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Introduction and 

Aim of Work 

iver is the first organ to metabolize all foreign 

compounds and hence it is susceptible to many 

different diseases. Some are rare such as inherited diseases 

but others are common including hepatitis, cirrhosis, 

alcohol-related disorders and liver cancer (Sarkar et al., 

2005). 

Alcohol administration is one of the most common 

causes of chronic liver diseases in the world (Diehel, 2002). 

It was found that alcohol affects the liver, through not only 

nutritional disturbances but also its direct toxicity, because 

its predominant metabolism in the liver is associated with 

oxidation-reduction changes and oxidative stress (Lieber, 

2004). The body's natural defenses against free radicals (e.g., 

antioxidants) are inhibited by alcohol consumption, leading 

to increased liver damage (Augustyniak et al., 2005). 

There has been a great deal of interest in the role of 

complementary and alternative medicines for the treatment 

of various acute and chronic diseases (Chen et al., 2004). 

Several hundreds of plants have been examined for use in a 

wide variety of liver disorders include Curcuma longa 

(turmeric) (Nanji et al., 2003), Camellia sinensis (green tea) 

(Augustyniak et al., 2005), Allium sativum (garlic) (Hussein 
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et al., 2007) and Eruca sativa (rocket) that modulates 

oxidative stress due to its antioxidant properties (Alam et 

al., 2007). 

Rucola (Eruca sativa) has become increasingly popular 

during the past decade (Nielsen et al., 2008). Fresh rucola has 

a characteristic pungent flavor that is thought to be related to 

the presence of glucosinolates and their breakdown products, 

e.g.,: isothiocyanates (Bennett et al., 2006) which have 

several biological activities including anti-carcinogenic, 

antifungal, anti-bacterial and antioxidant effects (Kim et al., 

2004). 

El-Missiry and El-Gindy (2000) & Alam et al. 

(2007) indicated that Eruca sativa seeds and leaves 

possessed a potent free radical scavenging antioxidants 

and protected against oxidative damage by 

increasing/maintaining the levels of antioxidant molecules 

and antioxidant enzymes in tissues. 

The aim of the present study is to evaluate the 

prophylactic and treatment effects of petroleum ether 

extract of Eruca sativa seeds (oil) and ethanolic extract of 

seeds and leaves on alcohol induced hepatotoxicity in rats. 
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Review of Literature 

iver is one of the most important and the largest organ 

in the body .It is important in keeping the body’s 

metabolism and function in balance. It has been estimated 

that liver is responsible for 1,500 essential processes on a 

biochemical level. The failure of any of these biochemical 

functions could lead to death. Some of the main functions 

include proper handling of carbohydrates (sugars, 

starches), lipids (fat, cholesterol, bile acids), and proteins. 

Some of the important proteins produced by the liver 

include blood clotting factors and albumin. Essential 

vitamins and minerals are produced, stored, or altered by 

the liver for proper use in the body (Kuntz and Kuntz, 

2006a). 

Also, liver aids in the functions of immune system, 

the endocrine system, and in maintaining healthy blood 

cells. One of the very important functions of the liver is its 

role as the body’s filter from the digestive tract. The entire 

digestive tract contains bacteria and foods in various 

stages of breakdown. Nutrients are absorbed into the 

blood through tiny capillaries from the stomach and 

intestines. Blood from the digestive tract may be thought of 

as "dirty" since it is so close to a source of contamination-

millions of bacteria and possibly harm-ful substances taken 
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into the body through the mouth. From here, the blood 

enters the liver’s portal blood system, a second bed of 

capillaries where the liver can "detoxify" any harmful 

substances and acts as the first line of defense against 

invading bacteria from the digestive tract (Williams, 

2006). 

One of liver’s physiological roles is the clearance and 

metabolism of xenobiotics into hydrophilic metabolites in 

order to facilitate their excretion. 

Liver is often a primary target for chemical-induced 

toxicity due to its abundance of xenobiotic- metabolizing 

enzymes and its high capacity for phase I and phase II 

biotransformation. Although the biotransformation 

sequence generally provides a detoxification pathway, 

there is the possibility that these reactions catalyzed by 

CYP450 enzymes may generate metabolites that are not 

only more toxic, but also more reactive than the original 

xenobiotic. Ultimately, it is the balance between 

bioactivation, detoxification and defense mechanisms that 

determine whether a reactive metabolite may elicit a toxic 

effect (Williams, 2006). 
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1.1. Liver disorders 

** Infectious hepatic disorders 

• Viral infection  

• Bacterial infection  

• Parasitic infection 

**Non- infectious hepatic disorders 

• Mycotoxins  

• Aflatoxins 

• Aging 

• Non-Alcoholic steatohepatitis (NASH)  

• Inheritable metabolic disorders  

• Hepatocellular carcinoma  (HCC) 

* Environmental agents 

• Radiation 

• Heavy metals (lead, iron, arsenic, mercury and copper) 

* Smoking 

* Drugs 
• Acetaminophen, Erythromycin and Estradiol. 

* Alcohol 

* Chemically induced hepatotoxicity  

Such as carbon tetrachloride (CC14), parcetamol and 

thioacetamide (TA). 
(Kuntz and Kuntz, 2006b)  

1.2. Alcohol  
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Alcohol is the most common cause of liver injury in 

the world. Almost all ingested alcohol is metabolized in the 

liver and excessive alcohol use can lead to acute and 

chronic liver disease (Day, 2007). Alcoholic liver disease 

remains one of serious health problems. Different 

severities of alcoholic liver disease (ALD) such as alcohol-

caused fatty liver, alcoholic hepatitis or alcohol -induced 

cirrhosis can be observed as a consequence of alcohol 

abuse. Multiple mechanisms are involved in these 

pathogenesis especially by toxic substances generated 

during alcohol metabolism (Wagnerberger et al., 2008). 

Reactive oxygen species (ROS) are involved in 

variety of diseases and also rise in the situation of toxic 

compound uptake such as ethanol (Koch et al., 2004). 

Oxidative stress is believed to be the key mechanism of 

ALD .Chronic ingestion of high levels of alcohol may cause 

oxidative stress that results in the formation (through 

alcohol metabolism) of excess free radicals, acetaldehyde, 

lipid and protein oxidation, and their reactive products. 

These harmful molecules may trigger oxidative damage to 

tissues and can cause cell death. Ethanol promotes 

oxidative stress, both by increasing reactive oxygen species 

formation with subsequent lipid peroxidation and 

decreasing the cellular defense mechanisms (Amanvermez 

et al, 2005). 
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1.2.1. Alcohol metabolism  

Caballería, (2003) reported that in the hepato-cyte 

there are three pathways which are able to metabolize 

ethanol and these are located in three different cellular 

compartments: (1) Alcohol dehydro-genase (ADH) located 

in the cytosol (2) The microsomal ethanol oxidizing system 

(MEOS) situated in the endoplasmic reticulum and (3) 

Catalase located in the peroxisomes (Figure 1). 

 

Fig. (1): Alcohol degradation in the liver cell by means of alcohol 
dehydrogenase (ADH), catalase and the microsomal-ethanol-
oxidizing system (MEOS) as well as by aldehyde dehydrogenase 

(ALDH) (Caballería, 2003). 

In the first pathway ethanol is oxidized to 

acetaldehyde by the cytoplasmic alcohol dehydro-genase 

enzyme (ADH) which is the dominant enzyme in alcohol 

oxidation. Acetaldehyde is then oxidized to acetic acid by 

the mitochondrial acetaldehyde dehydrogenase (ALDH). 
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The second one involves the microsomal ethanol-

oxidizing system (MEOS) CYP450 2E1, in which the 

oxidation of ethanol to acetaldehyde and acetic acid also 

leads to generation of reactive oxygen species (ROS) (Mello 

et al., 2008). Induction of CYP2E1 by ethanol is one of the 

central pathways by which ethanol generates a state of 

oxidative stress that results in direct damage to 

hepatocytes (Wu and Cederbaum, 2005). In the third 

pathway, catalase is capable of oxidizing ethanol in the 

presence of hydrogen peroxide (Mello et al., 2008). 

1.2.2. Alcohol, oxidative stress and liver diseases 

Alcohol metabolism produces ROS either through 

alcohol dehydrogenase (ADH) or through the microsomal 

ethanol oxidation system (MEOS) or through peroxisomal 

catalase (Polli, 2000). The oxidation of ethanol to 

acetaldehyde by ADH and its subsequent oxidation to 

acetate by ALDH utilize NAD+ as an electron acceptor, 

causing a shift in the NADH: NAD+ ratio to a more reduced 

state. This change in the redox state can impair normal 

carbohydrate and lipid metabolism, which has multiple 

effects, including decreasing the supply of ATP to the cell 

(Lieber, 2000). 

CYP2E1 has a relatively high redox potential which on 

using NADP as a cofactor, leads to the formation of free 
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oxygen radical, oxidative stress and lipid peroxidation. 

CYP2E1 generates superoxide anion (O·2), and in the 

presence of iron, produces powerful oxidants such as the 

hydroxyl radical (Dey and Cederbaum, 2006). 

Zima et al. (2005) showed that this effect on the 

redox status of the liver can cause activation of Kuffer cells 

and subsequently, hepatic stellate cells, and thus 

contributing to the generation of alcoholic liver disease 

(Figure 2). 

Also, acetaldehyde produces an increase in lipid 

peroxidation there by causing oxidative stress. 

Acetaldehyde binds to proteins of the different cellular 

membranes, particularly in chronic alcoholics, leading to 

the formation of acetaldehyde-protein complexes which 

are responsible for the appearance of antibodies versus 

these complexes. The appearance of circulating antibodies 

is related to the degree of liver lesion (Stewart and Day, 

2004). 
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Fig. (2): Hepatic metabolic changes associated to ethanol 
metabolism (ADH: alcohol dehydrogense; ALDH: 
acetaldehyde dehydrogenase; MEOS: microsomal ethanol 
oxidizing system) (Stewart and Day, 2004). 

1.2.3. Alcohol and hyperlipidemia 

Alcohol is a powerful inducer of hyperlipidemia in 

humans and animals and causes a change in the metabolism 

of lipoproteins (Aruna et al., 2005). An excessive 

accumulation of reducing equivalent favors hepatic 

lipogenesis, decreases the hepatic release of lipoproteins, 

increases the mobilization of peripheral fat, enhances the 

uptake of circulating lipids and decreases the fatty acid 

oxidation and thus increases the retention of lipids in the liver 

(Rukkumani et al., 2002). 
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In early stages of ethanol administration, metabolic 

disturbances are related to ethanol oxidation by alcohol 

dehydrogenase, generating an increased NADH/NAD+ ratio 

in the liver, which in turn inhibits fatty acid oxidation, 

stimulates triacylglycerol synthesis and impairs 

mitochondrial fatty acid oxidation (García-Villafranca  et 

al., 2008). 

1.2.4. Stages of alcoholic liver disease 

Alcoholic liver disease can be considered in three 

overlapping phases with distinct pathological and clinical 

features: fatty liver (or steatosis), alcohol hepatitis and 

cirrhosis (Day, 2007). 

1.2.4.a. Fatty Liver 

Stewart and Day, (2004) reported that fatty liver is 

the initial and most common finding in heavy drinkers. It is 

characterized by accumulation of triglyceride in the 

hepatocyte. The most important factors in the 

pathogenesis are: 

- Inhibition of fatty acid oxidation 

- Increased synthesis and import of fatty acids into the 

liver 

- Inhibition of triglycerides export from the liver via 

acetaldehyde and TNF-α (Figure 3). 
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Fig. (3): The multiple mechanisms through which alcohol can lead 

to fatty liver (Stewart and Day, (2004).  

1.2.4.b. Alcoholic hepatitis 

Day, (2007) showed that alcohol can cause acute and 

chronic hepatitis. The person who exposed to alcoholic 

hepatitis is usually a chronic drinker. Alcohol hepatitis can 

range from a mild hepatitis, with abnormal laboratory tests 

being the only indication of disease, to sever liver 

dysfunction with complications such as jaundice (yellow 

skin caused by bilirubin retention), hepatic 

encephalopathy (neurological dysfunction caused by liver 

failure), ascites (fluid accumulation in the abdomen), 

bleeding esophageal varices (varicose veins in the 

esophagus), abnormal blood clotting and coma. 
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Histologically, alcoholic hepatitis has a characteristic 

appearance with degeneration of hepatocytes, 

inflammation with neutophils and some times mallor 

bodies (abnormal aggregations of cellular intermediate 

filament proteins). Current evidence suggests a role for at 

least four mechanisms of injury in alcoholic hepatitis that 

may interact, (Figure 4). 

A. Oxidative stress arises during ethanol metabolism in 

hepatocytes and results in peroxidative damage to 

membrane phospholipids. Damage to mitochondrial 

membranes is probably the critical event leading to 

necrosis and apoptosis. 

B. Endoplasmic reticulum (ER) stress arising as a result of 

acetaldehyde and ethanol metabolic product 

accumulation which results in inflammation and 

apoptosis as well as increasing oxidative stress and 

inducing steatosis. 

C. Endotoxin-mediated release of the pro-inflammatory 

cytokine tumor necrosis factor-α (TNFα) may occur; via 

effects on mitochondria, this may contribute further to 

oxidative stress and hepatocyte apoptosis. 

D. Immunological mechanisms may be directed against neo-

antigens that arise from the covalent binding of 

acetaldehyde and lipid peroxidation products to proteins, 
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resulting in the formation of adducts (the product of an 

addition reaction of the two compounds). 

 

Fig. (4): Mechanisms of injury in alcoholic hepatitis (Day, 2007) 

1.2.4.c. Cirrhosis 

Cirrhosis is produced due to excess deposition of the 

components of extracellular matrix (i.e., collagens, 

glycoproteins and proteoglycans) within the liver. Patients 

with cirrhosis can often have normal clinical examinations, 

due to their disease being stable, however, over time they 

may gradually deteriorate leading to jaundice, ascites and 

encephalopathy (Srirajaskanthan and Preedy, 2006).  

1.3. Free radicals  

Free radicals are atoms or molecules that contain 

one or more unpaired electrons. Many radicals are highly 

reactive and can function as reducing or oxidizing agents 
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by donating electrons to or removing electrons from other 

molecules (Halliwell and Gutteridge, 1989). 

Although investigators occasionally use the term 

reactive oxygen species (ROS) to imply oxygen- derived 

free radicals, it should be noted that not all ROS for 

example, hydrogen peroxide have an unpaired electron, 

and thus are not free radicals. These ROS include: 

superoxide anion radicals (O·2), hydroxyl radicals (HO·), 

hydrogen peroxide (H2O2), and singlet oxygen (1O2). 

Reactive oxygen species (ROS) are continuously 

produced in biological system by the action of 

mitochondrial electron biological system and nicotinamide 

adeninine dinucleotide phoshpate (NADP) oxidase 

(Cadenas et al., 1997). 

Also, during oxidative metabolism, about 98% of the 

oxygen consumed forms water and CO2; however, about 1 

to 2% of the oxygen is not completely reduced and instead 

forms ROS (Chance et al., 1979). 

222
COOH2H4e4O2 +⎯→⎯++ +



 

These ROS are dangerous to cellular and biological 

system by causing tissues damage, altering biochemical 

compounds and corroding cell membrane. Also, Intake of 


