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ABSTRACT

Curcumin has several medical importance e.g. against biliary disorders, anorexia, hepatic disorders, sinusitis, diabetic
wounds and rheumatism. The current study was designated to examine the possible valuable effects of curcumin in
preventing acute renal failure and related oxidative stress caused by chronic administration of cyclosporine in rats. The
study included two experiments; the first one was carried out to follow up the changes that could occur in the kidney
function as a result of cyclosporine administration. Cyclosporine administration exerted significant elevation of serum
urea, creatinine, potassium, parathormone, malodialdehyde and dimethylarginine. Meanwhile, cyclosporine showed
significant decline in the level of serum sodium and total nitric oxide, the content of kidney reduced glutathione and the
activities of glutathione peroxidase, catalase and superoxide dismutase versus the levels in normal rats. In the second
experiments, the nephritic rats were treated with curcumin and remarkable changes have been occurred on those
parameters. It was concluded that curcumin has a beneficial effect as antioxidant against the oxidative stress and renal
dysfunction which induced by chronic administration of cyclosporine in rats.
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INTRODUCTION

Cyclosporine A (CsA) is a hydrophobic cyclic decapeptide produced by the fungus Tolypocladium inflatum,
considered as one of the prototype of immunosuppressants that has revolutionized the management of
allotransplantation [1, 2]. CsA combines low myelotoxicity with efficacy in preventing allograft rejection
and other associated host diseases [3]. Nephrotoxicity and hypertension are the major adverse effects
that often limit cyclosporine treatment following solid organ transplantation and autoimmune diseases
[4]. The functional changes of cyclosporine are dose dependent and are usually reversible after short
term of treatment [5]. CsA has been shown to enhance the generation of hydrogen peroxide in vitro and
lipid peroxidation in vitro and in vivo. Antioxidants have been shown to be protective in cyclosporine
nephrotoxicity [1]. Such evidence suggests an important role of reactive oxygen metabolites in toxic acute
renal failure which may provide therapeutic opportunities for preventing or treating acute renal failure in
humans. Cumulative data suggest that reactive oxygen metabolites have a role as one of the postulated
mechanisms in the pathogenesis of cyclosporine nephrotoxicity. CsA enhances generation of hydrogen
peroxide in cultured hepatocytes [6] and mesangial cells [7]. In vivo and in vitro studies indicate that
cyclosporine reduces renal microsomal NADPH cytochrome P450 and renal oxidized/reduced glutathione
ratio in kidney cortex as well as renal microsomes and mitochondria [8, 9]. Antioxidants such as a-
tocopherol, ascorbate, silibinin, lazaroid, propionyl carnitine and superoxide/catalase, have been shown
to ameliorate cyclosporine-induced renal toxicity [6, 10].

Curcumin (diferuloylmethane) is one of the most commonly used spices in the world. Curcumin is the
active ingredient in the traditional herbal remedy and dietary spice turmeric (Curcuma longa), being
responsible for its biological actions. Current traditional medicine claims the use of Curcuma longa
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powder against biliary disorders, anorexia, hepatic disorders, sinusitis, diabetic wounds and rheumatism
[11]. Numerous studies now show that curcumin exhibit anti-inflammatory and anti-human
immunodeficiency virus [12], anti-bacterial [13] and nematocidal activities [14]. Different in vitro and in
vivo studies increasingly establish the antioxidant properties of curcumin [15]. It is well documented that
curcumin scavenges superoxide anions [16], peroxynitrite radicals [17, 18] and quenches singlet oxygen
[19]. Curcumin has also been shown to inhibit hydrogen peroxide-induced cell damage [15]. For
therapeutic importance of curcumin see for review [20, 21, 22, 23]. However, few studies have examined
the beneficial effect of curcumin on renal dysfunctions.

The aim of the current study was designated to examine the possible beneficial effects of curcumin in
preventing the acute renal failure and the related oxidative stress caused by chronic administration of
cyclosporine in rats.

MATERIAL AND METHODS

Study design: Fifty mature male Wistar albino rats (130-140g) were obtained from the animal facility of
The Faculty of Medicine, Mutah University. They were randomly housed in cages and maintained under
standard conditions 12:12 light: dark cycle at room temperature 24+1°C, and 50%%10% relative
humidity. All animals were fed standard laboratory control diet and drinking tap water ad libitum. The
experiments were conducted according to the ethical norms approved by the Faculty Ethics Committee.
The study included two experiments; the first one was carried out to follow up the changes that could
occur in kidney as a result of cyclosporine treatment. To achieve this purpose, a comparison was carried
out between two groups. The first group included five normal control rats injected daily with olive oil
subcutaneously for 21 days. The second group included five animals; they received CsA (20 mg/kg/day,
subcutaneously) dissolved in olive oil for 21 days [2]. CsA was obtained from Sigma-Aldrich Chemical Co.
(United Tetra Group, Amman, Jordan). In the second experiment, the animals were divided into three
groups (ten rats each) all with renal toxicity induced by CsA administration, 20 mg/kg/day
subcutaneously, dissolved in olive oil for 21 days. The first group of animals was left without further
treatment to serve as a control group (recovery nephrotoxicated group). The second group of CsA
toxicated rats was treated orally with curcumin 15 mg /kg body weight. The third group of CsA toxicated
rats was treated with curcumin 30 mg /kg body weight. Curcumin was obtained from Sigma-Aldrich
Chemical Co. (United Tetra Group, Amman, Jordan).

Serum assessments: Serum urea and creatinine were assayed colorimetrically using commercial kits
(Randox Ltd Co. UK) [24, 25]. Blood sodium and potassium were analyzed by emission flame photometry
after suitable dilution [26]. Serum parathormone was assayed by ELISA kit (ICN Pharmaceutical Co. USA)
using solid phase component [27]. Plasma ADMA [28], serum total nitric oxide [29] and malodialdehyde
[30] were assayed by ELISA technique using commercial kits (Oxis Inc., USA).

Homogenization: Kidneys were obtained at the end of each experimental period and washed with saline
solution (0.9% NaCl). They were homogenized in ice cold 0.25 M sucrose containing 1 mM
diethylenetriamine penta-acetic acid (1:1w/v). Each sample was centrifuged for 20 minutes at 20000 g
and 4°C. The supernatant was aspirated to determine reduced glutathione (GSH) [31] and the activities of
glutathione peroxidase (Gpx) [32]. Also, catalase (CAT) was assayed following the method of Johansson
and Borg [33], and superoxide dismutase (SOD) as described by Oyanagui [34], using ELISA technique
with commercial kits (IBL Gesellschaft, Hamburg, Germany).

Statistical analysis: Results were expressed as mean+ SEM. Data were analyzed using Student t test in
the first experiment [35]. Two-way analysis of variance (ANOVA) followed by Duncan’s multiple range
test in the second experiment [36]. Groups were considered to be significantly different at P < 0.05.

RESULTS AND DISCUSSION

In the current study, rat was used as an animal model for induction of acute renal failure by cyclosporine
injection at a dose equivalent to that used clinically in man. It was found that injection of cyclosporine at a
dose of 20 mg/kg body weight/day for 21 days, developed injury in the proximal tubular epithelial cells
of kidney that caused acute renal failure [2]. As shown in Table 1, acute renal failure was characterized by
disorders in some biochemical parameters in cyclosporine treated rats. Serum urea and creatinine
increased to about 210% to 230%, respectively, over their corresponding values in the control group
(Table 1). Which is comparable with those obtained by Tirkey et al [2]. Therefore, these changes reflected
the severity of renal insufficiency. These biochemical alterations, occurred in association with the sudden
fall in glomerular filtration rates, may be attributed to the entrance of CsA to the proximal tubular
epithelial cells. Therefore binds to anionic phospholipids in the target cells, consequently causing
abnormalities in the function and metabolism of multiple intracellular membranes and organelles [37].
Furthermore, this could be supported by the increased lipid peroxidation in kidney cortex showed in
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animals with CsA nephrotoxicity [38]. The most frequent and clinically important adverse effect of
cyclosporine is nephrotoxicity [39]. Nephrotoxic usually manifested as increased Blood Urea Nitrogen
Test (BUN) and serum creatinine concentrations. Those nephrotoxic effects of cyclosporine have been
observed in 25-32, 38 or 37% of patients receiving the drug for kidney, heart or liver allografts,
respectively [40]. On the other hand, elevations of BUN and serum creatinine concentrations resulting
from cyclosporine therapy appears to be dose dependent, and are usually reversible upon discontinuance
of the drug [41].

There are remarkable disturbances in serum electrolytes (p<0.05) in CsA treated rats compared with
normal control rats (Table 1). For instance, lower values of serum sodium in CsA treated rats than
controls indicates inability of the kidneys to conserve sodium and chloride. Conversely, the reversed
increase of potassium appeared to be due to reduced excretion of potassium, which aggravated by
leakage of intracellular potassium into blood stream. This can be attributed to CsA induced lesions in
renal tubular epithelium [42]. On the other hand, the exact mechanism of cyclosporine-induced
hypertension and nephrotoxicity remains obscure. Several studies suggested many reasons were
involved; a defect in intracellular calcium handling [42], magnesium deficiency [43], oxidative stress [44],
and nitric oxide system [45]. Therefore, acute renal failure caused by CsA is credited to the generation of
reactive oxygen species (ROS). The present study revealed that chronic administration of CsA for 21 days
caused a marked impairment of renal functions, along with significant oxidative stress within kidneys.
Causing a major decline in the GSH content of kidney alongside the activities of kidney Gpx, CAT and SOD
(Table 1), which is comparable with the results obtained by others [2, 15, 46]. These findings could be
attributed to not only the increase in lipid peroxidation but also to the increased free radicals production
reported by others [47]. Furthermore, CsA increases renal nerve activity resulting in vasoconstriction in
kidneys [48], and also causes vasoconstriction directly in isolated renal tubules [49]. Additionally, CsA
blocks mitochondrial calcium release, including a drastic enhancement in intracellular free calcium,
which could account for the vasoconstrictive effect of cyclosporine [50]. These alterations could
theoretically lead to a classical hypoxia-reoxygenation injury involving oxygen free radicals. In addition,
ROS could be derived directly from CsA or during its metabolism by cytochrome P450 system [7]. It has
been demonstrated that cyclosporine increased level of superoxide in endothelial and mesangial cells [8].
On the other hand, couple of studies suggested that CsA induces apoptosis characterized by
internucleosomal DNA cleavage due to endonuclease activation. Because oxidants are capable of inducing
apoptosis in various types of cells [51], including renal tubular epithelial cells [52], it is conceivable that
reactive oxygen metabolites may play a role in apoptotic mechanism of CsA -induced nephrotoxicity.

The current investigation revealed that curcumin significantly decreased the elevated levels of serum
creatinine and urea after chronic administration of CsA for 21 days. Earlier studies have shown that
curcumin pretreatment decreases ischemia-reperfusion induced rise in serum creatinine levels [53].
Chronic administration of CsA, also, produced oxidative stress and increased the lipid peroxidation in
kidneys as seen in the level of serum MDA, that effect was ameliorated by curcumin treatment and is on
line with various previous reports, which showed the decrease in lipid peroxidation possibly by the
antioxidant mechanism of curcumin [54]. Moreover, it was reported that the protective effects of
curcumin on circulating lipids in plasma and lipid peroxidation products in alcohol and polyunsaturated
fatty acid-induced toxicity [55]. From the data presented in (Table 2), with the progress of time after
cyclosporine has been discontinued, serum urea, creatinine, potassium, parathormone, ADMA and MDA
decreased (p< 0.05) significantly during the treatment with curcumin as compared to the nephrotoxic
group. Although the levels of these variables were still significantly (p< 0.05) higher than saline injected
rats. Conversely, serum sodium and total nitric oxide increased (p< 0.05) significantly during curcumin
treatment as compared to the nephrotoxic animal group (Table 2). Those findings are compatible with the
data obtained by Tirkey et al [2] and Ghosh et al [56]. In spite of all the similarities in the results obtained
in our study and the results reported in the study of Tirkey et al [2], however, there are certain
differences between the two studies, including the number of the enrolled animals, their grouping and the
duration of administration of drugs. In our study a total of 50 rats were enrolled in the study compared to
almost 30 rats in their study. Furthermore, there are some different parameters measured in the two
studies, and the values obtained of the similar parameters were different.

It has been demonstrated that curcumin inhibits the generation of superoxide radicals [57]. In the current
study, CsA administration caused marked deterioration of endogenous antioxidant profile as evidenced
by the decrease in SOD and CAT activities, which was reversed by curcumin treatment [16]. Furthermore,
GSH a major non-protein thiol in living organisms plays a crucial role in coordinating the antioxidant
defenses process in the body. The obtained results in the current study (Table 3), indicated that
administration of CsA lowered the level of GSH in the kidney, while, curcumin treatment caused
improvement in the levels of GSH validating the antioxidant effect of curcumin. The prolonged use of
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curcumin, also, improved the levels of the two key antioxidant enzymes SOD and CAT in cyclosporine
administrated rats. Peroxynitrite anions have been generated by the reaction of nitric oxide with
superoxide anions. These peroxynitrite anions oxidize biomolecules, which finally leads to lipid
peroxidation and tubular cell damage [58]. Large amounts of nitric oxide can lead to the depletion of
cellular ATP which can inactivate enzymes that contain iron-sulfur clusters, such enzymes involved in the
electro transport chain [59]. Nitric oxide damages DNA, and this in turn, stimulates the DNA repair
enzyme poly-ADP-ribose synthetase [60]. Other studies have shown that administration of CsA induces
apoptosis in various renal cell lines [61], and this effect is mediated by the induction of iNOS. Consistent
with further studies where curcumin is reported to inhibit iNOS gene expression in isolated BALB/c
mouse peritoneal macrophages and also, in the livers of lipopolysaccharide injected mice [60]. The
current study showed that CsA-induced nitrosative stress was significantly and dose dependently and
attenuated by curcumin. It is also, known that ROS mediates lipid peroxidation of lipid structures within
tissues [18, 59], resulting in subcellular damage, as observed in histopathological examination.

In conclusion, this study demonstrated that curcumin through its marked antioxidant activity coupled
with favorable hemodynamic effects salvages CsA nephrotoxicity depending on both the dose and the
time of treatment.

Table 1: Effects of cyclosporine administration on some physiological and biochemical
parameters in rats

Parameter Control group Cyclosporine group

Number = 5 rats Number = 5 rats

Urea (mg/dL) 18.34+0.46 34.22+0.98*

Creatinine (mg/dL) 0.382+0.012 1.23+0.043*

Sodium (meq/L) 129.91+2.34 122.76+1.64*

Potassium (meq/L) 4.23+0.004 5.44+0.21*

Parathormone (ng/dL) 11.540.65 18.65£0.84*

ADMA (pmol/L) 1.03£0.073 2.66+0.095*

Total nitric oxide (umol/L) 56.44+2.23 33.87+1.54*

Malodialdehyde (nmol/dL) 0.55+0.01 0.86+0.022*

GSH (mg/g protein) 10.76+0.77 6.87+0.46*

Gpx (nmol/min/g protein) 23.54+0.86 18.68+0.78*

CAT (nmol/60 min/mg protein) 40.94+1.32 33.76+0.89*

SOD (Nu/60 min/mg protein) 4.09+0.33 3.53+0.23*

Values are expressed as mean+SE

* Means a significant (p<0.001)

Table 2: Effect of curcumin (15&30 mg/body weight) treatment on kidney function tests in
cyclosporine A-nephrotoxic rats

Parameter Group Control Recovery Cyclosporine Cyclosporine
+ curcumin + curcumin
15 mg 30 mg
Urea 15 days (n =5) 16.42+0.48 32.12+0.84 30.56+0.95 27.47+0.79
(mg/dL) 30 days (n =5) 16.36+0.48 31.45+0.86 29.66x0.82 25.94+0.71
Creatinine 15 days (n =5) 0.48+0.01 1.15+0.017 0.89+0.013 0.80+0.012
(mg/dL) 30 days (n =5) 0.48+0.01 1.09+0.014 0.82+0.012 0.83+£0.011
Sodium 15 days (n =5) 132.87+1.88 123.76x1.76 127.54+1.77 128.53+1.81
(meq/L) 30 days (n =5) 133.45+1.89 122.88+1.84 126.98+1.83 131.66+1.85
Potassium 15 days (n =5) 4.11+0.188 5.14+0.25 4.63+0.23 4.32+0.21
(meq/L) 30 days (n =5) 4.10+0.185 5.28+0.27 4.42+0.27 4.16+0.19
Parathormone 15 days (n =5) 11.55+0.55 18.64+0.87 15.96+0.76 14.63+0.71
(ng/dL) 30 days (n =5) 11.64+0.59 17.98+0.92 14.99+0.81 13.55+0.64
ADMA 15 days (n =5) 1.23+0.091 2.88+0.092 2.44+0.083 2.21+0.081
(umol/L) 30 days (n =5) 1.22+0.085 2.73+0.082 2.260.079 1.99+0.083
Total nitric 15 days (n =5) 57.23+2.1 36.23+x1.14 38.90+£1.15 43.67+1.15
oxide (umol/L) 30 days (n =5) 59.53+1.19 35.84+1.33 42.36x1.17 47.92+1.17

Values are expressed as mean+SE
All parameters are not significantly different (p>0.05) n= number of rats
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Table 3: Effect of curcumin (15&30 mg/body weight) treatment on serum malodialdehyde and kidney
GSH content, Gpx, CAT and SOD activities in cyclosporine A-nephrotoxic rats

Parameter Group Control Recovery | Cyclosporine | Cyclosporine
+ curcumin + curcumin
15 mg 30 mg
Malodialdehyde (nmol/dL) | 15 days (n=5) | 0.53+£0.009 | 0.83+0.022 0.76+0.017 0.65+0.013
30 days (n=5) | 0.53+0.009 | 0.78+0.016 | 0.73+0.014 0.58+0.013
GSH 15 days (n=5) | 11.21+0.87 | 7.87+0.522 | 8.89+0.51 9.44+0.56
(mg/g protein) 30 days (n=5) | 11.18+0.64 | 8.92+0.58 9.39+0.55 9.58+0.64
Gpx (umol/min/g 15 days (n=5) | 23.67+0.93 | 18.43+0.80 | 19.56%0.85 19.34+0.63
protein) 30 days (n =5) | 24.060.86 | 18.67+0.79 | 20.34+0.91 21.21+0.94
CAT (nmol/60 15days (n=5) | 42.11+1.23 | 37.88+1.14 | 39.34%0.11 38.67+1.17
min/mg protein) 30days (n=5) | 41.67+1.34 | 38.43+1.14 | 40.51+0.14 41.56+1.23
SOD (Nu/60 min 15days (n=5) | 5.13+0.23 | 3.950.19 4.53+0.20 4.69+0.19
/mg protein) 30days (n=5) | 545+0.19 | 4.22+#0.18 | 4.98+0.0.21 5.12+0.22

Values are expressed as mean+SE
All parameters are not significantly different (p>0.05)
n=number of rats
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