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ABSTRACT:

The effect of curcumin (CUR) on gentamicin (GM)
induced nephrotoxicity in rats was studied. Forty albino
rats were subdivided into four groups. Group (I)
represented a control group. Group (ll) received
gentamicin sulphate (100 mg/kg BW) as interaperitoneal
injection (i.p) once daily for 8 consecutive days. Group (l11)
received curcumin at the same dose for 15 days where
animals were injected with GM at 100 mg/kg/day during
the last 8 days of the treatment. Group (IV) received
curcumin at oral dose of 100 mg/kg/day for 15 days.
Nephrotoxicity was evaluated histopathologically by light
microscopy and biochemically. Seum creatinine and urea
levels and kidney, catalase (CAT) activity,
malondialdehyde (MDA) level and urinary N-acetyl- D-
gluoseamindase (NAG) were assayed. The apoptotic
fragments of DNA in kidney tissue were measured as
optical density by Gel-pro-program. Gentamicin
administration to rats significantly increased serum level of
urea, creatinine and MDA and the activity of NAG but
decreased CAT activity as compared with control. In
addition, CUR administration with GM injections caused a
significant decrease in serum urea, creatinine and MDA
levels, and activity of NAG as compared with GM group
(. CUR administration increased CAT activity.
Histological changes in the kidney group (lI) showed
tubular necrosis, which was ameliorated in group (lll). GM
decreases the intensity of DNA and induced apoptotic
DNA fragment in group (II) where curcumin amelorate
DNA damage in group (lll). Curcumin treatment showed
marked improvement of the biochemical, molecular and
histopathological alterations induced by GM which pointed
out the protective effect of curcumin against toxic effects
of gentamicin on kidney tissue.
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INTRODUCTION:

Gentamicin (GM) is a cheap important
and widely used antibiotic of aminoglycoside
for the treatment of gram- negative bacterial
infection. Its chemical stability and rapid
bactericidal action have made it a drug of
choice in a variety of clinical situation
treatments (Ali, 2003). Nephrotoxicity is the
main side effect that seriously limits its use.
Gentamicin treatment causes acute renal
failure with acute tubular necrosis in about
20% of the patient (Erdem et al., 2000). The
toxicity of (GM) in the kidney seems to relate
to the generation of reactive oxygen species
(ROS) in these cells. ROS is believed to play
a pivotal role in cellular damage and necrosis
via several complex mechanisms including
peroxidation of membrane lipids, protein
carbonyltion and DNA damage (Parlakpimar et
al., 2006). Also, ROS has been proposed as a
causative agent of cell death in many different
pathological states as well as in glomerular
disease, renal ischemia and reperfusion
injury, and various models of toxic renal
failure (Al-Majed et al., 2002).

A large body of in vivo and
evidence indicates that ROS are important
mediators of GM induced nephrotoxicity
(Kopple et al., 2002). Gentamicin has long
been known to cause acute renal failure in
patients, in addition to histological and
functional signs of proximal tubule toxicity.
The molecular mechanism of such changes
still remains poorly defined. Gentamicin is
almost entirely eliminated by the kidney, but a
small toxic portion is selectively reabsorbed
and accumulates in lysosomes of proximal
renal tubular cells and cause apoptosis at
clinically relevant doses (Servais et al.,
2006). Several approaches involving the use
of chemical compounds have been used to
reduce (GM) nephroptoxicity. But little
attention has been paid on the use of
naturally occurring substances with potent
antioxidant properties to protect against
nephrotoxic damage induced by (GM).

In the light of this, we have explored the
possible protective role of curcumin, a natural
antioxidant substance, on (GM) induced
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oxidative stress. Curcumin is a yellow
coloured phenolic pigment gained from
rhizome of turmeric (Curcuma longa). It is

widely used as a spice and a colouring agent
in several foods, as well as in cosmetics and
drugs (Pedraza-Chaverri et al., 2004).
Pharmacologically, curcumin exhibits a wide
range of effects including anti-inflammatory
and anti-infection activities (Kalpana et al.,
2007). Also, curcumin is reported to be a
potent inhibitor of reactive oxygen species
(ROS) formation (Venkatesan et al., 2000).
Experimental studies with diabetic animals
demonstrate that curcumin supplementation
can suppress cataract development and
collagen cross linking, promote wound healing
and ameliorate renal lesions and lower blood
lipids (Jain et al., 2006). Therefore, the
present study, was designed to investigate
the protective effects of curcumin on the
experimentally (GM) induced renal toxicity.

MATERIAL AND METHODS:
I- Animal husbandry:

The present study was carried out using
healthy adult male Wistar albino rats (Rattus
norvegicus) of an average body weight equals
170 £ 20 gm. The rats were obtained from the
breeding unit of the "Egyptian Organization
for Biological Products and Vaccines" Helwan,
Egypt. Animals were selected and housed in
designed cages with hard wood chips. The
rats were acclimated to the laboratory
conditions, 25°C and 12h light / dark cycle for
one week. The rats were fed on a commercial
rodent pellet diet manufactured by Egyptian
company for oil and soap and supplied with
tap water during the experimental period.

II- Experimental design:

At the end of acclimation period, the
animals were divided to four groups, ten rats
in each as:

Group |I: received normal saline through
intraperitoneal injections and served as a
control group.

Group Il: received gentamicin sulphate (100

mg/kg BW) through intraperitoneal
injections once daily for 8 consecutive
days.

Group IlI: treated with curcumin (100mg/kg

BW) orally for 15 days and treated with
gentamicin (100mg/kg BW) during the last
8 days.

Group 1V: received curcumin (100 mg/ kg
BW) orally once daily for 15 consecutive
days.

The dose of GM was chosen based on
the previous studies of Erdem et al., 2000.
The dose of CUR was used in this study
according to the previous study of Ali et al.
(2005).
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Il — Biochemical analysis and techniques:

Before sacrifice, rats were Kkept
individually in metabolic cages for 24 h for
collecting urine samples for estimation of
renal enzyme (NAG) by the procedure of
Gibey et al. (1986). Then, the animals were
sacrificed and blood samples were obtained.
After blood clotting, blood samples were
centrifuged at 3000 xg for 10 min and sera
were separated for determination of urea level
according to the method of Patton and Crouch
(1977) and serum creatinine level according
to the method of Houot (1985). After
dissection of animals, kidneys were excised
from each animal, washed in 0.9% Nacl, the
left kidney was frozen till further enzymatic
analysis. The right one was divided into two
parts, one of them for genetic analysis and
the other part was fixed in 10 % formalin for
the histological studies.

Preparation of tissue homogenate:

After animal's dissection, weighted parts
from left kidney from each animal in different
groups were homogenized in deioninized dist
water by tissue homogenizer to a final dilution
1: 10. The homogenates were frozen at 80°C
for lipid peroxidation as malondialdehyde
(MDA) determmation according to the method
of Mihara and Uchiyama (1978) and catalase
activity assayed according to the method of
Aebi (1995).

IV- Histopathological exanimation:

For microscopic evaluation, kidneys
were fixed in 10% buffered formalin solution
for 24 h at temperature of 37°C, following
dehydration in ascent series of ethanol (70,
80, 90, and 100%). Tissue samples were
processed with paraffin wax. Sections (5 pm)
were stained with hematoxyllin and eosin and
were examined under light microscope.

V- DNA fragmentation:
DNA extraction:

DNA extraction and detection of
apoptosis were done according to Salting out
extraction method of Aljanabi and Martinez
(1997) as modified by Hassab EI-Nabi (2004).

Agarose gel electrophoresis:
Gel preparation:

Gel was prepared using 1.8%
electrophoretic grade agarose (BRL) obtained
from Hispangat D-1 LE, Spain. The agarose
was boiled with tris borate EDTA buffer (1 x
TBE buffer, 89 mM tris, 89 mM boric acid, 2
mM EDTA, pH 8.3) and then, 0.5 microgram /
mL ethidium bromide was added to agarose
mixture at 40°C. Gel was poured and allowed
to solidify at room temperature for 1 h before
samples were loaded.

Separation:

DNA was separated by horizontal
electrophoresis with running buffer 1 x TBE
(Tris-base, boric acid and EDTA) at a constant
voltage (50 v) for 1.5 h wusing medium
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electrophoresis cell (Bio-Rad power pac 300,
USA).
) Apoptosis analysis:

Apopotic bands appeared and located at
200bp, 400 bp and 600 bp. The intensity of
apoptotic bands could be measured by
biogene software as a maximum optical
density values.

RESULTS:

No death or remarkable signs of external
toxicity were observed in groups of rats that
were given (GM) either alone or in
combination with curcumin. Rats treated with
gentamicin (100 mg/kg body weight) lost
about 5.7% of their body weight as compared
with that of control group. On the other hand,
curcumin (CUR) treated rats gained about 2%
of body weight compared with that of control
group. However, rats given both GM and CUR
lost 1.6%, as compared with control group. So
the treatment with (CUR) partially minimized
the reduction effect in body weight of GM
treatment (Table 1).

Table 1. The effect of CUR on gentamicin induced

changes in body weight, blood urea, and creatinine
and NAG levels

Group | Group Il Group Il Group IV
Parameters
Control GM GM + CUR CUR
Body weight 1960114 18541+10 19345 +16 200.52+ 18
(gm) 1000% 94.3% 98.4% 102%
urea 5591443 61.71+33% 2012+28® 2753+1.08
(mg/dl)
Creatinine 4 43,006 1.28+0.25® 053+0.061” 0.450.09
(mg/dl)
NAG

78.42£2.5 224.48 +23.2® 11162+156® 75.21+3.66
(nmol/ml/hr)

* Results are expressed as mean values + SD, n = 10
(a) Significantly different from control (P<0.05)
(b) Significantly different from GM (P<0.05)

The effect of CUR on GM treated rats on

serum urea, creatinine levels, and NAG
activity:
As shown in table 1, there was a

significant increase in serum urea and
creatinine level and NAG activity in rats of
group (II) as compared with control. There
was a significant decrease in serum urea and
creatinine level and NAG activity in rats of
group (1) as compared with group (Il).

The effect of CUR on GM treated rats on
kidney CAT and lipid peroxidation:

As shown in figure 1 and 2, there was a
significant increase in kidney MDA (P<0.05)
as compared to the control group, while CAT
activity was significantly decreased. Curcumin
administration with (GM) caused significant
decrease in MDA and increase in CAT activity
in kidney when compared with group (II).
Also, there were non significant changes
between group (I) and group (lll).
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Fig. 2. Effect of curcumin on MDA of gentamicin
treated rats

*Value are expressed as mean + SD (mg/dl), n= 10
(a) Significantly different from control (P<0.05)
(b) Significantly different from GM (P<0.05)

Effect of curcumin on GM treated rats,
histological changes in kidney tissue:
Rats treated with gentamicin alone

showed tubular necrosis and forming cellular
casts and desquamation of tubular epithelia in
the lumen as indicated in figure 3b. In
addition, histological damage decreased after
curcumin administration (Fig. 3d) where mild
degenerative changes and reduced tubular
vaculization appeared. Both control and only
curcumin treatment showed no
histopathological changes (Fig. 3a&c).
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rats

treated
histopathological changes in kidney tissue

Fig. 3. Effect of curcumin on GM
a: control, X10; b: gentamicin treatment X20; c:
curcumin treatment X20; d: gentamicin +
curcumin treatment X20.
glomeurli; T, renal tubules;
changes in renal tubules; N,
cellular casts; DS, desquamation of
epithelium. H & E

DNA fragmentation:

Figure 4 shows the optical density of
basal and apoptotic fragments of DNA at
200.400 and 600bp of kidney cells of different
groups. The basal DNA decreased in rats
treated with genetamicin while curcumin
elevated the reduction of the intensity of DNA
towards control. Gentamicine increased the
intensity of apoptotic bands (Figs 4&5)

o)

D, degenerative
necrosis; CC,
tubular
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200.400 and 600pb with values 53, 84, 106
than control (15, 19 & 26), respectively. On
the other hand, curcumin administration
increased the optical density towards the
control with values (20, 24, 26) at 200, 400
and 600pb, respectively.

[ Basal DNA W 200bp [1400bp [1600bp)

180 1
160 1
140 1
120
100 |
80
60
40 +
20
0
CUR

Control GM GM+CUR
Basal 200bp 400bp 600bp
DNA
Control 190 15 19 26
GM 125 53 84 106
CUR 165 18 30 33
GM+CUR 185 20 24 26

Fig. 4. Optical density of fragmented DNA in kidney
cells

Fig. 5. Photograph of apoptotic DNA fragmentation in
kidney cells of rats in different groups

Lane 1: control, Lane 2: GM treated for 8 days by 100

mg/kg/day, Lane 3: CUR only for 15 days by 100
mg/kg /day, Lane 4 &5: GM + CUR treatment M 1 Kb
p ladder.

DISCUSSION:

Nephrotoxocity incused by GM is a
complex phenomenon characterized by an
increase in blood wurea, serum creatinine
concentration and severe proximal renal
tubular necrosis followed by deterioration and
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renal failure (Nagai and Takano, 2004). It has
been consistently shown that treatment with
antioxidants can ameliorate the nephrotoxicity
of gentamicin (Koyner et al., 2008), and the
value and utility of gentamicin in clinical
practice would be greatly increased (Ali et al.,
2005). In the present study, we focused on
the effect of curcumin on the renal damage
and oxidative injury by gentamicin. Results of
the present study indicate that gentamicin
administration brought about a subtle but
significant decrease in body weight of
experimental animals treated with GM as
compared with control. When CUR was
simultaneously given with GM, the reduction
in body weight following GM treatment was
alleviated. Our results are in agreement with
those reported by Ali et al. (2005).

Elevated blood urea is correlated with
increased protein catabolism (Harper, 1979).
Therefore, the high level of blood urea noted
in this investigation results from either
increased breakdown of tissue, or impaired
excretion. The blood urea and creatinine
levels increased after the kidneys were failed
to remove them and other waste products
from the blood. So, in this study, the elevation
in blood urea and creatinine levels in GM
treated rats is considered as suitable markers

of renal dysfunction. This result is in
agreement with reports of Shifow et al.
(2000), Kopple et al. (2002) and
Paralakapimar et al. (2006). Our results

showed that curcumin treatment significantly
attenuated the GM mediated increase in urea
and creatinine levels. This effect may be
related to the antioxidant properties of
curcumin since it has been found that ROS
may be involved in the impairment of
glomerular filtration rate (Pedraza-Chaverri et
al., 2000).

The protective effect of curcumin via
scavenging of the ROS is well documented
(Gafner et al., 2004). In the current study, GM
gave alone induced oxidative stress which
results in lipid peroxidation causing increase
in MDA levels and decrease in antioxidant
enzymes CAT. CAT is a hemoprotein which
catalyses the reduction of hydrogen peroxide
and protects the tissues from highly reactive
hydroxyl radical (Rajasekaran et al., 2005).
The reduction in the activities of this enzyme
could reflect the adverse effect of GM.
Furthermore, the curcumin treatment would
prevent CAT activity decreased induced by
gentamicin. The protective effect might be
due to ability of CUR to inhibit hydrogen
peroxide-induced oxidative injury in renal cell
line as has been elucidated by Cohly et al.
(1998). It is reasonable to assume that
curcumin is able to suppress nephrotoxicity in
kidney as it was demonstrated in the studies
with adriamycin (Venkatesan et al., 2000), GM
(Farombi and Ekor, 2006), and cyclosporine
(Tirkey et al., 2005).
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Oxidative stress can promote the
formation of variety of vasoactive mediators
that can affect renal function and decrease
the glomerular capillary ultrafiltration
coefficient; and thus reducing glomerular
filtration rate (GFR). In this study, it has been
shown that GM, at 100 mg/kg, significantly
increased the level of lipid peroxidation
products (MDA) suggesting the involvement of
oxidative stress. In addition, the effect of GM

and elevation of the lipid peroxidation
product, MDA, were reduced by CUR
treatment. The present results showed that

CUR decreases lipid peroxidation possibly by
its antioxidant activity. Rukkumani et al.
(2003) reported a protective effect of CUR on
circulating lipids in plasma and on lipid
peroxidation products in alcohol and on
polyunsaturated fatty acid induced toxicity.
The renal tissue is the main source of the
excreted urinary enzymes, and the evaluation
of the activities of these enzymes and
endogenous metabolites is known to be a
good and sensitive method to measure the
tubular cell integrity (Kuzniar et al., 2006).
NAG (alysosomal enzyme) is basically found
in renal tissue and its greatest activity is in
this organ. Although it exists in blood
circulation, its presence in urine origimates
from the kidney since its high molecular does
not let it pass through the glomerulus even in
pathological condition of increased glomerular
permeability. The wurinary activity of this
enzyme correlates with severity of renal
injury; hence it is used as a marker for
assessment of renal injury due to nephrotoxic
drugs (Lafayette et al., 1997). NAG activity
was significantly increased by gentamicin
treatment; this result is in agreement with
Attessahim et al. (2003), Maldonado et al.
(2003), and Wiland and Szechcimiski (2003).

This effect was alleviated by CUR
treatment and this suggests that CUR may
possess protective effect against GM -
induced renal dysfunction. Aminoglycoside
antibiotics have long been known to cause
acute renal failure in both animal and human
in association with histological and functional
sings of proximal tubular toxicity. Yet, the
underlying molecular mechanism still remains
poorly  defined. By using quantitative
approaches, we now have demonstrated that
apoptosis (i.e. the process of single
programmed cell death) is an important
cytotoxic mechanism in gentamicin treated
proximal renal tubular cells (Saikumar and
Venkatachalam, 2003). Apoptosis is known to
be activated by a cascade of both extrinsic
and intrinsic factors and to be placed under
light genetic regulation. It has now been
recognized as an important determinant of
cell degeneration in many toxic events
including several instances of nephrotoxicity
caused by drugs (Lau, 1999).
Aminoglycosides enter proxiaml tubular cells
by pinocytosis from luminal pole and
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accumulate in lysosomes, where they cause
conspicuous phopholipidosis (Turrens, 2003).
Reactive oxygen species (ROS) are important
mediators of gentamicin-induced apoptosis.
ROS generation is often responsible for the
mitochondria-mediated signaling pathway of
apoptosis. Gentamicin can induce apoptosis
in LLC-PK1 (Lilly Laboratories, Culture- Pig
Kidney type 1) cells through triggering the
mitochondrial pathway and activating
caspase-3(Servais et al., 2005). The result of
the present study showed that gentamicin
induced DNA damage and apoptosis in kidney
cells. Also, in the present study, CUR has
been found to inhibit the action of gentamicin
induced apoptosis suggesting its influence as
inhibitor of DNA damage. The protective
ability of CUR was proved to be higher than
that of the well-known biological antioxidants
lipoate, alpha tocopherol and beta-carotene
as indicated by Cheng et al. (2003).
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