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ABSTRACT

Cyclosporine A is an immunosuppressive drug used in
treatment of autoimmune diseases and for tissue rejection after organ
tansplantation. This work was carried out to detect the renal lesions
induced by cyclosporine A and the role of vitamin E against these
effects. Twenty adult male albino rats(Rattus rattus) were used. They
were divided into four groups (five animals each). Group I: control
rats which received daily equivalent amounts of olive oil orally for
four weeks. Group II: included rats which were given oral daily doses
of vitamin E (400 mg/kg body weight) for four weeks. Group III: in
which the rats received daily oral doses of cyclosporine A (10 mg/kg
body weight) for four weeks. Group IV: the animals were given both
cyclosporine A and vitamin E concomitantly in doses and duration as
mentioned before in groups II and III. Examination of kidney of rats
which received cyclosporine A only showed patchy areas of
histopathological changes. Most of the glomeruli were hypertrophied,
others appeared atrophied. Dilatation of both proximal and distal
convoluted tubules was also noticed. Mononuclear cellular infiltration
was seen in between the renal tubules. Acidophilic hyaline casts were
detected in the dilated collecting tubules. Reduction inthe PAS positive
reaction on the brush borders of the P.C.T. cells was observed.
Increase in the thickness of the tubular and glomerular basement
membranes was detected. the cytoplasm of the P.C.T. cells showed
reduction in its mitochondrial content as well as in acid phosphatase
reaction. There was an increase in the collagenous fibres in the
glomeruli and around -the renal tubules. Whereas, concomitant
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administration of both cyclosporine A and vitamin E resulted in
reduction in these histological lesions.

INTRODUCTION

Cyclosporine A (CsA) is an immunosuppressive drug which is used
as a primary tool to prevent tissue rejection following solid organ and bone
marrow transplantation (Ghalie et al, 1994). The ability of CsA to inhibit T
cell activation has been shown to have a role in the treament of many
discases. It is the drug of choice in the treatment of Crohn's disease,
ulcerative colitis, biliary cirrhosis, aplastic anaemia, rheumatoid artheritis,
mysthenia gravis and dermatomyosititis (Niaudet, 1994). Cyclosporine A
is also used in the treatment of autoimmune gasteritis (Frapien et al, 2001).

Some investigators dealt with the adverse effects of cyclosporine A
on different systems. Nephrotoxicity is the major side effect of CsA and it
occurs in about one-third of all patients. Other adverse effects include
gasterointestinal distrubances, hepatotoxicity and neurotoxicity. CsA
administration resulted in alteration of renal hemodynamus which resulted
in reduced blood flow and a decrease in the glomerular filtration rate.
(Curtis et al, 1986).The use of cyclosporine A is also associated with
nephrotoxicity which is characterized by fluid retention, increase in serum
creatinin, increase in urea concentration and a reduction in sodium and
potassium excretion (Scott and Higenbottan 1988).The adverse effects of
CsA can range from dose-limiting nephrotoxicity and central nervous
system effects to cosmotic changes. Some degrees of renal dysfunction
occur in up to 40% of patients. Reduction in the glomerular filtration rate
and tubular atrophy were also seen in their biopsies (Hultson et al, 1994).

Many studies had been performed to minimize the adverse effects
of cyclosporine A on the different tissues. Provided evidences showed that
the antioxidant effect of vitamin E inhibited lipid peroxidation and limited
cyclosporine A related to renal injury
(Wang and Salahudeen, 1995). Moreover, Durak, et al (1998) concluded
that vitamin E in small doses protects the tissue against toxic effects of
cyclosporine A.

So the aim of the present study is to investigate the effect of
cyclosporine A on the structure of the kidney of adult male albino rats, and
to evaluate the effect of vitamin E against these lesions. '
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MATERIAL and METHODS
Twenty male adult albino rats, weighing 200-250 gm were used in
this study. The animals were classified into four groups (five animals
each).

Group I :
Control group: included rats which received daily oral equivalent

amounts of olive oil (the vehicle) for four weeks.

Group II :
Comprised rats which were given daily oral doses of vitamin E

(400 mg/kg body weight) for four weeks. (Ebrahim et al, 1996).

Group I11 :
Included rats which received cyclosporine A orally in a dose 10

mg/kg body weight daily for four weeks. (Paget and Barnes 1964).
N.B.: 25 mgs of CsA were dissolved in 5 ml of olive oil, so as the
concentration was 5 mg/ml. i

Group IV: ‘
In which the rats were given both vitamin E and cyclosporine A

concomitantally as the same doses and duration previously described in
groups 1I and II1. '

All the animals received balanced diet and they were kept under the
same circumstances. At the end of the experiment, the rats were sacrified,

then their kidneys were dissected out.

I- Histological study: The kidneys were fixed in 10% formol saline. The
specimens were processed to paraffin sections 5-7 um in thickness. They
were stained by the following stains.

(1) Haematoxylin and Eosin. (Drury and Wallington, 1980).
(2) Periodic acid Schiff's stain. (Cook, 1974).

(3) Mallory triple stain. (Weesner, 1968).

(4) Pritchard's technique for mitochondria. (Malaty, 1972).

II- Histochemical study:
Fresh forzen sections were also prepared and they were stained to

localize the site and the intensity of acid phosphatase enzyme. (Cook,

1974).
N.B.: Contro!l sections were incubated in an incubating medium

lacking the substrate.
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RESULTS
I- Histological results:

Group I: (Control group):
The histological sections of the kidney of these rats showed that the

kidney is formed of an outer cortex and an inner medulla. The cortex
appeared to be formed of the renal corpuscles, proximal and distal
convoluted tubules. The renal corpuscle consisted of a lobulated
glomerulus which is surrounded by Bowman's capsule. The parietal layer
of Bowman's capsule is lined by flat squamous epithelium. The proximal
convoluted tubule (P.C.T.) is lined by a single layer of cuboidal cells
enclosing a narrow lumen (Figs. 1 & 2). The tubules are surrounded by
PAS positive basement membanes. The apical brush borders of their lining
cells exhibited dense reaction for PAS stain (Fig. 3). The distal convoluted
tubules (D.C.Ts) are lined by cubical cells surrounding slightly wider
lumen than that of the P.C.Ts. (Figs. 1 & 2). Few collagenous fibres are
seen in the glomeruli and inbetween the cortical tubules (Fig. 4). The basal
parts of the cytoplasm of both P.C.Ts and D.C.Ts contained blackish
granules of mitochondria (Fig. 5). The parenchyma of the medulla
consisted of the collecting tubules and the thick and the thin limbs of loop

of Henle (Fig. 6).

Group II :

Included animals which received vitamin E only. The histological
picture of the kidney was similar to that observed in control rat. Positive
PAS reaction in the brush borders of P.C.T cells as well as the
mitochondrial content in the cytoplasm of both P.C.T. and D.C.T cells are
similar to control sections with densely stained brush borders and basement
membranes. Their collagenous fibres are nearly as in control sections.

Group III: : :
Included rats treated with CsA only, there are patchy areas of

lesions. Most of the glomeruli were hypertrophied with oblitration of their
Bowman's space (Fig. 7). Whereas, other glomeruli were atrophied with
widening of their Bowman's space. (Fig. 8). Dilatation of most of the distal
convoluted tubule with flattening of their lining cells (Figs. 8- & 9).
Dilatation of some of the proximal convoluted tubules with vacuolation of
their cytoplasm were seen (Fig. 10).

Mononuclear cellular infiltration was also noticed (Fig. 10). The
cytoplasm of the cortical tubules showed reduction in its mitochondrial
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content (Fig. 11). In PAS stained section, there was an increase in the
thickness of the glomerular and tubular basement membranes (Fig. 12).
Decrease in the intensity of the PAS reaction in the brush borders of P.C.T
cells was also noticed (Fig. 13). In the medulla of the kidneys of these rats
acidophilic hyaline casts were seen in the lumen of the collecting tubules
(Fig. 14). The cells of the collecting tubules are highly vacuolated. They
show faintly stained cytoplasm and pyknotic nuclei. Different tubules are
dilated with disturbed architecture and haemorragic areas are also seen
(Fig. 15).

In Mallory stained sections, there was an increase in the collagen
contents in the glomeruli and around the renal tubules (Fig. 16). Increase in
collagenous fibres was also observed around the medullary tubules.
Interstitial haemorrhage was seen between these medullary tubules (Fig.
17).

Group 1V: ,
This group comprised rats treated with both cyclosporine A and

vitamin E. The kidneys of these rats are nearly similar to that seen in
control group. The renal corpuscles and the renal tubules appeared with
normal profile, while some pyknotic nuclei could be observed (Fig. 18).
The cytoplasm of the cortical tubules showed a decrease in the
mitochondrial content compared with control group (Fig. 19),these tubules
were surrounded by thin PAS positive basement membranes. The apical
brush borders of P.C.T cells exhibited strong PAS positive reaction (Fig.
20).

II- Enzyme histochemical resutls :

Examination of the sections of the kidneys of animals of control
group showed strong reaction for acid phosphatase enzyme activity in the
cytoplasm of the P.C.T. cells especially in their basal parts (Fig. 21).
Strong reaction for the enzyme activity was also seen in sections of
animals of group II. Whereas, marked reduction in the activity of the
enzyme was noticed in sections of rats of group III, which received CsA
only (Fig. 22). Concomitant administration of both CsA and vitamin E.
resulted in moderate reaction for acid phosphatase compared with the

control group (Fig. 23).

DISCUSSION
This study was done to observe the renal lesions caused by
cyclosporine A administration and to detect the effct of vitamin E against
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these lesions. In animals of group II, which received olive oil only, no
histological lesions could be seen in their kidneys. It was suggested that
olive oil had no adverse effect on the structure of the kidney. Whereas, the
kidneys of animals received CsA only showed patchy areas of lesions.
There was hypertrophy of some glomeruli, while others were atrophied.
Increase in the thickness of the glomerular basement membrane and
increase in the collagen content of these glomeruli were also noticed.
Similar findings were seen by Potiet et al., (1996). They came to the
conclusion that CsA caused contraction of the glomeruli. It was suggested
that these glomerular lesions might result in alteration of the blood-renal
barrier with subsequent reduction in the glomerular filtration rate. The
same explanation was previously discussed by many authors. Burrows and
Davis (1978) concluded that thickening of the glomerular basement
membrane may alter the capacity of the blood renal barrier for filteration.
Curtis et al., (1986) stated that cyclosporine A administration resulted in
fall in the glomerular filtration rate which was resulted in acute
nephrotoxicity. Moreover, Scott and Higenbotton (1988) reported that the
use of CsA was associated with nephrotoxicity which was characterized by
an increase in both serum creatinine and urea concentration in the blood.

It was also seen that the increase in the thickness of the glomerular
basement membrane might result in failure of the glomeruli to reabsorbe
microalbumin resulted in microproteinuria. This was in accordance with
the finding of Bolton, et al.,(1976). They stated that thickening of the
glomerular basement membrane caused an increase in its permeability to
protein. It was suggested that the non-reabsorbed protein might be
precipitated in the lumen of the renal tubules which was seen as acidophilic
casts in the tubules of animals of group IIIL

The proximal convoluted tubules of the kidneys of animals of
group III (which received CsA only) showed some dilatation with
vacuolation of the cytoplasm. Decrease in the PAS positive reaction was
seen in the brush borders of their lining cells. Increase in the thikness of
the tubular basement membrane was also noticed. The same results were
noticed by Whitny et al., (1982). They concluded that CsA has a direct
toxic action on the renal tubular epithelium resulted in cytoplasmic
vacuolation and tubular cell necrosis. Moreover, Schechter (1996) reported
that CsA toxicity is associated with fatal tubular necrosis.Marked reduction
in the mitochondrial content of the cytoplasm of the cortical tubules was
also observed in the kidneys of rats which received CsA. The same result
was seen by Elzinga et al., (1989). They proved that CsA caused impaired
mitochondrial function and mitochondrial damage which play a
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pathogenetic role in events leading to cell death. Cormack (1987) stated
that one of the function of the P.C.T. cells is the reabsorption of protein. It
was seen that the observed lesions seen in the P.C.Ts might result in
deterioration of their functions leading to loss of protein in urine
(proteinuria) Reduction in the acid phosphatase activity was also observed
in the P.C.T. cells of the kidneys of animals of group III (which received
CsA only). It was suggested that the observed reduction in acid
phosphatase acivity might result from the decrease in protein reabosrption
by the P.C.T cells. Fawcett (1986) stated that the reabsorbed protein by the
P.C.T cells was positive for acid phosphatase.

In the kidneys of rats of group III, there were dilatation of the distal
convoluted tubules with an increase in the thickness of their basement
membrane. Reduction in the mitochondrial content was also noticed in the
cytoplasm of their cells. It was seen that the diltation of the D.C.Ts might
be a sign of glomerulonephritis caused by CsA as described by William -
(1976), who stated that the glomerulonephritis was associated with
dilatation of the tubules. It was also suggested that these lesions of the
D.C.Ts might alter sodium and water reabsorption by these tubules
resulting in polyuria. This was in agreement with the observations of
Hultson, et al., (1994), who stated that CsA can cause some degree of renal
dysfunction and nephrotoxicity.

The kidenys of animals of group III which received CsA, showed
mononuclear cellular infiltration with increase in the collagen content
around the renal tubules. The same picture of interstitial fibrosis was also
described by Keown, (1991) who stated that the arteriolar vasoconstriction
might be the cause of chronic ischemia which results in fibrosis around the
renal tubules in CsA treated rats. Versluis et al., (1988) added that
interstitial fibrosis and cellular infiltration might occur as a reaction against
progressive epithelial cell death and atrophy of the nephron.

There was also dilatation of the collecting tubules in the kidneys of
CsA treated rats. It was seen that these dilatation might occur secondary to
the interstitial oedema and failure of these tubules to reabsorbe water. This
explanation was supported by the results of Scott and Higenbottan (1988),
who stated that the use of CsA is associated with fluid retention.

Many authors discussed the mechanisms by which CsA can cause
its toxicity. Duarte (1985) stated that CsA caused arteriolar
vasoconstriction due to inhibition of renal prostaglandin synthesis which is
needed to maintain glomerular perfusion. Moreover, Zoal et al., (1988)
stated also that CsA may induce arteriolar damage via the endothelial cells
which are the first target for CsA. However, Lucey et al., (1990) concluded
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that CsA can cause its toxicity due to accumulation of its toxic
metabolities, resulting in renal dysfunction. Salahudeen (1992) proved that
the accumulation of CsA in the kidney may induce local peroxidation of
cellular lipid with several possible effects including direct cellular toxicity.
Cyclosporine A produces reduction in the renal microsomal protein
synthesis, which could be the direct cause of acute renal dysfunction
(Bennet et al., 1991).

Deray et al., (1992) and Tariq et al., (1999) concluded that CsA
induced toxicity due to reduction in blood flow which leads to hypoxic
injury which is accompanied by excessive generation of oxygen derived
free radicals. Moreover, Baud and Ardaillou (1993), stated that when the
amount of oxygen derived free radicals exceed the capacity of the cells or
organ antioxidant system, the normal function of these cells is disrupted
and tissue damagc develops. Concomitant administration of both CsA and
vitamin E in animals of group V, showed marked improvement in the renal
lesions induced by cyclosporine A.

So, it was suggested that CsA produced its lesion in animals of
group III through the production of oxygen-derived free-radicals, and
vitamin E with its antioxidant effect has a protective role against these
lesions. The same explanation for the protective role of vitamin E was
discussed by Inselmarm et al., (1990), who stated that vitamin E through
its antioxidant defense mechanism can make the renal tissue more
vulnerable to the toxic effects of the free radicals. Moreover, Wang and
Salahudeen (1995) provided evidence that the antioxidant effect of vitamin
E inhibited lipid peroxidation and limited Cyclosporine A related renal
injury. In addition, Durak et al.,(1998) and Kumar et al., (1999) stated that
vitamin E acts as a lipid - radical scavenger and it has a protective role
against cyclosporine A nephrotoxicity as it protects the renal tissue.

From this study, it was seen that cyclosporine A can cause renal
lesions and renal dysfunction, but Vitamin E can protect the kidney tissue
from these lesions, so it is recommended to give vitamin E.
supplementation to those pateints treated with cyclopsorine A to minimize
its toxic effect of the renal tissue.
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FIGURE CAPTIONS
Fig. (1):
A photomcirograph of a scction of the kidney of control rat,
showing the renal copuscles (R), the proximal convoluted tubules (P) and

the distal convoluted tubules (d).
H & E

X250
Group 1
Fig. (2):
A photomicrogrpah of a section of the kidney of the control rat.
The renal corpuscle is formed of a glomerulus (G) surrounded by
Bowman's space. (S). The proximal convoluted tubules (P) and the distal

convoluted tubules (d) are obvious.
H&E

X640
Group 1
Fig. (3):

A photomicrograph of a section of the kidney of the control animal,
showing thin, PAS positive tubular and glomerular basement membranes.
The apical brush borders of the P.C.T cells exhibit positive PAS reaction (1
).

PAS X
250
Group 1
Fig. (4) :

A photomicrograph of a section of the kidney of the control rat,

showing few collagenous content in the glomeruli and around the renal

tubules.
Mallory stain’

X250
Group 1
Fig. (5):
A photomicrograph of a section of the kidney of a control

rat,showing mitochondrial content in both P.C.Ts. and D.C.Ts.
Pritchard's

techniqueX 640
Group I
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Fig. (6):
A photomicrograph of a section of the kidney of a control animal,
showing normal profile of the medullary tubules.
H&E
X250
Group IFig.
(7):
A photomicrograph of a section of the-kidney, showing hypertrophy of
the glomeruli with oblitration of their Bowman's spaces.
H&E X 250
Group 111
Fig. (8):

A photomicrograph of a section of the rat kidney, showing atrophy

of some glomeruli (1).Dilatation of the P.C.Ts. and D.C.Ts is obvious (d).
H&E X250
Group 111

Fig. (9):

Higher magnification for another section of the rat kidney, showing
few degenerated cells and dilatation of the P.C.Ts. and D.C.Ts.(d) with
flattening of their lining cells.

H&E X 640
Group I11
Fig. (10):

A photomicrograph of a section of the rat kideny, showing
mononuclear cellular infitlration (1). Dilatation of both P.C.Ts and D.C.Ts
is obvious. The cytoplasm of the P.C.T. cells is vacuolated. Notice the
enlarged glomeruli and the narrow Bowman’s spaces.

H & E X250
Group I11
Fig. (11) :

A photomicrograph of a section of the rat kidney, showing
reduction in the mitochondrial content in the cytoplasm of both P.C.T. and
D.C.T. cells.

Pirthcard's
technique X640
Group III
Fig. (12) :

A photomicrograph of a section of the rat kidney. Increase in the

thickness of the tubular and glomerular basement membranes is apparent
PAS
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X250
Group IIT
Fig. (13):
A photomicrograph of a section of the rat kidney, showing
reduction in the PAS positive reaction in the brush borders of the P.C.T.

cells (1).
PAS

X250
Group II1
Fig. (14):

A photomicrograph of a section of the rat kidney. Acidophilic
hyaline casts are seen in the lumen of the collecting tubules.
‘ H&E

X250
Group I1
Fig. (15):

A photomicrograph of a section of the rat kidney, showing
dilatation of the collecting tubules with faintly stained cytoplasm. Some
pyknotic nuclei (py), highly vacuolated cells (V) and haemorragic areas (h)

are seen.
H&E

X25
Group 111
Fig. (16):
A photomicrograph of a section of the rat kidney, showing an
increase in the collagen contents in the glomeruli (G) and in between the

tubules(1).
Mallory stain

X250
Group 111
Fig.(17):
A photomicrograph of a section of the rat kidney, showing an increase in
the collagen content in between the medullary tubules. Notice the

interstitial haemorrhage.
Mallory stain X250

Group I11.
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Fig. (18):
A photomicrograph of a section of the rat kidney. The renal
corpuscle, The P.C.Ts and the D.C.Ts have the same profile as in control

rats, whiie some pyknotic nuclei could be observed (py).
H&E X640

Group IV
Fig. (19): .

A photomcirograph of a section of the rat kidney, showing the
mitochondrial content in the cytoplasm of the P.C.T and D.C.T cells. Note
apparent decrease in the mitochondrial content compared to the control.

Pritchard's technique
X640
Group 1V
Fig. (20):

A photomcirograph of a section of the rat kidney, showing thin
PAS positive glomerular and tubular basement membranes. The- apical
brush borders of the P.C.T cells show normal positive PAS reaction.

PAS X250
Group IV
Fig. (21) :

A photomcirograph of a section of the rat kidney, showing strong
positive reaction for acid phosphatase enzyme activity in the cytoplasm of
the P.C.T cells. The renal corpuscles and the D.C.Ts are negative for the
reaction.

Lead phsophate
technqiue X250
Group 1
Fig. (22):

A photomicrograph of a section of the rat kidney, showing marked

reduction in the acid phsophatase activity in the P.C.T. cells.
Lead phosphate
technique X250
Group 111
Fig. (23):

A photomicrograph of a section of the rat kidney, showing
moderate acid phosphatase activitiy compared with control group.

Lead Phosphate
technique X250
Group IV
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