
INTRODUCTION

Aminoglycoside antibiotics have long been used in
antibacterial therapy. Gentamicin is an aminoglycoside
antibiotic derived from Micromonospora purpurea. It is
effective against most of the life threatening gram negative
bacterial infections (1, 2). Gentamicin is an important
therapeutic agent used in poultry and animals to treat different
diseases (e.g., collibacillosis, salmonellosis) (3).

The liver is a target of the metabolism and biotransformation
of drugs and xenobiotics. Although many publications reported
the nephrotoxicity and ototoxicity of gentamicin, few studies
revealed its hepatotoxicity (4). Of these studies, Al-Kenanny et
al. (5) demonstrated that the intraperitoneal administration of
gentamicin for 8 days induced marked liver injury indicated by
profound elevation of serum AST and ALT activities.

Plants remain to be the mainstay in the treatment of many
diseases. They have fewer side effects than other conventional
drugs. Plants used as food and in traditional medicine are more
likely to yield antioxidants and pharmacologically active
compounds (6-9).

Curcumin is a major yellow pigment in turmeric ground
rhizome of Curcuma longa Linn., which is used widely as a
spice and colouring agent in several foods such as curry, mustard

and potato chips as well as in cosmetics and drugs (10, 11).
Curcumin has several pharmacological effects including anti-
bacterial, anti-inflammatory, anti-oxidant, anti-cancer, anti-
hyperlipidemic and anti-diabetic potentials (12-14).

Thymoquinone (TQ), the active ingredient of Nigella sativa,
was found to exert anti-inflammatory (15) and antioxidative (16)
functions. In addition, a number of studies indicated the
hepatoprotective effect of TQ against tert-butyl hydroperoxide
toxicity in isolated rat hepatocytes (17), and carbon
tetrachloride-induced hepatotoxicity in mice (18), as well as in
experimental models of epilepsy in mice (19) and ethanol-
induced hepatotoxicity in rats (20).

Based on these literatures, this study was designed to assess the
preventive, antioxidant and antiapoptotic effects of curcumin and
thymoquinone on gentamicin-induced liver injury in albino rats.

MATERIALS AND METHODS

Chemicals

Gentamicin was purchased from Memphis Company for
Pharmaceutical and Chemical Industries (Cairo, Egypt).
Curcumin and thymoquinone were supplied from Sigma
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Chemicals Co. (USA). They were 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

All animal procedures were in accordance with the
recommendations of the Canadian Committee for Care and Use
of Animals (21). All efforts were done to reduce the number and
suffering of animals.

Male albino rats (11–13 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 under
observation for about 2 weeks before the onset of the experiment
to exclude any intercurrent infection. The chosen animals were
housed in plastic well-aerated cages at normal atmospheric
temperature (25 ± 5°C) and normal 12-hour light/dark cycle.
Moreover, they had free access to water and were supplied daily
with standard diet ad libitum. Composition of the diet, as a
percent of total is 19% protein, 7.5% fat, 60% carbohydrate and
13.5% vitamins and minerals.

Experimental design and animal grouping

Gentamicin was intreperitoneally administered at dose of
100 mg/kg body weight (b.w.) (22, 23), every other day, for 21
days. Both curcumin and thymoquinone were dissolved in 1%
carboxymethylcellulose (CMC) and were administered by oral
gavage. The experimental animals were divided into four
groups, each group comprising six rats designated as follows:

Group 1 (normal rats): the rats of this group were
administered the equivalent volumes of saline (0.9%) and CMC
(1%), every other day for 21 days.

Group 2 (gentamicin): the rats of this group were
administered gentamicin and the equivalent volume of CMC
(1%), every other day for 21 days.

Group 3 (gentamicin + thymoquinone): the rats of this group
were administered gentamicin and thymoquinone at dose level
20 mg/kg b.w. (24), every other day for 21 days.

Group 4 (gentamicin + curcumin): The rats of this group
were administered gentamicin and curcumin at dose level 20
mg/kg b.w. (25), every other day for 21 days.

At the end of the experiment, rats were fasted overnight and
blood samples were obtained from jugular vein under mild
diethyl ether anesthesia. The obtained blood samples were left to
clot, and then they were centrifuged at 3000 rpm for 15 minutes.
The clear non-hemolyzed sera were aspirated into three
Eppendorf tubes for each rat. The sera were kept in deep freezer
at –20°C pending biochemical analysis.

After blood collection, the rats were decapitated and rapidly
dissected. Pieces of liver from each rat were fixed in neutral
buffered formalin pending histological and immunohistochemical
investigations. Liver (0.5 G) from each rat was homogenized in 5
ml sterile saline (0.9% NaCl). The homogenates were centrifuged
at 3000 rpm for 5 minutes and the supernatants were separated
pending determination of markers of oxidative stress and
antioxidant defense system.

Biochemical investigations

Serum total protein and albumin levels were assayed by
colorimetric methods using reagent kits obtained from
Biodiagnostic Company (Egypt) according to manufacturer’s
instructions. Serum globulin level was calculated by
subtracting serum albumin level value from that of serum total
protein content for each rat. Albumin/globulin ratio was also
calculated.

Liver lipid peroxidation, assayed as malondialdehyde
(MDA), and reduced glutathione (GSH) content were measured
according to the methods of Preuss et al. (26) and Beutler et al.
(27) respectively. Superoxide dismutase (SOD) and glutathione
peroxidase (GPx) activities were also determined according to
the methods of Marklund and Marklund (28) and Kar and
Mishra (29), respectively.

Histopathological examination

After decapitation and dissection, liver from each rat was
rapidly excised and then perfused in saline solution. Liver
samples from four groups were fixed in 10% neutral buffered
formalin. The fixed liver samples were transferred to National
Cancer Institute (NCI), Cairo University (Egypt) for further
processing. These formalin-fixed tissues were embedded in
paraffin, sectioned (5 µm), stained with hematoxylin and eosin
(H&E) (30), and examined under light microscope for
histopathological assessment.

Immunohistochemical investigation

Liver samples taken for immunohistochemical studies were
fixed in 10% neutral buffered formalin and then after dehydration
and embedding in paraffin, cut into 5 µm sections and mounted on
positive slides. To identify caspase 3, Bax and Bcl-2 proteins,
preparations from all groups were used. For each preparation, a
negative control was performed (a slide without primary antibody).

Immunolocalization technique for caspase 3, Bax and Bcl-2
was prepared on 5 µm thickness liver sections according to
Pedrycz and Czerny (31) and Hussein and Ahmed (32). In brief,
anti-caspase, anti-Bax and anti-Bcl-2 (diluted 1:200, Santa Cruz
Biotechnology, Santa Cruz, CA, USA), were incubated with
sections for 60 min. Primary antibodies were diluted in Tris-
buffered saline 1% bovine serum albumin. Thereafter, a
biotinylated secondary antibody directed against mouse
immunoglobulin (DakoCytomation Kit) was added and incubated
for 15 min, followed by horseradish peroxidase conjugated with
streptavidin (DakoCytomation Kit) for further 15 min incubation.
At the sites of immunolocalization of the primary antibodies, a
reddish to brown color appeared after adding 3-amino-9-
ethylcarbasole (DakoCytomation Kit) for 15 min. The specimens
were counterstained with hematoxylin for 1 min and mounted
using the Aquatex fluid (Merk KGaA, Germany). All liver
sections were incubated under the same conditions with the same
concentration of antibodies and at the same time, so the
immunostaining was comparable among the different
experimental groups.

Statistical analysis

Statistical analysis was performed using SPSS v.16. Results
were articulated as mean ± standard errors (S.E.) and all
statistical comparisons were made by means of one-way
ANOVA test followed by Duncan’s multiple range test post hoc
analysis. P value <0.05 was considered significant.

RESULTS

Biochemical effects

The administration of gentamicin for 3 weeks produced a
significant elevation of AST, ALT and LDH activities. The
treatment of gentamicin-administered rats with thymoquinone
and curcumin significantly decreased these elevated values
(Table 1). Serum bilirubin concentration was significantly
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increased as a result of gentamicin administration. The treatment
of gentamicin-administered rats with both thymoquinone and
curcumin significantly reduced the elevated bilirubin level (Table
2). In contrast, the total protein and albumin concentrations were
decreased as result of gentamicin administration. The concurrent
oral supplementation of gentamicin-administered rats with
thymoquinone and curcumin significantly increased the declined
total protein and albumin levels (Table 2).

Serum TNF-α concentration was profoundly increased in
gentamicin-administred rats. The treatment with thymoquinone
and curcumin significantly decreased this elevation towards the
normal level (Table 3).

With regards the oxidative stress, the liver lipid peroxidation
was significantly increased while the glutathione content,
glutathione peroxidase and superoxide dismutase activities were
increased as result of gentamicin administration. The treatment
of gentamicin-administered rats with both thymoquinone and
curcumin significantly decreased the elevated lipid peroxidation
whereas they detectably increased the glutathione content,
glutathione peroxidase and superoxide dismutase activities
(Table 3).

By comparing the gentamicin- administered rats treated with
thymoquinone with those treated with curcumin, the differences
between these two groups for all tested biochemical parameters
were not significant. Thus, the effects of thymoquinone and
curcumin are more or less similar.

Histopathological effects

Liver of animals in the normal control group 1 showed
normal hepatic architecture, where the hepatocytes are arranged
around the central vein and alternate with blood sinusoids. Each
hepatic cell possesses a limiting membrane centrally placed
large nucleus and prominent nucleoli (Fig. 1). Liver sections of
rats administered gentamicin revealed vacuolar degeneration
characterized by vacuoles of different sizes present in the
cytoplasm of hepatocytes. These vacuoles were clear in
appearance, round in shape and had sharp boundaries suggesting
fatty changes (Fig. 2a). Dilated sinusoids and hydropic-
degenerated hepatocytes (Fig. 2b), dilated congested portal vein
and fatty changes (Fig. 2c), dilated congested portal vein and
newly formed bile ductules (Fig. 2d), inflammatory cells
infiltration in the portal area, dilated congested portal vein and
bile duct (Fig. 2e), and hydropic-degenerated hepatocytes, fatty
changes, inflammatory cell infiltration and congested portal vein
(Fig. 2f) were also noticed in liver sections of gentamicin-
administered rats. Liver sections of the rats administered
gentamicin and thymoquinone revealed nearly normal structure
of hepatocytes but they still showed dilated sinusoids and
hydropic-degenerated hepatocytes (Fig. 3a). The liver sections
from rats administered gentamicin and curcumin also revealed
nearly normal structure of hepatocytes but they still exhibited
dilated central vein and mild lymphocytes infiltration (Fig. 3b).
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Parameter 
Group

AST
(U/L)

ALT
(U/L)

LDH
(U/L)

Normal 56.81 ± 3.79b 25.07 ± 3.28c 117.15 ± 5.82c

Gentamicin 107.02 ± 4.06a 82.45 ± 4.85a 248.86 ± 8.82a

Gentamicin + Thymqouinone 66.35 ± 4.11b 40.46 ± 1.98b 207.58 ± 12.34b

Gentamicin + Curcumin 63.78 ± 3.98b 41.67 ± 4.33bc 194.04 ± 9.45b

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

Table 1. Effect of thymoquinone and curcumin on serum AST, ALT and LDH activities in gentamicin-administered rats.

Parameter 
Group

T. Bilirubin
(mg/dl) 

T. Protein
(g/dl)

Albumin 
(g/dl) A/G ratio

Normal 0.61 ± 0.06c 5.16 ± 0.23a 3.03 ± 0.19a 1.42 ± 0.09ab

Gentamicin 1.39 ± 0.08a 4.02 ± 0.45b 2.05 ± 0.06b 1.06 ± 0.08b

Gentamicin + Thymoquinone 1.02 ± 0.05b 5.62 ± 0.19a 3.35 ± 0.11a 1.48 ± 0.11ab

Gentamicin + Curcumin 1.03 ± 0.09b 5.01 ± 0.39a 3.14 ± 0.20a 1.72 ± 0.16a

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

Table 2. Effect of thymoquinone and curcumin on serum total bilirubin, total protein, albumin and A/G ratio in gentamicin-
administered rats.

Parameter 
Group

Serum
TNF-α (pg/ml)

Liver MDA
(nmol/100 mg tissue)

Liver GSH
(nmol/100 mg issue)

Liver GPx
(U/g tissue)

Liver SOD
(U/g tissue)

Normal 34.61 ± 3.56c 32.77 ± 1.67c 52.07 ± 2.89a 38.77 ± 3.27a 57.06 ± 0.09a

Gentamicin 94.43 ± 6.41a 65.84 ± 3.52a 30.95 ± 2.56b 16.96 ± 2.42b 31.97 ± 0.08b

Gentamicin + Thymoquinone 45.42 ± 5.94b 44.73 ± 3.89b 35.12 ± 2.79b 30.64 ± 2.10a 39.49 ± 0.11b

Gentamicin + Curcumin 44.83 ± 3.88b 39.58 ± 2.67bc 42.38 ± 3.22ab 37.02 ± 2.65a 46.16 ± 0.16ab

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

Table 3. Effect of thymoquinone and curcumin on TNF-α level and liver lipid peroxidation and antioxidant defense system in
gentamicin-administered rats.



Effects on caspase 3, Bax and Bcl-2

The immunohistochemistry staining was used to detect the
expression of activated caspase 3 in the liver tissues of the rats in
the present study. The expression of caspase 3 in cytoplasm and
nucleus was remarkably increased in the liver of rats treated with
gentamicin (Fig. 5) as compared with that in normal rats (Fig. 4).
The administration of thymoquinone (Fig. 6) and curcumin (Fig.
7) to gentamicin-treated rats reduced the elevated caspase 3 in
both cytoplasm and nucleus more or less to normal level.

Bax proapoptotic protein was increasingly expressed to great
extent in nucleus and cytoplasm of hepatocytes of gentamicin-
treated rats (Fig. 9) as compared with normal rats (Fig. 8) which
exhibited mild expression. The gentamicin-treated rats
administered thymoquinone (Fig. 10) and curcumin (Fig. 11)
exhibited moderate expression of cytoplasmic Bax.

Antiapoptotic protein Bcl-2 expression in normal rats was
shown in Fig. 12. The gentamicin-treated rats showed mild
cytoplasmic reaction to Bcl-2 antibodies mainly in the cytoplasm
of hepatocytes (Fig. 13) than that in normal rats. Sections of liver
of gentamicin and thymoquinone treated rats (Fig. 14) as well as
gentamicin and curcumin-treated rats (Fig. 15) exhibited
moderate expression and reaction to Bcl-2 antibodies mainly in
the cytoplasm of hepatocytes. However, thymoquinone is more
effective in increasing Bcl-2 cytoplasmic content than curcumin.

DISCUSSION

Although many publications reported the nephrotoxicity and
ototoxicity of gentamicin, few studies revealed its hepatotoxicity
(4, 33). Thus, this study is directed to assess the effect of
gentamicin on liver function and histology, oxidative stress and
apoptosis and extends to evaluate the effects of concurrent
administration of two anti-oxidant plant constituents
thymoquinone or curcumin with gentamicin.

In the present study, the administration of gentamicin for 
3 weeks produced a significant elevation of serum AST, ALT and
LDH activities as well as total bilirubin concentration while it
produced a significant decrease in serum total proteins and albumin
levels. These results are in accordance with those obtained by other
investigators (2, 34). The increase of the intracellular enzymes
AST, ALT and LDH in serum in association with the elevation of

serum bilirubin and a depletion of albumin, the major plasma
protein synthesized by the liver, reflects the damage of hepatocytes
and liver injury. This suggestion is supported in the present study
by the liver histopathological changes which include vacuolar
degeneration of hepatocytes, hydropic-degenerated hepatocytes,
hepatocytes pyknotic nuclei, fatty changes and inflammatory cells
infiltration in the portal area in gentamicin-administered rats. The
obtained liver histological results are in agreement with those
reported by Khan et al. (23) and Al-Kenanny et al. (5).

Oxidative stress is one of the key mechanisms responsible for
liver damage and disease progression. Antioxidants, on the other
hand, try to combat the oxidative stress and minimize its
deteriorated effects (35). In conductance with this previous
elucidation, the present study revealed that liver GSH content and
the activities of antioxidant enzymes, GPx and SOD, were declined
significantly in the gentamicin-administered group as compared
with the normal control one. The lipid peroxidation, on the other
hand, was profoundly elevated in gentamicin-administered rats.
These data are in concurrence with those reported by Khan et al.
(23), Al-Kennany et al. (5) and Ademiluyi et al. (34). Based on
these findings, it can be elucidated that gentamicin induces an
increase in the oxidative stress and production of free radicals and
suppresses the antioxidant defense system in liver. The exacerbated
increase of lipid peroxidation by gentamicin impairs membrane
lipids and causes hepatocytes necrosis and damage. The
suppressive effect of gentamicin on the nonenzymatic and
enzymatic antioxidants results in an excess production of reactive
oxygen species which not only deleteriously affects membrane
lipids but also deteriorates proteins and nucleic acids. This in turn
leads to liver toxicity, dysfunction and damage.

The concurrent treatment with thymoquinone or curcumin
prevented the gentamicin-induced elevations in serum AST, ALT
and LDH activities and total bilirubin concentration. The lowered
serum total proteins and albumin levels and A/G ratio in
gentamicin-administered rats were successfully alleviated as a
result of treatment with thymoquinone and curcumin. This
improvement in liver function parameters is associated with
amendment of gentamicin-induced liver histological
perturbations and enhancement of antioxidant defense system.
Both thymoquinone and curcumin decreased the gentamicin-
induced elevation in liver lipid peroxidation and enhanced the
antioxidant defense system by increasing liver glutathione
content and liver glutathione peroxidase and superoxide
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Fig. 1. Photomicrographs of
the liver of normal rats
showing the characteristic
histological structures, central
vein (cv), hepatocytes (h) and
sinusoids (s). Fig. 1a (H&E; ×
100); Fig. 1b (H&E; × 400)
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Fig. 2a: A photomicrograph of
the liver of rat given gentamicin
for 3 weeks showing focal
inflammatory cells infiltration
(if) and diffuse fatty changes (f).
(H&E; × 400). 
Fig. 2b: A photomicrograph of
the liver of rat given gentamicin
for 3 weeks showing dilated
sinusoids and hydropic-
degenerated hepatocytes (arrow).
(H&E; × 400). 
Fig. 2c: A photomicrograph of
the liver of rat given gentamicin
for 3 weeks showing dilated
congested (hg) portal vein
(arrow) and fatty changes (F).
(H&E; × 400). 
Fig. 2d: A photomicrograph of
the liver of rat given gentamicin
for 3 weeks showing dilated
congested (hg) portal vein,
newly formed bile ductules
(arrow) and hepatocytes with
pyknoyic nuclei (arrow head)
(H&E; × 400). 
Fig. 2e: A photomicrograph of
the liver of rat given gentamicin
for 3 weeks showing
inflammatory cells infiltration
(if) in the portal area, dilated
congested (hg) portal vein
(arrow), dilated bile ductules
(b) and hepatocytes with
pyknotic nulei (arrow head).
(H&E; × 400). 
Fig. 2f A photomicrograph of the
liver of rat given gentamicin for 3
weeks showing hydropic-
degenerated hepatocytes (arrow),
fatty changes (f), inflammatory
cell infiltration (if) and congested
(hg) portal vein. (H&E; × 400).
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Fig. 3a: A photomicrograph of
the liver of rat treated with
thymoquinone and gentamicin
for 3 weeks depicting nearly
normal structure of hepatic
cells(c), central vein (cv) and
sinusoids (s). (H&E; × 400).
Fig. 3b: A photomicrograph of
the liver of rat treated with
curcumin and gentamicin for 3
weeks showing mild normal
structure of hepatic cell but
there is still inflammatory cell
infiltration (if). (H&E; × 400).

Fig. 4. Immunohistochemical
localization of activated
caspase-3 antigen in the liver
tissue of rats. Fig. 4a and Fig.
4b Photomicrographs depicted
normal liver stained for cleaved
caspase-3. The hepatocytes
exhibited weak nuclear staining.
(immunohistochemical stain;
× 100 & × 400).

Fig. 5. Immunohistochemical
localization of activated
caspase-3 antigen in the liver
tissue of rats. Fig. 5a and Fig. 5b
Photomicrographs  showed that
activated caspase 3 expression
was intense cytoplasmic and
nuclear staining (arrows) in
gentamicin-treated rats.
(immunohistochemical stain; 
× 100 & × 400).

Fig. 6. Immunohistochemical
localization of activated caspase-
3 antigen in the liver tissue of
rats. Fig. 6a and Fig. 6b
Photomicrographs showed that
caspase 3 expression was
moderate reaction in the
gentamicin and thymoquinone-
treated rats.
(Immunohistochemical stain; 
× 100 & × 400).



dismutase activities. These findings are in accordance with Lebda
et al. (36) who reported that thymoquinone protected the liver
enzyme leakage and prevented lipid peroxidation induced by D-
galactosamine, indicating that the membrane stabilizing effect of
thymoquinone might be ascribed to its ability to scavenge the free
radicals produced by galactosamine and therefore protects the
liver cell against oxidative damage. The data presented in this
study are also in agreement with many other investigators who
reported that curcumin has protective effects against chemicals-
induced liver injury. Samuhasaneeto et al. (37) elucidated that
curcumin supplementation resulted in improving liver steatosis

(fatty changes) and inflammatory cells’ infiltration, decreasing
the elevation of hepatic lipid peroxidation in ethanol treated rats.
Fu et al. (38) and Soetikno et al. (39) revealed that curcumin
significantly protects the liver from injury as indicated by
reducing the serum AST, ALT, and ALP activities, and by
amending the histological architecture of the liver in carbon
tetrachloride and streptozotocin treated rats. The present study
are in concurrence with that of Garcia-Nino and Pedraza-
Chaverri (40) who reported that curcumin reduces the
hepatotoxicity induced by arsenic, cadmium, chromium, copper,
lead and mercury, prevents histological injury, lipid peroxidation
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Fig. 7. Immunohistochemical
localization of activated
caspase-3 antigen in the liver
tissue of rats. Fig. 7a and Fig.
7b Photomicrographs  showed
less reaction to caspase 3
antibodies mainly in the
cytoplasm of hepatocytes in
gentamicin and curcumin-
treated rats. (immunohisto-
chemical stain; × 100 & × 400).

Fig. 8. The immunohisto-
chemistry localization of Bax
in the liver tissues of the rats.
Fig. 8a and Fig. 8a
Photomicrographs  depicted
that Bax expression was very
low in the normal group.
(immunohisto-chemical stain;
× 100 & × 400).

Fig. 9. The immunohisto-
chemistry localization of Bax
in the liver tissues of the rats.
Fig. 9a and Fig. 9b
Photomicrographs showed that
Bax expression was high in the
gentamicin-administered rats.
(immunohistochemical stain;
× 100 & × 400).



and glutathione depletion, maintains the liver antioxidant enzyme
status and protects against mitochondrial dysfunction.

Immunohistochemical findings in the present study depicted
that liver pro-apoptotic protein Bax and caspase 3 expressions
were remarkably increased in gentamicin-administered rats
while liver antiapoptotic protein Bcl-2 was obviously decreased
suggesting an increased hepatocyte apoptosis. The treatment of

gentamicin-administered rats with thymoquinone and curcumin
reversed these effects. Thus, both tested plant constituents may
have an attenuating effect on apoptosis. Our suggestion is
supported by the evidences of Gown and Willingham (41) and
Tsamandas et al. (42) who stated that Bcl-2 oncoprotein
regulates apoptotis by providing a survival advantage to rapidly
proliferating cells while Bax protein promotes apoptosis by
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Fig. 13. Immunohistochemical
localization of Bcl-2 in the liver
tissues of rats. Fig. 13a and Fig.
13b Photomicrographs depicted
weak reaction to Bcl-2
antibodies mainly in the
cytoplasm of hepatocytes in
gentamicin-administered rats.
antibodies mainly in the
cytoplasm of hepatocytes of
gentamicin and curcumin-treated
rats (immunohistochemical
stain; × 100).

Figs. 10 and 11. The immuno-
histochemistry localization of
Bax in the liver tissues of the rats.
Bax expression was decreased in
gentamicin-administered rats
treated with thymoquinone and
curcumin respectively. (immuno-
histochemical stain; × 100 & ×
400).

Fig. 12. Immunohistochemical localization of Bcl-2 in the liver tissues of rats. It
showed strong cytoplasmic reaction to Bcl-2 antibodies in the hepatocytes.
(immunohistochemical stain; × 100).



enhancing cell susceptibility to apoptotic stimuli. Caspase-3,
cleaved from caspase-8, caspase- 9 and caspase-10, serves as a
convergence point for different signaling pathways; thus, it is
well suited as a read-out in an apoptosis assay and its increased
expression reflects an increase in apoptosis (43).

Oxidative stress and TNF-α are known as activators of
NF-κB which has a crucial role in proinflammatory gene
induction during the onset of inflammation (44). Agents acting
as inhibitors to TNF-α and NF-κB exert a therapeutic effect on
liver injury in rats with bile duct ligation (BDL) through anti-
inflammatory and antioxidant actions (45).

In the present study, serum TNF-α concentration was
remarkably increased in gentamicin-administered rats and
decreased as a result of concurrent administration of thymoquinone
or curcumin with gentamicin. The increase of this pro-
inflammatory cytokine is concomitant with the infiltration of
inflammatory cells in the liver of gentamicin-administered rats and
its decrease in gentamicin-administered rats treated with
thymoquinone and curcumin is in association with a potential
decrease or absence of inflammatory cells as indicated in
histological changes in the current study. Thus, it can be suggested
that both thymoquinone and curcumin may have potent anti-
inflammatory effects in gentamicin-induced injury. In conductance
with the current study, Tan et al. (46) reported that curcumin
modulate the cytokines involved in the inflammation in human
coronary artery endothelial cells in vitro.

Taken the previous findings and suggestions together, it can be
concluded that both thymoquinone and curcumin could similarly
prevent gentamicin-induced liver injury and histological
perturbations through enhancement antioxidant defense system,
suppression of oxidative stress, and attenuation of inflammation
and apoptosis.

Conflict of interests: None declared.
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