
1368 
Journal of Applied Sciences Research, 7(9): 1368-1374, 2011 
ISSN ISSN 1819-544X   
This is a refereed journal and all articles are professionally screened and reviewed 

 

ORIGINAL ARTICLES 

 

Corresponding Author: Lamiaa A. A. Barakat and Maha M. Mohamed, Women ҆s college, Ain Shams University, Cairo,  
                          Egypt. 

                                          E-mail:  Maha_nutrition@yahoo.com 

Ginger, Cumin and Mustard Seeds Modulate Acetaminophen-Induced Acute Hepatic 
Injury in Rats 
 
Lamiaa A. A. Barakat and Maha M. Mohamed 
 
Women �s college, Ain Shams University, Cairo, Egypt. 
 
ABSTRACT 
 
 Aim: The present study aimed to compare the hepatoportective effects of some common spices including 
ginger (Zingiber officinale), cumin (Cuminum cyminu) and mustard (Sinapis alba) against acetaminophen 
(APAP)-induced hepatic injury. Methods: Forty eight adult male Sprague Dawely rats were randomly divided 
into eight groups (n=6). Groups from 1 to 4 (used as control groups) fed on either a basal diet or diets 
supplemented with one of the three tested spices (2% w/w) for five weeks followed by intraperitoneal (i.p.) 
injection of single dose of saline (2 ml).  Groups from 5 to 8 fed on the same previous diets for five weeks 
followed by i.p.  injection of  single dose of APAP (500 mg/kg body weight). Subsequently, rats from all groups 
were sacrificed after 24 hours of injection. Results: Biochemical examination revealed that the administration of 
APAP caused liver injury in the rats, including increased serum activities of aspartate aminotransferase (AST), 
alanine aminotransferase (ALT) and alkaline phosphatase (ALP) and the level of total bilirubin, decreased serum 
total proteins and albumin, depleted whole blood and hepatic reduced glutathione (GSH),  elevated plasma and 
hepatic  malondiadhyde (MDA) and nitric oxide (NO)  and decreased the activities of erythrocytes glutathione 
peroxidase (GPX) and Cu, Zn-superoxide dismutase (SOD), plasma catalase and hepatic GPX, SOD and catalase. 
However, pretreatment with the tested spices significantly alleviate these hepatic diagnostic and oxidative stress 
markers nearly to the same extent. Conclusion: Pretreatment with ginger or cumin or mustard led to a significant 
attenuation of the liver injury induced by APAP. These effects are probably related to the antioxidant activity 
associated with the free radical scavenging property of these spices. 
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Introduction: 
 
 Acetaminophen (paracetamol, N-acetyl-p-aminophenol; APAP) is a phenolic compound, which was found to 
be a substrate for tyrosinase. APAP is one of the most extensively used drugs worldwide for its analgesic, 
antipyretic and anti-inflammatory effects (Bessems & Vermeulen, 2001 and James et al., 2003). Although it is 
safe at therapeutic levels, an overdose can cause severe liver injury in animals and in humans (Larson et al., 
2005). The first step to APAP toxicity is metabolism to a reactive metabolite, which leads to the depletion of a 
reduced form of glutathione (GSH) and subsequent binding to cellular proteins (Jaeschke et al., 2003). Protein 
binding initiates the injury process, which can then propagated and amplified by mitochondrial dysfunction and 
oxidative stress formation (Lai et al., 2008).  
 Spices are an important group of agricultural commodities being used by many civilizations all over the 
world to aid flavor, taste and nutritional values in the food. In traditional medical systems, spices have been used 
for centuries to cure various kinds of illnesses such as common cold, diabetes, cough and cancers (Gallo et al., 
2010). Various active constituents, phenolics and flavonoids, isolated from many spices have antioxidant 
(Jeyakumar et al., 1999), anti-cancer (Shukla & Singh, 2007), anti-inflammatory (Hudson et al., 2006), anti-
angiogenesis (Huang et al., 2000) and anti-artherosclerotic properties (Coppola & Novo, 2007). This research 
work was focused on three important spices, i.e., ginger (Zingiber officinale), cumin (Cuminum cyminum) and 
mustard (Sinapis alba, Commonly called yellow or white mustard); they are widely used over the world as spices 
and condiments in daily cooking. They are recognized for their antioxidant properties (Sultana et al., 2010 and 
El-Ghorab et al., 2010).  
 Therefore, the present study was carried out to investigate the hepatoprotective and antioxidant activity of 
dietary pretreatment of ginger, cumin and mustard against acetaminophen induced acute liver injury in rats. 
 
Materials and Methods 
 
Chemicals: 
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 APAP was purchased from El-Nile Company, Cairo, Egypt. Stock solution of APAP was prepared in saline 
solution at 30 mg/ml. The APAP solution was vortex mixed (25 min) and kept warm prior to i.p. administration 
to rats. Ginger, cumin and mustard were collected from available brands found in local market. Dried spices 
seeds were powdered using a grinder-mixer and were mixed with basal diet in required doses (2% w/w). Kits for 
the biochemical measurements were purchased from Bio diagnostics Cairo, Egypt. All other chemicals were of 
analytical grade. 
  
Animals and diets: 
 
 A total of 48 Sprague Dawley adult male albino rats, were obtained from Helwan farm of Serum and 
Vaccine, Cairo, Egypt.  Their body weights ranged from 150-200 g. The animals were housed individually in 
metallic cages at a controlled temperature (23–25°C) and ambient humidity (50–60%). Lights were maintained 
on a 12-h light-dark cycle (lights on from 0600 to 1800 h). Basal diet was prepared as AIN-93 (Reeves et al., 
1993). All animals were received basal diet and water ad-libitum for one week as an adaptation period. 
 
Experimental design: 
 
 The rats were randomly divided into eight groups (n=6). Animals in group 1 (negative control) were fed on 
basal diet ad libitum for 5 weeks followed by a single dose (i.p. injection) of saline (2 ml). Animals in groups 2, 3 
and 4 were fed on basal diet supplemented with ginger or cumin or mustard (2% w/w), respectively, as 
pretreatment for 5 weeks followed by a single dose (i.p. injection) of saline (2 ml).  Animals in group 5 (positive 
control) were fed on basal diet for 5 weeks followed by a single dose (i.p.  injection) of APAP, 500 mg/kg body 
weight (Lim et al., 2010). Animals in groups 6, 7, and 8 were fed on basal diet supplemented with ginger or 
cumin or mustard (2% w/w), respectively, as pretreatment for 5 weeks followed by a single dose (i.p. injection) 
of APAP (500 mg/kg body weight). 
 After 24 h of injection to rats, they were sacrificed under diethyl ether anesthesia. The blood samples were 
collected directly from portal vein into heparinized and non-heparinized centrifuge tubes. Plasma and serum were 
separated by centrifugation at 3000 r.p.m for 15 minutes and were frozen at -20 °C for subsequent biochemical 
analysis. Heparinized blood samples were used for the determination of reduced glutathione. The erythrocytes 
were washed twice with cold saline and kept at -20 °C for Zn, Cu SOD and GPX estimation. Immediately after 
sacrificing rats, livers were excised from the rats, washed in cold saline, plotted in filter paper, weighed and 
stored at -20 °C for biochemical assay.  
 
Biochemical assays: 
 
 The levels of ALT and AST activities were assayed according to Henry et al. (1960) and ALP activity was 
assayed according Tietz et al. (1983). Total proteins, albumin and total bilirubin were estimated by standard 
spectrophotometric methods according to Henry et al. (1974), Grant & Kachmar (1976) and Doumas et al. 
(1973), respectively. Lipid peroxidation (LPO) was estimated in plasma and liver homogenates by measuring the 
malondialdehyde (MDA) production formed in the thiobarbituric acid reaction (Mihara & Uchiyama, 1978). 
Glutathione concentration was determined by the method of Beutler et al. (1963). Whole blood and liver 
homogenates were deproteinated with trichloroacetic acid by centrifugation and GSH released in the supernatant 
were derivatized with 5, 5' dithiobis-2-nitrobenzoic acid (DTNB). The development of color was measured at 412 
nm. Nitric oxide was determined according to Montgomery & Dymock (1961). Glutathione peroxidase (GPX) 
activity was assayed in erythrocytes and liver homogenates by a coupled test system, in which glutathione 
reductase is employed for regeneration of GSH and butylhydroperoxide used as the acceptor substrate. The 
decrease in NADPH concentration was registered photometrically at 340 nm (Günzler et al., 1974). The 
determination of Cu, Zn-SOD activity in erythrocytes and liver homogenates was according to Winterbourne et 
al. (1975). Catalase activity was estimated by following the decomposition of H2O2 directly by the decrease in 
extinction of hydrogen peroxide at 240 nm (Aebi et al., 1972).  
 
Statistical analysis: 
 
 The data are expressed as means ± SD. Significant differences between experimental groups were estimated 
using unpaired Student’s t-test. The difference among groups means were tested using the least significant 
differences (LSD). p-values <0.05 were considered statistically significant (Bailey, 1994). 
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Results and  Discussion 
 
 Feeding the three tested spices to healthy rats have no adverse effect on the liver weights (either absolute or 
relative) as well as the measured liver function tests (Tables 1 and 2). A significant (p<0.05) increase in the level 
of blood GSH (12.1%, 9.9%, and 10.96%)  and a significant (p<0.05) decrease in the level of plasma MDA 
(12.3%, 7.4% and 9.4%)  was observed in animal groups fed on diets supplemented with ginger or cumin or 
mustard, respectively, as compared to negative control (Table 3). Also, hepatic MDA showed significant 
(p<0.05) decrease (22.2%, 24.3%, and 23.2%) while hepatic GPX showed significant (p<0.05) increase (16.5%, 
19.5% and 19.5%) in these treated groups as compared to the negative control (Table 4). 
 
Table 1: Effect of pretreatment with ginger, cumin and mustard on absolute and relative liver weights and serum levels of liver enzymes  
                activities in rats in APAP-induced hepatotoxicity 

Groups 
Absolute liver 
weight     (g) 

Liver weight 
(g% of body 

weight) 

AST 
(U/L) 

ALT 
(U/L) 

ALP 
(U/L) 

 Negative control  7.2±0.85a 4.04±0.08 a 45.2 ± 2.38 a 65.06±2.3 a 85.3±2.1 a 
B.D* + Ginger 7.05±0.91a 4.04±0.069 a 45.75±1.2 a 63.87±3.12 a 82.5±2.1 a 

B.D* + Cumin 6.9±0.57a 3.96±0.027 a 44.95±3.02 a 66.46±3.5 a 84.15±2.28 a 

B.D*+ Mustard 7.16±1.01a 4.031±0.04 a 45.36±1.46 a 64.36±1.46 a 86.6±1.64 a 
APAP (positive control) 9.1±1.1b 5.66±0.246 b  81.2±3.04 b 94.9±3.85 b 116.2±3.75 b 

B.D*+Ginger +APAP 8.1±1.15c 4.58±0.07 c 55.05±2.42 c 70.52±2.35 c 91.47±1.33 c 

B.D*+Cumin+ APAP 8.2±0.95c 4.55±.037 c 53.5±2.8 c 74.4±3.93 c 88.8±2.06 c 
B.D*+Mustard+APAP 7.9±0.89c 4.55±0.052 c 53.6±2.12 c 72.35±3.93 c 89.4±3.09 c 

*B.D (basal diet).The values are expressed as mean ± SD (n= 6 rats/ group). The same letters means that there is no significant difference 
between groups. The different letters means that there is a significant difference between groups at p<0.05. 

 
 Acetaminophen (500 mg/kg body weight), given once intraperitoneally, showed hepatotoxicity after 24 h as 
evident from biochemical parameters of this study. Both absolute and relative liver weights were increased 
(26.3% and 40%, respectively) after treatment with APAP as compared to negative control group. Pretreatment 
with the tested spices demonstrated a protective effect against these increases. As there was a significant decrease 
(p<0.05) in the absolute (10.9%, 9.8% and 13.1%)  and relative (19%, 19.6% and 19.6% ) weights of liver in 
groups pretreated with ginger or cumin or mustard, respectively, as compared to positive control (Table 1).  
 APAP significantly (p< 0.05) elevated serum AST, ALT and ALP activities by 79.6%, 45.8% and 36.2%, 
respectively, as compared to negative control (Table 1). Also, APAP treatment significantly (p< 0.05) elevated 
serum total bilirubin (54.16%) and significantly (p<0.05) reduced serum total proteins (14.8%) and albumin 
(22.8%) as compared to negative control (Table 2). 
 All the tested spices showed a protective effect against these elevations. For example, ginger significantly 
(p< 0.05) reduced serum activities of AST, ALT, ALP and total bilirubin by 32.2%, 25.6%, 21.2% and 16.2%, 
respectively, as compared to positive control. Cumin significantly (p< 0.05) reduced their activities by 34.11%, 
21.6%, 23.58% and 16.2% while mustard significantly (p< 0.05) reduced their activities by 33.99%, 23.76%, 
23% and 16.2%, respectively, as compared to positive control. Also, the tested spices significantly (p< 0.05) 
increased the reduced levels of serum total proteins and albumin as compared to positive control (Tables 1 and 2). 
 
Table 2: Effect of pretreatment with ginger, cumin and mustard on serum levels of total proteins, albumin, globulin, A/G ratio and total  
                bilirubin in rats in APAP-induced hepatotoxicity 

Groups 
Total proteins 

(g/dl) 
Albumin 

 (g/dl) 
Globulin  

(g/dl) 
A/G** 
Ratio 

Total bilirubin 
(mg/dl) 

 Negative control  6.45±0.12bc 4.34±0.11 b  2.11±0.077a 2.05±0.1 c 0.24 ±0.01 c 
B.D* + Ginger 6.7±0.069a 4.6±0.17 a 2.09±0.107ab 2.23±0.13 bc 0.22±0.004 d 

B.D* + Cumin 6.56±0.33ab 4.65±0.198 a 1.91±0.36 b 2.58±0.84 b 0.21±0.005 d 
B.D*+ Mustard 6.66±0.082a 4.67±0.107 a 1.99±0.07 ab 2.35±0.12 bc 0.21±0.005 d 
APAP (positive control) 5.49±0.1e 3.35±0.13 b 2.13±0.16 a 1.58±0.16 d 0.37±0.04 a 
B.D*+Ginger +APAP 5.87±0.42d 4.39±0.19 b 1.47±0.37c 3.14±0.7  a 0.31±0.01 b 
B.D*+Cumin+ APAP 6.2±0.12c 4.27±0.12 bc 2.03±0.01ab 2.08±0.06 c 0.31±0.01 b 
B.D*+Mustard+APAP 6.3±0.11c 4.22±0.12 c 2.04±0.016ab 2.09±0.07 c 0.31±0.01 b 

*B.D (basal diet). ** A/G ratio (albumin/ globulin ratio). The values are expressed as mean ± SD (n= 6 rats/ group). The same letters means 
that there is no significant difference between groups. The different letters means that there is a significant difference between groups at 
p<0.05. 
 
 APAP depleted whole blood and hepatic GSH levels by 36.39% and 37.01%, respectively, when compared 
to negative control group.  Pretreatment with ginger or cumin or mustard maintained the levels of blood GSH 
(56.9%, 52.6% and 38.1%, respectively) and hepatic GSH (24.7%, 31.9% and 41.2%, respectively) higher than 
positive control group (Table 3 and 4). 
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Table 3: Effect of pretreatment with ginger, cumin and mustard on levels of blood GSH, plasma MDA, and nitric oxide and activities of  
             erythrocytes GPX and Cu, Zn-SOD and plasma catalase  in rats in APAP-induced hepatotoxicity 

Groups 
Whole blood 
GSH (mg/dl) 

Plasma MDA 
(n mol/ml) 

Nitric oxide (n 
mol /ml) 

Erythrocytes GPX 
(µmol/NADPH 
/Min/ ml blood) 

Erythrocytes 
Cu, Zn-SOD 
(U/ml blood) 

Catalase  
(µ mol H2O2 
degrade/min/ 

dl) 
Negative control  46.52±2.63b 3.08±1.07 d 40.99±5.3 f 5.63±1.5 c 371.9±29.5 b 18.64±2.5 c 

B.D* + Ginger 52.18±8.51a 2.7±0.8 e 42.01±6.5 df 6.5 ± 1.21 b 388.4±21.4 a 19.55±3.3 b 
B.D* + Cumin 51.13±7.9a 2.85±0.99 e 43.3±6.81 df 6.7 ±1.808 a 390.5±35.4 a  19.76±4.6 ab 
B.D*+ Mustard 51.62±6.95a 2.79±0.41 e 45.52±5.5 d 6.7±1.23b 387.8±19.4 a 19.97±3.4 a 
APAP (positive control) 29.59±4.9d 7.2 ± 1.8  a 69.82±9.13 a 3.6±1.29 f 278.9±27.6 d 13.24±3.1 f 
B.D*+Ginger +APAP 46.45±6.49b 5.04±1.07c 50.69±7.1 e 4.24 ±1.02 e 307.5±23.1 c 15.87±3.8 e 
B.D*+Cumin+ APAP 45.18±4.83b 5.02±1.11c 61.68±8.5 b 4.37±1.15 d 306.9±46.4 c 16.5±2.8 d 
B.D*+Mustard+APAP 40.87±6.8c 5.23±1.2 b 57.23±7.25bc 4.5±1.38de 306.9±32.4 c 16.18±4.7 de 

*B.D (basal diet).The values are expressed as mean ± SD (n= 6 rats/ group). The same letters means that there is no significant difference 
between groups. The different letters means that there is a significant difference between groups at p<0.05 
 
 From the results presented in tables 3 and 4, it is evident that APAP promoted LPO by increasing the levels 
of MDA in both plasma and liver by 133.7% and 38.4%, repectively, as compared to negative control (p<0.001). 
The elevated MDA was significantly (p<0.01) reduced by 30%, 30.27% and 27.36% in plasma and by 23.66%, 
20.6% and 22.9% in liver in groups fed on ginger or cumin or mustard, respectively, as compared to positive 
control. Levels of NO in plasma and liver were significantly (p<0.001) elevated by 70.3% and 42.5% 
respectively, in APAP treated group as compared to negative control. This elevation was attenuated in groups fed 
on diets supplemented with the tested spices. 

 
Table 4: Effect of pretreatment with ginger, cumin and mustard on hepatic levels of GSH, MDA and nitric oxide and activities of hepatic GPX,  
              Cu, Zn-SOD and catalase in rats in APAP-induced hepatotoxicity 

Groups 
GSH (mg/g 

tissue) 
MDA (n 

mol/g tissue)
Nitric oxide (µ 
mol/g tissue) 

GPX  
(µ mol 

NADPH/Min/g 
wet tissue) 

Cu, Zn-SOD 
U/g tissue 

Catalase  
(µ mol H2O2 
degrade/min/g 

wet tissue) 
 Negative control  15.4±2.23 a 58±5.48 d 55.74±5.7 de 5.63±0.95 b 350±17.8a 50.3±5.14 b 

B.D* + Ginger 14.8±3.98 a 45.1±7.21 e 57.39±6.6 de 6.56±1.22 a 360±18.32a 52.47±4.64 a 
B.D* + Cumin 15.8±4.32 a 43.9±5.11 e 56.98±5.7 de 6.73±1.24 a 349±19.9a 52.99±6.55 a 
B.D*+ Mustard 15.8±3.18 a 44.5±4.38 e 56.89±5.0 de 6.73±2.11 a 355±21.2a 53.11±8.46 a 
APAP (positive control) 9.7±2.29 d 80.3±9.01 a 79.44±6.9 a 3.63±0.8 d 268±20.1b 38.64±7.25 e 
B.D*+Ginger +APAP 12.1±4.31 c 61.3±7.36 c 64.69±6.25 bc 4.25±0.91 c 300±30.6c 42.1±7.81 d 
B.D*+Cumin+ APAP 12.8±2.49 bc 63.75±4.33b 69.31±8.67 b 4.37±0.89 c 289±26.7c 43.92±6.74 c 
B.D*+Mustard+APAP 13.7±3.47 b 61.9±6.75 c 58.73±5.8 ce 3.56±1.16 d 291±27.9c 44.44±6.5 de 

*B.D (basal diet).The values are expressed as mean ± SD (n= 6 rats/ group). The same letters means that there is no significant difference 
between groups. The different letters means that there is a significant difference between groups at p<0.05. 

 
 APAP treatment resulted in significant (p<0.001) decrease in the activities of erythrocytes GPX and SOD 
and plasma catalase by 28.9%, 25% and 36%, respectively, as compared to negative control. Likewise, the 
activities of GPX, SOD and catalase in liver were significantly (p<0.001) decreased by 35.5%, 23.1% and 23.4%, 
respectively, in APAP injected rats as compared to negative control. In the spices + APAP groups, the activities 
of these enzymes were nearly normalized.  
 
Discussion: 
 
 This study has compared ginger, cumin and mustard for their ability to protect the liver against the oxidative 
stress and hepatocellular injury that follows a supratherapeutic dose of APAP. Protection by a spice compound 
against hepatotoxicity by APAP was gauged on the basis of the increases in the serum indices of hepatic injury 
(i.e., ALT, AST and ALP activities and total bilirubin) and on the extent of oxidative stress, inferred from the 
levels of MDA and reduced GSH and the activities of antioxidant enzymes (GPX, SOD and catalase).  
 In agreement with previous studies (Kumar et al., 2005;  Lai et al., 2008; Girish et al., 2009 and Ilic et al., 
2010), APAP administered to rats intraperitoneally at an over dose caused hepatic injury, as evidenced by 
significant elevation on  the serum enzymes levels, namely AST, ALT and ALP  and total bilirubin indicating 
chemical induced hepatocellular toxicity. Serum levels of these enzymes are very sensitive markers employed in 
the diagnosis of liver diseases. When the hepatocellular plasma membrane is damaged, the enzymes normally 
present in the cytosol are released into the blood stream. This can be quantified to assess the type and extent of 
liver injury (Sherlock & Dooley, 2002). It was suggested that the hepatotoxicity of APAP was due to formation 
of a toxic metabolite, N-acetyl-p-benzoquinoeimine (NAPQI) by cytochrome P450, which induced a dose 
dependent depletion of intracellular reduced GSH (Jaeschke et al., 2003 and Lai et al., 2008). 
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 Another hypothesis proposed as the mechanism of APAP hepatotoxicity is oxidative stress. Lipid 
peroxidation has been suggested to be closely related to APAP-induced toxicity (Wu et al., 2008). Both in vitro 
and in vivo studies have shown that hepatic reactive oxygen species, such as superoxide anion (O2

-•), hydrogen 
peroxide (H2O2) and hydroxyl radical (HO•), can be produced after APAP challenge (Lores-Arnaiz et al., 1995; 
Jaeschke et al., 2003; Lai et al., 2008; Wu et al., 2008 and Girish et al., 2009). The result of the present study 
support the findings of the previous studies as there was an increase in lipid peroxidation (MDA) in both plasma 
and liver, depletion of blood and liver GSH and decrease in the measured antioxidant enzymes like GPX, SOD 
and catalase. The observed increase in MDA in the current study could be because APAP induced formation of 
free radicals and also through exhaustion of antioxidants leading to oxidative stress (Lai et al., 2008).  
 Reactive nitrogen species (RNS), also, take an important part in the development of hepatotoxicity caused by 
APAP (Knight et al., 2002). In this study, NO concentrations were elevated in liver and plasma. It was reported 
that NO synthesis (serum nitrate plus nitrite) was dramatically increased following APAP. Induction of NO 
synthesis and superoxide generation occurs following toxic doses of APAP, leading to the production of 
peroxynitrite (ONOO-) (James et al., 2003). Peroxynitrite is normally detoxified by GSH, which is depleted in 
APAP toxicity. The reaction of peroxynitrite with proteins leads to modification of proteins, which causes tissue 
injury (Jaeschke et al., 2002 and Alvarez & Radi, 2003).  
 Several enzymes, including SOD, GPX, GSH reductase, GSH transferase and catalase, have been reported to 
be inactivated by peroxinitrite (Kim & Han, 2000 and Alvarez & Radi, 2003).  In the present study, the lower 
activities of plasma and hepatic antioxidant enzymes due to APAP intoxication might be related to peroxinitrite 
production by APAP. Similar results were reported by Lores-Arnaiz et al. (1995) and Kumar et al. (2005) who 
observed decreases in GPX, GSH reductase and catalase activities in mice and rats administered APAP. 
 The three tested spices were all found to offer significant protection against the hepatotoxic effects of APAP. 
In addition to contributing to the maintenance of the membrane integrity of hepatocytes, as inferred from the 
lower serum activities of the measured liver enzymes, these spices were also able to markedly reduce the 
production of MDA and to normalize the blood and hepatic levels of GSH. Likewise, all three tested spices were 
able to attenuate the lowering action of APAP on the measured antioxidant enzymes. These results strongly 
supports that ginger, cumin and mustard have  powerful antioxidant and hepatoprotective properties against 
APAP induced free radicals damage in the liver. 
 There are many reports in the literature about the hepatoprotective and antioxidant properties of spices 
(Jeyakumar et al., 1999; Girish et al., 2009; El-Ghorab et al., 2010 and Kratchanova1 et al., 2010). Sambaiah & 
Srinivasan, (1989) studied hepatic mixed function oxygenase system in rats fed spices: cumin, ginger, fenugreek, 
cinnamon, mustard and tamarind. They found that liver microsomal cytochrome P450-dependent aryl 
hydroxylase was generally stimulated by these spices. Cumin, ginger and fenugreek also stimulated the levels of 
cytochrome P450 and cytochrome b5 and cumin and tamarind stimulated N-demethylase activity. On another 
studies, oral dietary supplementation with ginger reversed cadmium induced hepatotoxicity in rats (Onwuka et 
al., 2011) and had a powerful antioxidant effect against lead acetate-induced oxidative stress (Jackie et al., 2011). 
Also, Gagandeep et al. (2003) reported that a cumin seed-mixed diet had a chemopreventive potentials against 
benzo(a)pyrene induced forestomach tumorigenesis and Koppula & Choi (2011) provided scientific support for 
antistress, antioxidant and memory enhancing activities of cumin extract. Furthermore, a diet enriched with 
mustard seeds attenuated azoxymethane-induced colon carcinogensis and enhanced the activity of several 
antioxidant enzymes such as SOD, catalase and GSH-Px (Yuan et al., 2011).  
 The free radicals scavenging effects of these spices could be attributed to its higher polyphenols and flavones 
contents. Most of the beneficial effects of ginger have been attributed to ginger components such as [6]-
gingerols, [8]-gingerols, [10]-gingerols, paradol and [6]-shogaols (Kuo et al., 2011 and Lee et al., 2011).  Also, 
Nair et al. (1998) reported that high polyphenols content (> 100 mg/100 gm) were found in mustard seeds and 
medium levels (50-100 mg) were found in cumin.  The tested spices may also contain other substances with 
antioxidant effect apart from the polyphenols (Kratchanova1 et al., 2010). 
 Polyphenols are the most significant compounds for the antioxidant properties of plant raw materials. The 
antioxidant activity of polyphenols is mainly due to their redox properties, which allow them to act as reducing 
agents, hydrogen donors, singlet oxygen quenchers, metal chelators and reductants of ferryl hemoglobin (Ciz et 
al., 2008 and Gebicka & Banasiak, 2009). The presence of these antioxidant compounds in the tested spices 
could have been the cause for the observed protection of liver from APAP induced oxidative damage. 
 Thus, in conclusion, the present study confirmed that ginger, cumin and mustard has a powerful antioxidant 
effects against APAP induced hepatotoxicity. Pretreatment with these spices to APAP injected rats was able to 
reduce the hepatic and plasma lipid peroxidation, increase the depleted hepatic and blood reduced GSH and 
increase the activities of the antioxidant enzymes. Further studies should be carried out to look into the different 
antioxidant constituents from these spices that have potent protective effect against APAP induced 
hepatotoxicity.   
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