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ABSTRACT 

Many herbal natural products have succeeded in reducing the toxicity of many toxins, such as that caused by carbon 

tetrachloride. Examples of these natural products are garlic oil and curcumin that are characterized by their high 

antioxidant activity. The protective effect of garlic oil, curcumin and their combination against CCl4 hepatotoxicity 

was investigated in male albino Wistar rats. 40 rats divided into five groups (n=8): 1st group (G1) as the negative 

control, 4 groups injected by CCl4 to induce liver toxicity. The 2nd Group (G2) (positive control), 3rd group (G3) was 

treated with garlic oil, 4th group (G4) was treated with curcumin, and 5th group (G5) was treated with a combination 

of garlic oil and curcumin. The CCl4-induced hepatotoxicity in G2 decreased the antioxidants (reduced glutathione, 

glutathione peroxidase, glutathione S-transferase, catalase, and superoxide dismutase) and high-density lipoprotein, 

and increased lipid peroxidation, total cholesterol, triglycerides, low-density lipoprotein-cholesterol, the very low-

density lipoprotein-cholesterol and the atherogenic index that severely injured live tissue as revealed by the elevated 

liver function parameters and liver histology. Hepatotoxicity of G3, G4, and their combination in G5 was attenuated 

by the administration of garlic oil, curcumin, and their combination, respectively. Garlic oil, curcumin and their 

combination showed significant hepatotoxic activities by restoring the altered biochemical and histopathological 

parameters. In G5, the garlic oil and curcumin combination showed better protection than either garlic oil or curcumin, 

separately.  
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INTRODUCTION 

The liver protects the body against foreign substances by 

detoxifying and eliminating drugs and other xenobiotics 

to prevent liver diseases, which is considered a serious health 

problem [1-4]. The hepato-toxicological problem is an 

injury caused by toxic chemicals and some drugs [3, 4]. 

The hepatotoxicity results from the oxidative stress 

occurred by the accumulation of reactive oxygen species 

(ROS) that influence macromolecules in the liver [5]. This 

oxidative stress results from the imbalance between the 

increased production of oxidizing species and the 

compromised effectiveness of antioxidant defenses 

mechanisms that fail in eliminating the increased levels of 

reactive oxygen species [6, 7]. The overproduction of free 

radicals resulting from various liver disorders [8-10]. 

Carbon tetrachloride (CCl4) is a hepatotoxic agent used to 

cause liver injury in many models into illustrated 

mechanisms behind hepatotoxicity [3, 4]. The liver injury 

caused by this solvent occurs due to the free radical 

reactions to the metabolism of CCl4 inside the liver and 

also the initiation of lipid peroxidation [11]. The excessive 

lipid peroxidation leading to disruption in CCl4 induced 

liver damage [12]. 
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Because of the high costs and side effects of allopathic 

medicines, many people started to return to herbal 

medicines that have fewer side effects [13]. Extracted oils 

from plant sources function as a scavenger of various 

reactive oxygen species, like superoxide anion and 

hydroxyl radicals [3, 4]. The presence of antioxidant 

components in the oils leads to the elimination of free 

radicals [14, 15]. 

Garlic oil is extracted from garlic (Allium sativum, Family 

Alliaceae), which has been consumed by a human for over 

10,000 years by the Ancient Egyptians as a medicine for 

different ailments [16]. It provides some biological 

activities, as it is composed of organosulfur compounds 

[17]. It also exhibits anti-cancer activity, and anti-

atherosclerotic activity, anti-hypertensive activity, anti-

microbial activity, immune modulator, and radio-

protective activity. These benefits are attributed to the 

anti-oxidative activity of garlic oil [18]. 

Curcumin or diferuloylmethane is derived from Curcuma 

longa [19]. It is used as an effective remedy for a variety 

of disorders such as asthma and hepatic disease since it 

has various pharmacological effects and acts as an 

antioxidant, anti-inflammatory, cardio-protective, 

hepato-protective, and anti-fibrosis [20]. 

We aimed to investigate the possible ameliorative effects 

of garlic oil, curcumin, and their combination of oxidative 

stress resulted from CCl4 induced hepatotoxicity in male 

rats. 

 

METHODS 

Chemicals and biological materials 

All chemicals used in this study were of analytical grade. 

Carbon tetrachloride (CCl4) was purchased from Sigma-

Aldrich (USA). CCl4 was dissolved in paraffin oil and 

injected intraperitoneally. Garlic Oil (GO) was obtained 

from the local market in Jeddah, Saudi Arabia. Curcumin 

(CUR) was purchased from Sigma-Aldrich (USA). It was 

suspended in 5% carboxymethyl cellulose (CMC) [21]. 

 

Study design 

A study conducted on forty (40) male Wistar Albino rats 

(250-270 g), obtained from the Animal House of King 

Fahad Medical Research Center, Jeddah, Kingdom of 

Saudi Arabia. Animals housed in standard cages and left to 

be acclimatized to laboratory conditions for 14 days before 

the commencement of the experiment. They were 

maintained on standard laboratory diet and water ad 

libitum. 

Experimental animals were carried out under protocols 

approved by Institutional Animal House, University of 

King Abdulaziz, Jeddah, Saudi Arabia. Cages, bedding, 

and glass water bottles replaced twice a week. Stainless 

steel feed containers changed every week. 

40 male rats were divided into five groups (n=8) as 

follows: 

Group 1 (G1) was the negative untreated control group 

given the basal diet and distilled water only. 

Group 2 (G2) was the positive CCl4-treated control group 

injected intraperitoneally with carbon tetrachloride 

dissolved in paraffin oil (1 ml/kg b.w.) every 72 hours at 3 

doses to induce liver toxicity as described by Jain et al. 

[22]. 

Group 3 (G3) was intraperitoneally injected with carbon 

tetrachloride as in G2 every 72 hours at 3 doses and 

concurrently treated daily with garlic oil at a dose of 200 

mg/kg b.w.as described by Wu et al. [23] using oral gavage 

for 4 weeks. 

Group 4 (G4) was intraperitoneally injected with carbon 

tetrachloride as in G2 every 72 hours at 3 doses and 

concurrently treated daily with curcumin at a dose of 100 

mg/kg b.wt. as described by Rodríguez-Rivera et al. [21] 

using oral gavage for 4 weeks. 

Group 5 (G5) was intraperitoneally injected with carbon 

tetrachloride as in G2 every 72 hours at 3 doses and 

concurrently treated daily with a mixture of garlic oil (200 

mg/kg b.w.) and curcumin (100 mg/kg b.w.) using oral 

gavage/4 weeks. 

 

Blood samples collection 

At the end of the experimental period and after 12 hours of 

fasting, blood was withdrawn from the heart of euthanized 

animals by cervical dislocation. The liver rapidly dissected 

out and washed with ice-cold saline. Furthermore, half of 

the liver was kept in ice for liver tissue homogenate 

preparation and other half fixed in 10% formalin for 

histological preparations. The serum was separated by 

centrifugation of blood (3000 xg / 10 min). 

 

Liver tissue homogenate preparation 

The liver tissue homogenate was prepared from the ice-

cold liver tissues as described in Al-Seeni et al. [3]. 

 

Biochemical analysis 

Antioxidants 

The following antioxidants were estimated in the liver 

tissue homogenate. Reduced glutathione (GSH) was 

assayed using Abcam® Reduced Glutathione assay kit 

(UK), glutathione peroxidase (GPx) was assayed using 

Abcam® glutathione peroxidase assay kit (UK), 

glutathione S-transferase (GST) was assayed using 

Elabscience® glutathione S-transferase assay kit, catalase 

(CAT) was assayed using Abcam® catalase assay kit 

(UK), superoxide dismutase (SOD) was assayed using 

Elabscience® Superoxide Dismutase assay kit (Texas, 

USA). All analyses were done according to the instruction 

of the supplier. 

 

https://www.researchgate.net/scientific-contributions/38158418_Adriana_Rodriguez-Rivera?_sg%5B0%5D=qKkgzR9NiVnKlLbKWnSnzN4ngYTCtycdlX59DgC76jeAvEhV6U_ymKRbhELHsyPujoZkzno.CO9-CUZHCWN23IayFVENdhDh4MVUyruuFSHgRfgdStVolTq5y8q8ecPiwLueEfoAVm9rxpznDsAxLAYBr_O3sw&_sg%5B1%5D=_go3XlbCiKk0I4Fwmy9wAJw4pFH2XSwOZKEyFwOJ5n1Pe5ill7YlciNxNwb9rdWoFuoj940.d8lFVgoqNIMWU0IzMRpP4ERcJzJEg7vVJWihgYJAjI9B9FXcBoWglHB3820E3_y38ELWYsBkCqz1pmhz7Nh6jQ
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Oxidative Stress 

Determination of lipid peroxidation 

The malondialdehyde (MDA) was assayed in the liver 

tissue homogenate as an indication of the lipid 

peroxidation using the Abcam® lipid peroxidation assay 

kit. 

 

Liver Enzymes Activities 

Human® kits (Germany) were used to determine the 

activity of aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), alkaline phosphatase (ALP), and 

L-γ-Glutamyl transferase (GGT) in the serum according to 

the instructions of the supplier. 

 

Lipid Profile 

Human® kits (Germany) were used in the determination of 

total cholesterol (CT), triglycerides (TG), low-density 

lipoprotein-cholesterol (LDL-C) and high-density 

lipoprotein-cholesterol (HDL-C) in the serum. The very 

low-density lipoprotein-cholesterol (VLDL)was 

estimated by dividing the triglyceride value by 5 (TG/5), 

atherogenic index of plasma was calculated as 

log(TG/HDL-C) [24]. 

 

Histopathological investigations 

A piece of the liver was washed in sterile saline and fixed 

in 10% neutral formalin for histopathological studies. 

Dehydrating in gradual ethanol (50 – 99%), cleared in 

xylene, and embedded in paraffin. Then 5µ sections were 

prepared and stained with hematoxylin and eosin (H&S) 

dye for microscopic investigation.  

 

Statistical Analysis 

Data were analyzed using SPSS, version23. Data are 

represented as M ± SD. T-test was done between G1 and 

all other groups. ANOVA (analysis of variance) was 

calculated between groups 2, 3, 4 and 5, means with 

different superscript (a, b or c) are significantly different 

from each other at P<0.05, same superscripts are non-

significant. LSD: least significant difference (Post-Hoc test 

for ANOVA). 

 

RESULTS 

Antioxidants 

Table 1 shows the effect of garlic oil, curcumin, and garlic 

oil with curcumin on CCl4- induced hepatotoxicity in male 

rats for four weeks on antioxidants in the liver tissue 

homogenate. CCl4 significantly induced hepatotoxicity in 

male rats of the positive control by decreasing the values 

of reduced glutathione (GSH), glutathione peroxidase 

(GPX), glutathione S-transferase (GST), catalase (CAT), 

and superoxide dismutase (SOD) compared to the negative 

control group (G1). 

Treating CCl4-induced hepatotoxicity in G3 with garlic oil 

significantly increased the mean of GPX, GST, SOD, 

GSH, and CAT as compared with the positive control 

group (G2). Similarly, CCl4-induced hepatotoxicity in G4 

with curcumin significantly increasing in the values of 

GPX, SOD, GST, GSH, and CAT comparing to the 

positive control (G2). In addition, treating the CCl4 

induced hepatotoxicity in G5 with the combination of 

garlic oil and curcumin significantly increased the mean 

values of GPX, GST, SOD, CAT, and GSH compared to 

that of the positive control group (G2). Moreover, treating 

the rats with garlic oil in G3 was more efficient than 

treating with curcumin in G4, whereas treating 

hepatotoxicity in G5 with the combination of garlic oil and 

curcumin was more efficient than garlic oil and curcumin 

alone in ameliorating oxidative stress.

 

Table 1: Effect of treating CCl4-induced hepatotoxicity in male rats with garlic oil and curcumin on antioxidants in the 

liver tissue homogenate. 

Antioxidants Statistics 

Group 1 

negative 

control) 

Group 

2(CCl4+ve 

control) 

Group 3 

(CCl4+Garlic 

oil) 

Group 4 (CCl4+ 

Curcumin) 

Group 5 

(CCl4+Garlic 

oil- Curcumin) 

CAT 

U/ml 
Mean ± SD 0.36±0.14a 0.26±0.05b 0.32±0.06c 0.29±0.06d 0.35±0.09e 

 LSD 0.05=0.07      

 T- test - 1.929*** 0.204*** 0.679*** 1.285*** 

SOD 

U/dl 
Mean ± SD 

 

2394.88±34.6a 

 

2012.03±131.7b 

 

2340.49±18.36c 

 

2328.26±20.96d 

 

2364.59±21.36e 

 LSD 0.05=47.967      

 T- test - 7.951*** 4.656*** 2.106*** 3.925*** 

GSH 

ug/dl 
Mean ± SD 

 

1.59±0.6a 

 

0.94±0.48b 

 

1.3±0.35c 

 

1.1±0.24d 

 

1.39±0.17e 
 LSD 0.05=0.34      

 T- test - 2.388*** 1.183*** 2.106*** 2.882*** 
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GPX 

ug/dl 
Mean ± SD 

 

114.98±9.88a 

 

99.66±16.88b 

 

123.03±6.36c 

 

122.33±6.94d 

 

135.24±5.97e 
 LSD 0.05=17.22      

 T- test - 2.217*** -4.964*** -1.936*** -1.72*** 

GST 

U/dl 
Mean ± SD 87.97±11.33a 71.71±13.25b 102.88±8.5c 94.4±15.66 d 106.67±13.69e 

 LSD 0.05=11.54      

 T- test - 2.638** -2.976*** -0.943*** -2.975*** 

SD: standard deviation, t-test values; *: significant at P>0.05, **: highly significant at P>0.01 and ***: very highly significant at P<0.001. Means with 

different superscript (a, b, c, d or e) are significantly different from each other at P<0.05, LSD: least significant difference (Post-Hoc test for 

ANOVA). 

 

Lipid peroxidation 

Table 2 shows the effect of garlic oil, curcumin, and garlic 

oil with curcumin on CCl4- induced hepatotoxicity on lipid 

peroxide of the liver tissue homogenate in male rats. The 

CCl4-induced hepatotoxicity increased lipid peroxidation 

as revealed by the significantly increased value of MDA in 

the positive control as a result of liver damage compared to 

that of the negative control group (G1). Treating the CCl4-

induced hepatotoxicity with garlic oil in G3, curcumin in 

G4, garlic oil with curcumin in G5 significantly decreased 

the lipid peroxidation compared to the positive control 

group (G2). Curcumin in G4 was more efficient than garlic 

oil in G3 in decreasing the lipid peroxidation, whereas 

treating hepatotoxicity with the combination of garlic oil 

and curcumin in G5 was more efficient than treating with 

garlic oil in G3 or curcumin in G4 in decreasing the lipid 

peroxidation.

 

Table 2: Effect of treating CCl4-induced hepatotoxicity in male rats with garlic oil and curcumin on lipid 

peroxidation in the liver tissue homogenate. 

lipid 

peroxidation 
Statistics 

Group 1 

negative 

control) 

Group 2 

(CCl4+ve 

control) 

Group 3 

(CCl4+Garlic 

oil) 

Group 4 

(CCl4+Curcu

min) 

Group 5 

(CCl4+Garlic 

oil- Curcumin) 

MDA 

nmol/ml 
Mean ± SD 0.19±0.04a 0.27±0.05b 0.19±0.06c 0.18±0.06d 

 

0.15±0.05e 

 
 LSD 0.05=0.06      

 T- test - -3.161*** 0.325*** 0.675*** 2.283*** 

SD: standard deviation, t-test values; *: significant at P>0.05, **: highly significant at P>0.01 and ***: very high significant at P<0.001. Means with 

different superscript (a, b, c, d or e) are significantly different from each other at P<0.05, LSD: least significant difference (Post-Hoc test for 

ANOVA). 

 

Liver enzymes 

Table 3 shows the effect of garlic oil, curcumin, and garlic 

oil with curcumin on CCl4- induced hepatotoxicity on liver 

enzymes.CCl4 induced hepatotoxicity in rats of positive 

control (G2) (P<0.001) increasing AST, ALT, ALP, and 

GGT compared to the negative control (G1). Treating CCl4 

led to hepatotoxicity with garlic oil, curcumin, and garlic 

oil with curcumin in G3, G4, and G5 decreased activity of 

AST, ALT, ALP, and GGT compared to the positive 

control (G2). Best results were obtained in G5 when CCl4 

hepatotoxicity was treated with the combination of garlic 

oil and curcumin.

 

Table 3: Effect of treating CCl4-induced hepatotoxicity in male rats with garlic oil and curcumin on liver 

enzymes. 

Liver 

enzymes 
Statistics 

Group 1 

negative 

control) 

Group 

2(CCl4+ve 

control) 

Group 3 

(CCl4+Garlic oil) 

Group 4 

(CCl4+Curcumin) 

Group 5 

(CCl4+Garlic oil- 

Curcumin) 

AST 

U/L 
Mean ± SD 

 

25.03±5.88a 

 

75.08±17.63b 

 

34.04±8.7c 

 

28.01±5.88d 

 

22.39±2.06e 
 LSD 0.05=10.56      

 T- test - -7.619*** -2.424*** 1.017*** -1.198*** 

ALT 

U/L 
Mean ± SD 12.09±3.04a 24.02±5.63b 11.82±3.04 c 10.71±2.01d 10.24±1.55e 

 LSD 0.05=3.53      

 T- test - -5.271*** 0.182*** 1.076*** 1.545*** 
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GGT 

U/L 
Mean ± SD 1.91±0.22a 4.69±0.65b 2.24±0.43c 2.24±0.16d 1.91±0.22e 

 LSD 0.05=0.42      

 T- test - -11.403*** -1.898*** 3.372** -1.580*** 

ALP 

U/L 
Mean ± SD 63.64±8.11a 86.39±8.37b 61.69±5.78c 66.39±21.53d 57.32±9.97e 

 LSD 0.05=13.22      

 T- test - -5.521*** 0.555*** -0.339*** 1.39*** 

SD: standard deviation, t-test values; *: significant at P>0.05, **: highly significant at P>0.01 and ***: very high significant at P<0.001. Means with 

different superscript (a, b, c, d or e) are significantly different from each other at P<0.05, LSD: least significant difference (Post-Hoc test for 

ANOVA). 

 

Lipid profile 

Table 4 shows the effect of garlic oil, curcumin, and garlic 

oil with curcumin on CCl4- induced hepatotoxicity on the 

serum lipid profile. The total cholesterol (TC), 

triglycerides (TG), low-density lipoprotein-cholesterol 

(LDL), very-low-density lipoprotein (VLDL), and 

atherogenic index of plasma (AIP) in the positive control 

(G2) increased compared to the negative control (G1). In 

contrast, high-density lipoprotein-cholesterol (HDL), in 

the positive control (G2) significantly decreased compared 

to the negative control (G1). 

The combination of garlic oil and curcumin in G5 was most 

effective in reducing the dangerous lipid levels and 

increasing the HDL (the useful lipids) compared to garlic 

oil in G3 or curcumin in G4. 

 

Table 4: Effect of treating CCl4-induced hepatotoxicity in male rats with garlic oil and curcumin on lipid profile 

and the atherogenic index of plasma (AIP). 

Lipid profile Statistics 
Group 1 negative 

control) 

Group 2(CCl4+ve 

control) 

Group 3 (CCl4+ 

Garlic oil) 

Group 4 (CCl4+ 

Curcumin) 

Group 5 

(CCl4+Garlic oil- 

Curcumin) 

TC 

(ug/dl) 
Mean ± SD 27.28±5.03a 38.21±4.95b 35.1±8.25c 35.11±3.42d 29.06±4.96e 

 LSD 0.05=4.94      

 T- test - -4.386*** -2.291* -3.664** -0.716*** 

TG 

(ug/dl) 
Mean ± SD 26.11±4.9a 45.63±11.41b 36.83±11.86c 34.28±6.09d 32.44±6.38e 

 LSD 0.05=9.56      

 T- test - -4.444*** -2.362* -2.953** -2.223*** 

HDL 

(ug/dl) 
Mean ± SD 19.62±8.01a 12.86±4.49b 21.7±6.78c 21.11±7.01d 24.38±8.59e 

 LSD 0.05=7.04      

 T- test - 2.083 -0.561 -0.395 -1.144 

LDL 

(ug/dl) 
Mean ± SD 15.05±4.74a 25.23±2.09 b 22.1±2.48 c 22.58±3.45d 17.49±2.25e 

 LSD 0.05=2.68      

 T- test - -5.554*** -3.728** -3.63** -1.316 

VLDL 

(ug/dl) 
Mean±SD 5.22±1.217a 9.13±2.281b 7.365±2.371c 6.85±0.980d 6.487±1.276e 

 LSD 0.05= 1.558      

 T-test - -0.591*** -2.171*** 2.618*** 0.843*** 

AIP Mean±SD 0.0910±0.217a 0.1305±0.193b 0.2000±0.200c 0.2177±0.235d 0.2191±0.241e 

 LSD 0.05= 0.1914      

 T-test - 0.404** -3.398 *** 0.856*** 0.665*** 

SD: standard deviation, t-test values; *: significant at P>0.05, **: highly significant at P>0.01 and ***: very high significant at P<0.001. Means with 

different superscript (a, b, c, d or e) are significantly different from each other at P<0.05, LSD: least significant difference (Post-Hoc test for 

ANOVA). 

 

Histopathology of the liver 

The histopathology of the liver tissues of the studied rat 

groups is shown in Fig.1 (A, B, C, D, E). Fig.1A shows the 

hepatic tissues of the negative control with the normal 

structure of the liver in which the hepatocytes have formed 

lobules surrounding the central vein separated by blood 
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sinusoid. In addition, it shows normal hepatic architecture 

with portal tracts composed of the normal bile duct, portal 

vein, normal hepatic strands of cells, normal hepatic artery, 

and blood sinusoids, normal kupffer cells, and normal 

central vein. Whereas, Fig. 1B shows the hepatic tissues of 

the positive control CCl4-treated group (G2) with drastic 

changes such as inflammation and congestion of the 

hepatic tissues and the central vein. Moreover, congestion 

in vascular spaces and necrosis were also seen. Clear 

accumulation of hepatic granules with well-seen cytoplasm 

and prominent nucleus were also seen. The CCl4 toxicity 

also showed distorted hepatic structure, distorted vein, and 

distorted kupffer cells. 

The concurrent administration of garlic oil to G3 rats 

showed that garlic oil alleviated the toxicity of CCl4 

(Fig.1C). The hepatic tissues were near to the normal 

structure and mild congestion around the central vein. 

Nearly normal hepatic cells, blood sinusoids, and kupffer 

cells were also seen. In addition, the concurrent 

administration of curcumin alleviated the toxic effects in 

G4 rats (Fig.1D). The hepatic tissues of G4 rats showed 

nearly normal structure with mild congestion around the 

central vein, mildly congested and inflamed hepatic strands 

of cells, mildly congested hepatic central vein and artery, 

and mildly congested kupffer cells were also seen. 

Furthermore, the liver of rats from the garlic oil-and 

curcumin-treated group (G5) showed that garlic oil and 

curcumin alleviated the toxicity of the CCl4. The hepatic 

tissues showed the nearly normal structure of the hepatic 

tissues. Nearly normal hepatic cell strands, nearly normal 

hepatic artery, nearly normal blood sinusoids, and nearly 

normal kupffer cells were also seen (Fig. 1E). This result 

shows that garlic oil and curcumin have a protective effect 

against CCl4-induced impaired liver damage in male rats. 

Garlic oil was more efficient than curcumin in ameliorating 

the liver tissues in G3 and G4, respectively. Whereas the 

combination of garlic oil and curcumin in G5 was more 

efficient than garlic oil in G3 and curcumin in G4 in 

ameliorating the liver tissues.

 
Fig.1. A:Hepatic tissues of the negative control group (G1),B: hepatic tissues of CCl4positive control group (G2),C: 

hepatic tissues of garlic oil treated group (G3),D: hepatic tissues of curcumin treated group (G4),E: hepatic tissues 

garlic oil and curcumin treated group (G5). X= 400, (H&E stains). 
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DISCUSSION 

The current study was focused on testing the 

hepatoprotective activity of garlic oil and curcumin 

against CCl4-induced hepatotoxicity in male rats. The 

CCl4-induced liver toxicity increases oxidative stress as 

revealed by the increase of lipid peroxidation and the 

decrease of antioxidant parameters in the positive CCl4-

treated group. CCl4 toxicity causes free radical reactions 

to the metabolism of the CCl4 inside the liver and also the 

initiation of lipid peroxidation [11]. The excessive lipid 

peroxidation leads to disruption in CCl4 inducing the liver 

damage [12]. In addition, the increase in lipid 

peroxidation and the decrease in the antioxidants due to 

CCl4 toxicity resulted from the imbalance between 

antioxidant defense and ROS production [25]. This 

balance can be restored through dietary antioxidant 

supplementation [3, 4, 26], which eventually inhibits the 

hepatotoxicity [4, 27, 28]. 

In addition, the increase of free radicles and the altered 

oxidative stress as a result of CCl4 toxicity affected the 

lipid profile parameters that were also severely affected 

by increasing the total cholesterol, triglycerides, and low-

density lipoproteins, and the decrease in high-density 

lipoprotein is considered a risk factors for dyslipidemia 

and associated diseases [3, 4, 24]. 

Similarly, the oxidative stress of the CCl4-induced 

hepatotoxicity increased liver function parameters; AST, 

ALT, ALP, and GGT due to enzymes leakage from the 

liver into the bloodstream due to the death or damage of 

the hepatocytes [3, 4, 29]. This damage in hepatocytes 

also appeared in the altered hepatic tissues that showed 

severe damage to the hepatic cells in the positive control 

group as a result of CCl4-induced toxicity. This result is 

supported by previous studies [3, 4]. 

Restoring the antioxidant capacities and minimizing of 

lipid peroxidation as a result of treating the CCl4-induced 

toxicity with garlic oil, curcumin, and their combination 

is supported by other studies stated that glutathione 

peroxidase, catalase, and glutathione are examples of the 

detoxifying system of the body, can sweep ROS [30]. 

Alternative medicines represented in this study by garlic 

oil, curcumin, and their combination can limit ROS-

mediated injuries and thus protect the liver from possible 

damages [31]. 

These benefits are attributed to the anti-oxidative activity 

of garlic oil [32] due to its possession of more than 30 

organosulfur compounds; for instance, diallyl sulfide, 

diallyl disulfide, and diallyl trisulfide [17, 33, 34] that 

increase the activity of glutathione-related antioxidant 

system in the liver by supplying protective effects against 

the oxidative stress [23, 35]. In addition, the ameliorative 

effect of garlic oil is supported by the fact that extracted 

oils from plant sources function as a scavenger for various 

reactive oxygen species, like superoxide anion and 

hydroxyl radicals that lead to the elimination of free 

radicals [14, 15]. In addition, garlic oil has several 

biological benefits because it contains organosulfur 

compounds, which work synergistically as anti-cancer, 

anti-atherosclerotic, anti-hypertensive, anti-microbial, 

immunomodulator, and radio-protective [17]. These 

organosulfur components of garlic oil increase the 

activity of glutathione-related antioxidant systems in the 

liver [32] by supplying protective effects against the 

oxidative stress agents [35]. 

On the other hand, curcumin also succeeded in protecting 

against CCl4 hepatotoxicity because of its antioxidant, 

anti-inflammatory, cardio-protective, hepato-protective, 

and anti-fibrosis activity by scavenging reactive species 

and eliminating superoxide anion (O_), nitric oxide (NO), 

peroxynitrite (NOO), hydroxyl (OH_) and peroxyl (ROO) 

radicals and indirectly stimulating an up-regulation of 

antioxidant proteins, such as superoxide dismutase, 

glutathione-S-transferase, catalase, glutathione 

peroxidase, g-glutamyl cysteine ligase, and glutathione 

reductase. Furthermore, CUR promotes the synthesis of 

reduced glutathione (GSH) by the induction of gGCL. 

Thus, it provides a strong antioxidant effect and protects 

the body cells from the oxidative damage because of the 

presence of phenolic groups in this substance, which are 

responsible for its capacity to deal with reactive species 

[19, 20, 36]. 

The combination of garlic oil and curcumin was more 

efficient in protecting rats under study against CCl4 

toxicity due to the numerous antioxidant components of 

both of them that synergistically played a crucial role in 

the protection process [20, 35, 36]. 

 

CONCLUSION 

Garlic oil and curcumin succeeded in attenuating 

hepatotoxicity in CCl4-induced hepatotoxic rats. They 

could restore the liver function enzymes, antioxidants, and 

lipid profile to the normal. They also restored the injured 

liver tissues to their normal as in the negative control. It is 

also worthy to mention that the combination of garlic oil 

and curcumin in G5 revealed maximum protection 

compared to either garlic oil or curcumin, separately. 
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