

Cyclophosphamide is usually utilized as a model to suppress the growth of blood cells in 

experimental animals 
[377]

. Natural products are acknowledged to have modulatory effects on 

growth and survival of blood cells 
[378,379]

. The pre-treatment with cyclophosphamide resulted 

in a significant leucocytosis with notable neutrophils. In the present study, the efficacy of 

rutin, catechin and hesperidin against cyclophosphamide-induced myelosuppression was 

indicated by restoration of WBCs count, and therefore, corroborating the role of test 

flavonoids in averting the immunodeficiency.  

Neutrophils are an integral part of ‘cell-mediated immune response’. They have some 

peculiar characteristic properties as compared to the other living cells. These cells have 

inadequate  dividing and protein synthesizing capability 
[380]

. However, neutrophils play an 

important role in immune defence as phagocytosis, exocytosis and chemotaxis. They are also 

responsible for removal of foreign bodies
[381]

. The present study revealed a dose dependent 

enhancement in ‘neutrophil adhesion’ to nylon fibres which indicates the enhanced 

movement of neutrophils towards foreign bodies (nylon fiber)  due to administration of rutin 

catechin and hesperidin
[382]

.   The phenomena of adhesion of neutrophils to nylon fibers 

represent relocation of cells in the blood vessels suffering from damage and inflammation 
[83]

. 

Such an effect could be due to ‘up-regulation’ of ‘β2 integrins’ which exist on the surface of 

neutrophils. In the present study, there was an increase in TLC in test flavonoids treated 

group which may be due to fall in the levels of corticosterone. The process of migration of 

neutrophils from blood to its site of effect necessitates a ‘firm adhesion’. This effect is 

arbitrated via interaction of ‘β2 integrins’ present on neutrophil surface 
[215]

. The adherence of 

neutrophils was enhanced in test flavonoids treated group.  
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The antibody macromolecules secreted by plasma cells arbitrate humoral immune response. 

They bind to antigen and promote elimination via ‘cross-linking’ forming cluster. These 

aggregates are effectively destroyed and ingested by phagocytes. In the present study, an 

augmented agglutination titre against SRBCs due to administration of rutin, catechin and 

hesperidin indicated improved receptiveness of B cells that are involved in the antibody 

production
[383]

. The various products form B cells are responsible to dictate humoral 

immunity. When SRBCs are injected to experimental animals, antibody in response to these 

antigens from SRBCs is produced. The immune cells respond to SRBCs might be due to 

presence of ‘forssman antigen’ i.e. Forssman heterophilic glycolipid antigen on the surface of 

RBC. Forssman antigen is a glycosphingolipid that has antigenic specificity 
[384]

. 

Immunoglobulins like Ig G and Ig M are responsible for immunological processes like 

neutralization and opsonisation of toxins along with  complement activation 
[385]

. Whilst, the 

animals are re-challanged with SRBCs, an observable  agglutination reaction is seen, which 

confirm the increased production of antibodies especially Ig in serum of animals 
[384]

. In the 

present study, an amplified response to SRBCs due to treatment with rutin, catechin and 

hesperidin was seen that point out the amplified receptiveness of B cells in the direction of 

antibody production. 

There are several methods ranging from glutaraldehyde test to ELISA which are frequently 

employed for estimation of Ig G in biological samples. The older methods were based on 

precipitation or coagulation of whole blood or serum, however, contemporary immunoassay 

practices the use of radiolabeled antigen for estimation of Ig G.  Zinc sulphate turbidity test is 

one of the simple procedures which is use to measure the levels of Ig G circuitously in the 

serum. This method is based on precipitate and turbidity development which is directly 

proportional to the concentration of Ig G. The high molecular weight protein present in the 

sample (Ig G) is precipitated in the presence of zinc ions 
[386]

. Various studies have 

established a correlation between zinc sulphate turbidity results and levels of Ig G 
[387,388]

. 

The absence of cloudiness in serum treated with Zinc sulfate solution represents the lack of 

immunoglobulins 
[385]

. A remarkable increase in the levels of serum immunoglobulin 

production by administration of rutin, catechin and hesperidin was seen in the present study. 

Thus, the study reflected the stimulation in Ig G production. 

The present work was focused to explore the immunomodulatory effect of rutin, catechin and 

hesperidin on macrophage activity. The secretion of cytokines is one of the major functions 

of macrophages 
[389]

. Cytokines persuade and instigate the inflammation leading to the 
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destruction of tissue that progress towards ‘inflammatory diseases’
[390]

. Interleukins and 

necrosis factors are associated with ‘hyperalgesia’
[391]

. In the normal condition, TNF-α 

defends the body against bacterial and viral infections. This is observed due to the promotion 

of neutrophils movement at the site of infection 
[392]

. The over activity of this cytokine leads 

to progression of tissue inflammation. Therefore, the inhibition TNF-α seems to be beneficial 

in management of inflammatory disorders. In the present study, the exposure to LPS caused 

excessive production of TNF-α by macrophages. However, treatment with rutin, catechin and 

hesperidin resulted in a significant decrease in in the level of TNF-α. The decrease in 

concentration of IL-1 β due to rutin has been identified previously in other cells/ tissues 
[393–

395]
. These results are in affirmation with the previous studies where levels of TNF-α were 

decreased due to hesperidin treatment in diabetic rats 
[396]

. IL-1β is secreted by lymphocytes, 

neutrophils, monocytes and macrophages and is over expressed during inflammation. IL-1β 

play imperative role in intercellular interactions with leukocytes. IL-1β is activated by 

inflammsomes and caspase-I. Therefore, the inhibition in the secretion of this cytokine to 

normal level seems to be a beneficial strategy for fighting against inflammatory disorders. 

The decrease in IL-1β secretion by rutin, catechin and hesperidin seems to be beneficial in 

management of disorders like arthritis 
[397]

 and airway inflammation 
[393–395,398]

. The findings 

of the study are complemetary with some previous research 
[399,400]

  

In association with IL-1 β, IL-6 plays an imperative role in arbitrating immune responses, 

acute-phase responses, hematopoiesis, and inflammation. It is expressed by monocytes, 

macrophages and fibroblasts. It is due  to IL-6 receptor activation which in turn leads to 

inflammation and provoking the autoimmune response that seems to be involved in the 

pathogenesis of rheumatoid arthritis 
[401]

. The outcomes of the present study deciphered a 

decrease in concentration of IL-6 suggesting the possible role of test flavonoids in the 

management of inflammatory conditions and is in agreement with some other research 
[396]

. 

The decrease in IL-6 levels due to treatment with rutin, catechin and hesperidin could be one 

of the important reasons for its down regulation.  

The effect of rutin, catechin and hesperidin was also assessed on production of nitric oxide. 

Nitric oxide is an important ‘effector’ molecule biosynthesized by macrophages by action of 

enzyme nitric oxide synthetase. The production of NO can be used as tool for assessment of 

quantitative index of activation of macrophages 
[402]

. NO mediates various physiological, 

pathological and pharmacological effects like neurotransmission, vasodilatation, 

antithrombotic effect and mediation of inflammation
[403]

. The increased release of nitric oxide 

may prove to be harmful to ‘immune system and inflammatory cells’.  The agents that alter 
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the activity of NO may produced significant therapeutic effect
[404]

. In the present study, 

treatment with these test flavonoids resulted in decrement in NO production. These results 

suggested the role of rutin, catechin and hesperidin in mitigating NO mediated inflammation.  
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CHAPTER 5 

Summary and Conclusion 

 

 

Immune system is remarkably a sophisticated defense system within vertebrates, to protect 

them from invading agents. It can generate varieties of cells and molecules and is capable of 

recognizing and eliminating limitless varieties of foreign and undesirable agents. Immunity 

refers to the ability of the body to identify and resist microorganisms that are potentially 

harmful. After maturation, most immune cells circulate into the body and exert specific 

effect. Cell-mediated immunity is the result of the activity of many leukocyte actions, 

reactions, interactions that range from simple to complex. This type of immunity is dependent 

on the actions of the T (Thymus) lymphocytes, which are responsible for a delayed type of 

immune response. The T lymphocyte becomes sensitized by its first contact with a specific 

antigen. In humoral immunity special lymphocytes (white blood cells), called B (Bone cell) 

lymphocytes, produce circulating antibodies to act against a foreign substance. This type of 

immunity is based on the antigen–antibody response. Immunopharmacology is the 

intersection of immunology and pharmacology. The most well-known immunopharmacology 

agents include anti-rejection drugs and vaccine. Immunostimulants are drugs which can be 

used to stimulate the immune system. In addition to drugs themselves, several vitamins, 

minerals, and other chemicals are known to boost the efficacy of the immune system. While 

immunosuppressant drugs have been studied more extensively than immunostimulants, this 

latter class of therapeutic agents has so far shown some promise in the treatment of primary 

immunodeficiencies and cancers as well as HIV and AIDS. Immunopharmacological 

research is not only limited to the discovery of new drugs. It is also dedicated to examine how 

the immune system functions, with a view of discovering new drug targets. 

One of the most important factors explaining the mechanism, by which these pathologies 

develop, involves oxidative modification of critical molecules. So, ROS can react with 

proteins, lipids, carbohydrates and nucleic acids, altering gene expression and promoting an 
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inflammatory response. Scientific evidences justify the fact that diet influences the health as 

well as controls and modulates many functions of body and thus plays an important role in 

the maintenance of good health; this homeostasis produced therefore, decreases the chances 

of many chronic diseases. 

Flavonoids belong to a group of natural substances with variable phenolic structures and are 

found in fruit, vegetables, grains, bark, roots, stems, flowers, tea, and wine. Flavonoids are 

polyphenolic compounds that occur ubiquitously in plants having a variety of biological 

effects both in vitro and in vivo. Anthocyanin pigment present in flowers provide colour to it 

which contributes to pollination. Flavonoids present in leaves promote physiological survival 

of plant by protecting it from fungal infections and UV radiations. In addition, flavonoids are 

involved in photosensitization, energy transfer, respiration and control of photosynthesis, 

morphogenesis, sex-determination, energy transfer. However as far as talking about 

therapeutic potential, flavonoids have been found to have antimicrobial, antiviral, anti-

ulcerogenic, cytotoxic, anti-neoplastic, mutagenic, antioxidant, antihepatotoxic, 

antihypertensive, hypolipidemic, antiplatelet and anti-inflammatory activities.  They have 

been found to have anti-inflammatory activity in both proliferative and exudative phases of 

inflammation. A number of plants rich in flavonoids are known to show immunomodulatory 

potential. However, no systematic attempts to study effect of flavonoids on immune system 

have been done so far. Thus, the aim of present study is to explore immunomodulatory 

potential of rutin, catechin and hesperidin. 

Immunomodulators are the agents that amend the activity of immune system and have dual 

effects. A few of them may stimulate the immune system at a lower level while the others 

may have inhibitory effects on normal or activated immune response.  Immunomodulators 

are likely to be used for the reintegration of ‘immune deficiency.' Plant extracts and 

phytochemicals have been extensively investigated for possible immunomodulatory effects. 

The present study aimed to explore the immunomodulatory effect of test flavonoid (rutin, 

catechin and hesperidin) against various immunological challenges. Rutin, cahechin and 

hesperidin were studied for possible protective effects for hypersensitivity reaction, carbon 

clearance, cyclophosphamide-induced neutropenia, and neutrophil adhesion. Studies were 

also performed to determine haemagglutination titer and serum immunoglobulin levels. 

The present study highlights and establishes rutin, catechin and hesperidin (test flavonoids) to 

be the promising immunomodulatory molecules. The effectiveness of these flavonoids over 
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cyclophosphamide induced myelosuppression offer sufficient support as ‘hematopoietic 

promoter.' Further the test flavonoids also aided in the removal of foreign particles, leukocyte 

migration. Increased antibody response and raised immunoglobulin levels were also observed 

by these test flavonoids especially due to rutin administration. In some studies, low dose of 

these flavonoids was found to be more effective than a high dose. Findings from the present 

study demonstrate that rutin, catechin and hesperidin may stimulate humoral and cellular 

responses in experimental models. Further studies on these flavonoids are necessary to 

establish its therapeutic effects on immune depressing state and in autoimmune diseases 

In the present study, docking was parformed on rutin, catechin and hesperidin to various 

inflammatory and immunomodulatory targets, with the purpose to study and analyse in silico 

interaction of former on later. The results obtained from docking and study of the interactions 

of the rutin suggests the ability of rutin, catechin and hesperidin to bind to multiple targets 

involved in inflammation and immunomodulation. Rutin, catechin and hesperidin interacted 

with various chemokines and inflammatory mediators’ viz. TNF-α, IL 1β, IL 6, and NOs. 

With each target, rutin, catechin and hesperidin demonstrated a noteworthy affinity for 

binding. Findings from the present study show that rutin, catechin and hesperidin may 

interact with several chemokines and inflammatory mediators. The outcomes of the present 

study provide sufficient evidence that rutin, catechin and hesperidin possess in vitro 

immunomodulatory activity. These test flavonoids enhanced macrophage activity by 

increasing cell proliferation and inhibited LPS stimulated activities of rat macrophage by 

suppressing the production of TNF-α, IL-1 β, IL-6 and NO levels.  Because there flavonoids 

showed a significant decrease in levels of TNF-α, IL-1 β, IL-6 and NO (induced by LPS), it 

seems to note that food-stuff rich in rutin, catechin and hesperidin could play a pivotal role in 

regulating immune functions.   

In conclusion, test flavonoid (rutin, catechin and hesperidin) modulated the immune system 

by acting on cellular and humoral levels in experimental models of immunity in animals. test 

flavonoid (rutin, catechin and hesperidin)also decreased cyclophosphamide induced 

myelosuppression. There was an increased reduction of foreign particles, antibody titer, and 

immunoglobulins. There was suppression of proinflammatory cytokines and NO production. 

Outcomes of the present study established these flavonoid (rutin, catechin and hesperidin) to 

be an immunomodulatory agent. Rutin showed significant immunomodulatory effect, 

followed by hesperidin and catechin. Additional studies on them are necessary to establish its 

therapeutic effects in autoimmune diseases. 
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