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ABSTRACT

The present study was aimed to investigate the possible protective effects of thymoquinone
(TQ) and curcumin (Cur) on gentamicin (GM)-induced nephrotoxicity in rats. Rats were di-
vided into four groups as follows: group 1 received normal saline and served as normal con-
trols, group 2 received GM only, group 3 concurrently received GM and TQ and group 4 con-
currently received GM and Cur. At day 21, rats were sacrificed and samples were collected
for assaying serum tumor necrosis factor alpha (TNF-a), urea and creatinine levels, and renal
lipid peroxidaion, glutathione (GSH) content as well as glutathione peroxidase (GPx) and su-
peroxide dismutase (SOD) activities. In addition, kidneys were collected for histopathological
examination and immunohistochemical determination of the antiapoptotic protein, B-cell
lymphoma 2 (Bcl-2). The biochemical results showed that GM-induced nephrotoxicity was
associated with a significant increase in serum TNF-a, urea and creatinine as well as renal li-
pid peroxidation. On the other hand, renal GSH content and GPx and SOD activities were
significantly declined. Concomitant administration of either TQ or Cur efficiently alleviated
the altered biochemical and histopathological features. In conclusion, both TQ and Cur
showed more or less similar marked renoprotective effect against GM-induced nephrotoxicity
through their antioxidant, anti-inflammatory and anti-apoptotic efficacies.

Keywords: Gentamicin, nephrotoxicity, thymoquinone, curcumin, inflammation, apoptosis,
Bcl-2

INTRODUCTION are well-known to cause nephrotoxicity,
which limits their frequent clinical exploita-
tion (Balakumar et al., 2010). Gentamicin
(GM), an aminoglycoside antibiotic, is ef-
fective against gram-negative bacterial in-
fections (Martinez-Salgado et al., 2007). In
spite of inducing nephrotoxicity, GM is
used clinically due to its wide spectrum of
activities against gram-negative bacterial
infections caused by Pseudomonas, Pro-

The use of nephrotoxic drugs has been
implicated as a causative factor in up to
25 % of all cases of severe acute renal fail-
ure in critically ill patients (Pannu and
Nadim, 2008). Aminoglycoside antibiotics
are employed clinically because of their po-
tent bactericidal activities, less bacterial re-
sistance, post-antibiotic effects and low
cost. However, drugs belong to this class
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teus, and Serratia (Miglioli et al., 1999;
Hendriks et al., 2004).

Oxidative stress has been proposed to
contribute to nephrotoxicity, and it has been
suggested that reactive oxygen species
(ROS) is the central key in the mechanisms
that lead to tubular necrosis and decrease of
glomerular filtration rate (Lopez-Novoa et
al., 2011). GM increases generation of ROS
such as superoxide anions (Nitha and Ja-
nardhanan, 2008; Kalayarasan et al., 2009;
Yaman and Balikci, 2010), hydroxyl radi-
cals, hydrogen peroxide, and reactive nitro-
gen species in the kidney (Balakumar et al.,
2008). It has been shown that GM exerts its
adverse renal effect by generation of ROS
(Kadkhodaee et al., 2005) which results in
sever tissue damage (Kaul et al., 1993).
Therefore, ROS scavengers and antioxidant
molecules have the capacity to partially re-
duce or eliminate the deleterious effects in-
duced by GM.

Curcumin (Cur) is a yellow colored
phenolic pigment obtained from powdered
rhizome of Curcuma longa Linn. Studies
have shown that curcumin has multiple
pharmacological actions, such as antioxi-
dant (Feinstein et al., 2005), anti-inflam-
matory (Barinaga, 1998), and anticancer
properties (Dutta et al., 2005). Thymoqui-
none (TQ) has been found as the main bio-
active constituent of the volatile oil of Ni-
gella sativa seeds (Padhye et al., 2008). Re-
cently, clinical and experimental studies
have demonstrated many therapeutic effects
of TQ including immunomodulative (Sa-
lem, 2005), anti-inflammatory (Al-Ghamdi,
2001), anti-tumor (Rooney and Ryan,
2005), gastroprotective (Kanter et al.,
2005), cardioprotective (Kanter, 2011) and
antimicrobial (Harzallah e al., 2011). Thus,
the intention of the present study was to
demonstrate the efficacy of Cur and TQ in
the modulation of oxidative stress, inflam-
mation and cell damage associated with
GM-induced nephrotoxicity in experimental
animals.

MATERIALS AND METHODS

Chemicals

GM was supplied from Memphis for
Pharmaceutical Chemical Industries Co.
(Egypt). Cur and TQ were purchased from
Sigma Chemicals Co. (USA), stored at 2-
4° C and protected from sunlight. All other
chemicals were of analytical grade and
were obtained from standard commercial
supplies.

Experimental animals

White male albino rats (Rattus norvegi-
cus), 8 weeks old, weighing about 130-
150 g were used. They were obtained from
the animal house of the National Research
Center, El-Giza, Egypt. They were kept un-
der observation for about 15 days before the
onset of the experiment to exclude any in-
tercurrent infection. The chosen animals
were housed in plastic well-aerated cages
(4 rats/cage) at normal atmospheric temper-
ature (25+5°C) and normal 12-hour
light/dark cycle. Moreover, they had free
access to water and were supplied daily
with standard diet of known composition ad
libitum. All animal procedures were in ac-
cordance with the recommendations of the
Canadian Committee for Care and Use of
Animals (Canadian Council on Animal
Care, 1993).

Experimental design

Nephrotoxicity was induced by the in-
traperitoneal (ip) administration of GM at a
dose of 100 mg/kg body weight 3 days/
week for 3 weeks. Both Cur and TQ were
dissolved in 1% carboxymethylcellulose
(CMC) and were orally administered
3 days/week. The experimental animals
were divided into four groups, each group
comprising six rats as detailed follows:
Group 1: served as normal (N) and injected
with saline.
Group 2: GM only.
Group 3: GM + TQ (20 mg/kg b.wt. every
other day for 21 days) (EI-Wakf et al,
2011).
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Group 4: GM + Cur (20 mg/kg b.wt. every
other day for 21 days) (Attia et al., 2010).
At day 21, rats were sacrificed and
samples were collected for assaying serum
TNF-a, urea and creatinine levels, and renal
lipid peroxidaion, reduced glutathione
(GSH) as well as glutathione peroxidase
(GPx) and superoxide dismutase (SOD) ac-
tivities. In addition, kidneys were collected
for histopathological examination and im-
munohistochemical determination of Bcl-2.

Biochemical assays

Serum levels of the proinflammatory
cytokine, TNF-a, was determined by spe-
cific ELISA kits (R&D Systems, USA) ac-
cording to the manufacturer's instructions.
The concentration of TNF-o was deter-
mined spectrophotometrically at 450 nm.
Standard plot was constructed by using
standard cytokine and the concentrations
for unknown samples were calculated from
the standard plot.

Serum creatinine concentration (Young,
1995) and urea level (Kaplan, 1984) were
determined using reagent kits purchased
from Spinreact (Spain). Lipid peroxidation,
GSH, and SOD and GPx activities were al-
so measured in kidney homogenate accord-
ing to the methods of Preuss et al. (1998),
Beutler et al. (1963), Marklund and Mark-
lund (1974) and Kar and Mishra (1976), re-
spectively.

Histopathological study

After sacrifice, decapitation and dissec-
tion, kidneys from each rat were rapidly ex-
cised and then perfused in saline solution.
Pieces from the kidneys of rats of different
groups were fixed in 10 % neutral buffered
formalin for 24 hours. The fixed kidneys
were cut to slices approximately 1-mm
thick, and after tissue processing, paraffin
sections (5-um thickness) were prepared
and stained by hematoxylin and eosin
(H&E).

Immunohistochemical staining of BCL-2

Immunolocalization technique for Bcl-2
was prepared on 3-4 um thickness sections
according to Pedrycz and Czerny (2008). In
brief, mouse anti-Bcl-2 (diluted 1:200, San-
ta Cruz Biotechnology, Santa Cruz, CA,
USA), were incubated with sections for 60
min. Primary antibodies were diluted in
Tris-buffered saline with 1 % bovine serum
albumin. Then a biotinylated secondary an-
tibody directed against mouse immuno-
globulin (Dako Cytomation, USA) was
added and incubated for 15 min, followed
by horseradish peroxidase conjugated with
streptavidin for further 15 min incubation.
At the sites of immunolocalization of the
primary antibodies, a reddish to brown col-
or appeared after adding 3-amino-9-ethyl-
carbasole (Dako Cytomation, USA) for 15
min. The specimens were counterstained
with hematoxylin for 1 min and mounted
using the Aquatex fluid (Merk KGaA,
Germany). All sections were incubated un-
der the same conditions with the same con-
centration of antibodies and at the same
time, so the immunostaining was compara-
ble among the different experimental
groups.

Statistical analysis

Statistical analysis was performed using
SPSS v.16. Results were articulated as
mean =+ standard error (SE) and all statisti-
cal comparisons were made by means of
one-way ANOVA test followed by Dun-
can’s multiple range test post hoc analysis.
A P value <0.05 was considered significant.

RESULTS

As shown in Table 1, ip injection of
GM resulted in marked impairment of renal
functions as reflected by significant
(P <0.001) increase in the levels of serum
urea and creatinine as compared with nor-
mal control rats. On the other hand, con-
comitant oral administration of TQ as well
as Cur produced an efficient protective ef-
fect on the altered renal functions. Both TQ
and Cur have more or less similar potentials

100



EXCLI Journal 2014;13:98-110 — ISSN 1611-2156

Received: September 23, 2013, accepted: November 11, 2013, published: February 13, 2014

in improving renal function markers delete-
riously perturbed in GM-administered rats.

The effects of oral administration of TQ
and Cur on the level of serum TNF-a of
normal and GM-injected rats were depicted
in Figure 1. The level of TNF-a was elevat-
ed significantly (P <0.001) in GM group as
compared with normal one. Upon oral
treatment with TQ and Cur, this altered lev-
el was significantly ameliorated.

In the same regard, GM induced a re-
markable elevation (P <0.001) in renal li-
pid peroxidation, assayed as malondialde-
hyde (MDA) level. Oral administration of
either TQ or Cur produced a significant de-
crease in the elevated MDA levels (Figure
2).

The effects of TQ and Cur supplementa-
tion on the level of renal tissue GSH con-
tent were depicted in Figure 3. Following
GM injection, renal tissue GSH was signifi-
cantly (P <0.001) declined in GM control
rats as compared to normal ones. TQ or Cur
administrations significantly ameliorated
the altered GSH content.

The activities of GPx and SOD in renal
tissue were represented in Figures 4 and 5,
respectively. GM control rats revealed a
significant reduction in renal GPx and SOD
activities in comparison with normal con-
trol rats. The co-administration of TQ and
Cur successfully prevented the profound
decrease in both enzyme activities; TQ
seemed to be more potent in this regard.

Table 1: Effect of TQ and Cur on serum urea and creatinine levels in GM-administered rats

Urea (mg/dl) Creatinine (mg/dl)
N 21.29 +1.36° 0.66 + 0.03"
GM 47.71 + 3.86° 1.69 + 0.20°
GM +TQ 20.90 + 2.58° 0.69 + 0.09"
GM + Cur 19.12 + 1.96" 0.68 +0.14°
F-Prob. P<0.001 P<0.001

Data are expressed as Mean + SE. Number of animals in each group is six.
Means which share the same superscript symbol(s) are not significantly different.

B TNFa (pg/ml)

120
100
80
60
40
20

N GM

GM+TQ

GM + Cur

Figure 1. Effect of TQ and Cur on serum TNF-a in GM-administered rats. Data are expressed as
Mean + SE. Means which share the same superscript symbol(s) are not significantly different,

P <0.001.
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Figure 2: Effect of TQ and Cur on renal malondialdehyde (MDA) levels in GM-administered rats. Data
are expressed as Mean + SE. Means which share the same superscript symbol(s) are not significantly
different, P < 0.001.
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Figure 3: Effect of TQ and Cur on renal GSH levels in GM-administered rats. Data are expressed as
Mean + SE. Means which share the same superscript symbol(s) are not significantly different,
P <0.001.
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Figure 4: Effect of TQ and Cur on renal GPx activity in GM-administered rats. Data are expressed as
Mean + SE. Means which share the same superscript symbol(s) are not significantly different,
P < 0.001.
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Figure 5: Effect of TQ and Cur on renal SOD activity in GM-administered rats. Data are expressed as
Mean + SE. Means which share the same superscript symbol(s) are not significantly different,

P <0.001.

Microscopical examination of the kid-
ney of normal rats (Figure 6a and b) re-
vealed normal histological structure. The
kidney is divided into an outer cortex and
inner medulla. The injection of GM led to
perturbed histological changes and several
lesions including dilated hypermic vein
(Figure 7a), damaged and dilated tubules,
inflammatory cells infiltration (Figure 7b),
desquamation of tubular epithelium with
cytoplasmic vaculations, complete atrophy
of some glomeruli (Figure 7¢) and shrink-
age of glomerular capillaries in others, oe-
dema, proximal tubular necrosis, interstitial
hemorrhage and fibroblast proliferation
(Figure 7d). In addition, the kidneys of
GM-treated rats showed interstitial haemor-
rhage accompanied proximal tubular necro-
sis, Lymphocytic infiltration has increased
and shrinkage of glomerular capillary (Fig-
ure 7e and f). The administration of TQ and
Cur prevented the GM-induced histological
alterations. Only interstitial hemorrhage is
observed in Cur-treated rats (Figure 8a and
b).

Immunohistochemical photographs for
detection of the anti-apoptoic protein, Bcl-
2, revealed moderate expression in renal
tubular cells of the normal control rats
(Figure 9a). On the other hand, Bcl-2 ex-
pression was obviously decreased in GM-
injected rats (Figure 9b). The administra-
tion of either TQ or Cur potentially in-

creased Bcl-2 expression in renal tubular
epithelial cells as demonstrated in Figures
9c and 9d, respectively.

DISCUSSION

The mechanisms of GM-induced ne-
phrotoxicity are not completely known.
However, proposed pathological mecha-
nisms include induction of oxidative stress,
apoptosis, necrosis, elevation of endothelin
I and increase of monocyte/macrophages
infiltration (Geleilete et al., 2002; Bala-
kumar et al., 2010). GM-induced ne-
phrotoxicity is characterized functionally
by increased serum creatinine, increased
blood urea nitrogen, and decreased glomer-
ular filtration rate (Mysior and Stefanczyk,
2007; Romero et al., 2009), and morpholog-
ically characterized by proximal tubule epi-
thelial desquamation, tubular necrosis, epi-
thelial edema, and glomerular hypertrophy
(Lakshmi et al., 2009).

The current study revealed a significant
increase in serum TNF-o of GM-
administered rats as compared to normal
control rats. The importance of the contri-
bution of the immune system to drug-
induced kidney and liver toxicity has been
well recognized over the past years. Several
nephrotoxicants and hepatotoxicants have
been shown to induce an inflammatory re-
sponse, which participated in the organ in-
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Figure 6: Photomicrographs of kidney sections of normal rat showing glomerulus (G), proximal tubu-
les (p) and distal tubules (d). (6a) (X100) and (6b) (X400).

Figure 7: A photomicrograph of H&E stained kidney section of GM-administered rats (Group 2) show-
ing dilated hypermic portal vein (hg), inflammatory cells infiltration (if) (7a), damaged and dilated tu-
bule (t) with if (7b), complete atrophy of some glomeruli (arrow), desquamation of tubular epithelium
with cytoplasmic vaculations (v) (7c), odema (o) with a number of inflammatory cells, proximal tubular
necrosis (arrow) (7d), and interstitial haemorrhage (arrow) accompanied with proximal tubular necro-
sis and shrinkage of glomerular capillary (7e and f), (X400)
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Figure 8: (8a) Kidney section of group 3 (GM + TQ) showing nearly normal renal tubules (t) and renal
corpuscles (g), (8b) kidney section of group 4 (GM + Cur) showing normal renal corpuscles (g), normal
renal tubules (t) with interstitial haemorrhage (arrow), (H&E, X400)

jury (Pabla and Dong, 2008; Quiros et al.,
2011; Araujo et al., 2012). It is believed
that during kidney toxicity, the initial insult
by the toxicant results in tissue damage,
which leads to generation of inflammatory
mediators by the injured cells as well as by
immune cells. Subsequently, these inflam-
matory mediators induce migration and in-
filtration of leukocytes into the injured or-
gans and aggravate the primary injury in-
duced by the toxicant (Luster et al., 2001;
Akcay et al., 2009). This evidence is sup-
ported by the histological results of the pre-
sent study which revealed the presence of
inflammatory cells infiltration in kidney
sections of GM-administered rats. For kid-
neys, the pro-inflammatory cytokine TNF-a
is the main orchestrator of this inflammato-
ry response and in several cases has been
shown to aggravate the toxicant-induced
pathophysiological responses (Shaw et al.,
2007; Zou et al., 2009; Fredriksson et al.,
2011; Piao et al., 2012). Alleviation of the
altered serum TNF-a following TQ and Cur
administration might be attributed to the an-
ti-inflammatory properties of the tested
agents.

Results from many studies have shown
that intraperitoneal injections of GM result-
ed in development of destructive renal inju-
ry that was associated with significant ele-
vation in serum urea and creatinine levels
(Pedraza-Chaverri et al., 2004; Silan et al.,
2007; Soliman et al., 2007). In addition, the
findings of histopathological examinations
confirmed the biochemical data and showed
the clear signs of nephrotoxicity in the form
of marked glomerular and tubular degenera-
tive changes and necrosis, tubulointerstitial
nephritis and dilatation of the tubular lu-
men. These biochemical and histopatholog-
ical observations of GM-induced ne-
phrotoxicity run in consistency with those
reported earlier in human patients (Ba-
ciewicz et al., 2003) and experimental ani-
mals (Silan et al., 2007). On the other hand,
either TQ or Cur concurrently administered
with GM efficiently protected the rat kid-
neys from the serious nephrotoxic effects of
GM. These results support those of earlier
studies that demonstrated the protective
properties of TQ and Cur against ne-
phrotoxicity induced by other chemothera-
peutic agents (Badary, 1999; Tirkey et al.,
2005; Sayed, 2008).
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Figure 9: Representative Bcl-2 immunohistochemistry of kidney sections of N (9a), GM (9b), GM +

TQ (9¢) and GM + Cur (9d)

Oxidative stress has been proposed to
contribute to nephrotoxicity, and it has been
suggested that ROS is the central key in the
mechanisms that lead to tubular necrosis
and decrease of glomerular filtration rate.
ROS activates nuclear factor kappa B that
plays a key role in the inception of inflam-
matory process. It may be said that the cen-
tral role of GM-induced nephrotoxicity is
oxidative stress and inflammation; a loop of
damage amplification and a connection be-
tween mechanisms of tubular and glomeru-
lar changes (Lopez-Novoa et al., 2011).

According to our results, in the GM
treated group, renal tissue GSH content as
well as antioxidant enzymes activity were

declined significantly when compared with
the control group, similar to what reported
by other researchers (Polat et al., 2006;
Nitha and Janardhanan, 2008; Karadeniz et
al., 2008; Kalayarasan et al., 2009). The in-
creased production of ROS in GM-induced
nephrotoxicity may cause inactivation of
antioxidant enzymes such as SOD and GPx
(Karadeniz et al., 2008). In addition, it has
been reported that the GM nephrotoxicity
involves renal free radical generation, re-
duction in antioxidant defense mechanisms,
acute tubular necrosis and glomerular con-
gestion (Geleilete et al., 2002; Martinez-
Salgado et al., 2007; Abdel-Raheem et al.,
2009), resulting in diminished glomerular
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filtration rate and renal dysfunction. Our re-
sults showed that oral administration of TQ
and Cur notably alleviated renal tissue lipid
peroxidation, GSH, GPx and SOD in com-
parison with GM control group. These re-
sults were reported by others who treated
animals with different antioxidant agents
(Sener et al., 2002; Nitha and Janardhanan,
2008; Kalayarasan et al., 2009).

Apoptosis is an essential process in the
development and tissue homeostasis of
most multicellular organisms. There are ex-
perimental data suggesting that the nepro-
toxicity may be closely associated with ac-
tivation of proapoptotic proteins (Han et al.,
2006). Bcl-2 may play an important role in
protection from apoptosis (Huang et al.,
2000) and has been one focus in present re-
search. This proto-oncogene is localized on
the mitochondrial membrane, endoplasmic
reticulum membrane and nuclear pores
where it functions to prolong the cell life
span, inhibit the apoptosis during cell pro-
liferation and protect from apoptosis of
non-proliferating cells (Hale et al., 1996).
Transfection of Bcl-2 gene can prolong the
cell life span by inhibiting the stimulating
factors-induced cell apoptosis, which may
be caused by radiative damages, c-myc or
p53 genes, chemotherapeutic drugs, de-
creased cell growth factors, etc. (Korsmey-
er, 1999). Studies have confirmed that the
over-expression of Bcl-2 inhibits the apop-
tosis of liver cancer cells (Tsujimoto et al.,
1997). Takahashi et al. (1999) found that
the over-expression of Bcl-2 proteins pro-
duced by the transfection of Bcl-2 gene into
the vascular smooth muscle cell (VSMC)
inhibited the apoptosis of VSMC induced
by nitric oxide (NO). Thus, the increased
expression of Bcl-2 following TQ and Cur
administration reflected their ant-apoptotic
and renoprotective effects. Our findings are
in consistent with Bhattacharyya et al.
(2007) who reported that Cur prevents tu-
mor induced T cell apoptosis through Stat-
Sa-mediated Bcl-2 induction and Ullah et
al. (2012) who demonstrated that TQ pro-
vided protection against ethanol-induced

apoptotic neurodegeneration in prenatal rat
cortical neurons.

CONCLUSION

Results of the present study suggests
that concurrent administration of either TQ
or Cur attenuated the development of GM-
induced nephrotoxicity by mechanisms re-
lated to their ability to decrease lipid perox-
idation and potentiating the antioxidant de-
fense system. In addition, their renoprotec-
tive effects were also attributed to their an-
ti-inflammatory and antiapoptotic effica-
cies.
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