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The proper functioning of human immune system is essential for
Published on: 08 Feb 2025 organism survival against infectious, toxic and oncogenic agents.
Immunomodulators are natural or synthetic materials that regulate the immune
system and induce innate and adaptive defense mechanisms. These substances
Published by: are classified into two types, immunostimulants and immunosuppressants.
DrSriram Publications Immunostimulants can enhance body’s resistance against various infections
through increasing the basal levels of immune response. These agents could
increase the oxidative activity of neutrophils, augment engulfment activity
of phagocytic cells and stimulate cytotoxic cells as necessary defense
mechanisms. The immunostimulants are classified on the basis of origin and
mode of action such as bacterial products, complex carbohydrates, vaccines,

BY cytokines, immunoenhancing drugs, nutritional factors, animal extracts,
and plant extracts. The link between immune system with diet, exercise,
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INTRODUCTION

Two main compounds are able to enhance immune responses including adjuvants and
immunostimulants. An adjuvant is a substance combined with an antigen for increasing its immune response, but
an immunostimulant can induce the immune response without injection with an antigen. There are several types
of stimulants with different mechanisms and functions such as bacterial products, complex carbohydrates (e.g.,
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glucans, schizophyllan, scleroglucan, lentinan, statolon, bestatin, acemannan), vaccines, immunoenhancing drugs
(e.g., Levamisole, Isoprinosine, Fluoro-quindone, Avridine, Polyribonucleotides), nutritional factors (e.g.,
vitamins, carotenoids, lipids, trace elements, selenium), animal extracts (e.g., chitosan from shrimp), cytokines
(e.g., macrophage activating factor, interferon, interleukin-2, tumor necrosis factor), and plant extracts (e.g.,
Lectins, mitogens such as phytohemagglutinin, concanavalin A). Two main approaches were determined to
evaluate the efficiency of an immunostimulant such as in vivo protection against pathogens, and in vitro assay of
cellular and humoral immune mechanisms. In vitro tests should be performed before in vivo experiments to clarify
the basic mechanisms responsible for the protection. In vitro immunostimulant evaluation is usually based on
some parameters such as serum lysozyme, complement, total leucocyte count, monocyte/lymphocyte/granulocyte
count, antibody titers, phagocytosis, respiratory burst and leucocyte proliferation. Immunomodulation can be
either specific or non-specific. Specific immunomodulation is limited to a single antigen such as vaccination,
whereas non-specific immunomodulation leads to a further change in immune response both in innate and
adaptive immunity causing altered host reactivity to many various antigens’.

Due to the absence of specific vaccines to many diseases, other methods of prophylaxis are tried which
includes use of immunostimulants, bioremediators and probiotics.Fish depends on non-specific defence
mechanisms more heavily for health maintenance, so immunostimulants play asignificant role in the management
of fish health and diseasecontrol. Immunostimulant is a chemical, drug, stressor or action that elevates the non-
specific defence mechanisms by increasing phagocytosis, leucocytic activity, macrophage andneutrophil
migration or specific immune response?.

In addition, they also reduce the immune suppressive effectsof stress. Different compounds like select
proteins, lipids, carbohydrate based cell wall extracts and synthetic compounds have been used as
immunostimulants in farm reared fish and shellfish. The immunostimulants used in aquaculture include glucans,
lipopolysaccharides, chitin, chitosan, peptidoglycans, muramyldipeptides, polypeptides, levamisole, Vitamin C,
Vitamin E etc3.

Pharmacology
Concept of Immunostimulants

Immunostimulants known as immunostimulators are biologically active substances; are the products
derived from natural sources or synthetically made with different chemical properties and mechanisms of action.
These are attractive substances that activate the immune system of humans and animals for prevention of diseases
and improvement of the body’s natural resistance to various viral and bacterial infections. In general,
immunostimulants induce synthesis of specific antibodies and cytokines for treatment of infectious diseases. Two
major groups of immunostimulants contain a) specific immunostimulants acting as antigen for stimulation of
immune responses (e.g., vaccines), and b) non-specific immunostimulants without antigenic properties enhancing
immune responses to other antigens (e.g., adjuvants and non-specific immunostimulators). Moreover,
immunostimulants were classified based on their origin and mode of action *5,

Types of Immunostimulants

Immunostimulants are divided into seven groups such as bacterial products, complex carbohydrates,
vaccines (antigens and adjuvants), cytokines, immunoenhancing drugs, plant extracts, and animal extracts. The
immunostimulatory drugs (Endogenous immunostimulants or Synthetic immunostimulants) have been developed
to induce humoral or cellular immune responses or both of them against bacterial or viral infections,
immunodeficiency diseases, and cancer.
They were classified as follows:
a). Levamisole (Ergamisol):
Levamisole is a synthetic drug inducing B and T lymphocytes, monocytes, and macrophages. It was used in
adjuvant therapy with 5- fluorouracil after surgical resection in patients with Duke’s stage C colon cancer. Its
disadvantages are allergy, nausea, flu, and muscle pain. Levamisole has been successfully used in combination
with polymers for treatment of dermatologic disorders. For example, it was combined with cimetidine for treating
recalcitrant warts, and with prednisolone for treating aphthous ulcers of the mouth 7.
b) Thalidomide: Thalidomide or Immunoprin is an immunomodulatory drug. Thalidomide could decrease
circulating TNF-o in patients with erythema nodosum leprosum. In contrast, it increased TNF-a in
HIVseropositive patients. Furthermore, its therapeutic effects were determined in severe rheumatoid arthritis and
angiogenesis.
¢) Isoprinosine: Isoprinosine is a combination of inosine, acetamidobenzoic acid, and dimethylamino isopropanol.
Isoprinosine could enhance the levels of cytokines including IL-1, IL-2, and IFN-y. It increased the proliferation
of lymphocytes against mitogenic or antigenic stimuli. Moreover, Isoprinosine augmented active T-cells and
induced T-cell surface markers on prothymocytes. It was used to treat Herpes simplex infections, Epstein-Barr,
and Measles viruses. Its disadvantages are minor CNS depressant, transient nausea, and increased level of uric
acid in serum and urine 8.
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d) Immunocynin:

Immunocynin is a stable form of haemocynin, a copper-containing protein, found in molluses and arthropods. It
was used to treat urinary bladder cancer with poor side effects such as rare-mild fever.

¢) Bestatin:

Bestatin, a dipeptide [(2S, 3R)-3-amino-2- hydroxy-4-phenylbutanoyl]-L-leucine, is an
immunostimulant with low toxicity which binds to the cell surface of lymphocytes and macrophages and enhances
both humoral and cellular immune responses. It is a leucine aminopeptidase and aminopeptidase-B inhibitor.
Bestatin possesses antitumor activity and also increase the antitumor activity of bleomycin and adriamycin.
Bestatin efficiently prevented the metastasis of P388 leukemia when the antibiotic was constantly injected after
tumor inoculation. The dipeptide was immunorestorator in the elderly and cancer patients and HIV-infected
subjects. It stimulated

Immunocynin
Immunocynin is a stable form of haemocynin, a copper-containing protein, found in molluses and
arthropods. It was used to treat urinary bladder cancer with poor side effects such as rare-mild fever.

Bestatin

Bestatin, a dipeptide [(2S, 3R)-3-amino-2- hydroxy-4-phenylbutanoyl]-L-leucine, is an
immunostimulant with low toxicity which binds to the cell surface of lymphocytes and macrophages and enhances
both humoral and cellular immune responses. It is a leucine aminopeptidase and aminopeptidase-B inhibitor.
Bestatin possesses antitumor activity and also increase the antitumor activity of bleomycin and adriamycin.
Bestatin efficiently prevented the metastasis of P388 leukemia when the antibiotic was constantly injected after
tumor inoculation 8. The dipeptide was immunorestorator in the elderly and cancer patients and HIV-infected
subjects.

Bacterial products

The immunostimulatory effects of bacteria and bacterial products are due to the release of cytokines.
Live bacillus Calmette-Guerin (BCG) is an attenuated, live culture of the bacillus of Calmette and Guerin strain
of Mycobacterium bovis. Its mechanism of action includes: a) induction of a granulomatous reaction at the site of
administration, and b) prevention and treatment of carcinoma types. Furthermore, BCG enhances both B and T
cell-mediated responses leading to phagocytosis and resistance to infection. Its disadvantages are hypersensitivity,
fever, shock, and immune complex disease *1°.

Recombinant cytokines

Several interferons and interleukins are suggested to stimulate effective immune responses. Interferons
could be obtained from trout leucocytes after stimulation with mitogens. It was able to cause an in vitro resistance
against pancreatic necrosis virus in trout cells. In mammalian, low doses of interferon could induce stable positive
results without side effects. On the other hand, vaccination of animals with the recombinant IL2 against different
infections increased the protective effects. However, IL-2 was a very toxic compound in high doses causing side
effects such as fever and diarrhea. The purified cytokines showed unsatisfactory results in clinical trials, because
the immune responses were produced by a mixture of cytokines generated by the immune cells, but not against a
single cytokine. Thus, the enhancers of nonspecific cytokine synthesis may improve immune responses and solve
this problem. Thus, recombinant cytokines are produced recently in different expression systems (e.g., plants) and
used in clinical trials such as interferons, TNF-a and I1L-2.

Immunostimulants used in vaccines

Vaccines contain a wide range of immunostimulants. For example, an adjuvant heat-labile enterotoxin
from Escherichia coli (LT), administered as an immunostimulant (LT-IS) patch on the skin may further enhance
immune responses to influenza vaccine in the elderly. Also, the immune activation mediated by LT-IS improved
the potency of generating Alzheimer's disease (AD)-specific vaccination responses as an adjuvant in the clinical
trial. Co-administration of a potent adjuvant in IS patches containing heat-labile enterotoxin from E. coli placed
on the skin at the site of DNA vaccination significantly increased anti-influenza antibody immune response.
Adjuvants enhance and modulate immune responses to antigens. This is important when the purified antigens do
not elicit the effective innate or adaptive immune systems. Adjuvants are different in the types and levels of
immune responses. Expected advantages of adjuvants contain stronger immune priming, effective immune
responses in low-response populations (e.g., the elderly or immuno-compromised patients), the use of smaller
amounts of the antigen, and safety profile.

New adjuvants have already applied to more efficient influenza vaccines, as well as vaccines targeting
hepatitis B (HBV) and human papillomavirus (HPV). On the other hand, CpG oligonucleotides and imiquimod
drugs (an antiviral agent) could activate dendritic cells, induce in situ maturation and migration of DCs, and
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augmented both humoral and cellular immune responses. The unmethylated CpG motif in bacterial DNA was
identified as a B-cell stimulating adjuvant, and synthetic oligodeoxynucleotides (ODNs) containing the CpG
motifs were shown to induce potent therapeutic activities in different infections and tumor animal models.
Imiquimod was topically used for patients with anogenital warts as well as basal-cell carcinoma. The studies
indicated that CpG ODNs and imiquimod (resiquimod) drugs act as synthetic ligands for TLR9 and TLR7,
respectively, and both stimulate efficiently DC maturation!!"13,

Plant derived immunostimulants

Natural plant product promote various activities such as anti-stress, growth promotion, appetite
stimulation, immunostimulation, aphrodisiac and antimicrobial properties, due to the active substances such as
alkaloids, flavanoids pigments, phenolics, terpenoids, steroids, and essential oils. Medicinal plants have been
known as immunostimulants, growth promoters, immune enhancers, where they act as antibacterial and antiviral
agents to the host immune system. Unfortunately, the mechanisms were not understood'#¢.

Some medicinal plants were described as following:

a) Ocimum sanctum (Tulsi): Leaves of O.Sanctum containing water-soluble phenolic compounds and various
other constituents may act as an immunostimulant. Leaves extract of O. sanctum affected both specific and
nonspecific immune responses. It stimulated both antibody response and neutrophil activity.

b) Phyllanthus emblica (Amla): P. emblica has antioxidant, anti-fungal, anti-microbial.

Immunomodulators are natural or synthetic materials that regulate the immune system and induce innate
and adaptive defense mechanisms. These substances are classified into two types, immunostimulants and
immunosuppressants. Immunostimulants can enhance body's resistance against various infections through
increasing the basal levels of immune response. These agents could increase the oxidative activity of neutrophils,
augment engulfment activity of phagocytic cells, and stimulate cytotoxic cells as necessary defense mechanisms.
Many disorders could be treated using some immunostimulants such as autoimmune diseases, viral infections,
and cancer. The researchers classified the immunostimulants using their origin and mode of action such as
bacterial products, complex carbohydrates, vaccines (antigens and adjuvants), cytokines, immunoenhancing
drugs, nutritional factors, animal extracts, and plant extracts!”20,

CONCLUSION
Currently many viruses causing dangerous infections in human beings, in these situations, the

immunostimulants or vaccines are helpful to prevent the infections or reduces the severity of disease. Hence the
immune stimulants are significantly important in future.
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