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Effect of Nigella sativa on experimental liver fibrosis. 
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Abstract 

Our objective was to investigate the effects of NS, Nigella Sativa oil (NSO) and thymoquinone 
(TQ) on liver fibrosis induced by dimethylnitrosamine (DMN) in rats. Our study groups con-
sisted of five subgroups: the control, DMN, TQ, NS, and NSO groups. At the end of the 
study, the animals were sacrificed, and blood and tissue samples were obtained. Malondial-
dehyde (MDA) levels, superoxide dismutase (SOD), glutathione peroxidase (GSH-Px) activ-
ity, and routine biochemical parameters were analyzed. Histopathologic evaluation of the NS, 
NSO and TQ groups found normal liver tissue and short fibrosis, and fibrous expansion with 
or without a septum and in some portal areas. The DMN group evaluation found incomplete 
cirrhosis in the liver tissues of rats. While erythrocyte and tissue MDA levels were higher, 
SOD and GSH-Px activities were lower in the NS, NSO and TQ groups when compared to 
the DMN group. Our results showed that NS and its components reduced oxidative stress 
and had antioxidant effects and free-radical scavenging activity. NS also protected the antioxi-
dant enzyme activities in the liver tissue of rats. 
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Introduction 

Liver cirrhosis is a prevalent disease worldwide, espe-
cially in populations where hepatotropic virus infections 
(B, C and Delta) are endemic and in western societies 
where high alcohol consumption is common. Cirrhosis is 
the fourth most common cause of death in the United 
States (US) [1]. Fibrotic processes begins from disse’s 
space, and progress to pericentral area resulting in 
panlobular fibrosis, thus nodule formation is developed. 
Cirrhosis has poor prognosis unless liver transplant is 
carried out [2].       

Hepatic fibrosis is a consequence of severe liver damage, 
and many chronic liver diseases often may progress to 
cirrhosis [3,4. Over production of extracellular matrix 
(ECM) compounds through the activation of liver cells is 
seen in liver fibrosis [5]. Liver fibrosis or cirrhosis can be 
reversible in contrast to previously known [6]. For this 
reason, new treatment modalities have been focused on 

the decreases of the accumulation, or reduced the progres-
sion of fibrosis [7].   

To control the flux of reactive oxygen species (ROS) in 
physiological conditions, aerobic cells have developed 
their own defense system against free radical attacks: the 
antioxidant system, which includes both enzymatic and 
non-enzymatic components. This system consists of low 
molecular weight antioxidant molecules and various anti-
oxidant enzymes, including, superoxide dismutase (SOD), 
glutathione peroxidase (GSH-Px) and glutathione-S-
transferase (GST) [8,9].   

Nigella sativa (NS) is a member of the Ranunculaceae 
family, and today it is a plant commonly grown and culti-
vated mainly in the east Mediterranean region and other 
countries [10]. NS contains 0.4-0.45% volatile oil and 
more than 30% constant oil; 18-24% of these volatile oils 
are composed of thymoquinone (TQ) [11]. NS has been 
proven to have bronchodilator, antibacterial, antihyperten- 
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sive, antidiabetic, gastro-protective, antihistaminic, anti-
oxidative, neuro-protective, and hepatoprotective effects 
[12].  TQ is the most significant active component of NS. 
Numerous studies have found that TQ is a hepatoprotec-
tive and potent antioxidant against liver damage induced 
by carbon tetrachloride and tert-butyl hydroperoxide 
agents [13].  

To best of our knowledge, there is no experimental study 
thatthat simultaneously investigates the effects of NS, 
nigella sativa oil (NSO) and TQ supplementation on 
DMN-induced hepatotoxicity. In this study, we aimed to 
determine the effects of TQ, NS and NSO on DMN-
induced liver fibrosis in rats.  

Materials and Method 

Animals and experimental protocol 
This study was carried out in the Medical Biochemistry 
Laboratories at the Medical School of Gaziantep Univer-
sity. The study was approved by the local ethics commit-
tee for laboratory animals. In this study, we used 50 male 
Wistar-Albino rats whose weights ranged from 200-250 
grams. These animals were kept at 21°C in an environ-
ment with a 12-hour light and a 12-hour dark cycle. They 
were fed standard rat food. Before the beginning of the 
study, rats with unsuitable health conditions were re-
moved from the main population.    

The rats were randomly assigned to one of five experi-
mental groups, each consisting of ten animals. The con-
trol group was injected with intraperitoneal (ip) physio-
logical saline; and the other groups received 1% DMN 10 
mg/kg ip for three consecutive days a week for three 
weeks in a row. DMN treatment was terminated by the 
end of the third week, and the other groups’ treatment 
lasted for ten days, during which the groups were given 
NS, NSO and TQ.   

� Control group: The rats received standard food and
water.

� NS group: NS was added to the animals’ food.
� NSO group: 2.4 gr/kg/day NSO was given through

oral gavage.
� TQ group: 50 mg/kg/day TQ was given to this group

through oral gavage.

Biochemical analysis 
At the end of the experiment, the animals were anesthe-
tized with ketamine–HCl (Ketalar, 20 mg/kg−1, ip), and 
the blood was collected by cardiac puncture after thora-
cotomy. Blood samples were collected in Vacutainer 
tubes both without and with K3-EDTA as an anticoagu-
lant. Then all the animals were sacrificed through decapi-
tation to remove their livers. Half of the liver samples 

were spared for pathologic analysis in 10% neutral forma-
lin solution. For determination of biochemical parameters, 
the liver tissue was homogenized in physiological saline 
solution. The homogenate was centrifuged at 10,000×g 
for 10 minutes to remove debris. The clear upper super-
natant was collected, and all assays in the liver tissue 
were carried out on this fraction. This procedure was 
performed in a refrigerated environment.   

The blood samples were centrifuged at 3,000×g for 10 
min, and plasma and serum were removed using a Pasteur 
pipette. Then, erythrocytes were washed with 0.9% NaCl 
solution three times, and the washed erythrocytes were 
hemolyzed by dilution with deionized water (50-fold). 
Hemoglobin (Hb) values of the samples were measured 
using a Sysmex hematology analyzer. The hemolysate, 
serum and homogenates were kept at −80°C until bio-
chemical determinations.  

Measurement of erythrocytes and liver MDA levels 
Erythrocytes and liver MDA levels were measured with 
the methods described by Jain et al. and Ohkawa et al., 
respectively [14,15]. Ohkawa method, MDA was deter-
mined by spectrophotometry of the pink-colored product 
of the thiobarbituric acid-reactive substances complex. 
Total thiobarbituric acid-reactive substances (TBARS) 
were expressed as MDA. Erythrocytes and liver MDA 
levels were expressed as nmol/mgHb and nmol/mg pro-
tein, respectively. 

Measurement of SOD activity 
Erythrocyte SOD activity was assessed according to the 
method described by Sun et al. In this method, the xan-
tine–xantine oxidase complex produces superoxide radi-
cals, which react with nitroblue tetrazolium (NBT) to 
form the formazan compound [16]. SOD activity is meas-
ured at 560 nm by detecting the inhibition of this reaction. 
By using a blank study in which all reagents except a 
supernatant sample were present and by determining the 
sample and blank absorbance, activity was calculated and 
is given below. One SOD unit was defined as the enzyme 
amount causing 50% inhibition in the NBTH2 reduction 
rate. SOD activities in the liver tissue and erythrocytes 
were also expressed as U/mg protein and U/mg Hb, re-
spectively. 

Measurement of GSH-Px activity 
GSH-Px activity was measured by coupled spectropho-
tometric assay at 340 nm from the oxidation of nicotina-
mide adenine dinucleotide phosphate (NADPH) in the 
presence of hydrogen peroxide (H2O2) used as a substrate. 
GSH-Px activity was measured according to the method 
of Paglia and Valentina [17].  In this procedure, GSH-Px 
catalyses the oxidation of glutathione in the presence of 
tert-butyl hydroperoxide. Oxidized glutathione is con 
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verted to its reduced form in the presence of glutathione 
reductase and NADPH, while NADPH is oxidized to 
NADP+. The decrease in the absorbance of NADPH at 
340 nm was also measured. By calculating the absorbance 
change per minute and by using the molar extinction coef-
ficient of NADPH, the GSH-Px activity in the erythro-
cytes and liver tissue could be calculated. Erythrocytes 
and liver tissue GSH-Px activities were expressed as U/gr 
Hb and U/gr protein, respectively. 

The aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), γ-glutamyltransferase (GGT), alka-
line phosphatase (ALP), total bilirubin (TBIL), direct 
bilirubin (DBIL), total protein (TP), and albumin (Alb) 
levels were measured using a commercial kit (Cormay, 
Japan) and with a Prestige 24i appliance (Japan, Tokyo 
Boeki). In contrast, ALT, AST, GGT enzymatic-
colorimetric, ALP, TBIL, DBIL, TP, and Alb levels were 
measured via the colorimetric method. Protein assignment 
for liver tissue was performed through the Bradford 
method [18].  

Histopathological examination of the liver 
Half of the samples from the livers were examined with a 
photo-microscope at a 400 times magnification level after 
histochemical dyeing with Hematoxilen-Eosin and Mas-
son-Tricrom paints. The preparations were evaluated zero 
to six, according to modified Knodell scoring [19]. 

Statistical analysis 
All the parameters included in the study were compared 
using a one-way analysis of variance (ANOVA). Descrip-
tive values for all the group parameters, including mini-
mum and maximum means and standard errors, were 
calculated. The normal distribution of the data obtained 
was checked through the Kolmogorov Smirnov test. The 
results were analyzed within a 95% confidence interval 
and at a p<0.05 critical level. The results are expressed as 
mean ± SEM. 

Results 

The analysis of the data made it quite clear that, in terms 
of Knodell scoring, the fibrosis values of the DMN group 
revealed a statistically significant difference (p<0.001) 
compared to all the other groups. Additionally, based on 
the histopathological appearances, formations of distinct 
bridging (porto-portal and/or porto-central) and incom-
plete cirrhosis were observed along with nodules (Fig. 
1A). After hepatic fibrosis, it was determined that fibrosis 
values of the rats in the NS, NSO and TQ groups were 
significantly lower compared to the DMN group in terms 
of Knodell modified scoring (p<0.001) (Fig. 2). Histopa-
thologically, short fibrosis and enlargement in fibrosis 
(with/without septum) were detected in the normal liver 
tissues and in some portal areas (Figs. 1B, C).   

Figure 1. A. The liver with 5 score according to knodell scoring (x10), B: The liver with score 0 according to Knodell 
scoring (x40), C: The liver with score 1 according to Knodell scoring (x40) 

Compared to the DMN group, statistically significant 
decreases were detected in ALT, AST, GGT, ALP, TBIL, 
and DBIL levels in the other groups (p<0.001, p<0.001, 
p<0.001, p<0.05, p<0.001, and p<0.001, respectively). In 
addition, TBIL and DBIL levels of the TQ group were 
found to be significantly low compared to the NSO 
groups (p<0.01 and p<0.001). Compared to the DMN 
group, the TP and Alb levels of the other groups signifi-
cantly increased (p<0.001 and p<0.001). It was also de-

termined that TP and Alb levels of the NSO group sig-
nificantly increased compared to the TQ and NS groups 
(p<0.05). Compared to the other groups, there was a sig-
nificant decrease in the albumin/globulin ratio of the 
DMN group (p<0.05). In the NSO group, the albu-
min/globulin ratio significantly increased when compared 
to the other groups (p<0.001) (Table 1).  
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When the liver MDA levels of the DMN group were 
compared to the other groups, a statistically significant 
increase was determined (p<0.001); in addition, the liver 
SOD and GSH-Px activities in the tissue were also found 

to be significantly lower (p<0.001 and p<0.001, respec-
tively). Furthermore, while the tissue MDA values were 
significantly lower in the NSO group compared to the TQ 

Table 1. Means ±SEM of liver function tests aspartate aninotransferase (AST), alanine aminotransferase (ALT) 
 γ -glutamyltransferase (GGT), alkaline phosphatase(ALP), total bilirubin (TBIL), direct bilirubin (SBIL), total protein 
(TP) and albumin (Alb) 

 Control DMN NS  NSO  TQ 

AST (U/L)      180.54±2.42 f   261.58±4.15 c    193.26±1.68 c,f   181.04±1.30 f 182.96±1.69f

ALT(U/L)       63.43±1.51 f   123.20±3.57 c    71.45 ±0.73 b,f 64.70±0.96 f   65.10±1.51 f 

ALP (U/L)      290.47±2.56 e   300.66±3.62 b 295.11±3.12 292.3±0.93 d   291.90±1.56 d 

GGT (U/L)     1.42±0.07 f 5.21±0.16 c 3.68±0.28 c,f 2.80±0.06 c,f 3.35±0.15 c,f 

TBİL(mg/dL) 0.08±0.003 f 0.19±0.007 c 0.11±0.005 c,f 0.1±0.006 b,f 0.08±0.004 f 

DBİL(mg/dl) 0.05±0.003 f 0.09±0.003 c   0.07±0.002 c,e 0.07±0.004 c,f 0.05±0.004 f 

TP(gr/dl) 6.73±0.285 f 5.59±0.093 c   6.90±0.203 f,g   7.48±0.046 b,f   6.92±0.119 f,g 

Alb (gr/dL)     3.48±0.186 f 1.97±0.036 c 3.30±0.264 c,f   4.30±0.125 c,f 3.35±0.174 c,f

Alb/globulin   1.18±0.141 f,i 0.54±0.013 a,i 0.94±0.107 d,i 1.53±0.135 c,f   0.96±0.096 d,i 

ap < 0.05, bp < 0.01, cp < 0.001, when compared to control group. 
dp < 0.05, ep < 0.01, fp < 0.001, when compared to DMN group. 
gp <0.05, ip<0.001 when compared to NSO group 

Table 2: The effects of nigella sativa (NS), nigella sativa oil (NSO) and thymoquinone (TQ) on rats erytrocyte and tissue 
Malondialdehid (MDA), superoxide dismutase (SOD), glutathione peroxidase (GSH-Px) activities after DMN injection. 
The results are means +S.EM. The group means were compared with one-way ANOVA with post-hoc LSD test 

Parameters Control DMN NS NSO TQ 

MDA (nmol/mgHb) 1.16±0.016f 1.45±0.02c 1.32±0.018c,f 1.18±0.018f,h    1.18±0.02f,h 

SOD  U/mgHb 7.94±0.19f 6.17±0.20c 8.28±0.25f 9.18±0.127c,f 9.42±0.21c,f 

MDA(nmol/mg protein.) 0.33±0.015f 0.95±0.06c 0.69±0.03c,f,i 0.35±0.028f 0.52±0.082b,f,g 

SOD(U/mg protein) 2.32±0.04f 1.76±0.069a 2.22±0.08f,i 2.96±0.045c,f 2.51±0.05a,f,i 

GSH-Px(U/grHb) 24.67±3.00 21.26±2.02 24.70±1.83 36.63±2.52c,f 36.73±2.20c,f 

GSH-Px(U/gr protein) 11.25±0.53e 7.75±0.43 10.71±0.47e,i 19.33±1.17c,f 15.83±0.42c,f,i 

ap < 0.05, bp < 0.01, cp < 0.001, when compared to control group. 
dp < 0.05, ep < 0.01, fp < 0.001, when compared to DMN group. 
gp <0.05, ip<0.001 when compared to NSO group 
hp <0.001 when compared to NS group 

and NS groups (TQ group: p<0.05, NS group: p<0.001), 
tissue SOD and GSH-Px values were significantly in-
creased (p<0.001, p<0.001). 

Erythrocyte MDA levels in the DMN group were deter-
mined to be significantly high (p<0.001 for all) when 
compared to the other groups; in addition, erythrocyte 
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SOD and GSH-Px activities were found to be statistically 
lower (p<0.001, p<0.001). 

In this study, when the NSO group and TQ group were 
compared, there seemed to be no significant difference in 

erythrocyte MDA level, SOD and GSH-Px activities; 
however, a significant decrease in the erythrocyte MDA 
values in the NSO and the TQ groups was observed com-
pared to the NS group (p<0.001, p<0.001) (Table 2).   
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Figure 2. Analysis of the liver tissue according to modified Knodell scoring over 6, regarding dimethylnitrosamine 
(DMN), nigella sativa, nigella sativa oil (NSO) and thymoquinone (TQ) as the variables 
ap < 0.05, bp < 0.01, cp < 0.001, when compared to control group. 
dp < 0.001, when compared to DMN group. 

Discussion 

Cirrhosis can be defined as diffuse fibrosis with hepato-
cyte regeneration [6].  Initially cirrhosis was considered 
as irreversible condition due to liver damage, recently it is 
regarded as partly reversible process [1]. 

During liver fibrosis, scar tissue may appear, and hepatic 
stellate cells (HSC) are responsible for this production.  
Rapid changes in ECM composition and damaged hepa-
tocytes, Kupffer and endothelial cells can be counted 
among the stimuli that induce HSC activation [20].  .20 
Free radicals and lipid peroxides also play a role in the 
prognosis of hepatic damage and in some liver diseases 
that result in fibrosis. Free radicals that form under certain 
physiological conditions can be eliminated through anti-
oxidant mechanisms [21].   

In recent years, there has been a tendency to use natural 
products to treat some diseases as an alternative to classi-
cal treatments [22]. In relevant studies, NS has been re-
ported to be potent and protective against the effects of a 
variety of hepatotoxic and genototoxic agents, such as 
tert-butyl, hydrogen peroxide, carbon tetrachloride 
(CC14), doxorubicin and cisplatin [22]. In addition, in in 
vivo and in vitro studies in rats, TQ was found to prevent 
oxidative damage [23].  

TQ acts as an antioxidant in the tissues. It is assumed that 
this effect is related to thromboxane B2 and the produc-
tion of the enzyme leukotriene B4 (by inhibiting cyclo-
oxygenases and 5-lipoxygenase, respectively) and the 
inhibition of the peroxidation of membrane lipids [23]. 

The critical phase where hepatocyte necrosis will take 
place when exposed to oxidative stress has been identified 
as the increasing plasma membrane bleb formation. The 
mechanism put forward for the increasing bleb formation 
is the increase in thromboxane B2. Since TQ inhibits the 
production of lipid peroxidation, and eicosanoids such as 
thromboxane B2 and leukotriene B4, it is assumed that it 
also protects the liver with its inhibitor effect on throm-
boxane B2 production [13]. It has also been stated that 
NSO is more effective than TQ as an inhibitor in lipid 
peroxidation and the formation of eicosanoids [24].   

The generations of fibrosis models in rats are realized 
through hepato-toxic agents such as DMN and CCl4 [25]. 
Türkdoğan et al. reported that in prevention of liver dam-
age triggered by CCl4, NS hindered fibrosis-related co-
agulation necrosis and hydrophilic degeneration by inhib-
iting lipid peroxidation and also through immune-modular 
activity. The results of the current study are in agreement 
with Türkdoğan et al [1].  In our study, incomplete cirrho-
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sis was formed in the rats injected with DMN. Fibrotic 
expansion with/without septa was observed in some portal 
areas of the livers of the rat groups treated with NS, NSO 
and TQ.    

In one study, Abdal-Wahhab et al. showed that NSO and 
TQ decrease oxidative stress and thus preventing liver 
damage [26]. In our study, compared to the DMN group, 
we determined that there were significant decreases in 
ALT, AST, GGT, ALP, TBIL, and DBIL levels of the 
other groups. However, in the NS group, the decrease in 
ALT, AST, GGT, and ALP levels was lower compared to 
the TQ and NSO groups. This finding can result from 
incomplete intake of NS mixed with food by rats.  

The TBIL and DBIL levels of the TQ group were found 
to be significantly lower compared to NS and NSO 
groups. These results indicated that TQ was more active 
in bilirubin metabolism. Because of serious damage of the 
parenchyma in cirrhosis, synthesis of liver functions de-
creases, as with albumin which reflects synthesizing ca-
pacity of hepatic parenchymal cells.  

In accordance with the experimental study by Mahmoud 
et al, we found that total BIL and Alb levels in the NSO 
group were statistically significantly higher compared to 
the TQ and NS groups [27].  Compared to the DMN 
group, increase in capacity of synthesizing was inter-
preted as an indication of the protective effects of the 
components, and indicated that liver fibrosis was re-
versed. In liver cirrhosis, the albumin/globulin ratio, nor-
mally 1.3-1.8, is reversed. Although an increase in Alb 
synthesis capacity has been reported, the effects of NS 
and its components have not been researched in terms of 
these parameters. Compared to the other groups, a signifi-
cant increase in the albumin/globulin ratio in the NSO 
group has been detected. The increase in the Alb levels in 
the NSO group result from the increase in the liver syn-
thesis capacity caused by the components of NSO. Free 
radicals and lipid peroxides are also factors in the patho-
genesis of certain liver diseases resulted from hepatic 
damage and fibrosis [28].  It is reported that TQ plays a 
potential role in the inhibition of the production of ROS 
causing lipid peroxidation [13,29,30].  In another study, 
Yildiz et. al. showed that NS has protective effects against 
liver ischemia-reperfusion damage [23].  Besides, Kanter 
et al. reported that NS increases activation of the antioxi-
dant protection system, preventing lipid peroxidation 
induced by CCl4 and liver damage in rats [21]. It is also 
reported in related studies that the NS and its components 
have protective effects over induced hepatotoxicity. Yet, 
no experimental study has been conducted so far that NS 
and its components have reversed fibrosis. For this rea-
son, we researched the anti-fibrotic effects of NS, NSO 
and TQ in DMN-induced liver fibrosis. To the best of our 
knowledge, this study is the first to investigate the effect 
of NS and its components on experimental liver fibrosis. 

We found that tissue and erythrocyte MDA levels in the 
DMN group were significantly increased, whereas tissue 
and erythrocyte SOD and GSH-Px activities were signifi-
cantly decreased compared to those of the other groups. 
In addition, a significant increase was also detected in 
tissue SOD and GSH-Px activities while a significant 
decrease in tissue MDA levels was determined in the 
NSO group compared to the TQ and NS groups. The 
reason for more antioxidant effect of NSO compared to 
the TQ and NS groups may be related to the antioxidant 
ingredients of NSO other than TQ, such as carvakrol, t-
anethole, 4-terpineol, or to the conversion of the dihy-
drothymoquinone diaphoresis enzyme into dihydrothy-
moquinone metabolites, a stronger antioxidant than TQ. 
While there appeared to be significant differences in 
SOD, GSH-Px activities and MDA levels in the liver 
tissues between the NSO and the TQ and NS groups, we 
found no difference in terms of erythrocytes between the 
NSO and the TQ groups.  

As a result, in this study, we investigated the effects of 
NS and its components on the oxidant/antioxidant system 
in a model of experimental liver fibrosis of rats. The me-
chanism by which NS and its components reversed liver 
fibrosis has not been precisely understood yet.  
This study is promising that the use of NS and its compo-
nents can also be used in treatment of fibrosis in humans. 
Our results also showed that by reducing the formation of 
MDA, an indicator of lipid peroxidation, and increasing 
antioxidant enzyme activities, and improving liver function 
tests, NS, NSO and TQ had the antioxidant effects and a 
free radical scavenging activity and reduced oxidative 
stress conditions in the erythrocyte and liver tissue in a 
model of experimental liver fibrosis of rats. However, 
further experimental studies are needed to explain the mo-
lecular mechanism of NS, NSO and TQ protective effects. 
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