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Cilostazol and Diltiazem Attenuate Cyclosporine-Induced
Nephrotoxicity in Rats

M. Gokce, M.F. Yuzbasioglu, E. Bulbuloglu, H. Oksuz, S. Yormaz, O. Altinoren, M. Kutlucan,
I. Coskuner, E. Silay, and I.T. Kale

ABSTRACT

Aim. Cyclosporine (CsA), an important agent used in organ transplantation to prevent
rejection, displays nephrotoxicity as the most important side effect limiting usage. In this
study, we sought to evaluate the effects of cilostazol and diltiazem to counter the
nephrotoxicity induced by the calcineurin inhibitor CsA.

Materials and methods. Animals were randomly divided into seven groups, each
consisting of eight animals: sham, controls, cilostazol, diltiazem, CsA, CsA plus diltiazem,
and CsA plus cilostazol treatment. At the end of a 60-minute ischemic period, we
administered the drugs after reperfusion for 7 days thereafter. CsA (10 mg/kg/d) was
intraperitoneally for 7 days; cilostazol (10 mg/kg/d) orally by catheter for 7 days; diltiazem
(5 mg/kg/d) intraperitoneally for 7 days. At the end of the 7-day treatment period, blood
and tissue samples were harvested for biochemical, and serological evaluation.

Results. Ischemia-reperfusion injury significantly increased malondialdehyde (MDA)
levels as well as decreased catalase (CAT) activities and superoxide dysmutase (SOD)
content. The lowest MDA mean level was observed in the diltiazem and, the highest in the
control group. The lowest CAT mean levels were noted in the CsA and diltiazem groups
with highest CAT content was in the CsA and cilostazol groups. The lowest SOD mean

level occurred in the sham group; the highest, in the CsA group.

Conclusion.
reperfusion injury.

Cilostazol and especially diltiazem were effective to mitigate renal ischemia-

YCLOSPORINE A (CsA) is currently one of the most
important immunosuppressive agents for a wide
range of organ transplantations, including kidney, liver,
heart, lung, pancreas, and intestine.! Its most important
limiting side effect is nephrotoxicity.? Although the under-
lying mechanism of CsA-induced nephrotoxicity is unclear,
reactive oxygen species (ROS) have been implicated exten-
sively in the toxicity.® The acute and chronic nephrotoxic

effects of CsA are attenuated by administration of various
antioxidants.*

Cilostazol, a specific type-III phosphodiesterase inhibi-
tor, is widely used to treat ischemic symptoms due to
peripheral vascular disease. Recent studies have reported
that cilostazol suppresses proinflammatory cytokine pro-
duction and improves disturbances of local microcircula-
tion.> This platelet aggregation inhibitor and vasodilator
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CILOSTAZOL AND DILTIAZEM MITIGATE IRI

has been prescribed to treat ischemic symptoms and periph-
eral vascular disease.” Apart from its antiplatelet and
vasodilating properties, cilostazol inhibits tumor necrosis
factor-a production. In addition, it has been reported to
inhibit endothelial neutrophil adhesion by decreasing the
expression of adhesion molecules.®’” Anti-inflammatory and
tissue protective effects of cilostazol have been reported
using in vivo and in vitro models.®’

The possible benefits of cilostazol or diltiazem on CsA-
induced nephrotoxicity have not yet been sufficiently tested.
Therefore, we investigated the protective effects of cilosta-
zol and diltiazem on CsA-induced nephrotoxicity in a rat
model.

MATERIALS AND METHODS
Animals

The experimental protocol used in this study approved by our
Animal Ethics Review adhered to The National Institutes of
Health guidelines for the use of experimental animals; 56 Wistar
albino male rats housed in individual cages in a temperature-
controlled room with alternating 12-hour light-dark cycles were
acclimatized for a week before the study. Food was removed 8
hours prior to the study, but all animals were allowed free access to
water and a rat chow diet.

Experimental Design

All assays were performed by an investigator blinded to the study
group assignment. Rats were anesthetized with intramuscular
injection of 60 mg/kg ketamine hydrochloride (Ketalar, Eczacibasi,
Turkey). The shaved abdominal region was sterilized with povi-
done iodine solution via midline incision, the abdominal viscera
were retracted to the right side. After the left renal hilus was
dissected, we occluded the renal vascular pedicle using a microvas-
cular clamp (REDA Instrumente, 13111-06, Tuttlingen, Germany)
with the intestine replaced into the abdominal cavity. At the end of
a 60-minute ischemic period, reperfusion was established by re-
moving the clamp. After 7 days, a left nephrectomy was performed
by relaparotomy. Animals were randomly divided into seven
groups, each consisting of six animals: group 1 (sham group, n = 8)
rats were subjected to the same surgical procedures except for the
renal ischemia-reperfusion (I/R). Group 2 (control group, n = 8)
rats underwent 60 minutes of left renal ischemia. Group 3 animals
(I/R + cilostazol group, n = 8) were administered cilostazol (Pletal
100 mg; Abdi Ibrahim, Turkey; 10 mg/kg/d) orally by catheter for 7
days. Group 4 animals (I/R + diltiazem group, n = 8) were
administered diltiazem (Diltizem-L 25 mg; Mustafa Nevzat, Tur-
key; 5 mg/kg/d) intraperitoneally for 7 days. Group 5 animals (I/R +
CsA group, n = 8) were administered CsA (Sandimmun 50 gm/mL
solution for infusion, Novartis Pharma, Turkey; 10 mg/kg/d) intra-
peritoneally for 7 days. Group 6 animals (I/R + CsA and diltiazem
group, n = 8) were administered CsA plus diltiazem for 7 days.
Finally, group 7 animals (I/R + CsA and cilostazol group, n = 8)
were administered CsA plus cilostazol for 7 days.

Antioxidant Study

To determine tissue antioxidant levels, we obtained 1 X 1-cm?
tissue samples from the left kidney. The samples were preserved in
a deep freezer (—80°C) until examination. The tissues were ho-
mogenized with three volumes of ice-cold 1.15% KCI. The activi-
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ties of antioxidant enzymes and the levels of lipid peroxidation
were measured in supernates obtained after centrifugation at
14,000 rpm. Superoxide dysmutase (SOD) activity was measured
according to the method described by Fridovich,' (CAT) by the
decrease in hydrogen peroxide concentration at 230 nm using the
method of Beutler."" Lipid peroxidation expressed as malondial-
dehyde (MDA) was measured according to procedure of Ohkawa
et al.'? Protein concentrations were determined according to the
Lowry method."?

Statistical Analysis

All variables were expressed as mean values and standard devia-
tions. Differences between groups were evaluated by Kruskal-
Wallis variance analysis followed by a post hoc Mann-Whitney U
test. P values < .05 were considered statistically significant. All data
were entered into and processed by SPSS 11.0 for Windows
statistical package (SPSS Inc, Chicago, Ill, USA).

RESULTS

The I/R procedure significantly increased MDA levels and
decreased CAT activities as well as SOD levels (P < 0.05).
MDA levels were lower among diltiazem; CsA plus dilti-
azem, and cilostazol groups compared with the sham group
and in all groups versus the control group (P < .05). The
lowest MDA mean level was in the diltiazem and the
highest value was in the control group (Fig 1).

Our findings showed CAT levels to increase in the CsA
plus Cilostazol CsA; and CsA plus diltiazem groups com-
pared with the diltiazem group. The lowest CAT mean level
was in the CsA plus diltiazem and the highest value in the
CsA plus cilostazol group (Fig 2).

Mean SOD levels were increased in all groups. SOD
levels in all groups showed a similar range of values except
for the CsA group. The lowest SOD mean level occurred in
the sham and the highest in the CsA group (Fig 3).

DISCUSSION

The use of the calcineurin inhibitors has led to major
advances in the field of transplantation due to the reduced
rates of acute rejection episodes and excellent outcomes.
However, the chronic nephrotoxicity of these drugs is the
Achilles’ heel of current immunosuppressive regimens.'*

CsA induced nephrotoxicity is associated with nodular
hyaline deposits in the afferent arterioles. Eventually, these
deposits narrow the vascular lumen.'> The other facit of the
nephrotoxicity is an endothelial injury secondary to vaso-
constriction-associated ischemia. In addition, it has been
suggested that CsA increases platelet aggregation and
activates prothrombotic factors. The mechanisms underly-
ing thrombotic microangiopathy after renal transplantation
have been recently reviewed by Ponticelli."®

Cilostazol, a platelet aggregation inhibitor and vasodila-
tor, was developed to treat ischemic symptoms and periph-
eral vascular disease. Its antiplatelet action is mainly due to
inhibition of phosphodiesterase III (PDE III), which also
results in reduced smooth muscle cell growth and extracel-
lular matrix synthesis. These effects possibly reduces reste-
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Fig 1. Comparison of malon-
dialdihyde; lowest, diltiazem
group; highest, control group.
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nosis.'”'® In a preclinical study, Ishizaka et al evaluated the
effects of locally administered cilostazol on neointimal
formation in balloon-injured rat carotid arteries. The inti-
mal area in the injured carotid was significantly smaller
among the cilostazol versus the control group.'’

Cilostazol acts as a selective inhibitor of PDE III, an
enzyme that breaks down cyclic adenosine monophosphate.
The vasodilatory and antiplatelet actions of cilostazol are
due mainly to the inhibition of PDE III with subsequent
elevation of intracellular cAMP levels. The higher cAMP
levels stimulate the production of cAMP-dependent protein
kinase, resulting in reduced levels of intracellular Ca within
platelets, which, in turn, suppresses platelet activity.?°

In our experimental study, MDA levels were lower
among the cilostazol-A compared with the control group
(P < .05) and nearly at those of the sham group, indicating
a protective, healing effect of cilostazol. In contrast, the
lowest MDA level was noted among the diltiazem-treated
group, suggesting that cliostazol was effective but not as
effective as diltiazem. 5-y However, long-term comparisons
of these two agent is needed to derive a conclusion about
their individual benefits.

Arteriolar hyalinosis is commonly regarded as irrevers-
ible, although it has been reported that complete regression
of severe CsA-associated arteriolopathy and remodeling of
arterioles can occur after stopping or reducing the CsA

150
140 |
130 |
-
110 |
100 |

Grup SD

GOKCE, YUZBASIOGLU, BULBULOGLU ET AL

Grup D Grup SH Grup CS

dose.?"** These manuevers can ameliorate CsA toxicity>’;
however, they can be associated with an increased risk of
acute rejection episodes, which are a predictor of long-term
graft survival.** Based on the intracellular actions of CsA,
calcium-dependent mechanisms may be important during
the development of CsA-related nephrotoxicity.> Previous
studies have demonstrated that the calcium-channel inhib-
itor diltiazem produces not only functional, but also mor-
phological improvement in CsA-induced acute nephrotox-
icity.?® Diltiazem is also effective to prevent ischemic
damage.?’ In vitro analysis of isolated perfused kidneys
revealed antagonizing effects of diltiazem on the vasocon-
striction induced by CsA. A reduction of neurohumoral
factors, such as angiotensin, thromboxane, norepinephrine,
and endothelin, may contribute to the beneficial effects of
diltiazem.?® Neumayer et al demonstrated that diltiazem
treatment reduced posttransplant acute renal failure as well
as the incidence of acute rejection episodes.?’

Lipid abnormalities are common after transplantation.
The role of hyperlipoproteinemia in the pathogenesis of
atherosclerosis has been clearly established both in healthy
individuals and kidney transplant recipients.>” Transplant
recipients are at increased risk for cardiovascular events;
more than 55% of deaths with a functioning graft are due to
cardiovascular causes.***' Hyperlipidemia has been pro-
posed to be an independent risk factor predisposing to
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chronic rejection, chronic allograft nephropathy, and coro-
nary arterial occlusive disease. Studies in rats have shown
cilostazol to decrease serum triglycerides and to increase
high-density lipoprotein cholesterol.** In addition, clinical
observations have suggested benefical effects of cilostazol
on lipid metabolism: namely, reduced plasma triglycerides
and increased high-density lipoprotein cholesterol. Preclin-
ical studies have suggested that some of the lipid-lowering
effects of cilostazol may be due to increased lipoprotein
lipase activity.>® The other possitive effect of cilostazol is
inhibition of platelet aggregation but not accompanied by
bleeding. Comparing the effects of aspirm (ASA), ticlopi-
dine, and cilostazol on bleeding time in 10 healthy adults,
Tamai et al** reported the former two gents to prolong
bleeding time with ASA increasing the maximal bleeding
rate. In contrast, none of the quantitative bleeding time
parameters were altered by cilostazol.

The results of this study clearly showed that 7-day
therapy with the selective type-III phosphodiesterase inhib-
itor cilostazol dramatically reduced I/R. The protection is
believed to relate to the pharmacological effects of the PDE
IIT inhibitor including vasodilation, inhibition of platelet
activation and aggregation, inhibition of thrombosis, in-
creased blood flow to the limbs, improvement in serum
lipids with lowering of triglycerides, and elevation of high-
density lipoprotein cholesterol, as well as inhibition of
vascular smooth muscle cell growth.

In conclusion, the potent and selective PDE III inhibitor,
cilostazol, significantly inhibits the CsA induced renal IR in
rats. Our results demonstrate that cilastazol reverses the
effects of calcinorin inhibition. Also, the use of cilostazol
could be clinically helpful for the therapy of renal ischemia
reperfusion damage. Our findings further support the ben-
eficial short-term effects of diltizaem and ciliostazol supple-
mentation in CsA induced renal IR rats. Additional studies
are necessary to investigate whether cilostazol is also pro-
tective in new immunosuppressive drugs.
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