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Acrylamide (AA) is a heat-induced carcinogen founds in some foods due to 

cooking or other thermal processes. This study was designed to investigate the 

possible protective efficacy of Nigella sativa essential oil against acrylamide-

induced liver toxicity. Four groups of 32 male Wistar albino rats were formed. 

The control group was fed ad libitum. Acrylamide was administered to the rats 

in Group AA at a daily dose of 40 mg/kg by gavage. Nigella sativa essential oil 

was administered intraperitoneally at a dose of 10mg/kg to the rats in Group 

NS. In Group AA+NS, daily applications of acrylamide and Nigella sativa 

essential oil were applied simultaneously as mentioned above. The trial period 

lasted 15 days. While acrylamide statistically increased MDA levels in liver 

tissue (P<0.05), (146.13 %) and decreased GSH and SOD activity statistically 

(P<0.05), (55.28% and 40.46%). In addition, liver proinflammatory cytokine 

levels increased due to acrylamide administration (P<0.05), [TNF-α (78.17%), 

IL-6 (76.08%)], anti-inflammatory cytokine levels (P<0.05), [IL-10 (61.16%)] 

decreased. Co-administration of Nigella sativa essential oil with acrylamide 

significantly reduced oxidative stress and pro-inflammatory cytokine levels in 

liver tissues (P<0.05). In conclusion, our findings highlighted the potential 

therapeutic role of Nigella sativa essential oil in preventing acrylamide-

induced hepatotoxicity. 
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Introduction  

Acrylamide (AA) is a white solid powder, easily soluble 

in water, ethanol, and other solvents. It is widely used in 

the water treatment industry, textile industry, and 

cosmetics production (46). Consumption of high-

temperature-cooked carbohydrate-rich foods is 

recognized as another major route of AA exposure (29). 

The level of AA found in fried and baked foods such as 

french fries (500 µg/kg) and potato chips (750 µg/kg) is 

reported to be more than 500 times the maximum 

allowable limit in drinking water determined by the World 

Health Organization (WHO) (38). Researchers note that 

the AA level is quite high in bread, biscuits, and coffee 

(46). Although the ways of exposure to AA in daily life 

are diverse, the main sources are food and drinking water. 

AA enters the body through the skin, digestive system, and 

respiration, and can be rapidly distributed to all tissues and 

blood in the body, as it has strong tissue permeability 

(34,37). 

AA decreases glutathione (GSH) and level 

superoxide dismutase (SOD) activity and significantly 

increases malondialdehyde (MDA) levels (33, 39). This 

imbalance between the increase in reactive oxygen species 

(ROS) and the antioxidant defense system increases 

oxidative stress in various tissues, especially in the liver, 

brain, and kidney (24). Increased oxidative stress leads to, 

genotoxicity reproductive system toxicity, neurotoxicity, 

carcinogenicity, and hepatotoxicity (17, 45). Also, it was 

reported that the production of inflammatory cytokines 

such as tumor necrosis factor-α (TNF-α), interleukin-6 

(IL-6) and interleukin-1β (IL-1β) increase after AA 

intoxication (41). It was reported that AA intoxication 
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may have effects on the liver (9). AA is catalyzed in the 

liver via cytochrome P450 2E1 (CYP2E1) and 

metabolized to glycidamide (GA), a highly toxic 

substance for the organism (19). Besides, AA conjugates 

with GSH to be excreted in the urine as an alternative route 

in the liver (15). Although the metabolism of AA in the 

liver has been well defined, its hepatotoxicity has not been 

adequately clarified. There is also a growing concern 

about its effects on human and animal health since 

exposure to AA is both relatively easy in daily life and can 

be rapidly distributed throughout the organism. 

Using in vitro and in vivo models, the researchers 

focused on finding protective compounds to reduce the 

toxic effects of AA. Therefore, some well-known 

antioxidants such as curcumin, crocin, linalool, and 

chrysin have been reported to be beneficial against the 

toxic effects of AA (20). Nigella sativa essential oil, (NS) 

is widely performed as a preservative and food additive as 

well as various diseases all over the world (26). NS, 

generally known as black seed or black cumin, has 

traditionally been used as a food preservative, additive, or 

applied as spice (6). According to the findings obtained 

from the studies carried out NS has antioxidative, anti-

inflammatory, antifungal, anticonvulsant, immunomodulator, 

antinociceptive, antiallergic, antibacterial, antiviral, 

antidiabetic, antitumor, anti-hepato-nephrotoxic and 

neuroprotective effects (7, 43, 48). 

In this context, the antioxidant and immunomodulatory 

effects of NS, which is claimed to have positive effects on 

many different diseases and is widely utilised as a spice, 

on the liver of rats with AA toxicity were investigated. 

 

Materials and Methods 

Chemicals and other reagents: AA was obtained from 

Sigma Chemical Company (St. Louis, Mo, USA). 

Nigealla sativa L. was supplied by Botalife (Isparta, 

Türkiye). Malondialdehyde (MDA), glutathione (GSH, 

Cat. No: E1101Ra), superoxide dismutase (SOD) enzyme-

linked immunosorbent assay (ELISA) kits were purchased 

from Bioassay Technology Laboratory (Shangai, China). 

Tumour necrosis factor-alpha (TNF-α, Cat. No: 

ERA57RB), interleukin-1 beta (IL-1β, Cat. No: BMS630), 

interleukin-6 (IL-6, Cat. No: ERA32RB) and intrleukin 10 

(IL-10, Cat. No: ERA24RB) ELISA kits were obtained 

from Thermo Fisher Scientific Inc. (Waltham, 

Massachusetts, USA). 

 

Animals: The Selçuk University Experimental Medicine 

Research and Application Center Ethics Committee 

approved the animal handling and study protocol as 

ethical (Approval No. 2020-29). Thirty-two adults male 

Wistar Albino rats weighing 240 ± 20 g were obtained 

from Selçuk University Experimental Medicine Research 

and Application Center. All rats were kept in a well-

ventilated room with 12 hours of light/12 hours of natural 

light/dark cycle under standardized housing conditions at 

constant temperature (25 ±2 °C) and humidity (45±5%). 

During the study, commercial pellet diet and water were 

given ad libitum. 

 

Animal groups and treatment schedule: In Control 

group, rats were exposed to free access to food and water; 

AA group rats were subjected to AA was dissolved in 

distilled water and animals gavaged 40 mg/kg /bw. one a 

day for fifteen consecutive days, according to Tabeshpour 

et al. (43); Rats including Ns group were administrated NS 

10mg/kg/bw. one a day for fifteen consecutive days, 

according to Abduallah et al. (4); and AA+NS group, rats 

co-administrated with AA and NS one a day for fifteen 

consecutive days. AA was administered orally by gavage, 

while NS administration was performed intraperitoneally. 

Body weight (bw) was measured baseline and after 

treatment weekly. All animals were sacrificed by servical 

dislocations under thiopental sodium anesthesia (40 

mg/kg, i.p.) and tissue samples were taken after 24 h from 

the last application. Tissue samples were stored at -80 °C 

until spectrophotometric analysis. Some of the tissues 

were stored in Baker's formaldehyde-calcium solution 

until histopathological analysis. 

 

Tissue sampling and homogenates: The liver was quickly 

removed, weighed, and cleaned with a cold saline 

solution. Tissues were chopped and homogenized (10% 

w/v) separately in a Potter–Elvehjem homogenizer in ice-

cold sodium, potassium phosphate buffer (0.01 M, pH 7.4) 

containing 1.15 percent KCl. Tissue homogenates were 

then centrifuged at 5000 rpm for 10 minutes at 4 °C, and 

aliquots of supernatant were separated and quickly stored 

at 20 °C until further usage to test lipid peroxidation, 

antioxidant, and cytokine parameters (21). All reagents 

used were of the highest commercially available quality. 

 

Evaluation of oxidative/antioxidant indices: Tissue 

oxidative stress and antioxidant indicators were assessed. 

As Ohkawa et al. (36), described, we measured the 

malondialdehyde (MDA, nmol/mg) level in liver 

homogenates to determine lipid peroxidation (36). 

Reduced glutathione (GSH, nmol/mg), an antioxidant 

marker, was examined as previously reported Breutler 

(11). The activities of antioxidant enzymes, superoxide 

dismutase (SOD, nmol/mg), was evaluated as stated by 

Nishikimi et al. (35). 

 

Evaluation of cytokines levels: In tissue samples, pro-

inflammatory (TNF-α, IL-6, IL-1β) and anti-inflammatory 

(IL-10) cytokines were quantified using commercial 
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ELISA kits. TNF-α, IL-6, IL-1β, and IL-10 (Pg/ml) levels 

were measured with anti-rat ELISA kits according to the 

manufacturer's instructions as mentioned above (47). 

 

Histopathological investigation: Liver tissue samples 

were fixed in Baker's formaldehyde-calcium solution at 

+4 oC in the dark for at least 16 h. From each fixed liver 

sample, to estimate percentage volume of fat in the liver 

cells, 12-micrometer cross-sections were cut and stained 

with oil Red O. The sections were examined under the 

light microscope (Leica DM2500, Switzerland). According 

to the degree of hepatic lipidosis was classified as none 

(%0), mild (< 20%), moderate (20-40%) and severe                     

(> 40%) (13). 

 

Statistical Analysis: The SPSS 20.00 package program 

was used to conduct a statistical analysis of the data 

gathered at the study's end and determine the significance 

of the differences between groups. Analytical methods 

were preferred to analyze variables for normal 

distribution. All variables were reported as means 

standard error. The groups were compared using a one-

way ANOVA test. Following the determination of 

variance homogeneity, in cases where the p-value was less 

than 0.05, pairwise post hoc comparisons (Tukey) were 

employed to test the significance of the groups, and 

Duncan's Multiple Range test was utilized in the analysis 

of variance. 

 

Results 

Oxidative/antioxidant indices following AA and/or NS 

treatment: AA exposure led to a significant increase in 

MDA content (P<0.05) and a significant decrease in GSH 

and SOD activities (P<0.05) in liver samples compared to 

the control group. Meanwhile, the AA+NS group showed 

a significant increase in GSH and SOD activities 

compared to the AA group (P<0.05), while the MDA level 

demonstrated a statistically significant decrease (P<0.05). 

Besides, NS-treated rats had non-significant and similar 

values in oxidative stress/antioxidant parameters 

compared to the control group (P>0.05) (Figure 1). 

 

Cytokine levels indices following AA and/or NS 

treatment: AA-induced a series of inflammatory changes 

that mediated liver injury in this study. TNF-α, IL-1β, and 

IL-6 levels were significantly higher in the AA group 

compared to the control group (P<0.05). However, 

overproduction the levels of IL-1β in the AA+NS group 

significantly inhibited compared with the AA-induced 

group (P<0.05), but there was no significant difference in 

TNF-α and IL-6 levels (P>0.05). While AA administration 

caused a significant decrease in IL-10 level differing from 

the control group. (P<0.05), the level of this cytokine in 

the AA+NS group showed a statistically significant 

increase compared to the AA group (P<0.05). Also, rats 

treated with NS had similar values in cytokine parameters 

compared to the control group (P>0.05) (Figure 2). 

 

Steatosis findings following AA and/or NS treatment: 

Histopathologically, no signs of steatosis were found in        

oil red-o staining performed to determine the fatty                        

liver caused by acrylamide. Similar findings were                        

also observed in the C, NS, and AA+NS groups (Figure 

3).

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Results of Nigella sativa on AA-induced liver oxidative stress and antioxidant levels (Values are expressed as mean ± SEM). 
Different symbols in the columns show a statistical difference (* indicates significant difference (P<0.05) when compared with the control group, # 
indicates significant difference (P<0.05) when compared with the acrylamide group). (NS; Nigella sativa group; AA; Acrylamide group; AA+NS; 

Acrimide+Nigella sativa group). 
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Figure 2. Results of Nigella sativa on AA-induced liver cytokine levels (Values are expressed as mean ± SEM). 
Different symbols in the columns show a statistical difference (* indicates significant difference (P<0.05) when compared with the control group,             

# indicates significant difference (P<0.05) when compared with the acrylamide group). (NS; Nigella sativa group; AA; Acrylamide group; AA+NS; 
Acrimide+Nigella sativa group). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Results of Nigella Sativa on AA-induced liver steatosis findings. 
A. Control group, B. NS group, C. AA group, D. AA+NS group. 
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Discussion and Conclusion 

AA, classified as Group 2A (possibly carcinogenic to 

humans) by the International Agency for Research on 

Cancer, is a process contaminant formed as a result of heat 

treatment, especially in foods high in reducing sugar and 

asparagine (23). This contaminant, which is detected at 

different levels in foods that are frequently consumed in 

the daily diet, has been the focus of attention of many food 

and health authorities due to its known harmful potential 

health effects. Both the US National Toxicology Program 

and the Joint Food and Agriculture Organization/World 

Health Organization Expert Committee on Food Additives 

JECFA consider AA as a human health problem. AA has 

a highly toxic effect as it can spread easily to tissues after 

ingestion (10). 

ROS, which is produced as a physiological product 

of cellular metabolism, leads to oxidative stress, which is 

considered pathological, in abnormal conditions such as 

toxicity (25). Exposure of animals or humans to a 

xenobiotic or hazardous substance such as AA gives rise 

to an imbalance in ROS production and neutralization (1). 

As shown in Figure 1, while AA significantly 

increased MDA, a lipid peroxidation product, in liver 

tissues, it led to a decrease in antioxidant capacities such 

as GSH and SOD. This change in MDA, GSH, and SOD 

levels has been accepted as an indicator of the occurrence 

of oxidative stress induction and cell membrane lipid 

damage resulting in AA-induced hepatocyte necrosis. The 

findings we obtained are similar to previous studies (5, 

12). It was reported that AA causes the formation of free 

radicals, disrupts the antioxidant defense system, and 

ultimately leads to oxidative stress and carcinogenesis 

(40). Non-physiological changes found in the levels of 

oxidative stress and antioxidant defense system are 

accepted as an indicator of AA-induced hepatotoxicity (5). 

Biotransformation to glycidamide (GA) (44), which 

causes mutagenicity and carcinogenicity in the liver via 

CYP2E1 of AA, is considered a key process in the 

carcinogenesis of this toxic substance (41). Both AA and 

GA are covalently bound to GSH for subsequent urinary 

excretion and are capable of forming AA-GSH and GA-

GSH conjugates. GSH conjugates are an important 

detoxification pathway against ROS resulting from the 

toxic effect of AA (32). After the GSH pools are depleted, 

ROSs react with lipids in the cell membrane (42). As a 

result, these reactive molecules, which cause lipid 

peroxidation, leading to an increase in lipid peroxidation 

products such as MDA (36). The body's enzymatic (such 

as SOD, CAT, and GPx) or non-enzymatic (such as GSH, 

selenium, vitamin C, vitamin E) antioxidant systems are 

responsible for scavenging these ROS and protecting 

DNA and macromolecules from degradation (8). In 

conclusion, we thought that AA toxication caused liver 

damage by decreasing the amount of GSH and SOD and 

inducing the synthesizing of MDA. 

NS, which shows biological activity through its 

active ingredient thymoquinone, has a radical scavenging 

(anti-oxidative) effect (16). In this study, it was concluded 

that NS could protect against AA-induced toxicity by 

significantly reducing the level of lipid peroxidation 

product (MDA) and increasing antioxidant enzyme levels 

(GSH, SOD) (Figure 1). These findings comply with 

previous studies showing the hepatoprotective efficacy of 

NS as a result of exposure to different toxic substances (1). 

As a matter of fact, Abdel-Daim and Ghazy (2) reported 

that significant changes in serum biochemical markers, 

tissue antioxidant, and lipid peroxidation products in 

animals treated with oxytetracycline significantly 

inhibited hepato-lipid peroxidation when treated with NS 

(2). Similarly, Abdel-Wahab (3) stated that thymoquinone 

(TQ) administration greatly normalized suppressed 

enzymatic and non-enzymatic antioxidant levels and 

reduced hepatic biomarkers and lipid peroxidation (3). 

Besides, studies have revealed that thymohydroquinone, 

the reduced form of TQ, shows strong antioxidant 

properties by returning electrons to hydroxyl radicals 

(OH) and superoxide radicals, which attack 

polyunsaturated fatty acids in the cell membrane (27). 

Based on these findings, we concluded that NS plays a key 

role in cellular protective mechanisms and exerts 

hepatoprotective effects by preventing or reducing tissue 

destruction caused by AA-induced ROS, increasing the 

level of GSH and SOD, and preventing the formation of 

lipid peroxidation products. 

Cells in the liver can produce cytokines, which act 

paracrine or autocrine, leading to more cytokine 

production and amplification of the inflammatory 

response (30). However, the main source of this 

inflammatory response in the liver is believed to be 

Kupffer cells (14). Toxic damage by xenobiotics leads to 

the secretion of different mediators, including cytokines 

(TNF-α, IL-1β, and IL-6). The inability of the organism to 

compensate for the over-release of reactive oxygen 

species (depletion of enzymatic and non-enzymatic 

antioxidants) forms the basis of oxidative stress that gives 

rise to liver damage (30). The present study shows that 

AA, an industrial xenobiotic, increases the levels of liver 

IL-6, IL-1β, and TNF-α proinflammatory cytokines, and 

decreases the anti-inflammatory cytokine IL-10 (Figure 

2). The data we obtained comply with previous studies 

stating that this toxic substance stimulates inflammatory 

cells and causes an increase in inflammatory response by 

releasing cytokines (12, 30). In the current study, we 

concluded that the increase in TNF-α, IL1β, and IL-6 

levels in the liver as a result of AA toxicity may be 

associated with severe oxidative damage due to decreased 
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levels of enzymatic and non-enzymatic antioxidant 

defense system members (GSH and SOD) and increased 

MDA level. 

Concomitant NS treatment with AA significantly 

decreased liver IL-1β levels, while this decrease in TNF-α 

level, although not significant, tended to decrease (Figure 

2). The reason for this is thought to suppress the 

inflammatory process by neutralizing the oxidative stress 

that causes liver damage, thanks to the antioxidative and 

anti-inflammatory effects of NS (48). Our findings are 

also consistent with another study stating that 

thymiconicone, the main component of NS, decreased the 

activities of inflammatory markers such as TNF-α and IL-

1β in rats exposed to experimental AA toxicity (1). Also, 

the increase in IL-10 levels caused by NS treatment was 

remarkable. (Figure 2) The positive changes in pro-

inflammatory and anti-inflammatory cytokine levels as a 

result of NS treatment reveal that this herbal agent is a 

good immunomodulator. Indeed, the use of NS has been 

shown to have immunomodulatory effects in various 

inflammatory diseases (48). 

The liver is the primary organ for drug and 

environmental agent metabolism. Increased fatty acid 

production, mitochondrial dysfunction, modification of 

nuclear receptor activation, insulin resistance, and reduced 

lipid excretion have all been linked to the development of 

hepatic steatosis after exposure to some of these drugs and 

enviromental agents (22). Many industrial chemicals, 

including halogenated hydrocarbons, volatile organic 

mixtures, pesticides, and certain nitro organic compounds, 

have been related to toxicant-associated fatty liver disease 

and toxicant-associated steatohepatitis (22). Chronic 

amiodarone exposure has been associated with hepatic 

steatosis in individuals due to mitochondrial dysfunction 

and lipid oxidation inhibition (28). Long-term usage of the 

antiepileptic medication valproic acid has also been linked 

to fatty liver disease (18). Other drugs, such as tamoxifen, 

tetracycline, methotrexate, and corticosteroids, have also 

resulted in human steatosis has been associated with 

steatosis in the liver (31). No evidence of hepatic steatosis 

was found between the groups in the present study (Figure 

3). Hepatic steatosis, which is closely related to chronic 

exposure to toxic and pharmaceutical substances, was not 

thought to occur due to the short duration of the current 

study. 

In conclusion, this study revealed that AA 

intoxication leads to lipid peroxidation, oxidative stress, 

and liver damage through a severe inflammatory response. 

Besides, the present study also showed that 

intraperitoneally administered NS has a hepatoprotective 

effect by protecting the liver from AA-induced oxidative 

stress and pathological cytokine synthesis. 
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