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Introduction

Immunosuppression is described as a condition of transient or permanent immune system deficiency arising from insults to the
immune response with increased resistance to disease and the immune system. Such dysfunction also emerges from inflammation
of the immune system cells, owing to their compromised activity in a non-specific manner against primary and subsequent
pathogens (Schat and Skinner, 2014). Immunosuppression is the manifestation of the causative agent’s overall replicative
approach, leading to increased vulnerability to other pathogens, but not inherently to the causal factor (Venet and Monneret,
2018). The transplantation of human organs has advanced over the last 60 years and many people around the world have been
saved. Preserving functionality of organs, one of the most important processes is transplantation. It involves Immunosuppressive
medications or immunosuppressant widely used in patients to prevent organ rejection by exerting a suppressive effect on the
immune system (Zhang and Zhang, 2018).

Immunosuppressant is a class of medicines that inhibit or decrease the intensity of the immune response in the body. Most of
these medications, are used to allow the body less likely to resist a transplanted organ i.e., kidney, heart and liver. The most
commonly and recent immunosuppressive drugs with their structures are shown in Fig. 1. Among these agents, the cortisol,
cyclosporine-A, sirolimus, tacrolimus and mycophenolic acid immunosuppressive effect was discovered in 1949, 1976, 1977, 1987
and 1991, respectively (Sprague et al., 1950; Borel et al., 1994; Martel et al., 1977; Kino et al., 1987; Chapuis et al., 2000).
Tacrolimus and cyclosporine-A belongs to calcineurin inhibiters, which mechanistically block the calcineurin effect by binding to
immunophilins (Chakkera et al., 2017). Similarly, Sirolimus is a Streptomyces hygroscopicus macrocyclic fermentation agent and a
rapamycin mammalian target inhibitor (mTOR inhibiter), that inhibit the stimulation of T and B Cells by reducing interleukin-2
production. Sirolimus is extremely helpful in the prevention of kidney transplant rejection (Bellumkonda and Patel, 2020).
In addition, the same inhibitory action is followed by everolimus—one of the tacrolimus derivative (Ashley et al., 2020). Inosine
monophosphate dehydrogenase is involved in the synthesis of guanine monophosphate during purine synthesis. Mycophenolic
acid reversibly inhibit Inosine monophosphate dehydrogenase, thus hitting a unique location during immunosuppression leads to
the inhibition of T and B cells proliferation (Chitty, 2017).

In solid organ transplantation, immunosuppressive agents are needed for the activation of early-stage immunosuppression, the
management of late-stage immunosuppression or for the maintenance of organ rejection (Pilch et al., 2021). Commonly used
immunosuppressant agents are summarized in Table 1.

In addition to it, the site of action varies for various immunosuppressive agents as discussed earlier. For these agents the locus of
action is briefly explained in Fig. 2. The emergence of novel agents and improvements in immunosuppression regimens after
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Fig. 1 Chemical structure of some commonly used immunosuppressive agents.

2 Immunosuppressive Drugs
transplantation are significant factors leading to this progress (Nedredal et al., 2020). However, It also increases the risk of infection,
cancers and specific adverse side effects specific to each agent in patients (Nogueira et al., 2018). Transplant centers across the world
utilize multiple immunosuppression protocols; nevertheless, each patient can require an individually formulated immunosup-
pression regimen to manage the advantages and possible damage of treatment thus eliminating the likelihood of their primary
disease recurrence (Gabardi et al., 2018).

This book chapter highlights a brief overview of immunosuppressive drugs along with its consequences in some special issues
like corona virus disease, pregnancy and fertility.



Table 1 Commonly used immunosuppressant drugs in organ transplant.

ISDs Class Clinical indications Recommended dose References

Prednisone Corticosteroids Immunosuppression rejection, cellular
rejection treatment

Variable to different locus Broos et al. (2018)

Cyclosporine Calcineurin inhibiter Immunosuppression maintenance 10–15 mg/kg/day, every 12 h as a
divided dose

Leclerc et al. (2020)

Tacrolimus Calcineurin inhibiter Immunosuppression maintenance 0.1–0.15 mg/kg/day every 12 h as a
divided dose

Brunet et al. (2019)

Azathioprine Anti-metabolite Immunosuppression maintenance 1.5–2.5 mg/kg/day as a maintenance
dose

Ford and Berg (2010)

Mycophenolate
mofetil

Anti-metabolite Rejection treatment, Immunosuppression
maintenance

Varies in individual cases Fareh et al. (2018)

Sirolimus Mammalian target of
rapamycin inhibiter

Malignancies, rejection treatment,
immunosuppression maintenance

Oral: 6 mg followed by 2 mg/day as a
single dose

Yap et al. (2018)

Everolimus Mammalian target of
rapamycin inhibiter

Malignancies, rejection treatment,
immunosuppression maintenance

1 mg Bid Rugo (2016)

Alemtuzumab T-cell depleting monoclonal
antibody

Immunosuppression induction 30 mg a single dose, or variable
between centers

van der Zwan et al.
(2018)

ISDs, Immunosuppressant drugs.

Fig. 2 Immunosuppressant and their cellular site of action. Abbreviations; TAC, tacrolimus; CsA, cyclosporine-A; AZA, azathioprine; MMF: mycophenolate mofetil;
IL-2, interleukin-2; TOR, target of rapamycin.
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Immunosuppressive drugs

Immunosuppressive drugs or immunosuppressant are mainly categorized into four major classes’ i.e., Glucocorticoids, Protein
drugs, Intravenous gamma globulin and Protease inhibiter. Each class is further classified into subclasses. The detail is summarized
in Fig. 3.
Glucocorticoids

Glucocorticoids are further divide into small molecule drugs that include immunophilins binding drugs like calcineurin inhibiters,
cyclophilin binding drugs including cyclosporine, FKB-12 binding drugs like tacrolimus, and TOR inhibiters like sirolimus and
everolimus. In addition, another subclass of Glucocorticoids is nucleotide synthesis inhibiter that include Mycophenolate mofetil,
Fig. 3 Classification of immunosuppressive drugs.
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mizoribine and mycophenolic acid (purine synthesis inhibiter). Another subclass include, inhibiter of pyrimidine synthesis,
which include leflunomide, FK778, antimetabolites like Azathioprine and sphingosine -1- phosphate receptor antagonist
(FTY720) (Stahn and Buttgereit, 2008).

Cyclosporine
Cyclosporine is an immune suppressive drug used in the treatment of immune diseases and transplant rejection. It is an isolated
cyclic undecapeptide from Tolypocladium inflatum, exhibiting strong hydrophobic properties (Claro et al., 2018). Cyclosporine
belongs to calcineurin inhibiter class (Kemmner et al., 2020).

Pharmacokinetics: Its oral bioavailability ranges from 30% to 90% (Lahiani-Skiba et al., 2018). Due to the lipophilic nature, it
exhibit more than 95% affinity for binding with blood proteins (Sasano et al., 2017). Cyclosporine is metabolized in GIT, kidneys
and liver by P450 3A enzyme, P glycoprotein and excreted in urine. The unchanged cyclosporine excretion ranges from 0% to 1%.
The biliary route also take part in the excretion of metabolites for about 40% however exhibit lower toxicity as compared to parent
compound (Minami et al., 2020). The half-life is 8–27 h, while it takes 1–2 h to achieve Tmax.

Mode of action: Cyclosporine acts to inhibit immune responses which are mediated by cells. No effects on phagocytic activity in
animals have been identified and bone marrow suppression in animal/human models is not induced. The cyclosporine mode of
action is the inhibition of calcineurin, the inhibitor of cytochrome P450 3A4, and the inhibitor of P-glycoprotein. Cyclosporine-A
inhibits the synthesis, of interleukins, which is necessary for the self-activation and differentiation of T lymphocytes. Cyclosporine is
useful because immunocompetent lymphocytes in the G0 and G1 phases of the cell cycle are directly and reversibly blocked by it.
Research has shown that cyclosporine inhibits CD4+ CD25+ Trigs, which may obstruct the ability for host immune tolerance
(Liddicoat and Lavelle, 2019; Masi et al., 2019).

Indications: Cyclosporine is used clinically in solid organ transplantation for the prevention of organ rejection of allograft kidney,
liver and heart transplants. It is indicated in patients with rheumatoid arthritis where the condition has not reacted sufficiently to
methotrexate. The indications for psoriasis include the treatment of adult, non-immunocompromised, serious, intransigent, and
plaque psoriasis patients who have not responded to at least one systemic treatment. Cyclosporine is approved to treat amyotrophic
lateral sclerosis and its variants in patients with amyotrophic lateral sclerosis. Apart from it, the treatment of focal segmental
glomerulosclerosis that does not react to corticosteroids is carried by cyclosporine during nephrotic syndrome. It stops and treats the
disease in people with graft vs. host disease. Cyclosporine is recommended for refractory posterior uveitis and Behcet disease in the
case of uveitis (Pradier et al., 2019; Tapia et al., 2020a; Ponticelli and Glassock, 2019; Xin et al., 2019; Sun et al., 2019).

Administration: An oral dose of 14–18 mg/kg is administered during 4–12 h pre transplant in adults. While in case of
post-transplant, 5–15 mg/kg/day is administered twice a day in divided doses for 7–14 days. The dose is then reduced to 5%/
week until it becomes 5–10 mg/kg/day twice a day in divided doses. The maximum concentration for intravenous administration of
cyclosporine is 2.5 mg/dL. In case of 4–12 h pre-transplant, the intravenous dose is 5–6 mg/kg as a single dose for a period of 2–6 h.
During post-transplant, after toleration of oral dose, the intravenous dose is 2–10 mg/kg/day. During Focal Segmental Glomerulo-
sclerosis therapy, cyclosporine is administered 3 mg/kg/day orally every 12 h. In case of rheumatoid arthritis, starting oral dose is
2.5 mg/kg/day every 12 h. If the response is not effective after 8 weeks then a slight increment is carried out from 0.50 to 0.75 mg/
kg/day, however, the maximum dose should not exceed than 4 mg/kg/day. Similarly, in case of psoriasis, starting oral dose is
2.5 mg/kg/day every 12 h. If the response is not effective after 4 weeks, then a slight increment is carried out up to 0.50 mg/kg/day,
however, the maximum dose should not exceed than 4 mg/kg/day. Moreover, the dose is adjusted in each condition according to
their trough level (Tapia et al., 2020b).

Adverse effects and contraindications: Cyclosporine has many adverse effects on multiple vital organs. It has adverse effects on
cardiovascular system in the form of hypertension and arrhythmia. Due to an improved musculature of the glomerular afferent
arterioles, cyclosporine reduces glomerular filtration rate. It raises serum creatinine concentration and reduces clearance of
creatinine. The unwanted outcomes are associated with drug therapy length and dosage. The metabolic and endocrinological
adverse effects of cyclosporine are hypertrichosis, hypomagnesaemia, hyperkalemia, dyslipidemia and gynecomastia. Convulsions,
particularly in conjunction with high-dose methylprednisolone, encephalopathy, anxiety, headache, and fever, have been recorded
as neurotoxic adverse effects of cyclosporine. Other general adverse effects include, mimicking risk of infection, level of TNF-a and
chances of malignant lymphomas (Pal et al., 2019; Shin et al., 2019; Çamlar et al., 2018). Among drugs contraindicated to
cyclosporine include, tacrolimus, simvastatin, amphotericin B, bosentan, lomitapide, oral neomycin, sitaxentan, cidofovir and
pitavastatin. Other conditions include, asthma, active infections, attenuated vaccines, impaired renal function, BCG, uncontrolled
hypertension, blood dyscrasias, ultraviolet radiations, coal tar, pregnancy and breast feeding (Boh et al., 2021; Ng et al., 2018).

Monitoring and toxicity: Therapeutic cyclosporine monitoring in transplant patients is a powerful method to reduce acute
rejection, nephrotoxicity, and predictable dose-dependent adverse reactions by modifying the drug dosage. Within the living system
an ideal therapeutic level of cyclosporine is maintained. In kidney transplant, after first week of transplantation a dose of
200–400 ng/mL is required followed by 125–175 ng/mL in the next week up to 6 months as a post-transplant dose. Then from
7th to 12th month of transplantation a dose of 100–150 ng/mL is monitored. After 1 year the final desired post-transplantation
dose maintained is 75–160 ng/mL (Bertocchio et al., 2016). Similarly, in case of heart transplant, an ideal therapeutic dose of
cyclosporine required is 250–350 ng/mL in the first 6 months accompanied by 100–200 ng/mL up to 12 months of transplanta-
tion. Same therapeutic level is maintained in case of liver transplantation (Jia et al., 2018). There is a very small spectrum of effective
doses of cyclosporine and concentrations consistent with severe toxicity. Therapeutic failure or significant toxicity may result from
sub-optimal doses or concentrations. Based on pharmacokinetics tests, cyclosporine is prone to therapeutic monitoring. The drug
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variability range is from low to moderate level (Tafazoli et al., 2019). The establishment of a controlled airway is a priority in the
event of toxicity. There is a need to check for signs of respiratory distress and, if necessary, provide breathing assistance. The
healthcare provider still wants shock detection and treatment if necessary. They can expect and, if necessary, manage seizures and
initiate positive and symptomatic counseling. The healthcare provider can withhold the medication for a few days or initiate
alterative therapy until the patient returns to normal when over dosage occurs in patients administered cyclosporine therapy. It is
mandatory to track serum levels of cyclosporine, and patients may require several dosage changes during the treatment process. For
the injection of cyclosporine, the central venous catheter is not required and should be reliably used to obtain blood tests for serum
cyclosporine levels. The treatment will be done directly after the infusion is stopped, provided the necessary 5 mL of blood using
discard technique. Only 1% of dose is eliminated by hemodialysis (Alrashedi et al., 2018; Fan et al., 2019).

Tacrolimus
Tacrolimus is an immunosuppressive drug used for post-transplant organ rejection prophylaxis. The use of tacrolimus is associated
with one or two other immunosuppressive drugs. For some autoimmune disorders, it has an application as an instrument for
prevention or recovery.

Pharmacokinetics : Tacrolimus is metabolized by CYP3A4, 5 and P-glycoprotein, where the main metabolite produced is
13-O-dimethyl-tacrolimus along with other 15 chief breakdown metabolites. It has a half-life of 4–12 h with an average of 12 h.
The volume of distribution for cyclosporine is approximately 30 L/kg with clearance of about 1.69 L/h/kg. About 95% of
cyclosporine is excreted in bile while 2.4% in urine in unchanged form (Yu et al., 2018).

Mode of action : Tacrolimus belongs to calcineurin inhibiters, so it get binds to FK506 binding proteins ultimately results in the
inhibition of T-cells proliferation (Yoshikawa et al., 2020).

Indications : In stable organ transplantation, allogeneic transplants of the kidney, heart and liver tacrolimus act as the therapy of
organ rejection. For the prevention of rejection in lung transplant patients, there is also an off-label indication. In addition, other
off-label indications include myasthenia gravis, Crohn’s disease, rheumatoid arthritis and graft versus host disease. Tacrolimus
clinical uses also include topical application, as well as other off-label dermatologic disease states, in mild to extreme atopic
dermatitis (Kalt, 2017). In comparison to traditional therapy, 0.05% topical tacrolimus improves vision acuity and decreases
corneal irritation, neovascularization, and scarring in herpetic stromal keratitis (Akbari et al., 2019). Tacrolimus administration is
favored up to 3 days before or within 10 days of post-nerve regeneration, experimental models have indicated in a research study
(Saffari et al., 2019).

Administration : The administration of Tacrolimus can be oral, sublingual, topical, or intravenous. In immediate and
extended-release formulations, oral tacrolimus is available. There are numerous pharmacokinetic parameters in the different
formulations and they are not synonymous. Doses should be equilibrated for concentrations of desired target. To prevent post
organ transplant rejection in adults, the initial oral dose in case of liver transplant is 0.1–0.15 mg/kg/day, which is administered as
divide dose in the form of immediate release dosage form. In case of extended release dosage form the administered dose is
0.1–0.2 mg/kg/day one time most often in combination with corticosteroids. However, it should be noted that the extended release
dosage form caused deaths in liver transplant patients in Unites States that’s why it is not approved for use. The intravenous
administration involves an initial dose of 0.03–0.05 mg/kg/day in the form of continuous infusion (Shamilin et al., 2017).
Tacrolimus is administered in combination with antimetabolites for heart transplant. The initial oral dose is 0.075 mg/kg/day in
the form of immediate release dosage form every 12 h in two divided doses. The initial intravenous dose is 0.01 mg/kg/day in the
form of infusion (Han et al., 2019). In case of kidney transplant the tacrolimus is also used in combination with antimetabolites,
where the initial oral dose in immediate release dosage form is 0.2 mg/kg/day with Azathioprine or the dose is reduced to 0.1 mg/
kg/day with Mycophenolate mofetil. While the initial dose in case of extended release dosage form is 0.14 mg/kg/day and in
combination with basiliximab is 0.2 mg/kg/day. The intravenous dose of tacrolimus is 0.03–0.05 mg/kg/day in infusion form, even
so the intravenous route is not commonly applied due to severe nephrotoxicity (Dordal Culla et al., 2020; Taghvaye-Masoumi
et al., 2020).

Adverse effects and contraindications : The adverse effects of tacrolimus include, hypertension, angina pectoris, abnormal dreams,
insomnia, cardiac arrhythmias, tremors, headache, rash, acne, alopecia, pruritis, nausea, vomiting, diarrhea, urinary tract infections,
abdominal pain, candidiasis, herpes simplex, muscle cramps, blurred vision, arthralgia, visual disturbances, tinnitus, otalgia, renal
tubular necrosis, reduced serum iron, hyperlipidemia, hypomagnesaemia, weight gain and metabolic acidosis. Adverse effects of
tacrolimus in the form of infection can be secondary to immunosuppression which emphasizes the importance of close control of
the reduction of target doses to balance the likelihood of rejection (Fröhlich, 2019; Pham et al., 2011). Hypersensitivity and
polyoxyl-60 hydrogenated castor oil are contraindicated to tacrolimus.

Monitoring and toxicity : Tacrolimus is a drug with a narrow therapeutic index. An important aid in the modification of opioid
doses is the clinical control of tacrolimus in transplant patients. Although the use of tacrolimus is normally paired with other
immunosuppressants, target levels generally decrease as post-transplant time increases to reduce nephrotoxicity and adverse effects
induced by calcineurin inhibitor Whole blood concentrations, usually taken around 30 min of the next dose, should be used.
Therapeutic levels range from 5 to 20 mg/mL, but to reduce toxicity while reducing rejection, 5–15 mg/mL is sometimes used. Renal
function, hepatic function, serum electrolytes, glucose, and blood pressure are additional monitoring parameters. Initially,
thresholds should be assessed post-operatively 2–3 days a week, steadily declining as time progresses, reaching target thresholds,
and stabilizing the patient. In case of pancreas/kidney transplant, the adult tacrolimus therapeutic level required is 8–12 ng/mL
(<1 month), 6–9 ng/mL (1–3 months) and 4–8 ng/mL (>3 months). In case of liver transplant, the adult therapeutic level required
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for tacrolimus is 6–9 ng/mL (<1 month), 4–8 ng/mL (1–3 months), 4–6 ng/mL (>3 months) and 3–5 ng/mL (>12 months).
In case of heart transplant, the monitored dose is 9–12 ng/mL (<3 months), 8–9 ng/mL (3–6 months), 6–8 ng/mL (6–12 months)
and 3–7 ng/mL (>12 months). In case of lung transplant, the therapeutic level of tacrolimus monitored is 10–12 ng/mL
(0–3 months), 08–10 ng/mL (4–12 months) and 6–8 ng/mL (>12 months). Many drug-drug interactions occur due to tacrolimus’
metabolism pathway. Additional surveillance is recommended before beginning drugs that impair or cause tacrolimus metabolism
in order to avoid a supra/sub-therapeutic level (Nankivell et al., 2016; Andrews et al., 2017; Zwart et al., 2018). The toxicity of
tacrolimus is typically acute renal failure. For patients on tacrolimus, close monitoring of serum creatinine, GFR, and urine
production is important. Toxicity may also manifest as the production of detrimental symptoms such as tremors, disruptions of
the electrolyte, headaches and elevated Serum creatinine (Jouve et al., 2019).

Sirolimus
Sirolimus is an immunosuppressive drug and mammalian target of rapamycin inhibiter.

Pharmacokinetic : Sirolimus is well absorbed after an oral dose administration of 2.5 mg and the Cmax achieved is 41 mg/L. Its tmax

is 3 h however dose dependent. It is hydrophobic in nature having extensive distribution exhibiting 6.9–19 L/kg steady state
distribution volume. Sirolimus is portioned 95%, 3% and 1% to red blood cells, plasma and lymphocytes respectively. Sirolimus is
metabolized by CYP2C8, CYP3A4, CYP3A5 and P-glycoprotein. Sirolimus exhibit variable metabolism in individuals, which is
attributed to the expression variability of these enzymes. It has a terminal half-life of 63 h with clearance of 9 L/h. Liver is the
main metabolism site for sirolimus and 92% metabolites are excreted in bile, while urine excrete only 1.2% metabolites
(Moes et al., 2015).

Mode of action : Sirolimus inhibit Ca2+ based independent/dependent events during G1 phase of cell cycle after subsequent
binding with FK506 and mTOR (FK506, tacrolimus binding protein; mTOR, mammalian target of rapamycin). Sirolimus also
inhibit the release of interleukin and vascular endothelial growth factor (inflammatory mediators) from neutrophils. The differen-
tiation and proliferation of T and B cells are inhibited by sirolimus through inhibition of cyclin dependent kinase (Vitiello et al.,
2015; Zoncu et al., 2011).

Indications : Sirolimus in combination with corticosteroids is indicated for the transplant rejection in recipients with renal
allograft. It is also used in the treatment of pulmonary lymphangioleiomyomatosis. In addition, sirolimus is used to treat skin
cancer in recipients of kidney transplant as a secondary drug (Yoon et al., 2018; Mallat et al., 2017; Dantal et al., 2018).

Administration : In case of organ transplant rejection the oral loading dose for adults is 3 mg/m2 on day first with weight less than
40 kg followed by a maintenance dose of 1 mg/m2 once a day. While for recipients with body weight equal or more than 40 kg, the
oral loading dose on day first is 6 mg/m2 followed by an oral maintenance dose 2 mg/m2 once a day. The loading dose in
combination with corticosteroids for black transplant recipients—at high immunological risk, repeated transplant recipients and
patients with reactive antibodies is 15 mg on first day of transplantation. The loading dose is followed by a maintenance dose of
5 mg/day administered on day second. Further dose of sirolimus can be adjusted based on trough level between days five and seven.
The initial adult dose for pulmonary lymphangioleiomyomatosis is 2 mg/day. For the prophylaxis of organ transplant rejection
the usual loading dose in pediatrics with body weight <40 kg and age greater or equal to 13 years is 3 mg/m2 followed by a
maintenance dose of 1 mg/m2 once a day. While recipients with body weight greater than 40 kg, the oral loading dose is
6 mg/m2 followed by an oral maintenance dose of 2 mg/m2 (Ghasemi et al., 2020; El-Chemaly et al., 2017).

Adverse effects and contraindications : The main adverse effects of sirolimus include, acne, rashes, leucopenia, hyperlipidemia,
diarrhea, hypokalemia, arthralgia, hypertension, hypercholesterolemia, nausea, vomiting, nasal congestion, blurred vision, stomach
cramps, burning during urination, sore throat, dizziness, change in mental state, vaginal bleeding, irregular heartbeat and tremor.
Hypersensitivity to drug, renal impairment, hepatic disturbances, hyperlipidemia and delayed graft function are the conditions
contraindicated to sirolimus. The interacting drugs include mifepristone, ketoconazole, posaconazole, rifampin and diltiazem. The
pregnancy category is C for sirolimus and it should not be administered to breast feeding mothers (Merkel et al., 2006; Chang
et al., 2000).

Monitoring and toxicity : Blood levels of Sirolimus associate well with health outcomes and drug-related toxicity. AUC best
represents the drug’s true exposure, but if AUC tracking is superior to monitoring of troughs with respect to long term endpoints, is
not fully investigated yet. The therapeutic level desired is 5–15 mg/mL as a regimen for sirolimus, which should be monitored after
transplantation. Sirolimus-treated patients often tend to be at increased risk for the development of infections with herpes simplex,
particularly at the 5-mg dosage. However, with the use of this agent, the occurrence of fungal, bacterial or cytomegalovirus infections
does not seem to be increasing. In addition, patients infected with sirolimus do not tend to be at elevated risk of developing
proliferative diseases after transplantation within the first 6 months of transplantation (Adams et al., 2016).

Everolimus
Everolimus is an analog of the natural macrolide rapamycin and an immunosuppressive agent.

Pharmacokinetics : Everolimus is well absorbed after an oral dose administration of 2.5 mg and the Cmax achieved is 45 mg/L. The
absorption of everolimus is increased with administered concurrently with prednisone and cyclosporine with an average tmax of 2 h
as compared to 1 h separate administration. The bioavailability is variable because it is substrate for metabolic enzymes and
p-glycoprotein. The volume of distribution in a steady state is 111 L for a 70 kg recipient, which is increased by 1.3 L for each kg
increase in body weight. Due to less hydrophobic nature about 75% is portioned into red blood cells and 25% gets bind to plasma
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protein. Everolimus is metabolized by CYP2C8, CYP3A4/5 and P-glycoprotein. Liver is the main metabolism site for everolimus
where 90% of its metabolites are excreted through bile and 1% in urine (Moes et al., 2012).

Mode of action : Everolimus has the same mechanism of action like sirolimus. It inhibits Ca2+ based independent/dependent
events during G1 phase of cell cycle after subsequent binding with FK506 and mTOR (FK506, tacrolimus binding protein; mTOR,
mammalian target of rapamycin). Sirolimus also inhibit the release of interleukin and vascular endothelial growth factor (inflam-
matory mediators) from neutrophils. The differentiation and proliferation of T and B cells are inhibited by sirolimus through
inhibition of cyclin dependent kinase.

Indications : Everolimus is indicated for the renal, kidney and liver transplant. Carcinoma of the renal cells and breast cancer cells
are also treated by everolimus. Apart from it, it is indicated for the tuberous sclerosis complex concerned with partial onset seizures
and subependymal giant cell astrocytoma. In addition it is also indicated in the treatment of progressive pancreatic neuroendocrine
tumors (Bilbao et al., 2015; French et al., 2016).

Administration and dosage : The initial oral dose administered for partial onset seizures associated with tuberous sclerosis complex
is 5 mg/m2 as a continuous dose until unacceptable toxicity or disease progression. While the oral dose for tuberous sclerosis
complex associated with subependymal giant cell astrocytoma is 4.6 mg/m2 once a day which is also continued until unacceptable
toxicity or disease progression. Everolimus should be administered soon after kidney transplantation. The oral dose for kidney
transplant rejection is 0.75 mg as a loading dose while the mentioned dose is adjusted until a trough level of 8 ng/mL is obtained.
In case of liver transplant rejection the starting oral dose is 1 mg and maintenance dose is adjusted until a trough level of 5 ng/mL is
achieved. Everolimus should not be administered at least 1 month of liver post-transplant because earlier administration may lead
to loss of graft and even death (Saliba et al., 2011).

Side effects and contraindications : The side effects of everolimus include stomatitis, anemia, nausea, dyspnea, vomiting, constipa-
tion, pruritis, headache, fatigue, cough, hypertension, dry skin, pyrexia, epistaxis, asthenia and heart failure. Contraindications
include hypersensitivity to everolimus. Concurrent administration of everolimus with ACE-inhibiters increases its side effects.
Antidiabetic drugs lose its therapeutic effect upon administration with everolimus. Drugs which induces CYP3A4 reduces ever-
olimus serum concentration while drugs which inhibit CYP3A4 increases everolimus serum concentration. Live vaccines are
contraindicated with everolimus because immunosuppressants increase the adverse effects of live vaccines. A gap of at least
3 months should be kept between the administration of live vaccines and immunosuppressants (Casanovas et al., 2011; Pascual
et al., 2017).

Monitoring : The therapeutic level of everolimus is 3–8 mg/L. The optimal trough level in a research study observed was 6–8 mg/L
with an AUC value of 120 mg h/L (Moes et al., 2015).

Mycophenolate mofetil
Mycophenolic acid is an immunosuppressive drug used in the transplant rejection however due to its poor solubility it pro form i.e.,
Mycophenolate mofetil is used for enhanced oral absorption (Tönshoff et al., 2011).

Pharmacokinetics : Mycophenolate mofetil has a rapid absorption from small intestine and is not affected by food. The Cmax in
renal transplant recipients was 12 mg/mL after 5 days of the transplant. Its volume of distribution is 3.5–4 L/kg. It mainly gets binds
to albumin and plasma protein binding is 97%. When administered orally its apparent half-life is 18 and 17 h after i.v.
administration. After intravenous dose the clearance is 178 and 192 mL/min after an oral dose. Mycophenolate mofetil is
completely metabolized by liver carboxylesterase 1/2 into mycophenolic acid, the active parent compound, after both oral and
intravenous administration. The enzyme glucuronyl transferase is then metabolized, creating MPA’s inactive phenolic glucuronide.
The escaped mycophenolate mofetil from metabolism in intestine reaches the liver via the portal vein and is converted into
pharmacologically active MPA in the liver cells (Lamba et al., 2014). A limited fraction of drug is emitted into the urine as
mycophenolic acid (<1%). In a pharmacokinetic analysis, whenmycophenolate mofetil was administered orally, it was observed to
be 93% excreted in urine and 6% in feces. Around 87% of the entire dosage given is observed to be excreted as an inactive
metabolite, MPAG, in the urine (Villarroel et al., 2009).

Mode of action : T-cell and B-cell proliferation and the development of cytotoxic T-cells and antibodies are inhibited by the active
metabolite of mycophenolate, mycophenolic acid. Adhesion of lymphocytes and monocytes to blood vessel endothelial cells that
are usually part of inflammation is avoided by MPA glycosylation of cell adhesion molecules. It also inhibit Inosine monopho-
sphate dehydrogenase reversibly and selectively, thus without involvement in the DNA it blocks the denovo guanosine nucleotide
pathway. Because the proliferation of B and T cells depend upon denovo purine synthesis (Park, 2011; Sagcal-Gironella
et al., 2011).

Indications : It is indicated in heart, renal and liver transplant. It is also indicated in steroid resistant nephrotic syndrome.
In addition to it, Mycophenolate mofetil is indicated in rheumatology and autoimmune hepatitis (Broen and van Laar, 2020;
Roberts et al., 2018).

Administration and dosage : In case of organ transplant, it is given orally in combination with tacrolimus or cyclosporine in a dose
of 600 mg/m2 bis a day. After transplant, the first dose should be administered within 72 h, whereas the maximum dose should not
be exceeded than 2 g per day (Kim et al., 2018).

Side effects and contraindications : Main side effects include hypoglycemia, leucopenia, back pain, fever, opportunistic fever,
headache, sepsis, necrosis, hypertension, hypo chromic anemia, bleeding, vomiting, nausea, acne, melanoma and tremors
(Kaltenborn and Schrem, 2013). Mycophenolate mofetil is contraindicated in patients with known hypersensitivity to it. Myco-
phenolate mofetil exposed recipients are at a higher risk of malignancies and lymphomas, especially of skin. The concerned patients
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should avoid sunlight and the drug is contraindicated in gastrointestinal patients. The drug should be taken on empty stomach and
concurrent use of multivalent ion is contraindicated (Dias-Polak et al., 2019).

Toxicity : The oral LD50 of Mycophenolate mofetil in rat is 250 mg/kg while greater than 4000 mg/kg in nice.

Mizoribine
Mizoribine is an immunosuppressive and imidazole nucleoside agent. As compare to Azathioprine, it exhibit minimal toxicity and
thus used as an alternative in immunosuppression.

Pharmacokinetics : Mizoribine is widely agreed to be readily ingested from the digestive tract and excreted into urine as an
unchanged form in stable human subjects at a rate of 65–100% of the dosage. Mizoribine disposal from the circulatory system is
strongly dependent on renal activity. However, marked inter-individual heterogeneity in the oral bioavailability of mizoribine,
where the oral bioavailability of mizoribine ranged from 12% to 81% of the dose in recipients of kidney transplants, is also noted.
It has an half-life of 3 h, metabolized by liver and excreted in urine (85%) and bile (1%) (Murakami and Mori, 2012).

Mode of action : Mizoribine during S phase of cell cycle inhibit the DNA synthesis leading to its immunosuppressive action. It has
a very unique mode of action on lymphocyte that prevents its proliferation in other cell types without interfering with purine
synthesis. The denovo and salvage pathways are mainly responsible for purine synthesis. The ribose phosphate portion of purine
nucleotides in the de novo pathway is derived from 5-phosphoribosyl 1-pyrophosphate, which is extracted from ATP and
5-phosphate ribose, and the lymphocytes rely primarily on the de novo pathway. Purine bases, sugars and other materials are
effectively processed through the salvage pathway, andmost cells are able to use the salvage pathway, including polymorphonuclear
leukocytes and neurons. Mizoribine specifically inhibit the denovo pathway so consequently inhibit proliferation of lymphocytes
(Liu et al., 2018; Wang et al., 2016).

Indications : Mizoribine is indicated for the renal transplantation. It has an immunosuppressive effect similar to Azathioprine,
however with less adverse effects. IgA nephropathy is a condition characterized by histological deposition of IgA and characterized
by proteinuria and microhematuria clinically. Mizoribine in combination with corticosteroids reduces the production of IgA leads
to the inhibition of abnormal immune response. Mizoribine can also be used in patients with nephrotic syndrome exhibiting
steroid resistance. For the treatment of steroid-dependent pediatric patients with lupus nephritis, high-dose mizoribine therapy has
demonstrated adequate effectiveness and protection to justify its use. In addition, mizoribine can also be indicated in the treatment
of renal vasculitis, rheumatoid arthritis and glomerulosclerosis (Kawasaki, 2009; Shiraishi et al., 2018).

Administration : The initial oral dose of mizoribine in organ transplant is 6 mg/kg/d followed by a maintenance dose of 10 mg/
kg/day (Ushigome et al., 2016). The oral adult dose in nephrotic syndrome is 50 mg three times a day. For rheumatoid arthritis the
oral dose is also 50 mg three times a day. While its immunosuppressive dose in renal transplant patients is 1–3 mg/kg/day.

Side effects and contraindications : A total of 4906 cases seeking mizoribine treatment for kidney transplantation and three disease
patients were involved in different kinds of clinical trials and a post marketing monitoring review. Leucopenia, impaired hepatic
activity, rash, elevated uric acid levels, hyperuricemia and vomiting were the major adverse reactions associated with the use of
mizoribine. Hypersensitivity to mizoribine is its main contraindication. The concurrent administration of mizoribine with
bezafibrate increases the risk of rhabdomyolysis (Shi et al., 2017; Akioka et al., 2017).

Monitoring : In order to ensure that the plasma drug dosage is within the therapeutic range, doses must be checked periodically in
renal patients. During care, monitor serum uric acid daily, increased risk of malignancy and infections, cautious use in patients with
active GI tract disorders. Live vaccines can be stopped as well.

Leflunomide
Leflunomide is a disease modifying antirheumatic drug and pyridine synthesis agent that exhibit immunosuppressive effect. It has
heterogeneous both pharmacologically and chemically (Jaw et al., 2017).

Pharmacokinetics : Leflunomide is well absorbed after oral administration. After dosing the peak plasma concentration is achieved
in 6–12 h. It has a short half-life of 2 weeks, volume of distribution is 0.12 L/kg and plasma protein binding is greater than 99%.
Leflunomide follows hepatic metabolism and after oral administration it is converted into its active form. Via further metabolism
and eventual renal excretion, as well as direct biliary excretion, the active metabolite is removed. About 43% of the overall
radioactivity was removed in the urine and 48% was eliminated in the stool in a 28 day drug removal trial using a single dose of
radio labeled compound (Bergner et al., 2013).

Mode of action : Following oral administration, the pro drug leflunomide is converted into it its active metabolite (A77 726),
which is responsible for the in vivo activity of the drug. Leflunomide mode of action has not been entirely determined, but seems to
mainly involve autoimmune lymphocyte control. It has been proposed that leflunomide confers its immunomodulatory effects by
limiting the transmission of stimulated autoimmune lymphocytes by cell cycle progression intervention. In vitro results show that
leflunomide interacts with the progression of the cell cycle by inhibiting dihydroorotate dehydrogenase, a mitochondrial enzyme
involved in the synthesis of de novo pyrimidine ribonucleotide uridine monophosphate, which has antiproliferative activity
(Alcorn et al., 2009).

Indications : To improve physical activity and to delay the progression of neurological deterioration associated with the condition,
for the treatment of the signs and symptoms of active rheumatoid arthritis (RA). Leflunomide has since been used in solid organ
transplant recipients to avoid acute and chronic rejection, and is approved by the FDA as an orphan drug for such use. During lung
transplant, it is indicated for the cytomegalovirus infection (Silva et al., 2018).

Administration : The loading dose over 18 year and adults is 100 mg/day for 3 days.
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Adverse effects and contraindications : Main adverse effects include alopecia, back pain, headache, bronchitis, abdominal pain,
hypertension, nausea, dyspepsia, infection, rashes, weight lose, vomiting, stomatitis, cough, chest pain, rhinitis, eczema, sinusitis
and dry skin. Severe hepatic impairment, hypersensitivity, pregnancy and teriflunomide are the contraindicated conditions for
leflunomide (Boyd, 2012; Singer and Gibofsky, 2011).

Toxicity : The LD50 value ranges from 100 to 250 mg/kg.

Azathioprine
Azathioprine is a 6-mercaptopurine pro drug used in immunosuppression.

Pharmacokinetics : Azathioprine is well absorbed after oral administration and it takes 1–2 h as its maximum time. It has a
distribution volume of 1.75 L/kg with half-life of 41 min (Colombel et al., 2019). Azathioprine exhibits 30% albumin binding
capability. Non-enzymatically Azathioprine is transformed into 6-mercaptopurine which in turn through the action of thiopurine
methyltransferase is converted to 6 methyl mercaptopurine (6MP). 6-MP is converted to either the inactive 6-methylthiopurine
nucleotide (6-MMP) or 6-thiourea acid (6-TA). (2) 6-MP is converted to active metabolites known as 6-thioguanine nucleotides
under the action of hypoxanthine phosphoribosyl transferase, Inosine monophosphate dehydrogenase and guanosine monopho-
sphate synthase. Its metabolites are excreted in urine (Lin et al., 2021).

Mode of action : Azathioprine inhibit T and B cells proliferation (Alhabbab et al., 2019).
Indications : Azathioprine is clinically indicated to prevent transplant rejection of heart, liver and urinary system. It is also

indicated in the treatment of vasculitis, connective tissue and inflammatory bowel disorders. Apart from it, Azathioprine is indicated
in lupus nephritis, myasthenia gravis, autoimmune hepatitis, rheumatoid arthritis and juvenile idiopathic arthritis (Horneff, 2015;
Björnsson et al., 2017; Sanders et al., 2015; Shah and Verma, 2016; Montante et al., 2019).

Administration : To prevent organ transplant rejection, the initial oral/intravenous dose is 3–5 mg/kg/day at least 3 days before
organ transplant followed by maintenance dose of 1–3 mg/kg/day via both route of administration. The oral dose in case of
lupus nephritis is 2 mg/kg once a day either alone or in combination with corticosteroids. However, corticosteroids should be
administered in lower doses. In case of inflammatory bowel diseases and idiopathic arthritis the initial oral or intravenous dose is
1 mg/kg/day either single/divided dose (12 hourly), with a slight increment in dose of 0.5 mg/kg/day after 6–8 week of transplant
and then the same dose is maintained every month. The maximum dose should not exceed than 2.5 mg/kg/day (Mohammadi and
Kassim, 2019).

Adverse effects and contraindications : Main adverse effects of Azathioprine include dizziness, vomiting, bone marrow suppression
(reversible), diarrhea, rashes, lymphoma, fever and pancreatitis. Patients with known hypersensitivity to Azathioprine should be
avoided to use it. Azathioprine is contraindicated with drugs like chlorambucil, melphalan and cyclophosphamide. Azathioprine
administered to patients treated with those drugs has a greater chance of neoplasia. Azathioprine and allopurinol has a close
interaction, the dose of Azathioprine must be reduced during its concomitant administration with allopurinol. Live vaccines
concomitant administration with Azathioprine is contraindicated (Fuggle et al., 2015; Ahmed et al., 2016).

Toxicity : In case of Azathioprine overdose the recipients experience bleeding, infections and bone marrow depression that may
leads to death. A 45% dose is removed from serum through hemodialysis however supportive and symptomatic treatment should
be carried out in case of toxicity (Ghalamkari et al., 2019).
Protein drugs

Alemtuzumab
Alemtuzumab is a humanized monoclonal antibody having specificity to lymphocyte antigens. Basically it is a recombinant
DNA-derived humanized monoclonal antibody (Campath-1H) which is focused against the 21–28 kD cell surface
glycoprotein, CD52.

Alemtuzumab after intravenous administration it has a bioavailability of 100%. While for subcutaneous administration the
observed bioavailability was 47%. It has been reported that Cmax of 3014 ng/mL on day 5 after administration of 12 mg/day for 5
consecutive days via IV route. Where a mean Cmax of 10,700 ng/mL was observed in patient with chronic Lymphocytic leukemia
administration of 30 mg of alemtuzumab thrice a week for 8 weeks. In case of subcutaneous administration Cmax can be achieved
within 48 h (Hale et al., 2004). Alemtuzumab is likely to distribute between plasma and interstitial space as it is not expected that it
may cross the cell membrane due to its size. The reported volume of distribution in patient with multiple sclerosis is 14.1 L and 11.3
in patient with chronic Lymphocytic leukemia. The soluble form of CD52 may bind to alemtuzumab resulting in reduction of free
and bioactive drug concentration. No data is available for binding od alemtuzumab with other protein (Berger et al., 2017). The
plasma half-life of alemtuzumab is 6.1 days in patient with chronic Lymphocytic leukemia, 8–21 days in patient of stem cell
transplant recipient and 4–5 days in patient with relapsing-remitting multiple sclerosis (Berger et al., 2017). The clearance
mechanism of alemtuzumab is not well understood. The likely metabolic pathway is degradation of alemtuzumab into small
peptides and distinct amino acids by proteolytic enzymes (Berger et al., 2017). Alemtuzumab shows its action by selectively
inhibiting the CD52 which is a protein present on the surface of B and T lymphocyte in high level and at lower level on the surface of
natural killer and other cells type involved in inborn immunity. The inflammatory diseases activity is reduced due to depletion of T
and B lymphocyte (Berger et al., 2017). A solution for IV or SC administration is available in 30 mg/1 mL vial or 12 mg/10 mL vial.
The dose of alemtuzumab is dependent on indication. In patient having relapsing-remitting multiple sclerosis alemtuzumab is
administered in a dose of 12 mg/day for 5 days followed a dose of 12 mg/day for 3 days at 12 months. In patient having chronic
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lymphocytic leukemia the starting dose is 3 mg IV followed by a second and third dose of 10 mg and 30 mg. Afterwards, 30 mg/kg is
recommended thrice a week for maximum up to 12 weeks. In solid organ transplant 1 or 2 doses of 30 mg alemtuzumab are
administered (Marsh et al., 2016; Clatworthy et al., 2007). No specific data is available on the toxicity of alemtuzumab.

Muromonab
Muromonab-CD3 a monoclonal antibody, is immune-suppressing agent used to reduce rejection in patient undergoing organ
transplant (Midtvedt et al., 2003). It is cleared predominantly by binding to T lymphocytes. It has 100% bioavailability after IV
administration. The volume distribution, distribution characteristics and binding is not fully elucidated. There are two phases of
Muromonab removal after IV administration. The initial quick removal phase which may be credited to binding with T lymphocyte
and clearance by reticuloendothelial system. The second phase of clearance is a slow phase and occurs within 6–10 days. The
half-life is approximately 18 h (Morrison, 1985; Boulianne et al., 1984). It is indicated in renal, liver and heart transplant. It is also
used in T cells acute lymphoblastic leukemia (Gramatzki et al., 1995). Muromonab shows its action by to T cell receptor CD3
complex and induces TCR complex clearance from cell surface and apoptosis of T cells and ultimately provide protection to
transplant against T cells (Woo and Robinson, 2015). It is administered in a dose of 5 mg through IV push every day for 10–14 days
(Hooks et al., 1991). Cytokine release syndrome is produced during first infusion which results in side effect like headache, nausea,
fever, fatigue, myalgia and may lead to life threatening situation i.e., apnea, flash pulmonary edema and cardiac arrest. Leucopenia
and neurological side effects (encephalopathy and aseptic meningitis) have also been observed. Tachyphylaxis has been reported in
case of repeated administration (Bhorade and Stern, 2009; Abramowicz et al., 1989). The drug is contraindicated in condition like
heart failure, epilepsy, allergy pregnancy and uncontrolled arterial hypertension (Woo and Robinson, 2015).

Therapeutic monitoring is required to evaluate the cause for failure response during and after the course of therapy. The Probable
etiologies for failures comprise immune clearance as a result of production of human antimouse antibodies, an unusually
extraordinary clearance rate of the mouse immunoglobulin. The strategies for therapeutic monitoring comprise determining the
fraction and total marginal lymphocyte subclass populations i.e., CD-2,3,4 and 8, level of drug, and human antimouse antibodies
production. T lymphocyte and anti-muromonab antibodies detection are used for the monitoring of Muromonab CD3.
T lymphocyte become disappear after the initial injection. However, a major number of cells reappear after several days of treatment
but they do not express CD3 molecule rather presents CD 4 and 8 molecules. The first indication of ineffective response is the
reappearance of CD 3 positive T lymphocytes (Colvin et al., 1983).

Rituximab
Rituximab is basically a hereditarily contrived chimeric mouse/human IgG1-kappa monoclonal immunoglobulin having murine
heavy and light chain flexible area orders and human constant area orders. Its molecular weight is roughly 145 kDa and contained 2
hefty chains of 451 amino acids and 2 light chains of 213 amino acids (Tandan et al., 2017). A concentration of 157 mg/mL is
achieved after first administered dose. It has a volume of distribution of 3.1 and 4.5 L in patient having rheumatoid arthritis and
granulomatosis, respectively. Mostly it is metabolized and cleared from the body via reticuloendothelial system. It has a half-life of
22, 18, and 21 days in non-Hodgkin lymphoma, rheumatoid arthritis and chronic -lymphocytic leukemia, respectively. Rituximab
shows its action by binding to CD 20 surface cell protein, which play a role in calcium influx and allow activation of B cells. It binds
crosswise, on the side where cap is formed by CD20 and drawing protein over that side. Due to the presence of cap, the effectiveness
of natural killer cell is enhanced for destroying B cells (Rudnicka et al., 2013). Rituximab is used to treat autoimmune disease
and certain cancer types. It is indicated in chronic lymphocytic leukemia, non-Hodgkin lymphoma, myasthenia gravis, rheuma
toid arthritis, mucocutaneous ulcer and granulomatosis with polyangiitis (Azrieh et al., 2020). It is administered in a dose of
375 mg/m2 IV once a week (total of 4–8 doses) in relapsed or refractory low-grade CD20 positive patients. In chronic lymphocytic
leukemia the dose is 375 mg/m2 on day one of 1st cycle and 500 mg IV on day first of 2–6 cycle of chemotherapy. In case of
rheumatoid arthritis, a dose of 1000 mg is administered via infusion and repeated after 2 weeks. The course is repeated every
24 weeks. Adverse events include infusion reaction, acute kidney injury, cardiac arrest, tumor lysis syndrome, pulmonary toxicity,
hepatitis B and other viral infection, perforation and bowel obstruction (Ollier et al., 2009). The toxicity values are, oral LD50 is
27 mg/kg for both mice and rats, 32 mg/m3 in mice and 37 mg/m3 in rats via inhalational route.

Belatacept
Belatacept, is a fusion protein comprised of the Fc portion of human IgG1 immunoglobulin allied to the extracellular dominion of
CTLA-4 (a molecule crucial in the regulation of T cell co-stimulation, selectively blocking the process of T-cell activation). It was
approved by FDA on June 15, 2011 (Vincenti et al., 2016). A Cmax value of 247 and 139 mg/mL are achieved after initial 10 mg/kg
and maintenance dose of 5 mg/kg. the volume of distribution is o.11 L/kg with the dose 10 mg/kg. The drug is metabolized to
amino-acids and smaller peptide by proteolytic enzyme. Half-life is 9.8 days. Normally 0.49 mL/h/kg of drug is cleared from the
body. It shows its action by binding specifically to CD80 and 86 receptors of the antigen presenting cells and the T cell will not be
able to response to their antigen. It is administered in initial dose of 10 mg/kg on day of transplant, the dose is repeated on day 5
and at the end of weeks 2, 4, 8, and 12. A maintenance dose of 5 mg/kg at the end of week 16 after transplantation which is repeated
every 4 weeks. The adverse events include anemia, diarrhea, UTIs, hypertension, cough, headache, abdominal pain, insomnia
and graft dysfunction. No specific data is available on Belatacept toxicity (Vincenti et al., 2016; Wekerle and Grinyó, 2012;
Garnock-Jones, 2012).

https://en.wikipedia.org/wiki/T-lymphoblastic_leukemia/lymphoma
https://en.wikipedia.org/wiki/Non-Hodgkin_lymphoma
https://en.wikipedia.org/wiki/Rheumatoid_arthritis
https://en.wikipedia.org/wiki/Rheumatoid_arthritis
https://en.wikipedia.org/wiki/Granulomatosis_with_polyangiitis
https://en.wikipedia.org/wiki/Fusion_protein
https://en.wikipedia.org/wiki/CTLA-4
https://en.wikipedia.org/wiki/Costimulation
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Immunosuppressive drugs in some special cases

Fertility and pregnancy

In most cases, especially after the first year of allogeneic organ transplantation, immunosuppression severity decreases with time.
The eradication of diseased cells by chemotherapy is often followed by allogeneic hematopoietic stem-cell transplantation. There is
a dose-dependent reduction in testosterone plasma concentrations, a rise in gonadotrophins and an improvement in spermato-
genesis relative to the values of the general population in transplanted male patients. However, these gonadal changes before organ
transplantation are less considerable (Xu et al., 2011). The usefulness of immunosuppressive medicinal products in the treatment of
various diseases along with the advent of novel medicinal and better knowledge of their side effects has indicated immunosup-
pressants in pregnancy. Since these drugs were contraindicated several years ago mainly due to their teratogenic effects. Similarly,
steroids is implicated in an increased risk of premature disruption of the membrane and cyclosporine in increased premature
birth rates, although the increased risk of premature birth in female transplant recipients is often attributed to maternal status and
not to immunosuppression. However, immunosuppressive agents, notably steroids and tacrolimus, are exacerbated by the risk of
gestational diabetes and hypertension. Creatininemia greater than 12 mg/L before birth and the use of anticalcineurin is often an
elevated risk of pre-eclampsia. The probability of fetal hepatitis C virus’s transmission is about 4.9% and depends on the viral load
of the mother in post liver transplantation (Westbrook et al., 2015). Eventually, breastfeeding should be taken into consideration
because of passage of possible harmful metabolites into the milk and thus to neonates (Constantinescu et al., 2014).

Concerning the deleterious influence of methotrexate on spermatogenesis, the research findings vary. If it is true, this effect tends
to be reversible after 3 months of discontinuation of treatment. Men are recommended to wait 3 months after halting therapy to
conceive because of the mutagenic effect. No evidence of a teratogenic effect is available (Grosen et al., 2017). No evidence on the
impact of Mycophenolate on male fertility is available. A similar incidence of prematurity and malformations was associated with
many births involving transplanted fathers who were treated with Mycophenolate, as seen in the general population (Morken et al.,
2015). Cyclophosphamide is mutagenic, teratogenic and lethal to embryo in mammals. In humans, it promotes extremity and head
malformation so it is confirmed teratogenic agent.
Corona virus disease

In order to inhibit and manage the hyper inflammatory process of COVID-19, it is speculated that immunosuppressive medications
may be used. These medications, however, also suppress the host immune response to the virus. Thus, in earlier phases of
COVID-19, they may be dangerous. The net impact of immunosuppressive medications in COVID-19 patients is undergoing
significant debates. Corticosteroids have a broad variety of anti-inflammatory and immunomodulatory properties, including
suppression of pro-inflammatory cytokine production, reduction of the trafficking of leukocytes and activation of T-lymphocyte
apoptosis (Lansbury et al., 2019). Five retrospective studies showed that there was no gap in SARS-CoV-2 clearance time among
patients treated and untreated with steroids (Fang et al., 2020). Three other clinical trials, on the other hand, confirm that steroid
therapy was associated with a longer period of time before SARS-CoV-2 clearance. In both these studies, the probability of
misunderstanding was high (Xu et al., 2020). An alteration in host cells triggered by viruses that leads to cell death is known as
cytopathic effect. A number of in vitro experiments have shown that cyclosporine greatly inhibits SARS-CoV and MERS-CoV viral
replication and cytopathic effects in infected cells in a dose-dependent manner (Sauerhering et al., 2020). Similarly, another in vitro
study showed that in VeroE6/TMPRSS2 cells, mycophenolic acid inhibits SARS-CoV-2 replication. Human pluripotent stem cells
were differentiated into lung organoids in another study and were then contaminated with SARS-CoV-2. Mycophenolic acid
blocked viral replication in these lung organoids, while SARS-CoV-2 cytopathic effect was still detected, but with high levels of
mycophenolic acid (Sauerhering et al., 2020; Han et al., 2020). Yet another retrospective cohort analysis showed that a higher
mortality risk and incidence of bacterial infection were correlated with the treatment of COVID-19 patients with tocilizumab.
Patients infected with tocilizumab were, however, more chronically sick than the controls. They were both much older and
administered antiviral and glucocorticoids more often than the controls (Quartuccio et al., 2020).

The findings of some clinical trials indicate that in patients with COVID-19, corticosteroids are helpful, particularly in the
prevention of cytokine storm effects. A lower mortality rate (28-days), a shorter hospital stay and a lower incidence of mechanical
ventilation were linked with the use of dexamethasone (Horby et al., 2020). Dexamethasone did not impact death rates in patients
that did not need oxygen assistance. The implications of these studies reinforce the theory that the hyper inflammatory process of
COVID-19 may be avoided and treated by using immunosuppressive drugs.
Conclusion

In the 21st century, because of their effectiveness, but also because of a greater understanding of their modes of action and their side
effects, immunosuppressive medications are indicated in several various diseases. This effectiveness has made it easier to improve
underlying illnesses, making parenthood an alternative in certain young patients who’ve had definitive life-threatening disorders
before. These procedures, however, remain effective therapies that involve skillful handling; it should also be borne in mind that the
long-term effects are still not well understood. Recommendations for use of a very low standard of evidence are drawn up, and must
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be taken into consideration when advising and tracking patients. In the treatment of COVID-19, certain immunosuppressive
medications may be beneficial. Mycophenolic acid prevents in vitro SARS-CoV-2 replication. There are signs that some immuno-
suppressive agents in patients with COVID-19 can reduce mortality and avoid mechanical ventilation. In high-quality clinical trials,
these findings have to be checked before these medications can be adopted as routine treatment. Focused on the promising findings
of other immunosuppressive agents in SARS-CoV and MERS-CoV in vitro trials, it would be useful to examine their effects on the
replication of SARS-CoV-2. Close observation of pregnancy in accordance with the immunosuppression prescriber and long-term
check with these pregnancies with children is suggested. It is also important to determine the possible effects of immunosuppressive
drugs in children who have undergone this treatment during pregnancy until they are adults. To recognize and acknowledge the
risks and obligations associated with immunosuppressive medications, this multidisciplinary strategy for Planned Parenthoodmust
be addressed with the couple.
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