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LEARNING OBJECTIVES 
 Describe mechanism of action of Immunophilin 

ligands.
 Describe clinical uses and adverse effects of 

Immunophilin ligands
 Describe mechanism of action of enzyme 

inhibitors 
 Describe clinical uses and adverse effects of 

enzyme inhibitors 



IMMUNOPHILIN LIGANDS (ANTIBIOTICS)

Cyclosporine A (CsA)
Tacrolimus (TAC)
Pimecrolimus
Mammalian target of rapamycin (MTOR) 

inhibitors
Sirolimus (SIR) 
(Rapalogs) of SIR 

Evorilimus
Temsirolimus

 Fingolimod



IMMUNOSUPPRESSANTS
 B:-Immunophilin ligands ; Antibiotics

 Cyclosporine A (CsA)
 Tacrolimus (TAC)
  Pimecrolimus
 Mammalian target of rapamycin (MTOR) 

inhibitors
Sirolimus (SIR) 
Evorilimus
Temsirolimus

 Fingolimod



ENZYME INHIBITORS

Mycophenolate  Mofetil (MMF)

Mycophenolate sodium(MMS)

 Mizoribine 

 Leflunamide / FK778

Pentostatin (ADA  inhibitor)



IMMUNOPHILIN LIGANDS 
(ANTIBIOTICS):                

OVERVIEW 







CYCLOSPORINE
 Lipophilic peptide antibiotic
  MOA = Cyclophilin --- calcineurin

 Decreased  dephosphorylation of NFATc.
 Decreased IL 2 production (also IL 3 /INFα)
 Doesn’t affect IL 2 already produced .

 Pharmacokinetics
Oral /IV /eye drops /inhalation
Cyt p450 3A4 , t ½ =27 hours





CYCLOSPORIN:   MOA 



CYCLOSPORINE
PHARMACOKINETICS 

Oral, IV == common use 
Cyclosporine ophthalmic solution = 

for  severe xeropthalmia and ocular graft-versus-
host disease

Inhaled cyclosporine ==
  being investigated for use in lung transplantation



CYCLOSPORINE 
THERAPEUTIC USES

 Solid organ transplant rejection.
(liver, lung, pancreas, eye, kidney, heart)

Some times sole immunosuppressant for cadaveric 
transplantation of the kidney, pancreas, and liver. 

 Hematopoietic stem cell transplant            
rejection.
 In combination with methotrexate, a standard prophylactic 
regimen to prevent graft-versus-host disease after allogeneic 

stem cell transplantation.



THERAPEUTIC USES

 Rheumatoid arthritis

 Psoriasis 

 SLE  

 Sjogren’s syndrome, Xerostomia

 Bronchial asthma 

 Uveitis 



                                                                    
                                  The crippling 
distortion of joints characteristic of 

rheumatoid arthritis



BUTTERFLY rash of 
systemic lupus 
erythematosus



CYCLOSPORINE
 Inflammatory bowel disease

 Behcet’ s syndrome

 Nephrotic syndrome

 Insulin dependant diabetes mellitus





CYCLOSPORINE 



TOXICITY

 Very negligible bone marrow toxicity. 
 Rarely  = increased incidence of lymphoma and 
    Kaposi's sarcoma, skin cancer
 Cyclosporine induces TGF-β, which promotes 

tumour invasion and metastasis

CYCLOSPORINE



TACROLIMUS 
(STREPTOMYCES TSUKUBIENSIS)





TACROLIMUS
USES

 same as Cyclosporine
 Currently = Atopic dermatitis, psoriasis 

ADVERSE EFFECTS 
 Same as CsA
 However, no hirsutism or gum hyperplasia like 

CsA 
 Additional to CsA it can cause:-   

 Opthalmitis
 Hallucinations 
 post transplant diabetes.













SIROLIMUS
PHARMACOKINETICS 

Oral and topical only 
Metabolism == Cyp. P450 3A4  /P 

glycoprotein
Requires loading dose
Synergistic with cyclosporine 



PHARMACOKINETICS
 Half-life is about 60 hours, 
  That of Everolimus is about 43 hours
 Elimination is similar to that of 

cyclosporine
 being substrates for both cytochrome P450 3A and 

p-glycoprotein
  Use with cyclosporine can increase the 

plasma levels of both sirolimus and 
everolimus

 Drug levels need to be monitored





SIROLIMUS 





SIROLIMUS 



SIROLIMUS
USES 

 To  prevent rejection of Solid organ allografts. 
Used  alone and in combination with corticosteroids, 
cyclosporine, tacrolimus, and mycophenolate mofetil

 Steroid resistant hemopoeitic stem cell transplantation
For steroid-refractory acute and chronic graft-versus-host 

disease. 

 Eluted coronary stents = to prevent restenosis



USES 
 Renal transplant =    to prevent graft intimal  changes

Because nephrotoxicity is of major concern with calcineurin 
inhibitors, Sirolimus is frequently employed as first line 
immunosuppressant therapy due to its safe renal profile

 Cardiac transplant  = ( Everolimus) 
 Cyclosporine withdrawal protocols
 Targeted  therapy for various cancers = Both 

Temsirolimus and Everolimus
 Topical Sirolimus 

 Dermatologic disorders 
 Chorio -retinitis, in combination with cyclosporine, 



SIROLIMUS 



 Pneumonitis
 Headache
 Increased incidence of haemolytic-uremic 

syndrome

ADVERSE EFFECTS 





FINGOLIMOD 
 Immunosuppressant

 Sphingosine l-phosphate receptor 
modulator

 Mainly used  to treat relapsing multiple 
sclerosis 







ENZYME 
INHIBITORS 



MYCOPHENOLATE MOFETIL 
(MMF) 

PHARMACOKINETICS 

 Semisynthetic derivative of mycophenolic acid, 
isolated from the mold penicillium glaucus

 Hydrolysed to mycophenolic acid (MPA) the active 
immunosuppressive

 Available in both oral and intravenous forms.
 
 Oral form is rapidly metabolized to Mycophenolic 

acid. 

 Although the cytochrome p450 3A4 system is not 
involved, some drug interactions still occur. 





MMF VERSUS MMS(MYCOPHENOLATE 
SODIUM ) 

 Enteric Coated  mycophenolate sodium
 Was developed to reduce the upper-

gastrointestinal (GI) effects of MMF
 Unlike oral MMF which releases MPA in 

the stomach,  MMS releases MPA in 
the small intestine. 

 The absolute bioavailability of 
EC mycophenolate sodium is 72%.





. PHARMACOLOGICAL ACTIONS 

 Inhibits T- and B -lymphocyte responses, 
including mitogen and mixed lymphocyte 
responses, by inhibition of synthesis of purines. 

MYCOPHENOLATE MOFETIL



 Solid organ transplant rejection refractory to 
conventional treatment 

 Combination with prednisone, as an alternative to 
cyclosporine or tacrolimus in patients who do not 
tolerate those drugs. 

 Prophylaxis and treatment of both acute and chronic 
graft-versus-host disease in hematopoietic stem cell 
transplant patients. 

 Anti proliferative properties ==  cardiac transplant 
recipients. 
first-line drug for chronic allograft vasculopathy  

 USES 



 Lupus nephritis
 Rheumatoid arthritis
 Inflammatory bowel disease 

TOXICITY 
 Dermatologic disorders
 Gastrointestinal disturbances (nausea, vomiting, 

diarrhoea, abdominal pain) 
 Headache 
 Hypertension 
 Reversible myelosuppression (neutropenia).

USES



 Gastrointestinal disturbances 
(nausea,vomiting,diarrhea, abdominal pain) 

 Headache, 
 Hypertension, and 
 Reversible myelosuppression (neutropenia).

TOXICITIES





 MIZORIBINE (MZB) 
 Approved in Japan in 1984 
 Isolated from mold  Eupenicillum Brefeldianum  
 Imidazole  nucleoside 
 Metabolites =  MZ-5-P
 Selective  inhibition  of inosine monophosphate (IMP) 

synthetase and guanosine monophosphate synthetase
 Complete inhibition of guanine nucleotide synthesis 

without incorporation into nucleotides
 Mizoribine  is superior to azathioprine 
 May not cause damages to normal cells and normal 

nucleic acid.



USES (MZB) 
 Lupus Nephritis
 Renal  transplantation
 Steroid -resistant nephrotic syndrome
 IgA nephropathy
 Rheumatoid  arthritis



 A prodrug of an inhibitor of pyrimidine synthesis 
(rather than purine synthesis). 

 Orally active, and long half-life of several weeks. 

 Should be started with a loading dose, but it can be 
taken once daily after reaching steady state.

LEFLUNOMIDE





LEFLUNOMIDE 





LEFLUNOMIDE 
ANTI VIRAL 

 Cytomegalovirus  (CMV) = 
                          :alternative to   Ganciclovir 
                           :inhibits viral capsid assembly 









 Adenosine deaminase inhibitor
 Ideally = Antineoplastic  agent for 

lymphoid malignancies
 Also = Steroid -resistant graft-versus-

host disease after allogeneic stem cell 
transplantation

 Preparative regimens prior to allogeneic 
stem cell transplantation to prevent 
allograft rejection.

PENTOSTATIN





CLINICAL PHARMACOLOGY 



REFERENCES 
 Basic and Clinical Pharmacology: Katzung BG, 

Masters SB, Trevor AJ. 14th Edition.

 Katzung & Trevor's Pharmacology: Examination 
& Board Review. 12th Edition 

 Lippincott’s Illustrated Reviews: Pharmacology, 
Clark MA, Finkel R, Rey JA, Whalen K. 7th 
Edition

 Goodman & Gilman’s The Pharmacological 
Basis of Therapeutics: Brunton LL. 12th Edition



Email address for queries on the topic 

drshams11@hotmail.com 

mailto:drshams11@hotmail.com
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