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Abstract : Cydosporin A (CsA) is a cyclic undecapeptide that has
been used extensively as an immunosuppressive drug in transplantation
medicine and is known to interact with L-arginine dependent pathways.
We studied the in vitro and in vivo effects of CsA on nitric oxide
synthase (NOS) activity in the rat kidney. CsA in concentrations of
44-2200 nM in vitro, and 12.5 or 25 mglkg body weight per 4 weeks
treated rat kidneys in vivo, significantly stimulated NOS activity. CsA
may alter the Ca2+/Cam-dependent NOS activity by interacting with rat
kidney Ca2+/calmodulin dependent events.
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INTRODUCTION

Cyclosporin A (CsA, MW 1202, log P + 2.99)
is a cyclic immunosuppressant peptide of fungal
origin that acts by blocking the sensitization of
T-lymphocytes in the immune process (1). It is
accumulated by most body cells and is cytotoxic
at high intracellular concentration (2).
Biochemical and ultrastructural studies of the
direct toxic effects of CsA revealed that CsA
induced toxicity in experimental animals may
be due to its interaction with calcium-dependent
events (3, 4, 5).

Nitric oxide synthase (NOS), a Ca2+/
calmod'uJin (Cam) dependent enzyme, has been
shown to mediate the conversion of L-arginine
to citrulline and nitric oxide (NO) (6, 7, 8).
Further, it has been reported that CsA interferes
with L-arginine dependent pathways (9, 10).
Our investigation into the pfithophysiological
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mechanisms involving CsA nephrotoxicity forms
the basis of this report.

ME']'HODS

Unless otherwise specified, all reagents were
purchased from Sigma Chemical Company (St.
Louis, MO, US). L-[2, 3, am arginine (77CiJm
mole) was purchased from new England
Nuclear (Boston, MA). CsA (Sandoz, Basel,
Switzerland) was dissolved in 100 III of absolute
ethanol and proper dilutions were made with
test solutions and used for in vitro studies.
Proper concentrations of ethanol in the medium
(less than 0.5%) did not affect the assay medium
for in vitro studies.

Male Sprague-Daw~ey rats weighing
200-225 g (n=6) were injected intraperitoneally
with 12.5 or 25 mglkg body wt. of CsA at day 1,
7, 14, and 21 in olive oil vehicle (approximately
0.5 lnl) for 4 weeks. Control group received
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DISCUSSION

RESULTS

Each value is the mean ± SD of 6 experiments assayed in
duplicate, Asterisks indicate statisticnl significance (P<0.051.

TABLE I: In uilrochanges in NOsyothllseactivity in th(! rat
kidney in the presence ofCyclosporiu A.

COllcCsA

NO$adiuity

B.37:!: 0.8

8.93 ± 1.85
1033 :!: 046
H.6O:!: 0,72
13.63 ± 1.62
16,93 ± 1.70·

Cone CsA

125 mglkg 25 msJkg
1045±0.54· 13.80±1.45-

Control

'"220

"'0
1100

2200

TABLE II: fn viuo changes in NO synthase activity in the
rat kidney in the presence ofCyciosporin A.

Control
8,97±074

COliC orCsA (11M)

Each value is the mean ± SD of 8 separate experiments
assayed in duplicate. Asterisks indicate statistical significance
(P<O.05).

Results of the in vitro study show that CsA
m concentrations of 44-2200 nM (equivalent to
10-1000 ng) stimulates rat kidney NOS activity
in a concentration-dependent manner (Table I).
These changes were statistically significant for
1100 and 2200 nM CsA. In vivo studies showed
that 12.5 or 25 mglkg treated rat kidneys
exhibited increased levels of NOS activity
compared to controls (Table 11). These data
suggest that CsA in the concentrations tested
can stimulate rat kidney NOS activity both
in vitro and in vivo.

The present study demonstrated that esA
in the concentrations tested stimulates rat
kidney NOS activity both in vitro and Ln vivo
and thus the immunosuppressant may cause
nephrotoxicity.

The constitutive form of NOS is known
to be totally Ca2 °/Cam-dependent (7, 8).
Numerous toxicologic studies involving
CsA have demonstrated that this drug cause
nephrotoxicity and hepatotoxicity 03, 14, 15),

equal volumes of olive oil. Control and CsA
treated rats were anaesthetized with 0.2 ml
pentobarbital an.d kidneys were isolated, washed
in saline, frozen in liquid nitrogen and stored at
_80°C until used.

Crude NOS preparations were obtained from
rats that were injected in vivo with CsA and
control rats according to the procedure of
Knowles ct al (11), and NOS activity was
measured using the procedure of Bredt and
Snyder (12).

The data were subjected to statistical
analysis using Students 't' test. P values of less
than 0.05 were accepted as significant.

Briefly, the kidney tissues were homogenized
with a polytron homogenizer in cold buffer
containing 10 mM Hepes, 0.32 M sucrose, 0.1
mM EDTA, 1 mM dithiothreitol, 10 Ilg soybean
trypsin inhibitor/ml, 10 )J.g leupeptin/ml, 2 Ilg
aprotininiml and 1 mg/ml phenyl sulfonyl
fluoride/ml (pH 7.4). The homogenates were
centrifuged at 100,000 glhr and the soluble
fractions were used for NOS assays. The reaction
mixture (500 Ill) contained 300-400 Ilg protein,
2 mM NADPH, 6 11M L-arginine, 0.4 IlCi 31-1
arginine, 1 )J.g each of calcium chloride and
calmodulin, and Illg each of FAD and FMN. To
study the in vitro effect ofCsA the kidneys from
control rats were used and the drug was
incubated for 5 min before the addition of
reaction mixture. Incubations were carried at
37°C for 30 min and the reaction was stopped
by adding 200 III of stop buffer containing 20
mM Hepes and 10 mM EGTA (pH 7.5). 'The
samples were passed through Dowex 50W Na+
form columns and washed with 2 ml distilled
water. NOS activity was quantified by measuring
the radioactivity of the flow through fraction
containing [3HJ-citrulline in a liquid scintillation
counter. NOS activity was expressed as pmol
citrulline/mg protein/min.

The protein content of the experimental
samples was measured using a Biorad protein
assay kit and gamma globulin was used as
standard.
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and interference of CsA with Ca2+/Cam
dependent processes is well established (16).
Recently we showed that CsA alters the normal
functioning of the enzyme NOS in experimental
rats and thus causes neurotoxicity and
hepatotoxicity (17, 18, 19). CsA toxicity is
associated with a transient increase in
cytosolic cakium (5) and alterations in cellular
Ca2+ homeostasis in a number of cell types,
including transmembrane Ca2+ influx and
intracellular mobilization from mitochondrial
and endoplasmic reticulum storage sites
03, 14, 15). Gallego et al (10) hypothesized that
CsA may induce an alteration of the NO-forming

mechanisms and as a consequence the enzyme
NOS that mediates the formation of NO may
also be affected due to CsA toxicity. Based on
the foregoing it is evident that CsA induced
toxic side effects were associated with its
interference with Ca2+ homeostasis as wen as
the L-arginine pathway. The present observed
trend of stimulation of rat kidney Ca2+/Cam
dependent NOS activity may be aUributed to
interference of CsA with kidney Ca2+/Cam
dependent processes. Altering the normal
functioning of the enzyme NOS activity by CsA
may in turn impair NO production, which may
cause nephrotoxicity in rats.
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