CHAPTER 14

CYCLOSPORIN-A
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The introduction of cyclosporine A (CsA) led to one
of the major breakthroughs in medicine. The immuno-
suppressive drug CsA was discovered in the 1970s in
the laboratories of Sandoz (now known as Novartis) in
Basel. J. E. Borel and H. Stdhelin have been regarded as
the principal discoverers.

CsA is a powerful immunosuppressant drug that has
been extensively used for many years in the field of
organ transplantation. The detection of the interest-
ing biological profile of CsA (immunosuppression
without cytotoxic activity) occurred in the very first
experiment. CsA selectively inhibits transcription of
interleukin (IL)-2 and several other cytokines, mainly
in T-helper lymphocytes.

The immunosuppressive effect of CsA was confirmed
in various experimental models, including skin and
bone marrow transplantation studies in mice. Borel
and Stdhelin subsequently started transplantation ex-
periments with CsA in animals and, impressed by the
dramatic results. Then CsA was applied to the kidney,
liver and pancreas transplant patients.” After these
pioneer successes, European® and Canadian* mul-
ticenter trials showed the superiority of CsA-based
regimens in graft and patient survival. Then, CsA-based
protocols rapidly became standard therapy in kidney
transplantation.

Structure and physical properties

Cyclosporine (C_H,, N O_) (Figure 1) was first
isolated from Tolypocladium inflatum Gams. The drug
has a molecular weight of 1200 kD and comprises 11
amino acids, one of which is unique, and most of which
are hydrophobic (water solubility value: 0.00952). It
is highly soluble in lipids and other organic solvents.
Seven of its amino acids are N-methylated, which may
explain its resistance to inactivation in the gastrointes-
tinal tract.®

Formulations:

The drug exhibits very poor solubility in water, and,
as a consequence, suspension and emulsion forms of
the drug have been developed for oral administration
and for injection. Oral, intravenous (i.v.), ophthalmic,
topical, and aerosol formulations of CsA are available.
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Figure 1. The chemical structure of cyclosporine ©.

The i.v. forms of the drug should only be used if enteral
administration is not possible, because of the higher
potential toxicity due to i.v. route. The microemulsion
formulation of CsA, Neoral, has significant benefits
over the original CsA formulation (Sandimmune’) with
a more predictable absorption profile and improved
clinical outcomes.” Sandimmune® and Neoral® are not
bioequivalent and cannot be used interchangeably.
For patients unable to take oral cyclosporine, the i.v.
dose should be equal to one-third of the oral dose and
should be given twice daily.

The CsA capsules and oral solution are bioequivalent.
A topical emulsion of CsA for the treatment of inflam-
mation caused by dry eye syndrome has been marketed
since 2002. The dose of medication and route of ad-
ministration depend upon the specific condition being
treated.

MECHANISM OF ACTION

Calcineurin-dependent mechanism

Early biological studies revealed that CsA inhibits T
cell activation by blocking the transcription of cytokine
genes, including those of IL-2 and IL-4. Upon entering
T cells, CsA binds with high affinity to cyclophilins, es-
pecially to the cytosolic 17 kDa cyclophilin A which is
the most abundant cyclophilin in T cells. The cyclophi-
lin-CsA complex, but not cyclophilin alone, can bind
to another cytosolic protein, calcineurin, which is a
calcium and calmodulin dependent phosphatase.® This
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chondrial Ca2’. Decreasing intramitochondrial Ca2*
allows for reversal of cardiac hypertrophy caused in the
original cardiac response. Decreasing the release of cy-
tochrome C caused decreased cell death during injury
and disease.* MPTP opening contributes to the loss of
mitochondrial function observed in the failing heart.”
Some of the active or recruiting clinical trials are listed
in table-3.
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