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ABSTRACT

Curcumin is a polyphenolic phytochemical, has been used for decades and
it exhibits anti-inflammatory, anti-carcinogenic and anti-oxidative
properties. The present study aimed to evaluate the histological changes
induced by ischemia-reperfusion (I/R) and tacrolimus treatment in rat
kidney and the possible protective role of curcumin. Thirty adult male
albino rats were divided into five main groups. The control group (group
I) was divided into three subgroups (Ia, Ib and Ic). Subgroup Ia used as
negative control, subgroup Ib were subjected to Sham operatioﬁ and
subgroup Ic received curcumin orally. Group II underwent to renal
ischemia-reperfusion (I-R), group III received tacrolimus orally, group IV
were subjected to I-R pre-treated with curcumin orally, and group V were
subjected to tacrolimus pre-treated with curcumin. The specimens were
processed for histological and- utrastructural examinations. Light and
electron microscopic examinations of group II showed renal ischemia-
reperfusion revealed tubular dilation, loss of brush border, desquamation
of tubular epithelial cells with irregular folded pyknotic nuclei while group
I1I showed characterized histologically by tubular éell flattening, swelling

mitochondria, dilated RER, cytoplasmic vacuolization and necrosis.
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Groups IV and V showed that pretreatment with curcumin were
significantly reduced the . histologic evidence of renal damage. Our
findings suggest that curcumin has a positive contribution as a dietary
supplement for a longterm strategy to minimize tacrolimus nephrotoxicity

and ischemia-reperfusion renal damage.
INTRODUCTION

Renal ischemia/reperfusion (I/R) injury, which occurs during renal
transplantation, shock and kidney sections, is a major cause of acute renal
failure with increased morbidity and mortality (Fouad et al., 2010). It has
been estimated that ischemic ‘nsult, especially during renal
transplantation, is responsible for 20-30% of primary graft dysfunction
(Fouad et al., 2010). Reperfusion of ischemic renal tissue initiates a
complex series of cellular events that eventually lead to necrotic and
apoptotic renal cell death. The exact molecular mechanisms underlying
ischemia/repefusion (I/R) renal injury are not fully understodd (Weight et
al., 1996). Several factors contribute to the pathogenesis of
ischemia/reperfusion injury, including ATP depletion, phospholipase and
protease activation, increased endothelin-1 formation and neutrophil
infiltration (Weight et al., 1996; Walker et al, 2001 and Fouad et al.,
2010). Also, reactive oxygen species (ROS) play a key role in this process
(Sussman and Bulkly, 1991). However, increased generation of reactive
oxygen species and pro-inflammatory mediators in the reperfusion phase
seems to play a crucial role. Several antioxidants and anti-inflmmatory
agents were found to be effective in reducing renal» injury resulting from

ischemia/reperfusion’
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Tacrolimus (FK506) is a potent immunosuppressive agent that is
effective in allograft prophylaxis after organ transplantation. However, its -
clinical use is limited by nephrotoxicity, that characterized by a
hemodynamic change, renal vasoconstriction, dose-related and reversible.
'On the other hand, chronic FK506-induced nephrotoxicity is thought to be
progressive and irreyeréibl.e (Tamada et al, 2003). The precise
mechanisms of. FK506-induced nephrotoxicity are not completely
- understood (Andoh et al., 1995). ‘

Medicinal plants have recently become a focus of interest because
they may play key roles in treating ischemic renal disease (Aggarwal and
Harkumar, 2009). Curcumin (diferuloy! methane) is the yellow pigment of
turmeric in curry, and it is derived from the rhizome of plant curcuma
longa (Bayrak et al., 2008). Curcumin is widely used as spice and it has
been known to have anti-inflammatory, anti-cancer, antioxidant and
several other activities (Bayrak et al., 2009). Curcumin exerts proimmune
activity in several autoimmune disorders and has been reported to
scavenge free radicals and to inhibit nitric oxide synthase activity and the
lipoxygenase and cycloxygenase activities'(Jones aﬁd Shoskes, 2000). A
body of accumulated evidence suggests that curcumin is a potential anti-
inflammatory and antioxidant agent that could suppress the induction of
cytokines, the recruitment of immune cells and the progression of tissue
damage (Sharma, 2006). |

The aim of this work is to evaluate the antioxidant effects of
curcumin and assess whether curcumin contributes to controlling

important factors that have roles in aggravating renal I/R-injury and
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nephrotoxicity.
MATERIALS AND METHODS
Thirty adult albino rats, weighing approximately 200gms each,
were used in this study. All animals were kept under the same hygienic
conditions and received balanced diet and water. The animals were
divided into five main groups as follow:
- Group I (Control group): Consisted of 15 rats, were subdivided
into 3 subgroups; 5 animals each (Ia, Ib and Ic):
- Subgroup Ia: Non-operated and non-treated animals used as

negative control.

- Subgroup Ib (Sham-operated animals): the animals in this
group were sham operated with the exposure of both the renal
pedicles, but were not subjected to any ischemia reperfusion

(Williams et al., 1997).

- Subgroup Ic: the animals received curcumin 200mg/kg/day
(Sigma chemicals USA) was suspended in 0.5% carbory
methyl cellulose and administered orally for 7 days (Bayrak et

al., 2008).

- Group II: Consisted of 5 animals were exposed to bilateral I/R,
the rats were subjected to 45 min of bilateral renal pedicles

occlusion ~(Fouad-et-al., 2010)....

- Group III: Consisted of 5 animals received tacrolimus (FK506)
Fujisma Pharmaceutical Co. Ltd, Japan, at a daily dose 3.2

mg/kg/day once intramuscularly (i.m.) dissolved in physiological
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saline for 7 days (Wang et al., 2001).

- Group IV: 5 animals received curcumin (200mg/kg/day) orally, 7
days prior to bilateral I/R.

- Group V: 5 animals received curcumin (200mg/kg/day) orally, 7
days prior to treatment with FK506 (3.2 mg/kg/day)

intramuscularly for 7 days.

Surgical Procedure:

Ischemia-reperfusion was produced following overnight fasting;
the animals were anaesthetized with intramuscular injection of ketamine
(70mg/kg). The abdominal area was prepared with betadine, and sterile
drapes were applied. A midline incision was made and ischemia was
induced by bilateral renal pedicle clamping for 45 min (ischemic phase),
using fine non-trumatic vascular clamps under sterile conditions. Warm
saline was injected into the abdomen, which was temporarily closed. The
rats were kept on a heat pad and body temperature was maintained at 37°C
throughout the experimental procedure. The clamps were removed to start
the reperfusion phase which lasted for 3h. the Sham operation was
performed using the same surgical procedures except for occlusion of the
renal pedicles. The rats were sacrificed after completion of the

ischemia/reperfusion and the kidney specimens were obtained (Williams

et al., 1997).

Biochemcial Evaluation Method:

Venous blood samples was collected from descendent aorta from

all rats (control and experimental). This Wéé done pre (baseline) and post
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the experiment. After that serum was harvested immediately by
centrifugation at 40°C and was stored at -30°C for biochemical analysis.
Serum wurea and creatinine levels were determined by standard
colorimetric method using a 721 spectrophotometer (Thomas,. 1998). The
obtained data were expressed as mean + standard deviation (SD). Data
were analyzed using  analysis of variance (ANOVA). Results were -
considered significant when probability (P) was <0.05 (Dawson and

Trapp, 2001).

Histological Methods:
All animals were sacrificed after each of the durations and
immediately the abdomen was opened and both kidneys were removed

and processed for light and electron microscopic study.
(1) Light microscopic study:

Paraffin sections of 5-7um thickness were cut and stained with

haematoxylin and eosin (H and E) (Drury and Wallngton, 1980).
(2) Transmission electron microscopic study:

Very small pieces (1mm®) were collected from renal cortex of both
kidneys. Tissues were rinsed in phosphate buffer (pH 7.4), then fixed in
2% glutaraldehyde, post-fixed in 1% osmium tetroxide and dehydrated.
After embedding in Epon, 0.5mm thick semithin sections cut and stained
with toluidine blue for light microscopic evaluation. Ultra-thin sections
from the selected areas were cut and stained with lead citrate and-uranyl
acetate (Hayate, 1981). The grids were examined and photographed with a

Jeol 1008 electron microscope in faculty of Medicine, Tanta University.
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RESULTS

Biochemical Results:

There was no significant difference between the basline serum
creatinine, urea in the control group and in the different groups. Animals
in groups II and III exhibited significant increase in serum concentrations
of éreétinine and urea levels as compared to control animals, suggesting a
significant decreéase of glomerular function (P<0.001). Pretreatment with

curcumin showed significantly improved urea and creatinine levels

(P<0.05) (Table 1).

Table (1): Serum urea and creatinine levels in all groups.

I/R+ FK506 +
Variable Control IR FK506
curcumin Curcumin
Urea (mg/dL) 14.79+1.12 81.23+1.05® 79.33+1.03% | 35.31.01 32.81+18.67
Creatinine 0.50-+0.07 2.02+0.06" 2.12+0.06" | 1.71:0.55 | 1.7210.52
(mg/dL)

Values are mean + SD.

a p<0.001 compared to control, I/R+ curcu

min and FK506+curcumin.

b p<0.05 compared to control, /R+ curcumin and FK506+curcumin. .

Histological Results:

Light microscopic results:

- Group I: The
proximal and distal ¢

" consisted of a glomerular cap
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capsule. The proximal convoluted tubules had a narrow lumen and
lined by simple cuboidal epithelium with well developed brush
border and large rounded nuclei. The distal tubule had wider lumen
and appeared lined by low cubical epithelium with rounded nuclei
(Fig. 1).

- Group II (animals subjected to renal ischemia-reperfusion):
Examination of the renal cortex showed méssive tubular distortion
with wide lumina. Signs of necrosis in the form of epithelial
degeneration, vacuolization, pyknotic nuclei and loss of brush
border. Hyaline casts, desquamated cells were seen in tubular

lumen with congested blood vessels (Figs 2,3).

- Group III (animals received tacrolimus orally): Sections of the
renal cortex revealed tubular dilatation with epithelial cell necrosis
and apparent increase in the size of renal corpuscle, apical
blebbing, intraluminal sloughing of tubular epithelial’ cells and
hyaline casts. Interstitial edema and mononuclear cells infiltration

with congested blood vessles were observed (Figs 4, 5, 6).

- Group IV (animals subjected to I-R pre-treated with
curcumin): Sections showed less cytoplasmic vacuolization and

necrotic changes were hardly detected (Fig. 7).

- Group V (animals subjected to tacrolimus pre-treated with
curcumin): Sections showed preservation of normal structure

despite of the presence of minimal to mild luminal cast formation

(Fig. 8).
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Electron microscopic results:

- Group I: Ulti'astructuiatlfexamination of the epithelial cells lining

the proximal convoluted tubule with smooth rounded contour -
nucleus, well developed basal enfoldings with elongated
mitochondria perpendlcularly to the basement membrane (Fig. 9).
In the distal convoluted tubules, the lining cells had apical nuclei,

numerous mltochondna and few m1crov1lh (Fig. 10) Normal
architecture of the glomerulus, tlle basement membrane was
composed of three layers, lamina dense and on its either sides, the
lamina rara externa and lamina rara interna. The endothelium

consisted of simple squax‘nous layer of fenestrated cells (Fig. 11).

Group II: Exammatlon of the tubular ep1thelxal cells of the renal
cortex of I/R greup revealed wide-spread vacuol1zat10n, swollen
mitochondria with distorted cristae, irregular folded pyvnotic
nucleus, dilated RER and loss of microvilli. Swollen micvovilli

shedding into tabular lumen and apoptotic cells were noticed (Figs.
12, 13, 14, 15). |

Group III: Sections of renal cortex of tacrolimus-treated group
revealed thickening of tubular basement membrane and necrosis of
tubular epithelial cells with cytoplasmic vacuolization, dilated- -
RER, swelling mitochondria and focal loss of microvilli. The
common basement membrelie of the filtration barrier in the renal
corpuscles showed disrupted appearance of its layer and thickening
in the lamina densa with apparent thining of the lamina rara

externa and interna. Interstitial edema and mononuclear cell
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infiltration were observed (Figs. 16, 17, 18, 19).

- Group IV: Ultrastructural examination of tubular epith‘élial cells
of I-R pre-treated with curcumin_groilp showed preservation of the

normal structure of renal cortex (Fig. 20).

- Group V: Ultrastructural examinatioh of tacrolimas pre-trated
with curcumin group revealed restoration of normal structure of
the convoluted tubules and focal th’ickéning of the lamina densa is

still present (Figs. 21,22).

Fig. 1: Photomicrograph of a control rat renal cortex showing glomeruli (G), proximal

convoluted tubules (P) and distal convoluted tubules (D). ~Hx. & E.; x 400
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Fig. 2: Photomicrograph of a section in rat renal cortex underwent to renal ischemia-

reperfusion (I-R) showing extensive tubular necrosis with dilatation (d), vacuolar

degeneration (P )and epithelial desquamation (). Notice, tubular cell atrophy )

peritubular congested blood vessels (V), tubular lumen obstruction (L). Hx. & E.; x 400

Fig. 3: Photomicrograph of a section in rat renal cortex underwent to renal ischemia-
reperfusion (I-R) showing tubular cell flattening, pyknotic nucleus (»), loss of brush

(—), widespread necrosis with tubular dilatation and epithelial desquamation (=). Notice

intraluminal hyaline casts ().Hx. & E.; x 400
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Fig. 4: Photomicrograph of a section in the renal cortex of rat treated with tacrolimus
showing tubular dilatation with epithelial cells necrosis ({), cytoplasmic vacuolization *),
apical blebbing (» ) and sloughing of tubular epithelial cells into the lumen (—).

Hx. & E.; x 400

Fig. 5: Photomicrograph of a section in the renal cortex of rat treated with tacrolimus
showing tubular atrophy, necrosis of the epithelium with intraluminal hyaline
casts (—) and increase in the size of renal corpuscle (*). Notice interstitial

edema and mononuclear cell infiltration (C) with congested blood vessles V).
Hx. & E.; x 400
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Fig. 6: Photomicrograph of a section in the renal cortex of rat treated with tacrolimus
showing tubular dilatation with severe apical blebbing and hyaline casts )

with interstitial cell infiltration (—) and loss of normal tubular structure. Hx.

& E.; x 400

Fig. 7: Photomicrograph of a section in the renal cortex of rat subjected to I-R pre-treated
with curcumin showing brush like edges of epithelial cells (—) of proximal

convoluted tubutes, less cytoplasmic vacuolization and necrotic changes not

observed. Hx. & E.; x 400
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Fig. 8: Photomicrograph of a section in the renal cortex of rat subjected to I-R pre-treated
with curcumin showing preservation of normal morphology of renal cortex with slight

cast formation (—)- Hx. & E.; x 400

Fig. 9: Electron micrograph of a section in the renal cortex of control rat showing part of
.proximal convoluted tubule (PCT with intact baserﬁent membrane (),
nucléus with smooth rounded contour () and normal distributed chromatine -
(N), well developed basal infolding with elongated mitoctiondria oriented
perpendicularly to the basement membrane (—).

Mic. Mag. x 2500
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Fig. 10: Electron micrograph of a section in the renal cortex of control rat showing part
of distal convoluted tubule (DCT) with numerous mitochondria (—), apical

nucleus (N) few microvilli (MV) and intact basement membrane ({).Mic. »

Mag. x 1500

Fig. 11: Electron micrograph of a section in the renal cortex of control rat showing part
of a podocyte with primary (pr) and discrete foot processes (F). Note: the
three layers of the common basement membrane. Lamina rara externa (Lre),
Jamina densa (Ld), and lamina rara interna (Lri) and endothelial cells which
appeared fenestrated ({)

Mic. Mag. x 1500
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Fig. 12: Electron micrograph of a section in the renal cortex of rat underwent to renal
ischemia-reperfusion (I-R) showing swollen mitochondria with vacuolated appearance
(—), and other with distorted cristae () in the tubular epithelium. Notice swollen

microvilli shedding into tubular lumen (). Mic. Mag. x 3000

Fig. 13: Electron micrograph of a section in the renal cortex of rat underwent to renal
ischemia-reperfusion (I-R) showing loss of microvilli with irregular lumen

(—), irregular folded pyknotic nucleus with dense clumped marginal

chromatine (N).Mic. Mag. x 1500
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Fig. 14: Electron micrograph of a section in the renal cortex of rat underwent to renal
ischemia-reperfusion (I-R) showing wide-spread cytoplasmic vacuolization
(—) and loss of normal tubular structure.

Mic. Mag. x 1500

Fig. 15: Electron micrograph of a section in the renal cortex of rat underwent to renal
ischemia-reperfusion (I-R) showing an apoptotic cell with shrunken nuclear profile with
dense masses of chromatine (), tubular cells with apical microvilli () and numerous

dilated RER (—). Mic. Mag. x 2000
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Fig. 16: Electron micrograph of a section in the renal cortex of rat treated with tacrolimus

showing cytoplasmic vacuolization (»), dilated RER (—) and swelling mitochondria

(M) of tubular epithelium. Mic. Mag. x 2000

Fig. 17: Electron micrograph of a section in the renal cortex of rat treated with tacrolimus
showing thickening of tubular basement membrane () focal loss of epithelial microvilli
with  swelling mitochondria  sloughed to the tubular  lumen (=)

Mic. Mag. x 1500
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Fig. 18: Electron micrograph of a section in the renal cortex of rat treated with tacrolimus
showing interstitial edema and mononuclear cell. infiltration (—), swelling
mitochondria (») loss of. normal basal infolding and necrosis. of tubular .

epithelial cells (C). Mic. Mag. x 3000

Fig. 19: Electron micrograph of a section in the renal cortex of rat treated with tacrolimus
showing disrupted appearance of the layers of basement membrane ()
irregular thickening of the lamina densa (Ld) and apparent thining in lamina rara
externa and interna are observed. Broadening and fusion of the feet processes of

the podocytes can also be noted (—).Mic. Mag. x 1500
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Fig. 20: Electron micrograph of a section in the renal cortex of rat subjected to (I-R) pre-
treated with curcumin showing preservation of the normal structure of tubular
epithelium without vacuolization, intact microvilli (—), normal mitochondria
(») with smooth rounded contour of the nucleus without abnormal chromatin
distribution (N).Mic. Mag. x 2500

Fig. 21: Electron micrograph of a section in the renal cortex of rat received tacrolimus
pre-treated with curcumin showing focal thickening of tubular basement
membrane is still present (» ), mild improvement in the form of restoration of
basal infolding and elongated mitochondria (—) of epithelial lining.

Mic. Mag. x 2500

56



Sci. J. Fac. Sci. MinufiyaUniv., 2011, Vol XXV ISSN: 1110-2195

om0 4

Fig. 22: Electron micrograph of a section in the renal cortex of rat received tacrolimus

pre-treated with curcumin showing that focal thickening of the lamina densa is

still present (—).Mic. Mag. x 1500

DISCUSSION

The present study was performed to investigate the possible
protective role of curcumin on renal ischemia/reperfusion injury and
FK506 nephrotoxicity. Renal ischemia/reperfusion (I/R), which is an
important cause of renal dysfunction is inevitable in renal transplantation.

surgical revascularization of the renal artery and partial nephrectomy

(Yurdakul et al., 2010).

In the present study, group II (animals subjected to renal ischemia-
reperfusion) and group III (animals received tacrolimus orally) showed
significant increase in the serum concentration of urea and creatinine
levels as compared to control group. Similar findings were also reported
by others (Mollison et al., 1998; Tamada et al., 2003 and Fouad et al.,
2010). They related these findings to tubular atrophy and tubule-interstitial

ischemia. However, pre-treatment with curcumin significantly reduced the
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.ischemia/reperfusion and FK506 induced elevation in serum urea and
creatinin. This is believed due to the ability of curcumin to atenuate
oxidative and nitrative stress (Bayrak et al., 2008). In agreement with
perivous studies ischemia/reperfusion group showed dilated renal tubules,
vacuolation, luminal exfoliated cells, necrosis and disruption of brush
border with loss of normal architecture (Mashiach et al., 2001; Avunduk et
al., 2003; Yurdakul et al., 2010 and Fouad et al. 2010). They attributed
these changes to a wide range of pofential mechanisms that cause tissue .
damage mainly the oxidative mechanisms induced by neutrophils, which |
are concentrated in‘ the area of ischemia, produce superoxide radicals

which from releas reactive oxygen species (ROS).

Weight et al., (1996) proposed that polymorphonuclear leukocytes
(PMNs) that are activated during ischemia, presumably by cytokines enter
thé kidney at the onset of reperfusion, causing tissue damage by releasing
ROS. In addition some investigators explained these chz;nges due to
inflammation following ischemia mediated by neutrophils and T-cells
infiltration with cellular activation and cytokines release (Jones and
Shoskes, 2000). Also, they attributed these findings to lipid peroxidation - -
and nitric oxide synthase activation by infiltrating rﬁacrophage that
produce peroxynitrites which are highly' cytotoxic in ischemia reperfusion
injury. The ultrastructure ‘of the current study illustrated swollen
mitochondria with distorted cfistae, shedding of microvilli, pyknotic
nucleus with dense clumped marginal chromatin, wide spread cytoplasmic
vacuolization, numerous dilated rough endoplasmic reticulum, loss of

normal tubular structures and apoptotic cells can be detected. These results
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were in agreement with other investigators who found that ROS induce
cell injury through lipid peroxidation of the mitochondria (Avunduk et al.,
2003 and Jones and Shoskes, 2000).

4 FK506 nephrotoxicity is the most frequent and serious adverse
effect reported (i/IaCaule__y, 1993), however, _littlé is reported r;:garding
prevent'ion of it's nephrotoxicity (Tamada et al, 2003). In the present

‘study the histological chahgés observed in F‘K506 treated rats were tubular
flattening and dilatation, with epithelial cell necrosis, cytoplasmic.
vacuolization with apical blebbing, intratubular hyaline casts with
sloughing of epithelial cells and ihcrease in the size of renal corpuscle. |
Also, interstitial edema, vascular changes, mononuclear cell infiltration
were observed. Ultraslructural findings of FK506 treated rats showed
sloughed swollen mitochondria in tubular lumen, dilated rough
endoplasmic reticulum, increased thickness of glomerular basement
membrane. These results are coincide with Mollison et al.,, (1998);
Nakahama et al., (2000); Tamada et al., (2003) aﬁd Lioberas et al., (2008). ,
Who attributed these changes to disturbance of renal hemodynamics due

" to release of vasoactive substances such as thromboxans and decrease in
vasodilating factors such as prostacyclin. Wahg et al., (2001) explained

that the increased levels of nitric oxide in the FK506 nephrotoxicity.

Tamada et al., (2003) stated that the tubulointerstatial changes may be due

to  increased nuclear factbr kappa-B (NF-xB) activation, a potent

inflammatory inducer.

Early study suggested that these changes due to accumulation of

the FK506 in the cells causes delayed regeneration and morphological
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changes of increased programmed cell death (apoptosis). Mitochondrial
changes may be due to direct toxic effects of FK506v as reported by
previous study (Andoh et al.,, 1995). Glomerular basement membrane
thickening seen in the present study may due to increased deposition of

glycoproteins (Hotta et al., 2001).

The renal tissues obtained from rats pretreated with curcumin
demonstrated marked decrease in histological features of ischemia-
reperfusion injury. This is in agreement with Shoskes (1998); Jones and
Shoskes, (2000), Who explained current biochemical and morphological
picture noticed in group I'V on the basis that curcumin attenuated regulated
upon activation, normal T-cell, cell expressed and secreated (RANTES)
and marcrophage chemotactic protein-I (MCP-I). Other researchers
reported that curcumin and related compounds inhibit free radical
generation and act as free radical scavenger and antioxidants through

prevention of lipid peroxidation (Bayrak et al., 2008). -

Previous studies explained also, the protective effect of curcumin
in I/R to a wide range of potential mechanisms (Shoskes 1998; Shahed et
al., 2001 and Bayrak et al., 2008). Curcumin possess its role through
suppression of tyrosin kinase pathways, inhibit smooth muscle
prolferation, block T-cell proliferation, down regulate expression of
proinflammatory mediators, adhesion molecules and growth factor
receptor genes (Haung et al., 1992; Biswas and Rahman, 2008). Moreover,
it was found that curcumin potientiates theeffect of -mycophenolate
mofetil in prevention of immune injury (Shoskes et al., 2000). In the

present study pretreatment with curcumin resulted in preservation of
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histologic integrity in FK506 treated rats. Shoskes et al., (2000) stated that
these results can be explained on the basis that curcumin exert its effect by
blocking the induction of cytokines through the blockage of NF-xf
‘ responsible for Fx506 nephrotoxicity. Also, they reported that curcumin
could reduce renal injury mediated through macrophages by interfering
with nitric oxide synthase activity. Moreover, it was found that curcumin
can scavenge free radicals and block the tyrosin kinase enzyme activity
that is responsible for apoptosis in renal epithelial cells (Leclercqu et al.,

2004).

In view of these findings, it is concluded that curcumin can
ameliorate functional and histological changes in ischemia/reperfusicn

renal injury and tacrolimus induced nephrotoxicity.
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