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1. Study conducted at the Laboratories of Experimental Surgery, Biochemistry and Histology, Sector of Surgical Techniques and Experimental
Surgery in the Department of Surgery and Anatomy, Ribeirão Preto Faculty of Medicine, University of São Paulo, Brazil.
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ABSTRACT

Purpose: To verify if rat kidneys lesioned by ischaemia followed by reperfusion are affected by cyclosporine A (CsA).
Methods: Male Wistar rats were randomly divided into three groups, control (GS) and experimental (G1 and G2). G1 was
subdivided in two: G1A composed of animals submitted to 60 minutes ischaemia and G1C with the same ischaemic
procedure associated to 20 mg/kg/day CsA. Group G2 was subdivided and treated in the same way as G1 except that
ischaemia was applied only for 40 minutes. Clamping the left renal artery followed by right side nephrectomy induced
kidney ischaemia.  Serum urea and creatinine were quantified on the day of surgery (D0) and in the following day (D1).
Twenty four hours after reperfusion the left kidney was removed and histologically analyzed. Results: Group GS had
normal values for urea and creatinine both on D0 and D1 and did not show structural alterations.  Renal function was not
significantly different when G2C was compared to GS (p>0.05). Tissue lesions were smaller in G2C than in the other groups.
Conclusions: Renal function was protected by CsA, which also reduced tissue lesions in the kidneys of rats submitted to
40 minutes ischaemia.
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RESUMO

Objetivo: Verificar se a ciclosporina A (CsA) afeta a lesão provocada pela isquemia seguida de reperfusão em rins de ratos.
Métodos: Ratos Wistar machos foram separados em grupos: 1 grupo controle (GS) e 2 grupos experimentais (G1 e G2). O
G1 foi dividido em G1A – isquemia de 60 minutos; e G1C – isquemia de 60 minutos associada a 20 mg/kg/dia de  CsA. O G2
foi dividido em G2C semelhante ao G1, exceto pelo tempo de isquemia de 40 minutos. A isquemia renal foi provocada pelo
pinçamento da artéria renal esquerda, após o procedimento, foi realizada a nefrectomia direita. Dosagem de uréia e creatinina
séricos foram feitos no dia da cirurgia (D0) e no dia seguinte (D1). Após 24 horas de reperfusão o rim esquerdo foi removido
para análise histológica. Resultados: No GS não foram observados alterações de uréia e creatinina em D0 e D1, tampouco
alterações estruturais. A comparação entre GS e G2C não mostrou diferença na função renal (p>0,05); o grau de lesão
tecidual foi menor em G2C do que nos demais grupos experimentais. Conclusão: A CsA protegeu a função renal e reduziu
a lesão tecidual em rins de ratos submetidos a 40 minutos de isquemia.

Descritores: Ciclosporina. Rim. Isquemia/Reperfusão.
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Introduction

Some clinical-surgical procedures as kidney
transplant, by-pass processes, renal angioplasty and
clamping of the renal pedicle or the aorta above the renal
arteries are frequent urological or vascular events and
require temporary interruption or reduction of the renal
perfusion flux. In these instances, disorders known as
perfusion lesions are superimposed on the ones produced
by ischaemia itself resulting in injury or lack of viability to
organs, native or grafted.1

The alterations, whose mechanisms are still not
understood, include microvascular dysfunction,2-4

activation of the tumoral necrosis factor,5 and oxidative
stress.6 As a consequence of renal ischaemia, acute renal
insufficiency is installed and dysfunctional renal grafts may
suffer early losses, launched in this case by factors other
than antigenic.7

Particularly, in cases of renal transplants
immunosuppressive drugs employed to control immune
responses could have a role in the events caused by
ischaemia/reperfusion. Although most research work is
directed to the understanding of nephrotoxicity, some try
to elucidate mechanisms of renal protection against injury
caused by ischaemia by adjusting, for example, cyclosporine
A (CsA) dosages during the critical period of renal flux
interruption which is present during transplants.8-10

However, the practice is controversial since some authors
report renal lesion worsening and organ dysfunction by
CsA use11 and others claim a protective effect, even
suggesting its use in low dosages as a pharmacological
pre-conditioning.9

The aim of this study was to verify the effect of
CsA in kidneys of rats submitted to ischaemia and
reperfusion (I/R) and try to answer the following question:
Is CsA able to modify the I/R lesion on functional and
structural grounds?

Methods

Male Wistar rats weighing around 200-300g and
raised at the Central Animal House of the Faculty of
Medicine of Ribeirão Preto, University of São Paulo (FMRP-
USP) were randomly divided in three groups, GS (control)
and G1 and G2 (experimental) and kept at the Laboratory of
Experimental Surgery, Biochemistry and Histology in the
Technical Sector of Experimental Surgery, Department of
Surgery and Anatomy (FMRP-USP).

Animals in the three groups were treated according
to the following general protocol: the GS group animals
(n=6) were submitted to laparotomy, blood collection,
exposure of the left renal pedicle and kept anesthetized
during a time corresponding to the minimal surgery duration,

followed by right nephrectomy. Groups G1 and G2 (n=12
each) were divided into two subgroups, G1A and G1C and
G2A and G2C (n=6) respectively. In subgroup G1A, after
the same initial procedures animals were submitted to 60
minutes normothermic ischaemia followed by 24 hours
reperfusion; Group G1C was treated in the same way except
that the animals received CsA. In subgroups G2A and G2C,
the ischaemic time duration was only 40 minutes and all the
other procedures were similar to Groups G1 A and C.

Cyclosporine A used was from ampoules of 1ml
containing 50mg of the drug diluted with physiological saline
and applied in 20 mg/kg/day dosages by the i.p. route, 24
hours before and on the day of surgery, as described.

Briefly, animals were anesthetized i.p. by 50 mg/kg
sodium pentobarbital before medial longitudinal laparotomy
and exposure of the inferior vena cava, below the renal
vessels, for blood collection and serum determinations of
day zero (D0) urea and creatinine. The left renal pedicle was
then exposed, and the renal artery isolated soon after the
aorta emergence with the help of a 2.5x magnifying glass.
Ischaemia was produced by occlusion of the left renal artery
with non traumatic vascular steel mini tweezers (bulldog).
Change in the tissue color and lack of renal arterial pulsation
indicated successful ischaemia. After 40 or 60 minutes
(Groups G2 or G1) the tweezers were removed and once
reperfusion was established (tissue normal color and renal
artery pulse returned and permeable renal vein) right
nephrectomy was performed and the abdominal cavity
closed. During the full surgical procedure animals were kept
at an environmental temperature of 37 o C, allowing their
body temperature to remain at 36.5oC±0.5 as at the start of
surgery (verified by a rectal type digital thermometer).

After 24 hours perfusion, new anesthesia and
reopening of the abdominal cavity, blood samples were
collected from the inferior vena cava for D1 determinations
of serum urea and creatinine and the left kidney removed,
fixed in neutral formalin in 10% buffer and paraffin-included.
Kidney histological analysis was made through an optical
microscope with 10, 200 and 400x magnifications .The lesions
observed were graded from 0 to 4.12

Statistical analyses were performed with the
software program GraphPad Prism 4 (GraphPad Software
Inc. San Diego, CA, USA). Continuous variables were
compared by double tail two-way Anova and the Tukey-
Kramer multiple comparisons test the level of significance
was fixed in 1%.

Results

Renal function was evaluated by serum urea and
creatinine determined on all animals on the day of surgery
(D0) and 24 hours after (D1). Mean values ±SD are shown
in Tables 1 and 2, respectively.
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Urea and creatinine results in D0 for all groups did
not show significant differences.

In D1, however, urea values were significantly
increased in Groups 1 and 2 when compared to the control
GS (p<0.001) except for G2C (p>0.05). Comparing groups
submitted to 60 minutes ischaemia, G1A x G1C, the
difference in the mean urea values were significant (p<0.01).

The same correlation was seen when comparing group G2
(40 minutes ischaemia) subgroups, G2A xG2C on D1 (p<0.01).
In both cases urea values were smaller in subgroups C, that
is in the presence of CsA. Comparison of G2A mean urea
value (40 minutes ischaemia) with the one in G1C (60 minutes
ischaemia plus CsA) was not significant (p>0.05) (Table 3).

Comparing mean creatinine values determined on
D1 shows significant differences in Groups 1 and 2 when
compared to GS (p<0.001) except for G2C x GS (p>0.05) G1
and G2 subgroups, G1A x G1C and G2A x G2C, show
significant differences in mean creatinine values (p<0.001)

and in both cases values determined in the presence of
CsA are smaller. There is no significant difference when
comparing G2A x G1A in relation to the mean creatinine
values in D1 (p<0.05) (Table 4).
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Histological evaluation of kidney lesions in the
animals of all groups was according to the Jablonski et al.
(1983)12 classification and graded from 0 to 4. More extensive

lesions, grade 4, were seen in groups G1A, G1C and G2A;
G2C had less extensive lesions (Table 5).

Comparisons between G1A x G1C, G1A x G2A and
G1C x G2A did not show significant differences. G2A and
G2C were different with a p<0.01. GS animals were practically

lesion-free and the comparison of this group with the others
was highly significant as to the lesion level (Table 6).
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Discussion

The overall analysis of the results obtained in this
study shows that with the exception of the control group,
GS, all interventions involved some level of dysfunction or
structural kidney alterations, which progressed from less
intense as observed in Group 2 ischaemia for 40 minutes to
more extensive as in the 60 minutes ischaemia, Group 1.
Although the results in general confirm literature reports,12-

14 there are discrepancies in this study when compared to
Jablonski et al. 198312 as to the severity of the renal lesions.
The favorable results in the earlier study may have been
affected by the use of heparin, during surgery and the
ischaemia period, due to its antithrombin effect. Like heparin,
other factors as anesthetics and animal temperatures may
influence the results. Anesthetics could alter colateral organ
circulation and among the ones most used in experimental
studies, pentobarbital shows the best behavior.14

Temperature control is also important in
investigations related to ischaemia.14,15 Lower environmental
temperature affect animal body temperatures, significantly
decreasing energy demand and oxygen consumption, which
contributes to the decrease of tissue lesions.16

Determinations of serum urea and creatinine, as a
measure of the efficacy of kidney protection procedures,
show that the basic ones-anesthesia, laparotomy, CsA pre-
treatment- did not cause alterations in these parameters.
This conclusion is based on the values obtained before
and after procedures in the GS group and the other
individual dosages determined in D0.  The knowledge that
the first alterations in urea and creatinine levels occur when
kidney function is compromised in above 50%, indicates
the probability of lesion occurence in all experimental
groups, independent of the procedure utilized.17

The urea and creatinine results in this study show
that the lesions were more severe when the blood flux was
interrupted for 60 minutes although this effect tended to be
reduced in the presence of CsA (groupG1C). A similar
tendency is indicated in the comparison of groups G2A and
G2C. Values for urea and creatinine for G2C (40 minutes
ischaemia plus CsA) were significantly different from GS,
considering that the interruption time was superior to 30
minutes, the time established for the occurrence of minor
lesions.12 Other authors, using 45 minutes ischaemia and
smaller CsA dosages obtained similar results.8  On the other
hand, rats submitted to 60 minutes ischaemia associated to
10 mg/kg/day CsA showed higher levels of creatinine and
urea than the ones submitted to I/R only during the same
period10, in contrast to the earlier results,which always
showed improvement in the presence of CsA. Other studies
reinforce these findings, demonstrating that CsA dosages
of 1.5 mg/kg/day and 0.01 and 100 mg/ml respectively, in
situ in the kidney and in isolated tubule cells, did not affect
the renal function or the proximal tubular epithelial cell
viability.18,19

Other reports indicate the protective effect of CsA
on the ischaemic kidney, suggesting low doses as a
pharmacological pre-conditioning.9 This novel approach,
which in a way contradicts  nephrotoxic established
concepts is attracting interest in the use of the drug in low

dosages.8,10,20 The CsA dose, 20 mg/kg/day, utilized in this
study may be considered intermediate in its capacity to
induce functional alterations and low in relation to the dose
of 100 mg/kg/day capable to produce renal tubule lesions
in rats.17

In relation to histological alterations, animals
submitted to 40 minutes ischaemia in the presence of CsA
(G2C) showed the least severe lesions in all experimental
groups indicating a drug protective effect, which
disappeared when flux interruption was extended to 60
minutes.

Conclusion

Cyclosporine A protected the renal function and
reduced the severity of the kidney tissue lesions subjected
to 40 minutes normothermic ischaemia followed by
reperfusion.
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Comments:
Occurrence of ischaemia and reperfusion is encountered in several conditions where the renal blood flow is interrupted, as
in renal transplants. Cyclosporine A, one of the main drugs used in transplants is also associated to renal nephrotoxicity.
Cologna et al. evaluated the  effects of cyclosporine A in rats submitted to normothermic ischaemia and reperfusion during
40 or 60 minutes. Evaluating the renal function by serum urea and creatinine and by morphological parameters, the authors
concluded that the lesions produced in the shorter time ischaemia (40 minutes) were less severe.  It was concluded that in
this experimental model, 20mg/kg/day cyclosporine had a nephroprotector effect. The results are interesting and somewhat
different of the expected, since part of the nephrotoxic effect of cyclosporine itself is due to decrease of renal blood flow.
These are preliminary results that should be  reproduced and have the functional studies improved by results of
measurements of renal blood flow and inulin clearance. These more precise methods would furnish important information
on the mechanisms involved in the reported results, as a possible  improvement in the renal blood flow.  In future studies,
oxidative stress and other cellular biology parameters could be evaluated morphometrically.  Apoptosis intensity could be
an alternative evaluation of the renal lesion severity besides contributing to explain the ways involved with the alterations
shown.
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Comments:
The main objective of the authors was to assess whether immunosuppression with cyclosporin A (CsA) interferes with the
renal injuries caused by ischaemia and reperfusion (I/R) that commonly occur in renal transplant procedures. Using an
elegant experimental model, they tested the effect of CsA on the kidneys of rats submitted to I/R, and its possible
nephrotoxic effect. They concluded that CsA, in general, reduces the tissue injury during the period of ischaemia. The
present study is important by expanding the knowledge about the physiopathology of the injury caused by I/R and its
interaction with immunosuppression, situations frequently occurring in renal transplantation.
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