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Introduction 
Anticancer medications increase the longevity of many cancer 
patients but possibly will have adverse effects on other body 
tissues.1 Taxol (Paclitaxel) is a chemotherapy drug applicable 
to treat a number types of malignance and mainly metabolized 
in the liver by p450 cytochrome and is emitted through bile.2 
Liver is a vital body structure that shows an essential role in 
detoxification of toxic agents, and chemical drugs as the ini-
tially line of body defense.3 Firozi-Niyaki et al. demonstrated 
that taxol administration to female mice significantly raised 
the hepatic enzymes.4 Cure with taxol has also been stated to 
induce the production of lipid ceramide through lipid mem-
branes and de novo pathway as well as the manufacture of 
reactive oxygen species (ROS) from the mitochondrial matrix.5 

Free radicals are active molecules or atoms that, owing to 
their atomic layer, have a strong desire to combine with other 
surrounding molecules such as proteins, cell membrane lipids, 
DNA, lipoproteins, and RNA, can cause tissue damage and 
diseases such as cancer, hepatic disorders, and cardiovascular 
if their combining activity is not inhibited.6 One of the most 
important destructive effects of free radicals is lipid peroxi-
dation (LP), which causes cell membrane injury.7 These free 
radicals can induce the production of LP and cellular damages, 
particularly in hepatic cells by alkylating the protein groups 
and other cellular macromolecules and attacking unsaturated 
fatty acids.8 Oxidative stress plays a vital role in the hepatic 
tissue impairment induced by toxins and drugs.9 Karaduman 
et al. found that taxol induced hepatic tissue necrosis and 
damage, caused fibrosis, and increased sinusoidal space and 
inflammation in the hepatic tissue of rats.10 

Various herbs with antioxidant properties apply to pro-
tective effects against chemoprotective drugs. One of these 

herbs is Nigella sativa (NS), which has a therapeutic and 
religious history.11 NS with white flowers that turn black in 
contact with air, is native to Asia and East Europe belongs 
to the Ranunculaceae family.12 Thymoquinone is the chief 
compound of the aqueous extract of NS, constituting about 
72.94% of the weight of its oil.13 This herb has been reported 
to have frequent pharmacological properties such as attenu-
ation of glucose, lipid, and hypertension, protection of kid-
ney, and hepatic tissues, and antimicrobial effects owing to its 
antioxidant, anti-inflammatory effects.14 Daba et al. described 
the antioxidant effects of NS against liver toxicity induced by 
cisplatin.15 Additionally, administration of NS oil for lead-in-
duced hepatotoxicity has been informed to prevent patholog-
ica disorders in the hepatic tissue.16 

Given the antioxidant properties of thymoquinone, it 
seems that this substantial can shield the liver against taxol-in-
duced oxidative impairment. A review of the literature similarly 
reveals no study has investigated the protective effects of thy-
moquinone against destructive effects of taxol through reduce 
apoptogenic and oxidative stress index and improve histomor-
phometric change on liver tissue in male rats. Hence, the pres-
ent study was conducted to evaluate the protective effects of 
thymoquinone against taxol on some hepatic parameters.

Materials and Methods
Animals
For experimental treatments, 64 male rats (Wistar, 20–250 g, 
8 weeks) were prepared from a specialized center of labora-
tory animals (Pasteur, Tehran, Iran). Standard animal keep-
ing conditions were applied carefully including: 12 h light/12 
h dark phase, 22 ± 2°C availability of water and food. The 
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experimental medications and treatments conformed to the 
ethical and humane principles of research. It was accepted by 
the Ethics Committee of the related institute Committee on 
the Use and Care of Animals, IR.KUMS.REC.1397.618.

Experimental Protocol, Dissection and Sampling
The animals were randomly divided into 8 groups (n = 8), 
including: 1: First group, the NCG, which received normal 
saline (intraperitoneally injection) equivalent to the amount 
of experimental groups. Second group, the TCG, in this group, 
the rats was given taxol at a dose of 20 mg/kg (single dose) 
intraperitoneally injected for 2 weeks. The mice in the both 
TCG and NCG groups were not given any treatment after 
taxol and normal saline injection until sacrifice. Third to fifth 
groups, the thymoquinone administration groups, in these 
groups, each animal, respectively, received 4.5, 9, and 18 mg/kg 
of thymoquinone intraperitoneally for 2 weeks. Sixth to eighth 
groups, TT administration groups, in this group, each animal 
received single dose (20 mg/kg) of taxol intraperitoneally in 
order to induce hepatic damage, then (after taxol injection) 
they respectively received 4.5, 9, and 18 mg/kg of thymoqui-
none intraperitoneally for 2 weeks. At the end of the treatment 
period, all rats were deeply anesthetized by intraperitoneally 
injection of Ketamine HCl (100 mg/kg) and Xylazine (10 mg/
kg). The sampling included blood from the hearts (at least 1 ml 
per animal) for evaluating the antioxidant levels. The animals 
were then sacrificed and the liver was removed.6,10

Evaluation of Functional-Related Enzymes
The liver homogenate was centrifuged twice (12,000 rpm, 10 
min). Then, the supernatant was parted for measurement of 
hepatic enzymes, including aminotransferase (AST), alanine 
aminotransferase (ALT), and alkaline phosphatase (ALP). 
The ALT and AST were tested based on Reitman and Frankel 
biochemical methods. The ALP protocol was also determined 
according to the technique which was set out in the practical 
research laboratory.3 

Histomorphometric Analyses
To assess histomorphometric alterations, a section of the liver 
tissue was fixed in 10% formalin. The tissues were then fixed 
in paraffin, and the thin sections (4 µm) were prepared using 
a microtome (Leica RM 2125, Germany). The slices were then 
stained with hematoxylin and eosin. Thereafter, some mor-
phological assessments including full cellular area, hepatocyte 
outline, maximum and minimum axis, mean axis, and CVH 
were determined by light microscope at 40× magnification. 
At least 50 cells from the separate region were measured to 
eliminate the probable measurement bias. All procedures were 
applied with an investigation microscope coupled with a DP12 
Camera (3.34-million pixel resolution) and using the Olysia 
Bio-software (Olympus Optical Co. LTD, Tokyo, Japan).6

Measurement of LP Levels
The level of molecular reaction among thiobarbituric acid and 
malondialdehyde (MDA) following colorimetry process was 
considered as the measurement of lipid peroxidation levels. 
The frozen sample of the pancreas tissue was used. First, the 
tissue was washed with the phosphate-buffered saline at pH of 
7. Then, an ultrasonic homogenizer in a cold phosphate buf-
fer containing ethylene diamine tetra-acetic acid was hired to 
apply tissue homogenization. 20 μl of supernatant was mixed 

within the test tubes. The test tube contained 4 μl of butylated 
hydroxytoluene, 20 μl of phosphoric acid (1M), and 20 μl of 
TBA solution. The test tube was incubated for 60 min at 70°C, 
then it was centrifuged (10000 rpm, 4 min). 80 μl of the super-
natant was poured into the spectrophotometer tubes. The pro-
duced dye in the commercial kit was read at 532 nm, and in 
conclusion, the MDA level was stated in nmol/mg protein.7

Estimation of Liver TAC
Total antioxidant capacity (TAC) of the serum was analyzed 
by the FRAP technique based on the ability of the plasma to 
reinstate the ferric. A blue color was made when the complex 
of FeIII-TPTZ in acidic pH payback to FeII and the absorption 
at the extreme wavelength of 500 nm. The element defining the 
speed of the FeII-TPTZ and blue stain was merely the vitaliz-
ing power of the sample. TAC values are strategized via the 
standard curve.3

Assessment of NO 
The Griess method based on colorimetry approaches was 
employed to measure the NO levels. 500 μl of serum was 
deproteinized with zinc sulfate (10 mg). After centrifuga-
tion at 3000 rpm for 10 min, the equal amounts of Griess 
reagent (1% sulfanilamide, 0.1% naphtylethylenediamide in 
2.5% phosphoric acid) were also added to the supernatant in 
96-well ELISA plates and incubated for 10 min at 37°C. The 
absorbance was stately at 450 nm with the use of a microplate 
reader. Nitrite concentrations were considered by a sodium 
nitrite standard curve.6

Apoptosis Assay
The TUNEL test was performed according to the manufacture’s 
procedure (Roche, Germany). Paraffin-embedded blocks were 
prepared using an automatic tissue processor. 5 µm histologi-
cal slices were cut through a microtome (Leica, Germany), and 
five slices per rat were selected. The tissues were subjected to 
deparaffinization. After routine deparaffinization and block-
ing, the slices were exposed to TdT with DIG. DIG labeling 
and counterstaining were then carried out. To quantitate the 
rate of apoptosis, the number of positive cells within the liver 
was calculated.7

Real-Time Quantitative PCR
The real-time PCR evaluated the liver genes expression of p53 
and Bax. The tissue was frozen in nitrogen and then stored in 
at –70 °C freezer. RNA was removed using RNeasy mini kit 
(Qiagen, Tehran, Iran) based on the manufacturer’s instruc-
tions. DNA was treated via DNase set kit (Qiagen, Tehran, 
Iran). The RNA was hired in order to cDNA production 
through cDNA Synthesis Kit. The expression level of the related 
genes was measured through glyceraldehyde-3-phosphate 
dehydrogenase primer as endogenous control by SYBR Green 
(Fermentas, Tehran, Iran) through comparative CT method. 
The primer nucleotide sequences are listed in Table 1.16

Statistical Analyses
One way analysis of variance (one-way ANOVA) and Tukey 
post hoc test were used to statistical analysis and differences 
among the groups, respectively. Statistical software package of 
SPSS (Chicago, IL) was used for data analysis. The final out-
comes were expressed as mean ± standard error, and p < 0.05 
was considered significant.
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Results
Effect of Taxol and Thymoquinone on Liver 
Functional-Related Enzymes
Taxol led to a significantly increased in enzymes in TCG 
comparison with the NCG (p < 0.01). The mean enzymes 
level concentration was not significant in thymoquinone 
groups compared to the NCG (p > 0.05). Also, in thymo-
quinone and TT groups significantly decreased in the mean 
of enzymes were detected in comparison with the TCG (p < 
0.01) (Table 2).

Morphometric Measurements 
The mean diameter of hepatocytes and central hepatic vein 
(CHV) in experimental groups showed a significant dif-
ference between the NCG and TCG groups (p < 0.01). The 
mean diameter of hepatocytes and CHV was not significant 
in thymoquinone groups compared to the NCG (p > 0.05). 
Further, in thymoquinone and TT groups the mean diameter 
of hepatocytes and CHV significantly reduced in comparison 
with TCG (p < 0.01) (Fig. 1).

Histopathological Changes 
Histological analysis showed normal liver structure in the NCG, 
TT, and thymoquinone treatment groups. After treatment with 
taxol in TCG, the hepatic tissue showed evident changes and 
injury. These anomalies included increased apoptotic cells, 
increased irregularities, hyperemia, sinusoidal dilatatio,n and 
enlargement of CHV. Treatment with TT at all doses reduced 
the liver damage caused by taxol harmfulness (Fig. 2).

Apoptotic Index 
The apoptotic index (AI) was significantly higher in TCG 
compared to the NCG (p < 0.01). No significant differences 
were similarly found in the AI in all thymoquinone groups 
as compared to the NCG (p > 0.05). Furthermore, whole sev-
eral doses of thymoquinone in thymoquinone and TT groups 

Fig. 1 Effect of taxol and thymoquinone on the hepatocyte diameter (A) and diameter of CHV (B) diameters. *Significant difference to the NCG 
(p < 0.01). †Significant difference to the TCG (p < 0.01). ‡Significant difference to the TCG (p < 0.01). CHV: Central Hepatic Vein; Thym: Thymoquinone; Tax: Taxol, TCG: 
Taxol control group. NCG: Normal control group.

Table 1. Primers used in real-time PCR

Primer sequences Primer ID

GAPDH F : 50- AAGCTCATTTCCTGGTATG-30

R: 50- CTGCCACAAGAACTAGAGA-30

p53 F:50-AGAGACCGCCGTACAGAAGA-30

R:50-GCATGGGCATCCTTTAACTC-30

Bax F: 50-CCGGCGAATTGGAGATGAACT-30

R: 50-CCAGCCCATGATGGTTCTGAT-30

Table 2. Diverse liver enzymes between treatment groups.

Enzymes 
(ng/ml)

Normal 
control

Taxol 
control

Thymoquinone (mg/kg) Thymoquinone + Taxol (mg/kg)

4.5 9 18 4.5 9 18

AST 71.25±4.20 132.21±8.25* 75.85±5.47† 71.32±4.36† 69.11±6.71† 99.01±7.2‡ 85.84±8.12‡ 84.65±5.3‡

ALT 29.28±3.25 63.98±5.61* 27.45±3.14† 30.47±4.32† 32.11±3.82† 45.01±2.1‡ 37.2±3.47‡ 35.54±3.2‡

ALP 3.02±0.20 7.97±1.24* 2.63±0.52† 3.04±0.41† 3.11±0.21† 5.54±0.83‡ 4.02±0.97‡ 4.01±0.82‡

Data were presented as mean ± standard deviation. ALP: Alkaline phosphatase, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase. *p < 0.01 
compared to the normal control group. †p < 0.01 compared to taxol control group. ‡p < 0.01 compared to the taxol control group.
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represented a significant decline in the AI as compared to the 
TCG (p < 0.01) (Figs. 3 and 4).

Apoptotic Gene Expression Levels
Upregulated changes of p53 and Bax genes in the TCG 
 compared to the NCG were significantly detected (p < 0.01). 
Also, a significant downregulation of these genes similarly was 

distinguished in all doses of thymoquinone and TT groups as 
compared to the TCG group (Fig. 5). 

Levels of TAC, LP, and NO
In the TCG, the TAC levels were lower than the NCG signifi-
cantly (p < 0.01). Also, in whole groups of thymoquinone and 
TT, the TAC levels were considerably elevated as compared to 
the TCG (p < 0.01) due to the thymoquinone administration. 
Taxol, due to its detrimental effects, significantly increased the 
NO and LP levels in TCG in comparison with the NCG (p < 
0.01). It is also found that all doses of thymoquinone can sig-
nificantly reduce the mean levels of NO serum and LP in the 
thymoquinone and TT groups as compared to the TCG (p < 
0.01) (Table 3).

Discussion 
Chemotherapy, the chief factor complicated in oxidative stress, 
can disrupt the construction and performance of hepatic tis-
sue, one of the vital body structures and the primarily pro-
tection barrier that shows an essential role in detoxification 

Fig. 2 Microscopic images of liver tissue (Five-micron thick 
sections, H&E staining, magnification×100). NCG (a), Thymoquinone 
(18 mg/kg) group (b) and TT group (d): normal tissue structure. TCG (20 mg/kg) 
(c): abnormal tissue structure. Apoptotic cells (red arrows), central hepatic vein 
(circles) and hyperemia (block arrow). TCG: Taxol control group. NCG: Normal 
control group.

Fig. 3 Apoptosis induction in the hepatocytes following 
thymoquinone and taxol treatments (400× magnifications, TUNEL 
staining). NCG (a), Thymoquinone group (18 mg/kg)(b), TCG (20 mg/kg) (c) 
and TT group (d). shiny red nuclei refers to apoptotic cells. TCG: Taxol control 
group. NCG: Normal control group.

Fig. 4 Apoptotic index in the hepatocytes subsequent 
thymoquinone and taxol aminestration.
*Significant difference to the NCG (p < 0.01). # Significant difference to the TCG 
(p < 0.01). $ Significant difference to the TCG (p < 0.01). Thym: Thymoquinone; 
Tax: Taxol. Taxol control group. NCG: Normal control group.

Fig. 5 Relative gene expression following thymoquinone and taxol 
administration. *Statistically significant (p < 0.01) between NCG and TCG. 
$ Statistically significant (p < 0.01) between TCG and TT groups. # Significant 
modifications in Thymoquinone groups as compared to the TCG (p < 0.01). 
Thym: Thymoquinone; Tax: Taxol. TCG: Taxol control group. NCG: Normal control 
group.
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of chemical medications.17 Consequently, concurrent con-
sumption of potential antioxidant plants and chemotherapy 
medications has drastically improved in order to safeguard 
the cells in contrast to the damaging effects of free radicals.20 
The outcomes of the present investigation recommended that 
taxol administration had adversative effects on hepatic histol-
ogy and function, increase apoptotic cells and gene expres-
sion, and antioxidant imbalance as well, and increase in NO 
level. On the other hand, thymoquinone as an herbal, relieve 
the diverse effects of taxol administration, perceptibly in liver 
parameter. 

The current study outcomes moreover revealed that thy-
moquinone is able to condense LP and increase TAC of hepatic 
tissue, consequently it is dropping oxidative stress. Consistent 
with these outcomes, some of papers has offered antioxidant 
properties of thymoquinone.6,14,15 Thymoquinone appears to 
inhibit the LP induced by TBH in the liver tissue.6 Additional, 
thymoquinone is a lipophilic molecule that is capable to 
prevent LP via Fenton reaction.19 Gani et al. indicated that 
extract of NS diminished hepatic enzymes and LP, which is 
in line with the outcomes of the existing study.20 Accordingly, 
it appears that thymoquinone with its antioxidant properties 
could condense LP and increase TAC in the treatment groups 
via inhibiting the construction of ROS. Present study similarly 
showed the recovery effect of thymoquinone on liver tissue 
as well as lessening the oxidative stress by displaying falling 
of LP. The injuriousness of taxol administration can lead to 
blood and biochemical modifications, oxidative stress, and LP. 
Hence, mechanism for toxicity of taxol drug combinations is 
oxidative stress.21

The findings discovered that, compared to the NCG, the 
CHV and diameters of hepatocytes in the TCG has signifi-
cantly decreased. In addition, there was a significant reduc-
tion in the diameter of hepatocytes and size of the CHV in 
thymoquinone and TT groups were detected compared to the 
TCG group. It appears that taxol has hepatotoxic effects, due to 
increased glutathione, and causes the loss of liver cytoplasmic 

cells.10 Changing the size of CHV and liver cells can rise the 
metabolic action of hepatocytes to defecate the toxin from the 
body throughout detoxification course.3 The taxol metabolism 
made free radicals then it causes LP, DNA, and membrane 
proteins reaction and subsequently cell impairment through 
several ways.7 Thymoquinone, as the antioxidant herb, has 
an inhibitory effect on cytochrome P450, inhibits additional 
taxol metabolism and diminish the construction of free rad-
icals.6 The outcomes of the existing study agree with the con-
sequences of the study of Salahshoor et al., in which they 
displayed that Genistein administration as a herb antioxidant 
improves liver damage, resulted in the decreasing diameter of 
hepatocytes.3

Additional imperative finding was that some modifica-
tions in the liver tissue were perceived in the TCG that were 
in the form of the plethoric state of the sinuses, Kupffer cells 
accretion around the CHV and growth in the apoptotic cells, 
as well as the CHV diameter enlargement. It appears that the 
attack of free radicals to hepatocyte causes apoptosis in paren-
chymal cells.7 Kupffer cells can prompt inflammatory reac-
tions in the hepatic tissue, which leads to tissue impairment.22 
Apparently, Kupffer cells are triggered in reply to tissue dam-
age and release mediators, such as the TNF and NO.6 It may 
appear that the Kupffer cells secretion of toxic mediators in the 
zones, that have not experienced necrosis yet, are complicated 
in causing hepatic toxicity and necrosis.25 Besides, free radi-
cals’ construction and following oxidative stress can be one of 
the most dangerous and important causes of the hepatocyte 
death.3 The current outcomes support the concepts of Cresteil 
et al. who display that the liver harm and apoptosis in liver 
cells can be caused by taxol.24 Thymoquinone appears to carry 
out a protective result contrary to fibrogenesis on the liver tis-
sue through polyphenol capacity and by stopping the stellate 
cells activity and stating the cell cycle protein.25 Stellate cells 
show a central part in the enhancement of hepatic fibrosis and 
oxidative stress.6 It seems that thymoquinone has the ability to 
inhibit macrophage. Thymoquinone can exert its anti-inflam-
matory properties on NF-Kβ by reducing H2O2 production.26 

Kanter et al. shown that thymoquinone prevents the induction 
of ethanol’s undesirable properties through the inhibition of 
lipid’s induction, which is matched with the outcomes of the 
present study.27

The consequences of this study show that there is a signif-
icant alteration between TAC and hepatic enzyme levels in the 
TCG and the NCG. Correspondingly, there’s a negative associa-
tion, between TAC in the TCG and enzyme levels in the thymo-
quinone and TT groups. The progression of the liver enzymes in 
serum indicates a hepatic damage in the present study. Besides, 
the results of Nili et al. confirmed the consequences of the pres-
ent study in that thymoquinone could decline enzymes serum 
levels.28 Liver enzymes can be released into the serum due to 
the prevalence of cell membrane impairment.6 It may be possi-
ble that taxol induce destruction to the hepatocyte membrane 
through the inhibition of respiratory sequence.29 The conse-
quences are in agreement with Harris et al. conclusions, which 
show that the taxol administration in rats for 1 week induces 
the growth of hepatic enzymes and equally condense the TAC.30 

Thymoquinone seems to stabilize hepatocyte membranes and 
stops outflow of enzymes by stopping LP.15 Thymoquinone 
can apply its antioxidant properties through reducing LP and 
inducing antioxidant enzymes.6 The  current outcomes are 
consistent with the results of  Pari et al. who suggested that 

Table 3. Effect of thymoquinone and taxol on antioxidant 
parameters (n = 8 for each group).

Groups NO (mmol/ml) TAC (mmol/ml) LP (nmol/mg )

Normal control 42.25±4.36 99.74±7.24 0.92±0.06

Taxol control 198.69±8.25* 18.22±3.12* 0.42±0.01*

Thymoquinone 
4.5 mg/kg 44.02±3.52† 98.46±8.06† 0.97±0.03†

Thymoquinone 
9 mg/kg 43.65±6.98† 95.97±5.58† 0.92±0.04†

Thymoquinone 
18 mg/kg 41.82±6.36† 99.11±8.82† 0.96±0.01†

Thymoquinone + 
Taxol 4.5 mg/kg 93.16±5.14¶ 42.71±5.21¶ 0.61±0.02¶

Thymoquinone 
+ Taxol 9 mg/kg 72.71±6.74¶ 49.34±3.46¶ 0.59±0.01¶

Thymoquinone 
+ Taxol 18 mg/kg 73.39±3.31¶ 51.96±3.99¶ 0.57±0.05¶

Data are presented as mean ± SEM. * p < 0.01 compared to the control 
group. † p < 0.01 compared to taxol control group. ¶ p < 0.01 compared to 
the taxol control group. NO: Nitrite oxide, TAC: Total antioxidant capacity, LP: 
Lipid peroxidation.
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administration of thymoquinone condenses liver enzymes in 
diabetic rats and inhibits damages to liver cells.31

In this study, the thymoquinone also showed decreased 
effects of Bax and p53 (apoptotic genes) gene expression and 
apoptotic hepatocyte index. P53 makes the mitochondrial 
membrane permeable to the influx of cytochrome-c into the 
intracellular matrix. Accordingly, p53 adjusts the function of 
apoptotic elements like Caspase and Bax.32 As cell death is seen 
in hepatocytes, it is stated that the taxol has upregulation effects 
on apoptotic factors.33 Also, thymoquinone directly translocate 
within the intranuclear space to induce downregulation of 
related genes.34 De et al. also found that the apoptotic genes 
are expressed significantly after taxol administration.35 In the 
current study, thymoquinone reduced apoptotic cell index and 
apoptotic gene expression to prevent cell death. Based on the 
obtained results, it can be indicated that thymoquinone owns 
positive antioxidant effects on molecular function and histo-
logical construction of liver cells. 

The consequences of this study showed a significant rise in 
the amount of NO in blood in the TCG compared to the NCG. 
Besides, there was a significant reduction in the TT group in NO 
level compared to TCG. It seems that oxidative stress increases 
the production of NO synthase, and therefore indications to rise 
in nitrite production and fall in cell endurance.3 Mitochondria 
dysfunction, due to the extraordinary consumption of O2, may 
possibly increase the creation of free radicals in most body tis-
sues, including NO radicals, and due to the nitrosative and oxi-
dative stress and damage to the tissues, particularly the hepatic 
tissue.7 The results are in contract with of Jalili et al. conclusions, 
which displayed that thymoquinone can condense NO in mor-
phine-induced damage to the hepatic tissue.6 The consequences 
are in concurrence with new studies representative that taxol, 
as one of the chemotherapy medications, is seemingly able to 
impairment hepatocytes, increase apoptogenic, liver enzymes, 
NO, LP, and reduce TAC, by inducing oxidative stress. In con-
trast, thymoquinone, a strong antioxidant herb, can condense 
the destructive effects of this drug. Consequently, consuming 
thymoquinone can be a good approach to lessen free radicals 
and inhibit injuries to the hepatic tissue of the patients who are 
exposed to taxol drug for chemotherapy.

Conclusion
The present study showed that hepatoprotective properties of the 
thymoquinone in contrary to Taxol-induced liver destruction 
in rats. The outcomes of this study revealed that taxol admin-
istration would outbreak dangerous impress from the point of 
both hepatic histology and function. It was found that thymo-
quinone reduces ROS, cell apoptosis, expression of p53, and Bax 
gens, activating antioxidant agents, and detoxifying enzymes. 
Therefore, thymoquinone might be considered to recover the 
functional and histological of the hepatocyte exposed to taxol 
drug. This protecting conclusion can be reconciled through the 
antioxidant properties of thymoquinone. Thymoquinone can 
be considered as a substitute beneficial agent against oxidative 
damages induced by toxic drug. But, extra studies are necessary 
to define its exact mechanism of action.
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