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Abstract

Immunomodulators are substances found in nature that aid in immune system
regulation.Theyareconcoctionoperators that takepart in insusceptible frameworks
of the immune system.Commonlypresent immunomodulatorswere less significant
compared to therapeutic immunomodulators. Immunomodulatory medicines, like
6-mercaptopurine and mycophenolate mofetil, conceal the safe framework and
minimise irritation in the stomach tract in personswith inflammatory bowel disease
andulcerative colitisCrohn’s disease.Their advantages come from their capacity to
invigorate conventional and versatile safeguard systems, a kind of cytokines that
empower the whole body. Immunosuppressants and immunostimulants are two
categories of immunomodulators. Immunosuppressants are involved in smothering
theinvulnerableframeworkandhandleneuroticsafe reactions intheimmunesystem
like sickness and unite dismissal. Immunostimulants are agents that enhance the
body’s resistance in case of infections. It also improves the immune response, and
people with the depletion of response are immunotherapeutic operators. For
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example,variousscatters,suchasimmunodeficiencystate,immunesystemsickness,
malignant growth, and viral contamination, can be treatedwith immunostimulants.
In the subsequent decades of the twenty-first century, immunomodulators will
become a viable assist in generatingmodalities that will provide a unique approach
for treating irresistible diseases.

Keywords

Antigen · Antibodies · Transplantation · Immunomodulators ·
Immunosuppressant

1.1 Introduction

Immunology is characterised as natural defence mechanism against many diseases or
disorders. The invulnerable framework is the body’s most complex biological
mechanism. The term insusceptibility characterises the natural defence system
against the many diseases. The human immune system is very sophisticated and
highly advanced among vertebrates; this immune framework is capable of
generating boundless variety of cells and caught enormous spectrum of infections
and foreign particles. The substances capable of inducing, amplifying or restraining
any component or phase of the invulnerable framework are referred to as
immunostimulators. Immunostimulators and immunosuppressants are two types of
immunomodulators are known for use. Immunopharmacology is a more current
branch of pharmacology concerned with immunomodulators (Patil et al. 2012).
Administration of immunostimulators as in the case of AIDS and the utilisation of
immunosuppressor in the cases of an exaggerated response of a safe framework are
appreciating to reconstitute the normal resistant framework and increase the longev-
ity of life. Immunomodulator intake, along with antigen, is meant to support the
insusceptible framework. The modulator is the resistant framework’s key role in
distinguishing self from non-self. Immunisation can take place in two ways: actively
or passively. In inactive immunisation, an antigen is stimulated to aid the body’s
development of immunological defences against potential exposure. Passive
immunisation entails administering antibodies that have been preformed to the
person who has already been exposed or is soon to be exposed to antigen. The
activity of immunostimulant has been reported in several plants, and these plants
utilised traditionally for rejuvenation of the immune system and treatment of chronic
diseases in India, China and European countries. Currently, some stimulation of
antigen-specific or non-specific invulnerability is evidenced by an increase in
haemagglutinating antibody (Ha) titre and plaque-forming cells treated with half
ethanolic extract of these plants in mice. The studies prove that these plant products
play a vital role in rejuvenation therapy and chronic ailments of Indian traditional
medicine (Patil et al. 2012). Around 122 chemicals inferred from plants have been
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identified as therapeutic substances that are also used in commercial drugs. For
example, the bark of the willow tree is rich in salicylic acid, which is also an active
metabolite of aspirin, and this bark has been identified as a therapeutic substance
(Goodman 1996). Some of the medications which are as often as possible utilised by
the physicians are also determined from plant sources, for example, aspirin, digoxin,
quinine, opium, etc. (Goodman 1996). They have been used as an herbal
tranquilliser for a long time. There is a growing interest in using these medicinal
plants as modulators of the complex safety system. Many chemical forms of
alkaloids, flavonoids, terpenoids and polysaccharides have been discovered through
many sorts of research conducted in the area (Puri et al. 2013); lactones and
glycosides are the main factors for modification in the immunomodulatory
properties.

1.2 Subtypes of Immunomodulators

Immunomodulators are divided into the three subtypes:

(a) Immuno-adjuvants improve vaccine efficacy and can be employed as particular
immunostimulants. Immuno-adjuvants are the actual modulators of the fast
response, acting as selectors between immune-protective and immune-
destructive T1 (Th1) and T2 (Th2) cells (Dias et al. 2012).

(b) Immunostimulants are inalienably non-specific resistant to infection. These
immunostimulants work in both innate and adaptive invulnerable responses.
These immunostimulants serve as prophylactic and promoter compounds such
as immunopotentiators—the immunostimulants with invulnerable response,
which act as immunotherapeutic compounds (Wadood et al. 2013).

(c) Structurally and functionally, immunosuppressants are a diverse class of drugs
frequently used in combination regimens to treat various autoimmune and
allergy diseases (Billiau and Matthys 2001). Immunosuppressant decrease in
resistance to infections may occur as a result of chemotherapeutic factors
(Billiau and Matthys 2001).

Immunosuppressant clinical applications are as follows:

• To prevent transplanted organs and tissues from being rejected
• To treat graft-versus-host disease in bone marrow transplants
• To treat myasthenia gravis, systemic lupus erythematosus, rheumatoid arthritis,

psoriasis and ulcerative colitis, which are not entirely understood autoimmune
components in their pathogenesis

• Avoiding Rh haemolytic disease in newborns with selective immunosuppression
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1.2.1 Immunostimulant

The immunostimulation comprises a therapeutic concept which stimulates the
non-specific immune system; this means that non-antigen-dependent stimulation
is used to boost the efficacy of granulocytes, macrophages and natural killer cells.

Immunomodulator Drug Side Effects
Pulmonary toxicity, myelosuppression, alopecia and an increased risk of infec-

tion have been reported as side effects of these drugs (Kremer et al. 1994).

1.2.1.1 Pharmacognostic Approaches
Pharmacognostic approaches are briefly discussed in Table 1.1.

1.2.1.2 Chemistry of Phytoconstituents Used as Immunostimulants

1.2.1.2.1 Glycosides
These are organic compounds derived from plant and animal sources that, when
hydrolysed by enzymes or acids, give one or more sugar moieties known as glycone
parts. When water is lost, they create acetals and ether forms that connect with the
hydroxyl groups of sugar and non-sugar moieties. Many glycosides are available for
the ideal immunomodulatory action, such as:

• Picrorhiza scrophulariiflora, anthraquinone glycosides.
• Three novel sesquiterpene glycosides have been isolated from the stems of

Dendrobium nobile: Andrographis paniculata, Dendroside and
Dendronobilosides.

1.2.1.2.2 Flavonoids
Flavonoids are 15-carbon (6-3-6) skeletons with two phenyl rings that bind three-
carbon.

Various forms of flavonoids, including apigenin, exhibit immunomodulatory
activities.

• Oligomeric proanthocyanidins.
• Isoflavonoids, flavones and anthocyanins such as flavonoids are found in

Terminalia arjuna.

1.2.1.2.3 Coumarins
Glycosides derived from benzo-a-pyrone are known as coumarins. Furanocoumarins
are made by fusing furan ring to a coumarin at the 6 and 7 positions or the 7 and
8 positions (Leung et al. 2005), and these molecules show immunomodulatory
activities. 6,7-Dihydroxycoumarin (esculetin) is a coumarin derivative extracted
from a range of plants, including Artemisia capillaris, Citrus limonia and Euphorbia
lathyris. It shows pleiotropic biological activities, such as inhibition of lipoxygenase,
suppression of the oxidative reaction that damages DNA, inhibition of tyrosinase
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activity and antitumour activities (Thanh et al. 2004). The root of Angelica dahurica
is used to assess cytotoxic coumarins (Jafarian et al. 2010).

1.2.1.2.4 Sapogenins
Sapogenins such as triterpenoid saponins and diterpenes modulate a broad spectrum
of immunomodulatory activities. Some examples are Gymnema sylvestre,
Chlorophytum borivilianum, Boswellia spp. and Randia dumetorum.

1.2.1.2.5 Alkaloids
These essential compounds, found in natural and synthetic forms, contain one or
more nitrogen atoms. These alkaloids are found in heterocyclic form and have
particular physiological effects on humans or animals. Some well-known alkaloids
are Achillea millefolium, Murraya koenigii, Cissampelos pareira and Actinidia
macrosperma.

1.2.1.2.6 Thiosulphinates
These compounds, such as Allium hirtifolium, have potent immunomodulatory as
well as adaptogenic effects (Alamgir and Uddin 2010).

1.2.1.2.7 Volatile Oils and Terpenoids
Terpene is a hydrocarbon (C5H8) chain, while terpenoids are hydrocarbons with
oxygenated derivatives. Terpenes and terpenoids are plant and animal origin volatile
oils. Many plants show immunomodulatory activity with terpene moiety display,
e.g. eugenol derived from Ocimum sanctum.

1.2.1.2.8 Polysaccharides
The regulation of innate susceptibility and, more particularly, the macrophage
characteristic of polysaccharides has several therapeutic advantages. Both microbial
and botanical polysaccharides bind to the surface receptors in macrophages that
induce immunomodulatory responses. Both forms of organisms share these evolu-
tionarily conserved polysaccharide structural features. The evaluation of botanical
polysaccharides reveals beneficial immunomodulatory properties, providing a rare
opportunity to discover novel therapeutic compounds—polysaccharides activate
monocytic cells and induce monocytic cell differentiation into macrophages (Allison
2000; Ríos 2010).

1.2.2 Immunostimulant Synthetic Drugs

Immunostimulants are attractive substances that activate the invulnerable framework
of animals to improve the natural resistance to many bacterial and viral infections.
These biologically active substances are derived from natural sources or synthesised
using various chemical properties and action mechanisms. In general,
immunostimulants induce the amalgamation of specific antibodies and cytokines
for the treatment of infectious diseases. These immunostimulants are divided into

14 P. Kumar et al.



two groups: first, specific immunostimulants that function as antigens for the stimu-
lation of immune responses (e.g. vaccines) and, second, non-specific
immunostimulants that have no antigenic properties yet enhance healthy responses
to other antigens (e.g. adjuvants and non-specific immunostimulants).

The origin and mode of action of these immunostimulants are classified (Labh
and Shakya 2014).

1.2.2.1 Functions of Immunostimulants
Immunostimulants activate various components of the insusceptible framework in
animals and humans. They develop the non-specific immunotherapy and
immunoprevention by stimulating the significant factors of the resistant framework
including phagocytosis, properdin and complement frameworks protective secretory
Iga antibodies, α- and γ-interferon release, T- and B-lymphocytes, combination of
specific antibodies and cytokines, and blend of pulmonary surfactant (Petrunov et al.
2007). There are several reasons to use immunostimulants to treat various infectious
diseases, including bacteria’s antibiotic resistance, allergic reactions to antibiotics,
immunosuppressive effects of antibiotics and poor effects of antibiotics in viral
infections (Petrunov et al. 2007).

1.2.2.2 Types of Immunostimulants
Immunostimulants were divided into seven groups for better understanding: bacte-
rial products, complex carbohydrates, vaccines (antigens and adjuvants), cytokines,
immunoenhancing products, plant extracts and animal extracts. Few
immunostimulatory drugs (endogenous immunostimulants or synthetic
immunostimulants) have been developed to induce humoral or cellular fast
responses against bacterial or viral infections, immune deficiency diseases and
cancer. They were classified as follows:

1.2.2.2.1 Levamisole (Ergamisol)
Levamisole is a synthetic immunostimulant that stimulates B- and T-lymphocytes, as
well as monocytes and macrophages. It was used in adjuvant therapy with
5-fluorouracil after surgical resection in patients with colon cancer. Allergy, nausea,
influenza and muscle pain are some of the common disadvantages. Levamisole has
been successfully used in combination with polymers to treat dermatological
disorders. For example, it was combined with cimetidine to treat recalcitrant warts
and with prednisolone to treat aphthous ulcers of the mouth (Patil et al. 2012;
Biswajit et al. 2014).

1.2.2.2.2 Thalidomide
Thalidomide or immunoprin (C13H10N2O1) is an immunomodulatory drug. In
patients with erythema nodosum leprosum, thalidomide can reduce circulating
TNF-α. In HIV-positive patients, however, it increased TNF-α. Furthermore, it
was able to overcome its therapeutic effects in severe rheumatoid arthritis and
angiogenesis. Isoprinosine (Inosiplex/Imunovir): Isoprinosine (C52H78N10O17)
is a combination of inosine, acetamidobenzoic acid and dimethylaminoisopropanol.
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Isoprinosine could enhance the levels of cytokines, including IL-1, IL-2 and IFN-γ.
In response to mitogenic or antigenic stimuli, it boosted lymphocyte proliferation.
Isoprinosine also augmented active T-cells and induced T-cell surface markers on
prothymocytes. It was utilised to treat Herpes simplex infections, Epstein-Barr and
measles infections. Its disadvantages include a milder CNS depressant, temporary
nausea and higher serum and urine uric acid levels (Patil et al. 2012).

1.2.2.3 Immunocynin
Immunocynin is a stable form of hemocyanin, a copper-containing protein, which is
found in molluses and arthropods. It was utilised to treat urinary bladder cancer with
reduced side effects, such as rare yellow fever (Patil et al. 2012).

1.2.2.3.1 Bestatin
Bestatin, a dipeptide [(2S, 3R)-3-amino-2-hydroxy-1-phenylbutanoyl]-L-leucine, is
a low-toxicity immunostimulant that binds to lymphocytes and macrophages and
enhances both humoral and cellular safe responses. It is an inhibitor of leucine
aminopeptidase and aminopeptidase-B—bestatin possesses antitumour activity and
also increases the antitumour activity of bleomycin and adriamycin. Bestatin was
effective in preventing the metastasis of P388 leukaemia when the antibiotic was
regularly injected after tumour inoculation (Tsuruo et al. 1981); the dipeptide was
immunorestorator in the elderly and cancer patients and HIV-infected subjects.
In vitro enhanced granulocytopoiesis and thrombocytopoiesis, which might restore
them in myelohypoplastic men (Mathe 1991).

1.2.2.3.2 Bacterial Products
The effect of immunostimulatory are due to the release of cytokines from bacteria.
Its immunostimulatory mechanism is caused by bacteria that (a) induce a granulo-
matous reaction at the site of administration and (b) prevent and treat carcinoma
forms. This mechanism causes phagocytosis and resistance to infection through B-
and T-cell-mediated responses. Some disadvantages are excessive touchiness, fever,
shock and complex insusceptible disease (Patil et al. 2012).

1.2.2.3.3 Recombinant Cytokines
Many interferons and interleukins stimulate immune reactions. After stimulation
with mitogens, interferons could be obtained from trout leucocytes. It could cause
in vitro resistance to pancreatic necrosis infection in trout cells. Low doses of
interferon could induce stable positive outcomes in mammals without causing side
effects. On the other side, vaccination of animals with the recombinant IL-2
increased the protective effects against specific infections. In large dosages, IL-2,
on the other hand, was a highly hazardous compound, causing symptoms, such as
fever and diarrhoea. The cleaned cytokines produced unsatisfactory results in clini-
cal trials because the resistant responses were produced by a blend of cytokines
generated by the safe cells rather than against a single cytokine. In this way,
non-specific cytokine amalgamation enhancers will develop safe responses and
solve the problem (Galeotti 1998). Thus, recombinant cytokines are produced
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recently in various expression frameworks (e.g. plants) and utilised in clinical trials,
such as interferons, TNF-α and IL-2 (Sirko et al. 2011).

1.2.2.4 Complex Carbohydrates
Several types of complex carbohydrates were described as follows:

1.2.2.4.1 Glucans
The β-(1!3)-linked chain of glucose units is an essential class of
immunostimulants.

There are β-(1!6)-branched glucose units in the main chain. The β-glucans were
derived from unusually well-preserved structural components of cell walls in
organisms, algae and yeast and have a wide range of molecular weights ranging
from 5 to 200 kDa. Depending on the source, the length and frequency of these
branches vary. B-glucan has been used to stimulate antitumour mechanisms
(e.g. increased macrophage activity) and to improve host resistance to a variety of
microbial pathogens in mammals. Glucan may also be beneficial in preventing
aflatoxin’s carcinogenic effects. The β-glucan was thought to be a stimulator of
cell invulnerability. In fact, in the presence of glucans, mammalian macrophages or
monocytes have specific receptors for glucans and their precursors, such as
cytokines (e.g. IL-1, IL-9, TNF-α) and prostaglandins (Sahoo and Mukherjee
2001; Madrigal-Bujaidar et al. 2015). In Japan, β-glucans such as lentinan, derived
from shiitake mushroom, and Polysaccharide-K, derived from Coriolus versicolor,
were licensed as anticancer drugs. Lentinan may induce protective Th1 insusceptible
responses to control the proliferation of malaria parasites in red blood cells by
stimulating the maturation of Dcs; increasing the expression of MHCII, CD80/
CD86 and Toll-like receptors (TLR2/TLR1) and the level of IL-12; and forestalling
the adverse effects of Tregs. The primary roles of glucans have been discovered in
the treatment of cancer, infection resistance, stress reduction and the restoration of
damaged bone marrow. Zymosan, a combination of polysaccharides isolated from
the cell walls of Saccharomyces cerevisiae, could potently stimulate macrophages
and induce neutrophil cytokine release. In reality, β-glucan in zymosan was
recognised as its active component for non-specific immunomodulation. Also,
β-glucan may also be able to reverse myelosuppression generated by chemothera-
peutic medicines by targeting the C3 fragment of complement and circulating
antibodies. Recent studies have shown that daily therapy with soluble or insoluble
β-glucan reduced tumour size by 70–95%. To be sure, after the coupling of
antibodies on the surface of cancer cells, C3 fragments of complement could coat
the cancer cells at that point, β-glucan-prepared cells, such as neutrophils,
macrophages and NK cells, correctly recognised these complement-antibody
complexes and executed the tumour cells. The cooperation of β-glucan with
antitumour antibodies is a practical approach in combination treatment (Vetvicka
2011).
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1.2.2.4.2 Trehalose
Trehalose dimycolate (TDM), muramyl dipeptide (MDP) and lipopolysaccharides
(LPS) as bacterial products promote the production of antibodies, stimulate lympho-
cyte activation and elicit specific susceptibility to bacterial infections. Trehalose
dimycolate, a glycolipid found in Mycobacterium’s cell wall, is a potent
immunostimulant that inhibits tumour growth and improves resistance to bacterial,
parasitic and viral infections. Because of their amphipathic properties, they can
interact with membranes. TDM primes murine macrophages to produce nitric
oxide (NO) and develop the antitumour activity. TDM, as an adjuvant, enhances
both cellular and humoral invulnerability while eliciting a more robust cellular
response. TDM could induce potent safe responses against malaria antigens in
comparison to groups infected with malarial antigens and Freund’s adjuvant. The
results showed that in macrophage-drained mice injected with silica particles, the
protective effect of TDM is reduced, indicating the role of macrophages.

T-lymphocytes were not required for TDM to activate peritoneal macrophages.
Trehalose diesters could activate IL-12p10 and IFN-γ mRNA (Parant et al. 1978;
Oswald et al. 1997).

1.2.2.4.3 Prebiotics
Prebiotics are inedible filaments that increase beneficial gut commensal bacteria,
improving the health of the host. Prebiotics, such as fructooligosaccharide, mannan
oligosaccharide, inulin or β-glucan, are known as monosaccharides. They signifi-
cantly boost innate insusceptible reactions, such as phagocytic activation, neutrophil
activation, alternative complement framework activation and increased lysozyme
activity. Immunosaccharides interact with pattern recognition receptors (PRR) con-
veyed on innate invulnerable cells to directly activate the innate safe framework. In
order to activate innate safe cells, they can also be linked to microbe-associated
molecular patterns (MMPs). Probiotics activate the innate safe framework in
two ways: (a) by directly stimulating the innate invulnerable framework and (b) by
boosting the growth of commensal microbiota (Song et al. 2014).

1.2.2.5 Immunostimulants Used in Vaccines
Vaccines include a vast variety of immunostimulants; for example, an adjuvant heat-
labile enterotoxin from Escherichia coli (LT), administered in the form of
immunostimulant (LT-IS) patch on the skin, may improve insusceptible responses
to influenza vaccination in the elderly. The invulnerable activation induced by LT-IS
enhanced the potency of generating Alzheimer’s disease (AD)-specific vaccination
reactions as an adjuvant in the clinical trial (Davtyan et al. 2014). Co-administration
of a potent adjuvant in IS patches containing heat-labile enterotoxin from E. coli.
The anti-influenza antibody insusceptible response was significantly increased when
E. coli was applied to the skin at the location of DNA vaccination (Mkrtichyan et al.
2008); adjuvants enhance and modulate resistant responses to antigens. This is
important when the sanitised antigens do not elicit effective innate or adaptive
resistant frameworks. Adjuvants are diverse in the sorts and levels of invulnerable
responses. Expected advantages of adjuvants contain more robust resistant
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preparing, effective invulnerable responses in low-response populations (e.g. the
older or immunocompromised patients), the utilisation of smaller amounts of the
antigen and safety profile (Garcon et al. 2011). New adjuvants have already applied
to more efficient influenza vaccines, as well as vaccines targeting hepatitis B (HBV)
and human papillomavirus (HPV) (Frech et al. 2005). On the other hand, CpG
oligonucleotides and imiquimod drugs (an antiviral compound) could activate den-
dritic cells, induce in situ maturation and migration of Dcs and augment both
humoral and cellular insusceptible responses (Frech et al. 2005). The unmethylated
CpG motif in bacterial DNA was recognised as a B-cell stimulating adjuvant, and
synthetic oligodeoxynucleotides (ODNs) containing the CpG motifs were shown to
induce potent therapeutic activities in various infections and tumour animal models.
Imiquimod was topically utilised for patients with anogenital warts as well as basal-
cell carcinoma. The investigations indicated that CpG ODNs and imiquimod
(resiquimod) drugs act as synthetic ligands for TLR9 and TLR7, respectively, and
both stimulate Dc maturation efficiently (Frech et al. 2005).

1.2.3 Immunosuppressant

1.2.3.1 Synthetic Drugs: Manufactured Medications
Medications to smother human response against resistant have been used for couples
of the decade. Such compounds were used for patient treatment undergoing organ
transplantation or suffering from autoimmune diseases. The major stumble back of
primitive immunosuppressive compounds was due to absence of specificity. Wide
suppression of safe cell replication and cell function sometimes leads to extreme
toxicities and related adverse symptoms. As the knowledge of invulnerable frame-
work response for molecular and cellular level evolved, more current with specific
compounds were developed which target particular component with its safe
response. These modern immunosuppressive compounds do not have potential
adverse effects with their efficacy and safety had significantly risen above to there
predecessor compounds (Allison and Eugui 2005).

1.2.3.2 Immunosuppression for Organ Transplantation
Medications that suppress the human resistive response are widely used to prevent
the rejection of transplanted organs (alloimmunity) and to treat autoimmune disease
(autoimmunity). Solid-organ transplantation mostly involve the heart, liver, kidney
and lungs (Libby and Pober 2001). The main objectives of transplant
immunosuppression are:

• To forestall rejection of transplanted organs
• To limit sedate toxicity along with side effect
• To limit hazard of infection

In an ideal condition, these three goals could be fulfilled utilising most minor
medications and the minimum possible dosage that could be effective in patients
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along with graft survival. Transplantational tissue rejection occurs in three phases:
hyper-acute, acute and chronic. Hyper-acute rejection includes a spontaneous
(in practically no time) response from the recipient’s an resistant framework against
transplanted tissue and, which is expected due to measures taken by antibodies
counter to donor H.L.A (human leukocyte antigen or A.B.O antigen-6 Eradication
of transplanted tissues could be quick and broad. Precise matching between donor
and recipient tissues can forestall this rejection type. Acute rejection type is most
likely to incur inside initially 1–3 months post-transplant. Acute rejection is caused
primarily due to host T-cells. When triggered by foreign antigens on the donor
tissue, cytotoxic T-cells enter the organ and begin disintegration by releasing
cytotoxic catalysts and proteins (e.g. perforins). Treatments that decrease T-cell
activity work effectively for this type of acute rejection. In acute rejection,
humoral-mediated rejection is crucial because host B-cells sharpen to donor tissue
by producing antibodies against it. Antibodies directed against endothelial cells of
the heart tissue can cause vasculature damage in acute rejection. This method of
treating acute rejection is not particularly well known.

1.2.4 Inhibitor of Lymphocyte Gene Expression

Immunosuppression is used in transplant patients for various reasons, including
preventing acute rejection in the days following the transplant. In order to do this,
induction therapy is started during the transplantation surgery and lasts typically for
7–10 days. The infusion of a robust immunosuppressive antibody that blocks T-cell
activation is typically used in induction treatment. Daclizumab and basiliximab, two
of these drugs, are antibodies to the T-cell D25 (D 5 cluster of differentiation)
receptor. Interleukin-2 has a high affinity for activating this T-cell receptor (IL-2).
Even though activated T-cells can only transmit D25, these agents are very selective
for T-cells already activated by MH. Daclizumab is a “humanised” antibody with
90% human components and is expected to be less antigenic than basiliximab, which
has 75% human components. For both induction and acute rejection therapy, two
polyclonal anti-thymocyte globulins are available. The first antibody, tgam, is
generated from horses, while rabbits determine the second (Thymoglobulin). Both
are linked to lymphocyte D receptors in a variety of ways. Once bound,
antithymocyte globulins promote complement-mediated lysis of T-cells, resulting
in their depletion. Both compounds are robust immunosuppressants, and
transplanted patients might be exposed to a variety of infections because of their
broad mechanism. Restriction of the globulins can cascade a chain of release for
cytokines from T-cells, leading to “cytokine release syndrome”, which causes
headaches, fever, cold and vomiting in patients. The murine-inferred monoclonal
muromonab (OKT3) is the third type of immunosuppressive antibody. This globulin
binds to the CD3 cell surface receptor on T-cells, crucial in T-cell activation. Patients
may produce donor organ trustworthiness and function since OKT3 is a murine
protein. Cellular and humoral processes appear to be involved. Chronic inflamma-
tion of the donor tissue is a central feature of chronic rejection. T-cells release
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cytokines when they are activated, which attract and activate macrophages. The
donor tissue is then infiltrated by macrophages, which attack it with cytolytic
compounds. Continuous antibody production by activated B-cells and the resulting
activation of complement proteins may lead to chronic rejection. The retransplanting
approach is the only option because there is no effective pharmacologic therapy for
avoiding chronic rejection.

1.2.5 Antibodies Against Specific Immune Cell Molecules

Antibodies are Y-shaped proteins produced by the immune system in response to
infection. For example, they help remove disease-causing bacteria from the body by
crushing them or preventing them from contaminating cells. Antibodies function
profoundly by perceiving and adhering to particular proteins, such as those present
on the surfaces of pathogens and microorganisms, when the body encounters an
organism simply because insusceptible cells develop antibodies that directly per-
ceive proteins relevant to that specific microorganism. In the wake of recouping from
a disease or getting an immunisation, few of these counteracting agents creating
resistant cells, for the most part, stay in the body as memory cells, furnishing
insusceptibility to future contaminations with a similar bug. Since memory cells
and antibodies are now present, the body experiences a similar organism; the
invulnerable reaction is quicker and can prevent the disease from grabbing hold.
Antibodies that perceive the body’s proteins rather than proteins from irresistible
organisms can cause hurt. In immune system ailments, such as lupus, numerous
sclerosis and rheumatoid joint pain, individuals produce antibodies that adhere to
their body’s proteins and assault solid cells.

Hypersensitivities include an exceptional class of antibodies called immunoglob-
ulin E (IgE). When these antibodies recognise allergens, they cause invulnerable
cells to release histamine and other irritating particles, resulting in severe side effects
from unfavourably susceptible responses. Antibodies are mostly used in biomedical
research because of their unique ability to recognise and cling to specific proteins,
such as determining whether a given protein is present in a sample or where a
specific protein is located within a cell.

1.2.5.1 Polyclonal Antibodies Antithymocyte Globulin (ATG)
Antithymocyte globulin is a pure type of gamma-globulin derived from rabbit serum
immunised against human thymocytes (Sharma and Sharma 2007).

1.2.5.1.1 Mechanism of Action
Antithymocyte globulins have cytotoxic antibodies that will bind to CD2, CD3,
CD4, CD8, CD11a, CD18, CD25, CD44 and CD45, as well as HLA class I and II in
the surface of human T-lymphocyte cells. The antibody drains circulating lympho-
cyte by direct cytotoxicity of complement and cell-mediated, which in turn block
lymphocyte function by binding to the cell surface molecule engaged in cell activity
regulation (Katzung 2012).
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1.2.5.1.2 Therapeutic Uses
One of the major uses is in severe renal transplantational rejection.

1.2.5.1.3 Adverse Effects
Rigors, hypotension, serum sickness, glomerulonephritis, leucopenia with thrombo-
cytopenia and increased risk of infection with malignancy are some of the main
effects when several immunosuppressive compounds are used together (Golan et al.
2011).

1.2.5.2 Monoclonal Antibodies: Muromunab (Anti-CD3 Antibodies,
OKT3)

An antibody targeting CD3, a trimeric structural molecule adjacent to the T-cell
receptor in the surface of human T-lymphocytes, has been used in human transplan-
tation with remarkable success since the early 1980s (Sharma and Sharma 2007).

1.2.5.2.1 Mechanism of Action
Muromonab-CD3 binds to the CD3 chain, a monomorphic component of the T-cell
receptor complex involved in antigen recognition, cell signalling and preference.

The use of antibodies induces a rapid internalisation of T-cell receptors, which
prevents antigen recognition. The antibody is administered by depleting and
extracting full T-cells from peripheral lymph organs (Carlos and Harlan 1994).
The lack of traceable T-cells from individual lymphoid organs leads to secondary
T-cell death, characterised by implementation activation, activation-induced T-cell
passing and the marginalisation of T-cells in the vascular endothelial wall as well as
redistribution of T-cells to the non-lymphoid organs. Muromonab-CD3 reduces
T-cell function, as explained by a lack of interleukin-2 production coupled with
massively reduced production of several cytokines, except interleukin-4 and
interleukin-10 (Katzung 2012).

1.2.5.2.2 Therapeutic Uses
Cases of severe organ transplant rejection.

1.2.5.2.3 Adverse Effects
High fever, cold with headache, tremor, nausea, diarrhoea, abdominal pain, malaise,
myalgias and arthralgias along with generalized weakness; minor effects such as
skin allergy, cardiorespiratory issues and central nervous system disorders including
aseptic meningitis; and potential fatal severe pulmonary oedema and acute respira-
tory distress syndrome (Tortora Gerard and Derrickson Bryan 2008).

1.2.6 Inhibitors of Immune Cell Adhesion

Cell-cell and cell-lattice attachments are known to assume critical jobs in the
enlistment and enactment of insusceptible T-cells. Noticeable among the subatomic
attachment parts are integrins (β1 and β2) that intercede the collaborations of an
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assortment of insusceptible cells to extracellular frameworks and other resistant
cells, separately (Adutler-Lieber et al. 2014).

Adhesion molecules can be classified into four major groups: integrins, selectins,
cadherins and immunoglobulin superfamily (IgSF), including nectins and mucins
(Samanta and Almo 2015). Along with the conventional adhesion molecules, the
specific enzyme vascular adhesion protein 1 (VAP-1) plays an important role in cell
adhesion (Jalkanen et al. 2007). Compounds that block leucocyte adhesion, transmi-
gration with expression of related CAMs present therapeutic model as immunosup-
pressive and anti-inflammatory drugs (Hynes 1992).

For the most part, a cell adhesion inhibitor are classified as target site for cell-cell
adhesion with expression of cell adhesion molecules (Jia et al. 2015), though certain
small molecules such as flavonoids (Kobuchi et al. 1999) and others (Mun et al.
2011). When the affecting experience of a cell adhesion molecule is known, specific
inhibitors for cell-cell contact is limited (Jin et al. 2010).

1.2.6.1 Efalizumab
Efalizumab (lymphocyte function-associated antigen-1 inhibitor) is a humanised
gG1 mAb that targets the CD11, a chain of the LFA-1 (lymphocyte function-
associated antigen).

1.2.6.1.1 Mechanism of Action
Efalizumab attached to lymphocyte function-associated antigen-1 and blocked the
lymphocyte function-associated antigen-1-ICAM (intercellular adhesion molecule)
interaction to avoid T-cell adhesion, trafficking and onset.

1.2.6.1.2 Pharmacokinetics
Efalizumab offers a certain saturation with 80 per cent modulation of CD11 within a
time frame of 24 hours of administration, according to pharmacokinetic and phar-
macodynamic studies.

1.2.6.1.3 Therapeutic Uses
Survival of murine skin, heart allografts and psoriasis along with renal transplanta-
tion (Sharma and Sharma 2007).

1.2.7 Tolerogens or Inhibitors of Immune Cells

A tolerogen is a foreign antigen that suppresses the immune response or induces
immunological tolerance, unlike an immunogen that stimulates an immune response.
Instead of inducing the immune system to be active, the tolerogen binds to the
lymphocytes’ antigen receptor to suppress it.
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1.2.8 Inhibitors of Lymphocyte Gene Expression to Reduce
Inflammatory Response

1.2.8.1 Mechanism of Action
Cell-cell and cell-cross-section connections are known to expect principal employ-
ment to select and establish immune T-cells. Observable among the subnuclear
connection parts are integrins (β1 and β2) that intervene in the joint efforts of various
invulnerable cells to extracellular systems and other safe cells independently
(Adutler-Lieber et al. 2014).

Along with the conventional adhesion molecule, the enzyme ex-vascular adhe-
sion protein 1 (VAP-1) plays a vital role in cell adhesion (Jalkanen et al. 2007). The
compound that inhibits leucocyte adhesion, transmigration and expression of
associated CAM presents in a therapeutic model for immunosuppressive and anti-
inflammatory drugs (Hynes 1992).

Cell adhesion inhibitor will be classified for target for cell-cell adhesion along
with expression of cell adhesion molecules (Jia et al. 2015). With impact on
expression of cell adhesion molecules is known, specific inhibitors for cell-cell
contact are very little (Jin et al. 2010).

1.2.8.2 Therapeutic Uses
Transplant rejection, graft-versus-host disease in bone marrow transplantation,
rheumatoid arthritis, SLE and various conditions of skin, asthma, allergic disorders,
inflammatory bowel and ophthalmic diseases (Sharma and Sharma 2007).

1.2.8.3 Adverse Effects
Some major effects are growth retardation in minor, avascular bone necrosis,
osteopenia, cataract, hyperglycaemia and hypertension.

1.2.9 Inhibitors of Lymphocyte Signalling to Prevent Immune Cell
Activation and Proliferation: Calcineurin Inhibitors

1.2.9.1 Cyclosporine
Cyclosporine (cyclosporin A) is a cyclic polypeptide chain with a total of 11 AA
produced by the fungal species Beauvera nivea. Cyclosporine overpowers T-cell
subordinate immune system pathways as transplant rejection and pathway for
autoimmunity. It also prevents T-lymphocytes from receiving antigen-triggered
signals, effectively reducing the expression of numerous lymphokines, interleukin-
2 and anti-apoptotic proteins. Cyclosporine binds to make a complex with
cyclophilin, a specific type of cytoplasmic receptor present in target T-cells. This
complex binds to calcineurin, inhibiting Ca2+-stimulated dephosphorylation of the
cytoplasmic component of the nuclear factor of activated T-cells (NFAT). When
NFAT is dephosphorylated and translated, it attaches to the nuclear component
required for complete T-cell activation, including the activation of the L-2 and
other lymphokine genes. After physical interaction with the cyclosporine/
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cyclophilin complex, calcineurin phosphatase activity is stopped. This inhibits
NFAT dephosphorylation, resulting in NFAT not entering the nucleus transcription
activated and the T-lymphocyte failing to respond to antigenic stimulation.

1.2.9.1.1 Pharmacokinetics
Cyclosporine administered orally or IV. Oral bioavailability is less around 30%.
Food stops its absorption. It is metabolised by CYP3A, resulting in drug-to-drug
interaction. Inactive metabolite is ejected primarily through the bile and faeces but
minimally in urine (Chaudhuri 1997).

1.2.9.1.2 Therapeutic Uses
Organ transplantation, rheumatoid arthritis, psoriasis, early engraftment, extending
kidney graft survival and cardiac and liver transplantation (Sengupta 2009).

1.2.9.1.3 Adverse Effects
Renal dysfunction, tremor, hirsutism, hypertension, hyperlipidaemia, gum hyperpla-
sia, hyperuricaemia, hypercholesterolaemia, nephrotoxicity, diabetogenic and
increase in LDL cholesterol.

1.2.9.2 Tacrolimus
Tacrolimus (PROGRAF, FK506) is a macrolide antibiotic synthesised by Strepto-
myces tsukubaensis.

1.2.9.2.1 Mechanism of Action
T-cell activation is inhibited via blocking calcineurin. Tacrolimus binds to an
intracellular protein FK506-binding protein-12 (FKBP-12), an immunophilin,
which is structurally linked to cyclophilin. A complex of tacrolimus-FKBP-12,
Ca2+, calmodulin, calcineurin forms and calcineurin phosphatase activity is
stopped. As described for cyclosporine, the inhibition of phosphatase activity
inhibits dephosphorylation and nuclear translocation of NFAT and stops T-cell
activation.

1.2.9.2.2 Pharmacokinetics
Tacrolimus can be administered orally or IV; the liver metabolises 99% by CYP3A
and has plasma half-life of 7–8 h (Singhal 2007).

1.2.9.2.3 Therapeutic Uses
Prophylaxis of solid-organ allograft rejection, kidney transplantation and paediatric
liver transplantation.

1.2.9.2.4 Adverse Effects
Nephrotoxicity, GI complaints, diabetes, neurotoxicity, hypertension,
hyperkalaemia and hyperglycaemia.
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1.2.10 Mammalian Target of Rapamycin (mTOR) Inhibitors:
Sirolimus

1.2.10.1 Mechanism of Action
Sirolimus blocks T-lymphocyte activation and proliferation downstream of the
interleukin-2 and other T-cell growth factor receptors. Sirolimus formation of a
complex with immunophilin FKBP-12, but the sirolimus-FKBP-12 complex does
not affect calcineurin activity. It binds and blocks protein-kinase targeted mamma-
lian target of rapamycin (mTOR), which is a key protein in cell-cycle progression.
Regulation of mTOR stops cell-cycle progression at the G1- to S-phase transition
(Goodman 1996).

1.2.10.2 Pharmacokinetics
Oral bioavailability 15% Protein binding 40–45% is against albumin, where it is
metabolised by the liver with the help of CYP3A4. Sirolimus excreted 91% through
faeces and 2.5% through urine with a plasma half-life of 62 h.

1.2.10.3 Therapeutic Uses
Organ transplant inhibitor is incorporated into stents to inhibit local cell proliferation
and blood vessel occlusion.

1.2.10.4 Adverse Effects
Increased level in serum cholesterol, triglycerides, impaired renal function, prolong
postponed unite function, lymphocele and anaemia with leucopenia.

1.2.11 Cytotoxic Agents to Reduce Lymphocyte Proliferations

1.2.11.1 Antimetabolites: Azathioprine
Azathioprine (Imuran) is a purine antimetabolite and imidazolyl derivative of
6-mercaptopurine.

1.2.11.1.1 Mechanism of Action
With the exposure to nucleophiles is cleaved to 6-mercaptopurine, which result in
conversion to extra metabolites which prohibit de novo purine synthesis. 6-Thio-
IMP is changed into 6-thio-GTP, which is incorporated into DNA. Cellular prolifer-
ation leads to dysfunction a type of lymphocyte function.

1.2.11.1.2 Therapeutic Uses
Allergenic kidney transplantation and organ transplant rejection.

1.2.11.1.3 Adverse Effects
Bone marrow suppression, leucopenia, thrombocytopenia (not common) and/or
anaemia (not common) along with increased susceptibility to infections, hepatotox-
icity, alopecia, nausea, vomiting, abdominal pain, mucositis and pancreatitis.
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1.2.11.2 Mycophenolate Mofetil
Mycophenolate mofetil (CellCept) is a 2-morpholinoethyl ester of mycophenolic
acid (MPA).

1.2.11.2.1 Mechanism of Action
Mycophenolate mofetil is pro-medicate which is hydrolysed into active tranquilise,
i.e. mycophenolic acid (MPA) that is a selective, non-competitive and reversible
inhibitor of inosine monophosphate dehydrogenase (IMPDH), which is an integral
part in the de novo pathway of guanine nucleotide synthesis. B- and T-lymphocytes
are dependent on this pathway, while other cell types use salvage pathway for cell
proliferation; MPA therefore selectively inhibits lymphocyte proliferation along
with some vital function, i.e. antibody formation and cellular adhesion along with
migration (Rang 2007).

1.2.11.2.2 Pharmacokinetics
Mycophenolate mofetil undergoes rapid complete metabolism to MPA after oral/
intravenous administration of MPA, which results in metabolising to an inactive
phenolic glucuronide MPAG. Out of which 87% is excreted through urine as MPA.

1.2.11.2.3 Therapeutic Uses
Prophylaxis of transplant rejection and renal transplant.

1.2.11.2.4 Adverse Effects
Various adverse effects can be seen, such as leucopenia, diarrhoea, vomiting and
sepsis associated with cytomegalovirus (Finkel et al. 2009).

1.2.12 Alkylating Agents

1.2.12.1 Cyclophosphamide
Cyclophosphamide is a unique immunosuppressant, and its function is to enhance
T-cell responses despite suppressing B-lymphocyte proliferation.

1.2.12.1.1 Mechanism of Action
Alkylating agents add alkyl groups by forming covalent bonds with nucleophilic
moieties ex-phosphate, sulfhydryl, hydroxyl, carboxyl, amino and imidazole groups
occuring in DNA/RNA. By forming cross-links between the strands of DNA, they
prevent the method of cell division as well as protein synthesis. These drugs are
lethal to rapidly reproducing tissues and inducing cell death until they are exposed to
the division method. The abovementioned drug’s cytotoxicity deals with a degree of
DNA alkylation (Goodman 1996).
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1.2.12.1.2 Therapeutic Uses
Autoimmune disorder in patients having acquired factor-XIII antibody, bleeding
syndromes, antibody-induced unadulterated red cell aplasia and Wegener’s
granulomatosis.

1.2.12.1.3 Adverse Effects
Pancytopenia, haemorrhagic cystitis, unite-versus-host disease syndrome, nausea,
vomiting, cardiac toxicity and electrolyte disturbances (Mythili et al. 2004).

1.2.13 Cytokine Inhibitors (Anticytokine Antibodies)

Tumour necrosis factor-α and IL-1 are pro-inflammatory cytokines found in the
pathogenesis of rheumatoid arthritis and Crohn’s disease. Activated T-lymphocytes
link to the IL-2, swhich promotes its proliferation (Hilmer and Ford 2009).

1.2.13.1 TNF-a Inhibitors
Activated cytotoxic TH1 cells secrete tumour necrosis factor-α that to tumour
necrosis factor receptors (TNFR1 or TNFR2) are present in fibroblasts, neutrophils
and vascular endothelial cells except for these; there are soluble forms of tumour
necrosis factor-α receptor present in serum and synovial fluid. Release of cystine
L-1, L-6 and adhesion molecules caused by tumour necrosis factor activation, which
promotes leucocyte activation and trafficking (Golan et al. 2011).

1.2.13.2 Etanercept
It’s a genetically modified fusion protein made up of two soluble tumour necrosis
factor p75 receptors connected to the Fc portion of human-IgG1. The medication
works on external administered soluble tumour necrosis factor-α receptor, which
provides artificial binding sites to tumour necrosis factor-α, leading to inhibition of
tumour necrosis factor-α from attaching to the film-bound TNFR-1 and TNFR-2.
The medication is mainly used for treatment of rheumatoid arthritis along with
psoriatic arthritis (Saif 2005).

1.2.13.3 Infliximab
It’s chimeric monoclonal antibody produced of exposure from mice to human
tumour necrosis factor-α. The resultant antibody is fused to constant region IgG-1,
which lowers the drug’s antigenicity. The medication cross links with film bounded
tumour necrosis factor-α receptor on cell surface to block T-cell and macrophage
function forcing to stop the release of other pro-inflammatory cytokines. It has
longer half-life and does not bind tumour necrosis factor-β. Infliximab is used to
treat Crohn’s disease and rheumatoid arthritis (Rang 2007).
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1.2.13.4 Adalimumab
It is a human recombinant monoclonal antibody to tumour necrosis factor-α, which
is significantly less antigenic than infliximab since it lacks the foreign component. Its
serum half-life is 2 weeks.

1.2.14 Miscellaneous: Immunostimulants

Indifferent to immunosuppressive agent that blocks the rejection of immune
response and autoimmunity, different immunostimulatory drugs are designed with
different functionality to infection, immunodeficiency and cancer. They work on
both cellular and humoral immune system.

1.2.14.1 Bacillus Calmette-Guerin (BCG)
Live bacillus Calmette-Guerin (BCG: TICE BCG, TheraCys) is made from live
culture from the bacillus of Calmette and Guerin strain of Mycobacterium bovis.

1.2.14.1.1 Mechanism of Action
At the site of granulomatous reaction.

1.2.14.1.2 Therapeutic Uses
Prophylaxis along with treatment for urinary bladder carcinoma and T1 papillary
after transurethral resection.

1.2.14.1.3 Adverse Effects
Shock, hypersensitivity, chills and fever (Goodman 1996).

1.2.14.2 Levamisole
Levamisole (Ergamisol) is manufactured as an anthelmintic yet promises to repair
weak immune response.

1.2.14.2.1 Therapeutic Uses
Adjuvant treatment with the help of 5-fluorouracil after surgical resection in patients
suffering from Duke’s stage C colon cancer and agranulocytosis.

1.2.14.2.2 Adverse Effects
Symptoms related to influenza, nausea, allergic reactions and body ache.

1.2.14.3 Thalidomide

1.2.14.3.1 Mechanism of Action
Thalidomide is proven to lower circulation of tumour necrosis factor-α of patients
dealing with erythema nodosum leprosum yet to elevate it in subjects who are HIV
seropositive. Indifference to it had been suggested that the medications result in
angiogenesis.
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1.2.14.3.2 Therapeutic Uses
In rheumatoid arthritis (Heidari 2011).

1.2.14.3.3 Adverse Effects
One of the effects is teratogenicity.

1.2.15 Recombinant Cytokines

Therapeutic uses of recombinant cytokines and their effects (Parnham and Nijkamp
2005; Sharma and Sharma 2007; Katzung 2012):

• Interferons: e.g. alpha, beta and gamma interferons work by induction of various
enzymes along with inhibition of cell proliferation, increased phagocytosis by
macrophages and augmentation of specific cytotoxicity. They are used in hairy
cell leukaemia, malignant melanoma, follicular lymphoma, Kaposi’s sarcoma and
chronic hepatitis B. They have certain adverse effects such as hypotension,
arrhythmias, myocardial infarction, gastrointestinal distress, loss of apetite and
weight loss.

• Interleukins: e.g. aldesleukin and des-alanyl-1, serine-125 human IL-2. Cellular
immunity is profoundly activated via lymphocytosis, eosinophilia and thrombo-
cytopenia with the release of several cytokines. It has many adverse effects such
as capillary leak syndrome, hypotension, reduced organ perfusion and death.

Colony stimulating factors: e.g. filgrastim works by increasing the number and
differentiation of myeloid progenitors. It is used in leucopenia and ganciclovir-
induced neutropenia. It has many adverse effects such as myocardial infarction
and anorexia.

1.2.15.1 Isoprinosine
Isoprinosine aka inosiplex is the complex of the pacetamido-benzoate salt of N,
N-dimethylamino-2-propanol and inosine in a molar ratio of 3:1.

1.2.15.1.1 Mechanism of Action
Isoprinosine promises to enlarge production of cytokines as IL-1, IL-2 and IFN-γ. It
also increases proliferation of lymphocytes in response to mitogenic or antigenic
stimuli, increases active T-cell rosettes and induces T-cell surface markers on
prothymocytes.

1.2.15.1.2 Therapeutic Uses
Herpes infections, subacute sclerosing panencephalitis, Epstein-Barr and measles
viruses.
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1.2.15.1.3 Adverse Effects
Minor CNS depressant and transient nausea along with rise of uric acid in serum and
urine (Parnham 2005).

1.2.15.2 Immunocynin
It is a balanced form of haemocynin, which is a non-heme oxygen carrying along
copper-containing protein present in arthropods and molluses.

1.2.15.3 Therapeutic Uses
Used to treat some form of urinary bladder cancer.

1.2.15.4 Adverse Effects
Uncommon mild fever. The main three classes of drugs currently utilised for
maintenance therapy are antimetabolites, lymphocyte signalling inhibitors and
corticosteroids, which are all examples of antimetabolites. Older compounds such
as azathioprine and methotrexate as well as more recent compounds such as
mycophenolate mofetil and leflunomide are all examples of antimetabolite
immunosuppressants. Tamper with critical metabolic pathways in a variety of safe
cells, which can stifle their proliferation and induce apoptosis. Azathioprine was the
first compound of its kind to be used for immunosuppression in relation to organ
transplants. It is a mercaptopurine prodrug and a tranquiliser that interferes with
purine nucleic acid metabolism and, as a result, lymphoid cell replication. One major
disadvantage of using older drugs such as azathioprine is their lack of specificity and
potential for suppressing replication in other highly proliferative tissues, including
the bone marrow and stomach. When azathioprine is used in conjunction with
allopurinol, increase in drug blood levels is observed (Brooks et al. 1982).

These are the immunosuppressive drugs used for solid organ transplant (Rifle
et al. 2005):

• Glucocorticoids inhibit inflammatory gene transcription and induce lipocortins.
They are used in maintenance therapy and treatment of acute rejection. They
cause hyperglycaemia, osteoporosis, hypercortisolism, growth impairment and
impaired wound healing.

• Cyclosporine inhibits IL-2 expression and lymphocyte activation. It is used in
maintenance therapy. It causes nephrotoxicity, neurotoxicity, hypertension, hir-
sutism and gingivital hyperplasia.

• Tacrolimus inhibits IL-2 expression and lymphocyte activation. It is used in
maintenance therapy. It causes nephrotoxicity, hypertension, hyperglycaemia,
gastrointestinal disturbances and myelosuppression.

• Sirolimus suppresses IL-2 signalling as well as lymphocyte activation. It is used
in maintenance therapy and treatment of acute rejection. It causes hypertension,
peripheral oedema, hyperlipidaemia and myelosuppression.

• Mycophenolate mofetil inhibits lymphocyte guanosine synthesis. It is used in
maintenance therapy and causes hypertension, gastrointestinal disturbances and
myelosuppression.
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• Azathioprine inhibits purine nucleic acid metabolism. It is used in maintenance
therapy. It causes gastrointestinal disturbances and myelosuppression.

• Monoclonal antibodies (e.g. muronomab) inhibit purine nucleic acid metabolism.
They are used in maintenance therapy. They cause cytokine release syndrome,
pulmonary oedema and hypersensitivity.

These are the immunosuppressive drugs used to treat autoimmune diseases
(Libby and Pober 2001):

• Methotrexate inhibits lymphocyte and folate metabolism. It is used in inflamma-
tory bowel disease. It causes nausea, diarrhoea and alopecia.

• Leflunomide is an inhibitor of lymphocyte and pyrimidine synthesis. It is used in
rheumatoid arthritis. It causes hepatotoxicity, renal impairment, teratogenic and
gastrointestinal disturbances.

• Etanercept, infliximab and adalimumab are TNF-a inhibitors. They are used in
rheumatoid arthritis, psoriasis and inflammatory bowel disease. They cause
infection and myelosuppression.

• Glucocorticoids inhibit inflammatory gene transcription and induce lipocortins.
They are used in rheumatoid arthritis and inflammatory bowel disease. They
cause hyperglycaemia, osteoporosis, hypercortisolism, growth impairment and
impaired wound healing.

1.3 Conclusion

Immunology, it was reasoned, is presumably the most rapidly developing sector of
clinical biotechnology. It’s a great way to prevent and cure a variety of problems,
including inflammatory skin, gut, respiratory system, joints and specific organ
disorders. Immunomodulators would be a major part of medicine in the twenty-
first century. Helping the system help itself by enhancing the insusceptible frame-
work is of focal significance in the general public so pushed, horribly supported and
presented to poisons that a large portion of us are probably going to have
undermined invulnerable frameworks. Immunomodulation, on the other hand may,
is a normalising method that corrects feeble invulnerable frameworks and temper
insusceptible frameworks that are overactive, yet it does not help the safe frame-
work. Immunomodulators are becoming a viable addition to established modalities,
providing a unique methodology for treating incurable diseases in the next decades
of the twenty-first century.
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