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Long-term treatment with cyclosporine in solid organ transplantation has
been shown to be associated with the development of hypertension and
nephrotoxicity. Angiotensin-converting enzyme inhibitors have well-known
nephroprotective properties and may prevent cyclosporine A (CYA)-induced
hypertension. Angiotensin receptor 1 antagonists have similar properties.
The purpose of this study was to investigate if losartan or enalapril could be
administered with CYA to reduce its nephrotoxic effect in uremic rats. The
studies were performed on the following groups of rats: group I – control;
group II – control rats + losartan; group III – control rats + CYA; group IV –
uremic rats; group V – uremic rats + losartan; group VI – uremic rats + CYA;
group VII – uremic rats + losartan + CYA, group VIII – control rats + enala-
pril; group IX – control rats + enalapril + CYA; group X – uremic rats + ena-
lapril; group XI – uremic rats + enalapril + CYA. Pretreatment with CYA, lo-
sartan or enalapril in uremic rats resulted in a significant increase in urea and
creatinine levels and a decrease in hematocrit. The same effect was observed
when uremic rats were given CYA + losartan or CYA + enalapril. Pretreat-
ment with losartan was associated with the increase in the level of CYA
much higher than with CYA treatment alone. Similarly, pretreatment with
enalapril resulted in a significant increase in CYA concentration in both
groups of rats given CYA: uremic and non-uremic. Results of our study
show that the treatment with cyclosporine and a combination of losartan or
enalapril results in an increase in creatinine and urea levels and a decrease in
hematocrit. Therefore, physicians should exercise caution, when they give
losartan and enalapril to kidney allograft recipients treated with cyclospo-
rine, particularly with impaired allograft function.
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Abbreviations: ACE – angiotensin-converting
enzyme, AT� – angiotensin receptor 1, CYA – cy-
closporine A, LOS – losartan, NO – nitric oxide

INTRODUCTION

Cyclosporine A (CYA) is a potent immunosup-
pressive drug that selectively inhibits transcription
of interleukin-2 and several other cytokines, mainly
in T-helper lymphocytes [2]. Its introduction has
dramatically improved the outcome of solid organ
transplantation and CYA is also used with increas-
ing frequency for the treatment of autoimmune
diseases. However, the long-term treatment with
CYA in solid organ transplantation has been shown
to be associated with the development of hyperten-
sion and nephrotoxicity [8]. The pathophysiology
of CYA-induced acute nephrotoxicity is not fully
understood but glomerular hypoperfusion follow-
ing CYA administration has been shown [11, 14].
Several mechanisms, including endothelin-media-
ted systemic and renal vasoconstriction, sodium re-
tension, impaired vasodilatation secondary to re-
duction in nitric oxide (NO), and altered cytosolic
calcium translocation have been proposed to under-
line CYA-induced hypertension [12, 15].

The renin-angiotensin system plays a major role
in the physiological regulation of the kidney func-
tion, including the control of renal microvascular
and tubular function. Angiotensin-converting en-
zyme (ACE) inhibitors and angiotensin receptor 1
(AT�) antagonist – losartan (LOS) are widely used
for the treatment of hypertension, but caution is ad-
vised because these drugs may induce reversible
renal failure [5, 9]. Although this has been ascribed
in some cases to nephrotoxicity, hypertension, hy-
persensitivity reaction and interstitial nephritis,
most cases have been associated with stenosis of
the renal arteries or arterioles occurring in either
native or transplanted kidneys [5, 9]. The AT� re-
ceptor recently has been shown to play an impor-
tant role in the stimulation by angiotensin II of
a number of renal vasodilator substances, including
bradykinin and NO [4]. On the other hand, ACE in-
hibitors have well-known nephroprotective proper-
ties and may prevent CYA-induced hypertension
and deterioration of kidney function in spontane-
ously hypertensive rats [10]. The purpose of this
study was to investigate if losartan (LOS) or enala-
pril could be administered with CYA to reduce its
nephrotoxic effect in uremic rats.

MATERIAL and METHODS

The study was carried out on male Wistar rats
(200–250 g, 20 animals per group). Experimental
chronic renal failure was evoked using the method
of subtotal nephrectomy under pentobarbital anes-
thesia (50 mg/kg ip) [13]. The right kidney was to-
tally resected and 60% of the left one was removed
[13]. Four weeks after the surgery serum creatinine,
urea and hematocrit were assayed to prove the de-
velopment of renal insufficiency. Then, the admini-
stration of the studied drugs (CYA, Neoral, Novar-
tis, Switzerland, LOS, MSD Inc., USA, enalapril,
KRKA, Slovenia) started and continued for 8 weeks.
LOS was given at a dose of 10 mg/kg po, enalapril
at a dose of 10 mg/kg po, and CYA at a dose of
15 mg/kg ip. Rats were divided into the following
groups: group I – control; group II – control rats +
LOS; group III – control rats + CYA; group IV –
uremic rats; group V – uremic rats + LOS; group
VI – uremic rats + CYA; group VII – uremic rats +
LOS + CYA, group VIII – control rats + enalapril;
group IX – control rats + enalapril + CYA; group X
– uremic rats + enalapril; group XI – uremic rats +
enalapril + CYA. At the end of the therapy, mean
serum creatinine and urea levels, and hematocrit
were assayed by standard laboratory methods and
whole blood CYA level (by TDX) was recorded.
All the results are presented in Table 1 and data are
expressed as means ± SD. Completely randomized
analyses of variances was used for comparison
among groups, followed by Dunnet’s test for multi-
ple comparisons. Statistical significance was de-
fined at p < 0.05.

RESULTS

We assessed creatinine (0.34 ± 0.08 mg%), and
urea (27.5 ± 3.14 mg%) levels, and hematocrit
(45.4 ± 3.75%) in control rats in order to establish
their normal ranges. As expected, chronic renal
failure induced a marked rise in both creatinine and
urea concentrations (0.68 ± 0.11 mg% and 57.3 ±
9.47 mg% vs 0.34 ± 0.08 and 27.5 ± 3.14 mg%,
respectively) and a decrease in hematocrit (33.85 ±
2.34% vs 45.4 ± 3.75%) when compared to the
control group. Moreover, these parameters in-
creased (creatinine and urea) and decreased (hema-
tocrit) in uremic rats treated with CYA (0.8 ± 0.1
mg%, 124.4 ± 35.9 mg% and 35.2 ± 3.1%, respec-
tively), uremic rats treated with LOS (0.75 ± 0.14
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mg%, 70.5 ± 10.7 mg%, 33.6± 2.7 mg%) and ure-
mic rats treated with enalapril (0.93 ± 0.05 mg%,
98.3 ± 17.5 mg%, 24.7 ± 1.4%). They were extre-
mely elevated (creatinine and urea) or decreased
(hematocrit) in uremic rats treated with both CYA
and LOS (1.33 ± 0.18 mg%, 214.6 ± 72.6 mg%
and 25.4 ± 1.3 %, respectively) and CYA and ena-
lapril (1.07 ± 0.09 mg%, 232.6 ± 17.5 mg%, 27.21
± 3.16%) when compared to the control group.

CYA concentration in uremic rats was signifi-
cantly higher than those observed in non-uremic
rats treated with CYA (117 ± 21.2 ng/ml vs 46.5 ± 6
ng/ml). Pretreatment with LOS was associated with
the increase in the level of CYA much higher than
with CYA alone (409 ± 36.6 vs 46.5 ± 6 and 117 ±
21.2 ng/ml, respectively). Similarly, pretreatment
with enalapril resulted in a significant increase in
CYA concentration in both groups of rats given
CYA (uremic + CYA + enalapril, control + CYA +
enalapril) reaching 2722.4 ± 518.4 ng/ml and 1461
± 88.2 ng/ml, respectively, when compared to the
control or uremic rats given CYA.

DISCUSSION

We have demonstrated that administration of
CYA to uremic rats further increases creatinine and
urea concentration when compared to uremic rats.

Similar but more pronounced changes were ob-
served after the administration of LOS or enalapril
to uremic rats. Combining these two drugs (CYA
and LOS or CYA and enalapril) resulted in further
increase in urea and creatinine concentration in
uremic rats. The same pattern of changes was ob-
served after the administration of CYA, LOS or
both drugs together to non-uremic rats as well as
CYA, enalapril or both drugs together to non-
uremic rats. Administration of the combination of
both drugs (CYA and LOS or CYA and enalapril)
to uremic or non-uremic rats caused a statistically
significant increase in urea and creatinine levels
when compared to the rats given only one of these
drugs. LOS or CYA did not affect hematocrit in
control rats, whereas administration of enalapril re-
sulted in a significant decrease in hematocrit in the
control rats. Control rats given CYA have signifi-
cantly higher hematocrit than control rats given
LOS or enalapril. It may be due to the fact, that
CYA may induce erythrocytosis (in kidney allo-
graft recipients this phenomenon is called post-
transplant erythrocytosis) [3]. However, hematocrit
in uremic rats treated with LOS did not differ sig-
nificantly from hematocrit in uremic rats given
CYA, whereas in uremic rats given enalapril hema-
tocrit was significantly lower than in rats given
CYA. Uremic rats given CYA and LOS had signifi-
cantly lower hematocrit than uremic rats given only
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Table 1. Creatinine, urea and cyclosporine A (CYA) concentrations, and hematocrit value in control and uremic rats treated with lo-
sartan or enalapril and CYA

No. Group Creatinine
(mg/dl)

Urea
(mg/dl)

Hematocrit
(%)

CYA concentration
(ng/ml)

I Control 0.34 ± 0.075 27.50 ± 3.14 45.40 ± 3.75 0

II Control + losartan 0.52 ± 0.064 33.23 ± 2.80 41.37 ± 2.58 0

III Control + CYA 0.64 ± 0.075� 53.06 ± 10.25 49.73 ± 5.11 46.5 ± 6

IV Uremia 0.68 ± 0.11 57.34 ± 9.47 33.85 ± 2.34 0

V Uremia + losartan 0.75 ± 0.14�� 70.53 ± 10.71 33.59 ± 2.70� 0

VI Uremia + CYA 0.80 ± 0.08� 124.36 ± 35.93 35.17 ± 3.10 117 ± 21.2��

VII Uremia + CYA + losartan 1.33 ± 0.18� 214.61 ± 72.59 25.43 ± 1.29�� 409 ± 36.6�

VIII Control + enalapril 0.64 ± 0.05� 53.89 ± 5.53� 37.30 ± 2.00� 0

IX Control + CYA + enalapril 0.92 ± 0.11�� 139.56 ± 12.34�� 34.24 ± 2.30�� 1461 ± 88.22 �

X Uremia + enalapril 0.93 ± 0.05� 98.33 ± 17.47� 24.74 ± 1.36� 0

XI Uremia + CYA + enalapril 1.07 ± 0.09� 232.64 ± 17.45	 27.21 ± 3.16	 2722.39 ± 518.37	

� p < 0.001 group I vs II, III and IV vs V, VI, VII; � p < 0.001 group VII vs V, VI; � p < 0.001 group III vs VI, VII, IX; � p < 0.001
group V vs II and VII vs V; � p < 0.001 group VII vs II; � p < 0.001 group VIII vs X; 	 p < 0.001 group IX vs XI; � p < 0.01 group IX
vs XI, � p < 0.001 group I vs VIII, IX



one of these drugs, whereas in uremic rats given
combination of CYA and enalapril, hematocrit was
not significantly lower when compared to the ure-
mic rats given only enalapril. LOS was shown to
have paradoxical effects on renal function [5, 9].
On the one hand, it caused renal vasodilatation,
prevented the slow deterioration of glomerular fil-
tration rate in hypertension, reduced proteinuria
and improved morbidity and mortality in diabetic
nephropathy, while on the other hand, in states of
low fixed renal blood flow such as those arising in
bilateral artery stenosis, severe congestive heart
failure, and severe sodium and volume depletion, it
could worsen renal function and even precipitate
acute renal failure [5, 9]. The usual interpretation
suggests that in these states renal function is
angiotensin-dependent [5, 9]. In our study, control
or uremic rats did not show any evidence of low
fixed renal blood flow. They had tap water avail-
able ad libitum, they were fed standard chow, they
were not on diuretics, and no evidence of heart fail-
ure or bilateral renal artery stenosis was noted.
Therefore, the exacerbation of renal failure re-
mained interesting, but difficult to explain. Accord-
ing to hitherto existing evidence, LOS is exception-
ally well-tolerated. There are no data about lower-
ing of hematocrit or aggravating anemia by LOS in
end-stage renal failure or in dialysis population.
However, since CYA may contribute to posttrans-
plant erythrocytosis [3], patients with this particu-
lar pathology might benefit from this combination.
LOS given to renal allograft recipients caused
a significant decrease in hematocrit and hemoglo-
bin after 6 months of the therapy [1]. It has been
suggested that LOS might blunt erythropoiesis by
dampening angiotensin II-driven erythropoietin
production in the kidney. Moreover, to date no
clinically important LOS interactions have been
described. Studying effects of enalapril on kidney
function, we observed a deterioration of kidney
function in control and uremic rats treated with this
drug. In kidney transplant recipients given enala-
pril, no significant change in CYA concentration
was observed but impairment in allograft function
in the patients with non-optimal allograft function
(renal failure) was found [7]. In spontaneously hy-
pertensive rats on a high-sodium diet, enalapril and
valsartan equally prevented the CYA-induced dete-
rioration of kidney function [6]. Therefore, taking
into consideration the results of our study such as
an increase in creatinine level by a combination of

LOS or enalapril with CYA, physicians should
exercise caution, when they give LOS and enalapril
to kidney allograft recipients treated with CYA,
particularly with impaired allograft function.

REFERENCES

1. Boran M., Gonenc F., Cetin S.: Losartan in renal allo-
graft recipients receiving cyclosporine A. Nephron,
1999, 83, 93–94.

2. Borel J.F., Feurer C., Magnee C., Stahelin H.: Effects
of the new antilymphocytic peptide cyclosporine A in
animals. Immunology, 1977, 32, 1017–1025.

3. Brox A.G., Mangel J., Hanley J.A., Louis G.St., Mon-
grain S., Gagnon R.F.: Erythrocytosis after renal trans-
plantation represents an abnormality of insulin-like
growth factor-I and its binding proteins. Transplanta-
tion, 1998, 66, 1053–1058.

4. Douglas J.G.: The curtain rises on the renin-angioten-
sin system: AT2 receptors are in the spotlight. J. Clin.
Invest., 1996, 97, 1787.

5. Goodfriend T.L., Elliott M.E., Catt K.J.: Angiotensin
receptors and their antagonist. N. Engl. J. Med., 1996,
334, 1649–1654.

6. Lassila M., Finckenberg P., Pere A.K., Krogerus L.,
Ahonen J., Vapaatalo H., Nurminen M.L.: Comparison
of enalapril and valsartan in cyclosporine A-induced
hypertension and nephrotoxicity in spontaneously hy-
pertensive rats on high-sodium diet. Brit. J. Pharma-
col., 2000, 130, 1339–1347.

7. Martinez-Castelao A., Hueso M., Sanz V., Rejas J.,
Alsina J., Grinyo J.M.: Treatment of hypertension af-
ter renal transplantation: long-term efficacy of verapa-
mil, enalapril, and doxazosin. Kidney Int., 1998, 68,
Suppl., S130–S134.

8. Mason J.: Pathophysiology and toxicology of cyclo-
sporine in humans and animals. Pharmacol. Rev., 1989,
42, 423–434.

9. Matsukawa T., Ichikawa I.: Biological functions of
angiotensin and its receptors. Ann. Rev. Physiol.,
1997, 59, 395–412.

10. Mervaala E., Lassila M., Vaskonen T., Krogerus L.,
Lahteenmaki T., Vapaatalo H., Karppanen H.: Effects
of ACE inhibition on cyclosporine A-induced hyper-
tension and nephrotoxicity in spontaneously hyperten-
sive rats on a high-sodium diet. Blood Press., 1999, 8,
49–56.

11. Murray B.M., Paller M.S., Ferris T.F.: Effect of CsA
administration on renal hemodynamics in conscious
rats. Kidney Int., 1985, 28, 767–774.

12. Pichler R.H., Franceschini N., Young B.A., Hugo C.,
Ando H.T.F., Burdmann E.A., Shankland S.J.: Patho-
genesis of cyclosporine nephropathy: roles of angio-
tensin II and osteopontin. J. Amer. Soc. Nephrol.,
1995, 4, 1186–1196.

472 Pol. J. Pharmacol., 2002, 54, 469–473

A. Azzadin, J. Ma³yszko, J.S. Ma³yszko, A. Tankiewicz, M. Myœliwiec, W. Buczko



13. Rutkowski B., Hoppe A., Manitius A.: Blood glucose
and insulin levels following glucose load in rats with
chronic renal failure. Acta Med. Pol., 1981,3,22–27.

14. Sullivan B.A., Hak L.J., Finn W.F.: Cyclosporine
nephrotoxicity: studies in laboratory animals. Trans-
plant. Proc., 1985, 17, 145–154.

15. Van der Schaaf M.R., Hene R.J., Floor M., Blankestijn
P.J., Koomans H.A.: Hypertension after renal trans-
plantation. Calcium channel or converting enzyme
blockade? Hypertension, 1995, 25, 77–81.

Received: March 21, 2002; in revised form: July 8, 2002.

%))# �� !�*!!� 473

+,+�-)�-.%#/ �#� 01/ 2%�#/,


