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Abstract 
The present study aimed to illustrate the histopathological and immunohistochemical 

changes in the liver of mice exposed to anticancer drug, doxorubicin (DOX), and to 

evaluate the possible protective role of Moringa peregrina seed oil. Thirty two mature 

male mice were randomly divided into four groups. One group served as a control, the 

other was given a dose of M. peregrine at the rate of 150 mg/kg body weight, third 

group was DOX treated, and fourth was DOX plus M. peregrina treated. Histo-

pathological examination of liver sections showed that DOX caused disturbance in 

hepatic cords, hepatocytes degeneration, inflammation, necrotic areas, vacuolation and 

dilation of the blood sinusoids. Doxorubicin treated animals demonstrated a positive 

reaction to Caspase-3 in hepatocytes as compared with controls. Administration of M. 

peregrina seed oil plus doxorubicin showed reduction in caspase-3 immunoreactivity 

and apoptotic index induced by DOX. Treatment with M. peregrina seed oil 150 

mg/kg body weight reduced the damage caused by DOX in the liver.   
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Introduction 
 

Cancer is one of the leading causes of death in the 

world.  Doxorubicin (DOX) an anthracycline antibiotic, 

is one of the most widely used anti-cancer drugs. The 

toxic side effects of most anti-cancer drugs can damage 

such organs and systems as the immune system, liver 

and heart (Saad et al., 2001; Khouri, 2012; Tacar, 

2013). Doxorubicin cytotoxic effects have been 

associated with generation of free radical species such 

as hydrogen peroxide (H2O2) and hydroxyl radical 

(OH) during drug metabolism which can cause tissue 

injury (Mohamad et al., 2009). Several studies reported 

that there are toxic side effects of the drug on heart as 

well as other organs including the liver, brain and 

kidney (Fornari et al., 1994; Carvalho et al., 2009). 

Doxorubicin hepatotoxicity has been reported in a 

number of animal studies (Ray et al., 2000 & 2004; 

Saad et al., 2001). The liver has a central role in drug 

metabolism, converting drugs into products that are 

more easily excreted.  

Natural products are valued for their ability to 

protect against all types of diseases, drugs and 

chemically induced injuries (Ray et al., 2004). Several 

natural and synthetic antioxidants have been suggested 

to protect against DOX-derived cardiotoxicity 

(Asensio-Lopez et al., 2012; El-Bakly et al., 2012). 

Moringa species (Family, Moringaceae) are 

commonly known as drumstick or horseradish trees. It 

is indigenous to Northwest India, but at present, it is
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widely distributed in the tropics throughout the Pacific, 

West Africa, as well as Central America (Jaiswal et al., 

2009). Moringa peregrina occurs in the countries 

bordering the Red Sea. The leaves, fruits, flowers and 

immature pods of this tree are used as a highly nutritive 

vegetable in many countries, particularly in India, 

Pakistan, Philippines, Hawaii and many parts of Africa 

(Anwar et al., 2007). Various parts of Moringa species 

have been studied for several pharmacological actions. 

Almost all the parts of this plant, seed and seed oil have 

been used for various medicinal purposes, including the 

treatment of inflammation and infectious diseases, 

cardiovascular, gastrointestinal, haematological and 

hepatorenal disorders (Siddhuraju & Becker, 2003; 

Anwar et al., 2007). A report described its antifungal, 

antimicrobial and antiatherosclerotic effects (Biswas et 

al., 2012). Most of the parts of the plant are used for the 

traditional treatment of diabetes (Babu and Chaudhuri, 

2005), hepatotoxicity, rheumatism, venomous bites and 

renal disorders (Jaiswal et al., 2009; Verma et al., 

2009). An ethanolic extract of the leaves has been 

reported for its high antioxidant activity in both linoleic 

acid and peroxidation and have been found to contain 

high polyunsaturated fatty acid oil lipid contents (Liu et 

al., 2008). 

The present study aimed to investigate the possible 

adverse pathological effects of DOX and the protective 

role of Moringa peregrina seed oil in alleviation of the 

toxic effects of DOX in the liver of mice. 

 

Materials and Methods 
 

Animals and experimental design 
Thirty two mature male mice weighing 35±5 g 

were used in the present study. Animals were placed in 

cages at room temperature in which a 12 h light cycle 

was maintained and left to acclimatize for 1week before 

the start of the experiment. A standard diet and tap 

water were provided to animals ad libitum. 

Animals were divided into four groups, eight in each 

group: 

Group I (control): Received saline for 14 days orally. 

Group II: Received orally a single dose of M. peregrina 

seed oil (150 mg/kg b.w) for 14 days by gavage.  

Group III: Animals were injected intraperitoneally 

with seven doses of DOX (2.5 mg/kg body weight/day), 

on alternative days for a period of 14 days. 

Group IV: Animals were injected intraperitoneally 

with DOX (2.5 mg/kg/day for each dose) and M. 

peregrina seed oil (150 mg/kg body weight) 1 hour 

before DOX dose on alternative day for a period of 14 

days. 

 

Histopathological examinations 

At the end of the experiment, animals from each 

group were killed by cervical dislocation. Liver from 

animals was carefully separated and cut into small 

pieces. Samples were placed in 10% buffered formalin 

solution for tissue fixation. Samples were dehydrated in 

ascending grades of ethanol, cleared in xylene and 

embedded in paraffin. Sections (5 µm thick) were cut, 

stained with hematoxylin and eosin (Humason, 1972) 

and observed under microscope (Leica system, 

Germany). Randomly five views were recorded per 

slide in each group.  

 

Immunohistochemistry 

For the detection of caspase-3 protein, 

immunehistochemical staining was performed. Slides 

were deparaffinized, dehydrated, washed in phosphate 

buffer saline, then covered with peroxide block staining 

and incubated at room temperature in a humid chamber 

for 10 min. Monoclonal caspase-3 antibody was applied 

to the tissue sections, then incubated horizontally in a 

humidity chamber for an hour, at room temperature. 

After removal of excess buffer, the sections were 

incubated in preformed strept avidin peroxidase. DAB 

substrate-chromogen (3.3-Diaminobenzidine tetrahy-

drochloride) was applied on slides for 5-15 min until 

the desired brown colour was obtained. Five sections 

per slide per group were counterstained Mayer’s 

hematoxylin (Sternberger, 1986). 

 

Results  
 

Histopathological examination: 

Light microscopic examination of liver sections of 

control and M. peregrina treated animals revealed that 

the hepatic lobules appeared to be formed of 

hepatocytes arranged in cords radiating from the central 

veins. The hepatic sinusoids were seen as narrow 

spaces in between the hepatic cords. The hepatocytes 

with well-preserved cytoplasm and visible rounded 

nuclei with fine arrangement of Kupffer cells (Figs. 

1A&B). 

In contrast, animals receiving DOX revealed 

obvious changes relative to control animals. The most 

obvious pathological abnormalities include disturbance 

of hepatic cords. Many of the hepatocytes were 

destroyed, forming degeneration areas. There were 

increasing numbers of inflammatory cells and necrotic 

hepatocytes. The blood sinusoids were dilated and some 

of the hepatocytes showed cytoplasmic vacuoles with 

degenerated nuclei (Figs. 1C&D). 

 

Immunohistochemical observations  

Expression of hepatic tissue caspase-3 (apoptotic index) 

Apoptotic immunopositive reactions in the liver 

were investigated with caspase-3. In control and M.  

peregrina treated animals, there was a weak reaction of 

caspase-3 with hepatocytes (Fig. 2A & B). The expression 

of caspase-3 was more positive with hepatocytes in case of
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Fig. 1: Hematoxylin and eosin staining of liver in control (A), Moringa (B), showing normal liver structure, central vein 

(CV) and hepatocytes (H). DOX treated animals (C) showing disturbance of hepatic cords, hepatocytes 

degeneration (D), inflammatory infiltration (arrows), swallow sinusoids (S) and necrosis. DOX plus Moringa (D) 

illustrating slight improvement of pathological changes (H&E, X400). 
 

   
 

   
 

Fig. 2: Photomicrographs of sections of the liver with caspase-3 immunoreactivity, A&B: control and M. peregrina seed oil 

treated mice showing negative reaction, C: doxorubicin treated group showing positive immunoreaction of 

hepatocytes for caspase- 3, D: doxorubicin plus wheat M. peregrina seed oil showing moderate immunoreaction (X 400) 
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Table 2: Semi-quantitative analysis of caspase-3 immunostaining density in the liver 

 Control Moringa Doxorubicin Doxorubicin & Moringa 

(Caspase-3) + + +++ ++ 

Caspase-3 reactivity was estimated as follows: weak: + , moderate: ++, strong : +++. 

 

DOX treated animals as compared with controls (Fig. 

2C). Doxorubicin plus M. peregrina treated animals 

showed less reaction to Caspase-3 immunoreactivity 

(Fig. 2D). 

 

Discussion 

  

The present study was designed to evaluate pre-

treatment with M. peregrina seed oil, which would have 

a hepatoprotective effect on doxorubicin induced liver 

damage as a side effect. The liver is the main site of 

DOX metabolism. Many studies suggested that 

oxidative stress plays an important role in DOX-

induced damage of normal cells or tissues Saad et al., 

2001; Agapito et al., 2001; Kolarovic et al., 2010). 

Inflammation is a major component in the pathogenesis 

of DOX toxicity that is orchestrated in part by 

endogenous and migrating leukocytes. Abd El-Aziz et 

al. (2001) demonstrated that a 15 mg/kg single injection 

of DOX caused increased lipid peroxidation and 

produced reactive oxygen species in liver tissue, thus 

reduced the antioxidant defence mechanism. Dilatation 

of the blood sinusoids and degeneration may be due to 

this stress. Side-effects of the DOX in this study 

revealed histopathological structural changes in the 

liver. These changes include a marked disruption of 

hepatic cords, hepatocytes degeneration, dilated blood 

sinusoids, inflammatory infiltration and necrosis.  

Pathological changes in this study due to exposure to 

DOX are in agreements with previous reports in rats 

(Saad, et al., 2001; Kalender and Kalender, 2005; El-

Sayyad et al., 2009). Apoptosis is an important 

mechanism regulating cell number and their 

development in different organs and tissues and is a 

common feature of hepatotoxicity induced by chemicals 

or drugs. Doxorubicin is known to kill cells primarily 

by fragmenting DNA and causing cell death by 

apoptosis (Ray and Jena, 2000; Patel et al., 2010). In 

the present study, immunohistochemistry for caspase-3 

expression in mice livers indicated that DOX induced 

apoptosis in hepatocytes. In this study, the number of 

apoptotic cells was increased in the liver of the DOX 

group in comparison with the control. This is in 

accordance with Abdel-Rahman and Abdel-Hady 

(2013) who stated that anticancer drugs, cisplatin cause 

apoptosis in tissues. Natural products including plants, 

provide rich resources for anticancer drug discovery 

(Schwartzmann et al., 2002). Moringa species are one 

of the most useful tropical trees with a multiple of uses. 

They are widely cultivated among the species of family 

Moringacae. Leaves of Moringa species have a good 

source of natural antioxidants due to the presence of 

various compounds as ascorbic acid, flavenoids, 

phenolic compounds and carotenoids (Pari et al., 2007). 

Many studies reported that the plant has anti-

inflammatory antitumour activity and used for treating 

diabetes, inflammation, cardiovascular diseases, liver 

diseases, haematological, hepatic and renal functions 

(Ezeamuzle et al., 1996; Murakami et al., 1998). The 

above results are in agreements with this study in which 

M. peregrina seed oil decreased the pathological 

changes compared with the DOX group. In this study 

also, apoptotic index was increased in hepatocytes of 

DOX treated animals, while a slight reduction in 

hepatocytes of DOX treated plus M. peregrina seeds oil 

treated animals was observed.  

 

Conclusion 

The present study revealed that side effects of 

DOX include several pathological changes in liver and 

apoptosis. Treatment with M. peregrina seed oil 150 

mg/kg body weight reduced the damage caused by 

DOX in the liver. 
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