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1. Introduction

2. History of tacrolimus

Tacrolimus is a water insoluble immunomodulator used

systemically for prophylaxis of organ rejection in patients

receiving allogenic kidney or liver transplant. It is available for

oral, intravenous and topical administration. It is used topically for

various skin disorders at the concentration of 0.03% and 0.1%.

conducted in United States and Europe and was found that

tacrolimus was effective and safe for the prophylaxis of organ

rejection in patients who received allogenic kidney or liver

transplants [1].

Tacrolimus received clearance from the Japanese ministry of

Health and Welfare in April 1993 and was first introduced in the

Japanese market in June 1993 and in US in 1994. It was also used

for other types of solid-organ transplantation including heart,

lung, pancreas, islet, small bowel, graft versus host disease in bone

marrow transplantation. Currently, tacrolimus is available for

systemic use in 70 countries and around 90,000 transplant

recipients are being treated in US [1].

Preclinical studies has revealed that tacrolimus has the T-Cell

activation blocking property and also modulates the

immunological mechanisms underlying many inflammatory skin

disorders. In early 1990s, an ointment formulation of tacrolimus

was developed for the treatment of atopic dermatitis [3]. Topical

tacrolimus was approved for the treatment of atopic dermatitis in

Japan in 1990, US in 2000 and in Europe in 2001 [4]. Tacrolimus

ointment was approved as an immunomodulator in March 2003 in

India [5].

The generic name is a neologism composed of

Tsukuba macrolide immunosuppressive [6].Tacrolimus (FK506)

is a macrolide produced by Streptomyces tsukubaensis and was

isolated from the fermentation broth containing the organism [7].

tacrolimus

Tacrolimus was discovered in a soil sample taken from the foot

of Mount Tsukuba in Tokyo in 1984. It was found to have potent in

vitro immunosuppressive qualities. It was initially called

FK000506. Its efficacy as an immunosuppressive agent was

reported in 1986 at the 11th World Congress of the

Transplantation Society in Helsinki, Finland by researchers from

Chiba university of Japan. Within 5 years of its discovery, world's

first clinical trial of tacrolimus identified as FK506 began for use in

transplant rejection [1].

Initially, tacrolimus was administered systemically to patients

who in spite of receiving standard immunosuppressive therapy

were facing retransplantation due to organ rejection or

undesirable drug toxicities. It gave successful option as a rescue

therapy. Thus, initial clinical trial as a first line agent for the

prophylaxis of rejection in liver transplant recipients began in

1990 at the University of Pittsburg [2]. Similar studies were
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3. Physicochemical Characteristics

It is a hydrophobic macrolide lactone. It has a molecular

weight of 822 daltons [8]. Penetration of intact human skin and

the in vitro immunosuppressive activity (10-100 times) of

tacrolimus is better than cyclosporine [8,9,10]. The chemical

structure of tacrolimus is represented by fig 1 [11].
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Tacrolimus was developed for the management of graft rejections when the conventional

immunosuppressants were a failure in some patients. This drug was later found to be effective

in various dermatological disorders, which had a pathological immune basis. Tacrolimus being

an immunomodulator has been found to be effective in immunological skin disorders when

applied topically.
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During T cell activation, the antigen binds to its specific T-Cell

receptor functionally linked to protein kinase especially tyrosine

kinase which activates the phospholipase C1 (PLC1) to form

inositol-1, 4, 5-triphosphate (IP3) and diacylglycerol (DG) from

Phosphatidylinositol-4, 5-bisphosphate (PIP2). The so formed IP3

binds to the calcium release channels in the endoplasmic

reticulum. This triggers the release of calcium from the stores

resulting in increased levels of intracellular calcium. The calcium

then binds to calmodulin and this complex activates calcineurin.

The activated calcineurin, dephosphorylates the cytoplasmic

subunit of nuclear factor of activated T-Cells (NF-AT). This

dephosphorylated subunit of NF-AT gets translocated into the

nucleus where it forms a complex with the nuclear subunit of NF-

AT. This complex binds to the promoter region of cytokine genes

like interleukin-2 (IL-2), IL-3, IL-4, Granulocyte-Macrophage

Colony Stimulating Factor (GM-CSF), Tumor Necrosis Factor

(TNF) and induce cytokine gene transcription [6,11].

Tacrolimus initially termed as FK506, when administered,

penetrates the cell membrane of lymphocytes and binds to

intracellular immunophilin protein called FK506 binding proteins

( F K B P ) . F K B P 1 2 i s t h e o n e wh i c h ex p re s s e s t h e

immunosuppressive activity [12]. Tacrolimus-FKBP12 complex

blocks the function of the calcium and calmodulin dependent

calcineurin activity resulting in the suppression NF-AT dependent

cytokine gene transcription and thus suppresses the immunity

[8,13,14,15].

The various other actions exerted on cells by tacrolimus are [16]:

1. Decreased neutrophil migration and free radical production

[17].

2. Inhibits cytokine production [IL-2, IL-3, IL-4, IL-5, IL-6, IL-8, IL-

8 receptor,

Interferon , TNF, Granulocyte Colony Stimulating factor (GCSF)].

3. Inhibits intracellular adhesion molecule-1 and E-selectin.

4. Interferes with prostaglandin D2 synthesis.

5. Inhibits CD4+ and CD8+ lymphocyte migration.

6. Inhibition of histamine release from mast cells.

7. Increase in CD1+ epidermal Langerhans cells.

8. Inhibition of nitric oxide synthetase.

9. Inhibition of apoptosis.

10. Potentiation of glucocorticoids.

11. Blockade of transforming growth factor beta receptors.

4. Pharmacodynamic Properties

Tacrolimus can be administered by oral, intravenous and

topical routes [18]. The oral dose available is 0.5, 1 and 5mg and for

intravenous use it is 5mg/ml [11]. On oral administration,

absorption from the gut is incomplete and variable [11] and

reaches peak concentrations after 1-4 hours[18]. Food decreases

both the rate and extent of absorption more so with foods rich in fat

content [19,20]. The half life of tacrolimus is 9-12 hours [18].

Tacrolimus ointment when applied topically gets absorbed

from the intact skin. The rate of percutaneous penetration of 0.03%

and 0.1% tacrolimus ointment is 3.1ng/cm /hour and

4.9ng/cm /hour respectively. The average rate of percutaneous

penetration in damaged skin is 40ng/cm /hour, seven times higher

when compared to intact skin [6]. The maximum plasma

concentration of tacrolimus is 5-15ng/ml [21].

2

2

2

5. Pharmacokinetic Properties

5.1. Absorption

75%-99% of absorbed tacrolimus is protein bound especially

to albumin and -1 acid glycoprotein [11]. Tacrolimus crosses the

placenta and is detectable in breast milk [8]. Reports have shown

that 35% of the maternal plasma concentration of tacrolimus is

present in the plasma of the umbilical cord. The concentration of

tacrolimus in breast milk is similar to the plasma concentration and

hence breast feeding is not advisable [22]. Adequate and well-

controlled studies are not available to know the effects of the drug

on fetal development when given in pregnant women. But in rats

and rabbits, tacrolimus has caused malformations, developmental

variations, foetal morbidity and mortality. Therefore tacrolimus

either systemic or topical therapy needs to be avoided in pregnant

women unless the clinical benefit outweighs the potential risk to

the fetus [20].

a

Tacrolimus is metabolized by cytochrome P450 3A4

isoenzyme. Eight metabolic byproducts are formed and 13-o-

demethylated metabolite is the major metabolite. Bile represents

the principal pathway of elimination with a systemic elimination of

40 hours [6, 7] and less than 1% is excreted unchanged in the urine

[11]. No evidence of cutaneous metabolism of tacrolimus is

observed in invitro studies carried on viable human skin [6].

1. Atopic dermatitis (FDA approved) [4, 16] topical

2. Organ transplant rejection in liver, kidney and heart transplant -

oral/IV [23]

1. Vitiligo [16]

2. Pyoderma gangrenosa [16]

3. Graft-versus-host disease [16]

4. Psoriasis [16]

5. Alopecia areata [16]

6. Behcet's disease [16]

5.2. Distribution

5.3. Metabolism and elimination

5.4. FDA approved indications

Off label indications: topical

THERAPEUTIC  USES:

Fig 1 Chemical structure of Tacrolimus
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7. Lupus erythematosus [16]

8. Lichen planus [6]

9. HIV-associated Eosinophilic Folliculitis [21]

10. Crohn's disease [6]

11. Pityriasis alba [24]

12. Contact dermatitis [3]

13. Rosacea [3]

Tacrolimus is administered at the dose of 0.03-0.05mg/kg/day

as continuous infusion. It is given orally at the dose range of 0.1-

0.2mg/kg/day in two divided doses 12 hours apart based on the

organ transplanted or the immune mediated skin disorder. The

dose is individualized based on the blood concentration which is

maintained in the range of 100-200ng/ml [11]

The ointment is available in two concentrations 0.03% and 0.1%.

The prescribed concentration is applied topically to the affected

area of the skin which should be clean and dry. It has to be applied

twice a day for 3 months.

1. Dry skin completely before applying tacrolimus ointment.

2. Apply a thin layer of tacrolimus ointment and rub it in well to

cover the affected areas.

3. Wash hands thoroughly after applying tacrolimus ointment.

4. Stay out of direct sunlight, especially between 10 am to 3 pm

[25]

6. Dosage, administration and instructions for use

The adverse reactions to tacrolimus are [11, 26]

1. Nephrotoxicity- increased serum creatinine levels.

2.Neurotoxicity- Tremor, headache, motor disturbances,

seizures, confusion, dizziness.

3. Gastrointestinal symptoms- nausea and diarrhea.

4. Hypertension.

5. Electrolyte disturbance- hyperkalemia.

6. Metabolic disturbances - hyperglycemia and then diabetes.

7. Secondary tumors.

8. Opportunistic infections.

9. Blood- anemia, leucopenia, thrombocytopenia.

Systemic adverse reactions with topical application of

tacrolimus ointment have not been reported [16].Cutaneous

adverse effects of topically applied tacrolimus are reported in

humans [6].In animal studies (rats, rabbits, guinea pigs, dark

yucatan miniature swine), when tacrolimus ointment 0.03% to

0.1% concentration was used for 28 days to 26 weeks, no

cutaneous adverse effects, phototoxic effects, irritation,

sensitization and contact dermatitis were evident. When studies

were carried out on human skin, tacrolimus ointment showed no

sensitization but slight irritation was observed [6]

Application site reactions such as pruritus, burning and

erythema comprise the majority of adverse reactions of topically

applied tacrolimus. Topical tacrolimus induces no atrophogenic

effects in contrast to glucocorticoids [16]. Tacrolimus did not affect

keratinocyte proliferation in vitro. Recent studies have shown that

tacrolimus does not interfere with collagen synthesis [16]

Drugs that are highly plasma protein bound like

sulphonylureas, sulfamethoxazole and coumarin may displace

tacrolimus from its binding sites if given concurrently and increase

the levels of tacrolimus and produce toxic effects [15]. The plasma

concentration of tacrolimus needs to be monitored when given

with other nephrotoxic drugs like cyclosporine [11].

7. Adverse effects

8. Drug interactions

Tacrolimus is a potent immunomodulator with proven efficacy

in several inflammatory and immune mediated diseases of the skin.

Studies have shown that it can be used as an alternative to treat

inflammatory skin disorders that are difficult to treat. Tacrolimus

ointment application is an effective alternative to the most

commonly used topical steroids especially on the face as it lacks the

adverse effects like atropy of skin, telengectasia, acne caused by

steroid application.

A large number of drugs induce (rifampicin, carbamazepine,

phenobarbitone, phenytoin) or inhibit (erythromycin,

itraconazole, ketoconazole, fluconazole, calcium channel blockers,

cimetidine) cytochrome P450 3A4 isoenzyme. These drugs can

interfere with tacrolimus metabolism [26].

CONTRAINDICATIONS [27]

1. Hypersensitivity to tacrolimus

2. Eczema herpeticum

3. Varicella zoster infection

4. Herpes simplex virus infection

5. Lymphoma

6. Immunosuppressants

7. Pregnancy

8. Lactating mother

9. Children less than 2 years of age.

9. Conclusion

339

10. References

[1] Fung JJ. Tacrolimus and transplantation: A decade in review.

Transplantation. 2004;77:541-543.

[2] Todo S, Fung JJ, Starzl TE et al. Liver, kidney and thoracic organ

transplantation under FK506. Ann Surg. 1990; 217: 295.

[3] Ruzicka T, Assmann T, Lebwohl M. Potential future dermatological

indications for tacrolimus ointment. Eur J Dermatol. 2003;13:33-42.

[4] Lisa A, Beck MD. The efficacy and safety of tacrolimus ointment: A Clinical

review. J Am Acad Dermatol. 2005;53( Suppl) 2:5165-170.

[5] List of drugs approved during 1999-2003. Food and Drugs Control

Administration. Health and Family Welfare Department, Government of

Gujarath.

[6] Ruzicka T, Assmann T, Homey B. Tacrolimus: The drug for the turn of the

millennium? Arch Dermatol. 1999;135:574-580.

[7] Kino T, Hatanaka H, Miyata S et al. FK-506, a novel immunosuppressant

isolated from a streptomyces, II: immunosuppressive effect of FK-506 in

vitro. J Antibiot (Tokyo). 1987;40:1256-1265.

[8] Schreiber SL, Crabtree GR. The mechanism of action of cyclosporin A

andFK506. Immunol Today.1992;13:136-142.

[9] Lauerma AI, Surber C, Maibach HI: Absorption of topical tacrolimus

(FK506) in vitro through human skin: comparison with cyclosporine A.

Skin Pharmacol. 1997;10:230-234.

[10] Lauerma AI, Stein B, Homey B et al. Topical FK506 (tacrolimus):

Percutaneous absorption and effect on allergic and irritant contact

dermatitis. J Invest Dermatol. 1993;100:491.

[11] Kronsky AM, Vincenti F, Bennet WM. Immunosuppressants, Tolerogens

and Immunostimulants. In: Brunton LL, editor. Goodman and Gilman's The

Pharmacological Basis of Therapeutics. 11th edition. New York: McGraw-

Hill, Medical publishing division; 2006:1405-1432.

[12] Morris RE. Mechanisms of action of new immunosuppressive drugs.

Kidney Int. 1996;49(Supp 53):26-38.

[13] Clipstone NA, Crabtree GR. Identification of calcineurin as a key signaling

enzyme in T-lymphocyte activation. Nature. 1992;357:695-697.

[14] Sigal NH, Dumont FJ. Cyclosporine A, FK506 and rapamycin:

pharmacological probes of lymphocyte signal transduction. Annu Rev

Immunol.1992;10:519.

[15] Rao A. NF-ATp: a transcription factor required for the co-ordinate

induction of several cytokine genes. Immunol Today. 1994;15:274.

[16] Zabawski EJ, Costner M, Cohen JB, Cockerell CJ. Tacrolimus: Pharmacology

and therapeutic uses in dermatology. Int J Dermatol. 2000;39:721-727.

Bhuvana K Int J Biol Med Res. 2010; 1(4): 337-340et al. /



[17] Cetinkale O, Sengul R, Bilgic L et al. Involvement of neutrophils in ischemic

injury. I. Biochemical and histopathological investigation of the effect of

FK506 on dorsal skin flaps in rats. Ann Plast Surg. 1997;39:503-515.

[18] Lake DF, Briggs AD, Akporiaye ET. Immunopharmacology. In: Katzung BE

editor. Basic and Clinical Pharmacology. 9th edition. Mc Graw Hill; Medical

Publishing Division. 2004;941-942.

[19] Venkataramanan R, Swaminathan A, Prasad T et al. Clinical

pharmacokinetics of tacrolimus. Clin Pharmacokinet. 1995;29:404-430.

[20] Prograf package insert, Fujisawa Ireland, Ltd, 1998.

[21] Trellu LT, Abraham S, Pechere M et al. Topical tacrolimus for effective

treatment of eosinophilic folliculitis associated with human

immunodeficiency virus infection. Arch Dermatol. 2005;141:1203-1208.

[22] Wallemacq PE, Verbeeck RK. Comparative clinical pharmacokinetics of

tacrolimus in paediatric and adult patients. Clin Pharmacokinet.

2001;40:283- 295.

[23] Plosker, Greg L, Foster, Rachel H. Tacrolimus: A further update of its

pharmacology and therapeutic use in the management of organ

transplantation. Drugs. 2000;59:323-389.

[24] Rigopoulos D, Gregoriou S, Charissi C, Kontochristopoulus G,

Kalogeromitros D, Georgala S. Tacrolimus ointment 0.1% in pityriasis

alba: an open-label, randomized, placebo-controlled study. Br J Dermatol.

2006; 55; 152-155.

[25] Topical tacrolimus. Medline Plus Drug Information; 2006:1-5.

[26] Immunosuppressants In: Sweetman SC editor. Martindale: The complete

drug reference. 34th edition. London, Pharmaceutical Press;2005:1363-

1366.

[27] Product information: Protopic®, tacrolimus. Fujisawa, Deerfield, Illinois,

(PI revised 12/2000) reviewed 4/2001.

340

Bhuvana K Int J Biol Med Res. 2010; 1(4): 337-340et al. /

Copyright 2010 BioMedSciDirect Publications IJBMR - All rights reserved.ISSN: 0976:6685.c


