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Abstract  

 

Etoposide (ETZ) is a standard drug used in treatment of several malignancies. However, it is associated with increased 

risk of spleen damage and secondary acute myeloid leukaemia. Ginger (Zingiber officinale) is an ancient safe remedy 

used in management of minor health issues due to being rich in active constituents. Therefore, we hypothesize that ginger 

oil can ameliorate ETZ-induced oxidative stress and DNA damage in spleen tissues and leukocytes. To achieve our aim, 

ginger oil (75&150 mg/kg b.w.) was administered three times to male albino rats an hour prior to ETZ oral 

administration (1mg/kg b.w.) for 3 weeks. Results showed that ETZ induced marked biochemical alterations in the 

oxidative status of spleen tissues. The elevated lipid peroxidation and nitric oxide levels were statistically countered. 

However, the glutathione, superoxide dismutase and catalase enzymes were reduced. Moreover, the DNA single strand 

breaks as evaluated by comet assay in blood leucocytes also showed significant changes. The administration of ginger oil 

caused significant improvement of oxidative stress status and DNA damage. In conclusion, our results suggest that ginger 

oil could be used as a herbal remedy for reducing ETZ-induced adverse effects in male albino rats.  
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INTRODUCTION 
Etoposide (ETZ) derives from 

podophyllotoxin, a toxin present in the American 

Mayapple. It belongs to a class of anticancer drugs 

called plant alkaloids. It interferes with the action of 

topoisomerase I and II enzymes. Topoisomerase 

enzymes control the manipulation of the structure of 

DNA necessary for replication [1]. Etoposide is used in 

the treatment of kposi’s sarcoma, testicular cancer, 

lymphoma, nonlymphocytic leukemia, lung cancer, and 

glioblastoma multiforme [2]. Bone marrow suppression, 

anemia, leukopenia, low blood pressure, 

thrompocytopenia, abdominal pain, constipation, 

dysphagia, fatigue, malaise, optic neuritis, pulmonary 

fibrosis, cardiac toxicity, vomiting, nausea, fever, acute 

myeloid leukemia, hair loss and bleeding are the most 

common side effects that result from the treatment with 

ETZ [3]. Etoposide may be hazardous during pregnancy 

and can cause fetal harm and disorder in the functions 

of kidneys, liver and spleen [4]. 

 

However, ETZ is ananticancer drug inducing 

breaks in cellular DNA strand by inhibiting 

topoisomerase II (topoII) religation of cleaved DNA 

molecules. Although DNA cleavage by topoisomerase 

II always produces topoisomerase II-linked DNA 

double-strand breaks (DSBs). In addition, the action of 

ETZ leads to single-strand breaks (SSBs), since 

religation of the two strands are independently inhibited 

by ETZ [5]. Furthermore, ETZ increased lipid 

peroxidation and nitric oxide (NO) levels. It reduced 

glutathione (GSH) levels and catalase (CAT) activities 

in the kidney [6]. ETZ induced chromosomal 

aberrations and liver tissues DNA damage in rats [7].   

 

Medicinal plants are well known traditionally 

to be used in the treatment of various diseases including 

anticancer potential [8-10] and antioxidant properties 

[11]. The phytomedicines exert their effect by various 

mechanisms such as antioxidant and cytoprotective 

actions [12]. 

 

Ginger (Zingiber officinale Roscoe, Family: 

Zingiberaceae) has been used in the treatment of 

headaches, cold, diarrhea, gastrointestinal disturbances, 

nausea, asthma and rheumatic complaints, arthritis and 
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muscular discomfort [13]. Furthermore, it has been used 

as anti-inflammatory, cardio-protective, anticancer 

agent. However, the antioxidant, anti inflammatory and 

antimutagenic properties of ginger were reported [14] 

and attributed to its active components that induce 

apoptosis in skin, ovarian, colon, breast, cervical, oral, 

renal, prostate, gastric, pancreatic, liver and brain 

cancers. Its extracts may enhance the immune action by 

regulating the splenocyte proliferation and cytokine 

production capacity by activated macrophages in mice 

[15]. Ginger has a protective effect on spleen marginal 

zone and germinal centre of diabetic guinea pigs [16]. It 

ameliorated the genotoxicity and cytotoxicity induced 

by carbimazole in albino rats [17], decreased 

chromosomal aberrations [18] and protected DNA 

damage expressed as a comet ratio induced by 

Benzopyrene in human peripheral blood lymphocytes 

[19]. 

 

Based on the mentioned data, this study aimed 

to evaluate the putative protective effect of GO in ETZ-

intoxicated rats. 

 

MATERIAL AND METHODS 
Materials 

Etoposide (etopophos), C29H32O13, 

(4'Demethylepipodophyllotoxin9-[4,6-O-(R)-

ethylidene-β-D glucopyranosi- de], 4'-(dihydrogen 

phosphate) was purchased from a local pharmacy. 

 

Ginger oil (Zingiber officinale Roscoe) was 

obtained from Andalos Import and Export Company 

(99.9%), Egypt. 

 

Experimental Animals 

Housing and Grouping of the Animal 

Thirty adult male albino rats (Rattus 

norvgicus) weighting about 200±10 g were used for the 

present study. Initially, rats were obtained from the 

Serum and Antigen Laboratories, Helwan, Egypt. 

Animals were acclimatized for a period of two weeks in 

the animal house.The animal handleing and care 

followed the Institutional Animal Ethical Committee 

(IAEC) guidelines of Zoology Department, Faculty of 

Science, Menoufia University (2-17-Sc-MNF). The 

animals were housed in clean cages and maintained 

under controlled conditions of temperature (25 ±1.5ºC), 

light (12 light: 12 dark hours) and good ventilation. 

They were fed a standard rodient diet (Al Nasr Co., 

Egypt) and water ad libitum. Rats were equally divided 

into six groups (5 rats/group). The first group served as 

control (untreated) group. Group 2, received ETZ orally 

(1mg/kg b.wt.); Group 3, received GO (75mg/kg b.wt.); 

Group 4, received GO (150mg/kg b.wt.); Group 5, 

received ETZ+GO (75mg/kg b.wt.); Group 6, received 

ETZ+GO (150mg/kg b.wt.). Animals received all 

treatments orally by stomach tube three times weekly 

for 21 days. The applied doses in this study were 

according to hassab El Nabi et al., [7]. 

 

METHODS  
Investigations of anti-genotoxicity 

Collection and isolation of blood leucocytes 

Blood was collected from unanesthetized rats 

[20]. In compliance with the laboratory animal care 

guidelines, about 2 ml of blood per rat was collected in 

K2EDTA tubes (KEMICO vacutainer, Egypt), by a 

submandibular bleeding method. For hemostasis, a 

gentle pressure was applied to the punctured area. 

 

Alkaline single cell gel electrophoresis (Comet assay) 

This technique is widely used for detection of 

DNA single-stranded breaks and alkali-labile sites [21]. 

Cells were embedded in 0.7% low melting agarose 

between two layers of 0.5% ultra-pure agarose on a 

clean microscopic slide. The cells then were lysed by 

detergents and high salt solution at pH 13 then allowed 

to denature the DNA molecuoles in the running buffer 

for 15 min. Samples were electrophoresed for damage 

display showing the increased migration of DNA 

towards the anode. All chemicals were obtained from 

Sigma-Aldrich, Germany. Five hundred nuclei were 

counted and classified according to the length of DNA 

tail using a fluorescent microscope (Olympus BX 41, 

Japan). 

 

Total Genomic DNA Fragmentation Assay 

In order to assess the genotoxic effect of ETZ 

on spleen tissues, double-strand breaks of DNA was 

evaluated in treated animals and controls according to 

"salting out extraction method" of Aljanabi and 

Martinez [22] with some technical modification 

according to Hassab El-Nabi and Elhassaneen [23]. 

About 20mg of spleen tissues were lysed in 500 µl of 

lysing buffer (50 mM NaCl, 1mM Na2 EDTA, 0.5% 

SDS, pH 8.3). Proteins and cellular contents were 

precipitated by 5M NaCl. Nucleic acids were 

precipitated by cold isopropanol. The pellets were 

washed twice with 70% ethanol. The pellets were re-

suspended in appropriate volume of TE buffer (10mM 

Tris, 1 mM EDTA, pH 8). The re-suspended pellets 

were incubated for 30-60 min., with loading buffer 

supplemented with RNase. Samples were directly 

stained with ethidium bromide [24], and then loaded 

directly into the 1.5% agarose gel. Apoptotic bands of 

DNA fragmentation appeared and were located at 180 

bp and its multiples 360, 540 and 720bp against 100bp 

DNA ladder (Thermo Scientific™ O'gene ruler™). The 

intensity of released DNA fragments was measured by 

image J software, as a mean of optical density values. 

 

Oxidative stress investigations 

Preparation of spleen tissue homogenate and protein 

determination 

Spleen tissues were homogenized in 0.1 M 

phosphate buffer at pH 7.4 to prepare 10% homogenate 

then centrifuged for 15 min at 4°C at 4,000 rpm to 

obtain the supernatant.The protein concentration in the 

supernatants was determined according to the method 

of Lowry et al., [25]. 
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Oxidative stress parameters 

Lipid peroxidation was determined by 

colorimetric measurment of the malondialdehyde 

(MDA) concentration at 534 nm according to Ohkawa 

et al., [26] and the MDA values were expressed as nmol 

of MDA/gm protien. Abnormal accumulation of the 

stable product of nitric oxide (NO) nitrite was 

determined according to Granger [27]. The reduced 

glutathione (GSH) levels were determined 

colorimetrically at 412 nm as described by Beutler et 

al., [28]. Catalase (CAT) activity following the method 

of Fossati [29]. And superoxide dismutase (SOD) 

activity was determined spectrophotometrically at 560 

nm according to Nishikimi et al., [30].  

 

Statistical Analysis 

In the present study, data were represented as 

means± standard deviation (SD). Comparisons were 

performed between the untreated and treated groups. 

All data were statistically analyzed using Statistical 

Program of Social Science (SPSS) [31].The P≤ 0.05 

was considered significant. 

 

RESULTS 
General Health 

Etoposide treated rats showed no mortality 

during the entire period of treatment. No irritation at the 

ETZ injection sites was observed. 

 

Assessment of Genotoxicity 

DNA Single-Stranded Breaks and Alkali-Labile 

Sites 

Single cell gel electrophoresis of leukocytes 

for treated animals and controls were done after 72 

hours of treatments (Figure-1). The results revealed the 

significant (P< 0.05) DNA damage in the etoposide-

treated group (40.0 ± 2.68) with respect to control (5.0 

± 1.78). However, the treatment with 150 mg/kg b.wt. 

of GO exerted DNA damage of a percentage of 21.0 ± 

3.22. In case of combination, it failed to protect DNA 

from the damage of ETZ and the record was 59.3 ± 

1.78. Moreover, the dose of GO (75mg/kg b.wt.) 

showed a protective effect amounting to about 26% 

(Figure-2). 

 

 
Fig-1: Representative photomicrograph of single cell gel electrophoresis (Comet assay) showing the effect of different treatments on single 

strand breaks of rat's peripheral blood leukocytes. The normal DNA spots (no migration) and damaged DNA spot (migration towards the 

anode). ETZ, Etoposide (1mg/kg b.wt.); (n=5). 

 

 
Fig-2: The protective effect of ginger oil against etoposide-induced DNA damage. The protective effect of ginger oil (GO) treatments (75 

&150mg/kg b.wt.) on total released genomic DNA fragmentation in spleen tissues of ETZ-treated rats (Right panel, 21th day). However, the 

ameliorative effect of GO dosing on single strand breaks (Comet assay) of peripheral blood leukocytes in ETZ-treated rats (Left panel, 72h). 

Data were represented as means of three independent experiments (n=5) and bars for standard deviation.ETZ, etoposide (1mg/kg b.wt.); GO, 

Ginger oil; a, statistically significant (P≤0.05) with respect to control. 
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Genomic DNA fragmentation in spleen tissues 

Etoposide induced severe damage in genomic 

DNA of spleen tissues as apparent in the form of DNA 

laddering fragmentation (apoptosis) after 21 days of 

treatment.The optical density value of fragmented DNA 

was 65.8±3.30 that showed significant increase (P≤ 

0.05) with respect to the control group with a value of 

8.6±0.53. However, the treatment with 75& 150 mg/kg 

b.wt. of GO revealed normal appearance of intact DNA 

(Figure-3). Furthermore, the combined treatment of GO 

(75& 150 mg/kg b.wt.) with ETZ showed a protective 

effect reaching 90 and 80%, respectively, against ETZ 

damaging effect (Figure-2). 

 

 
Fig-3: Representative digital photograph of genomic DNA electrophoresis of rat's spleen tissues on 1.8% agarose gel showing the protective 

effect of ginger oil against etoposide-induced damage. Where C: untreated group; 1: combination of ETZ+G.O (75mg/kg b.wt.); 2: ETZ+G.O 

(150mg/kg b.wt.); 3: ETZ (1mg/kg b.wt.); 4: G.O (75mg/kg b.wt.); 5:G.O (150mg/kg b.wt.) and M: DNA ladder. 

 

Oxidative status in spleen tissues  

The effect of GO on lipid peroxidation levels 

Etoposide induced significant elevation of 

MDA levels when compared to the untreated group. 

Treatment with GO ameliorated the effect of ETZ; 

especially at the lower dose. The protective effect of 

GO (75 &150mg/kg b.wt.) against etoposide reached 

about 100 and 70%, respectively (Figure-4). 
 

 
Fig-4: The protective effect of ginger oil (75 &150mg/kg b.wt.) against etoposide-induced oxidative stress. The lipid peroxidation as measured 

as malondialdhyde (MDA), (Left panel) in spleen tissues of ETZ-treated rats and nitric oxide levels (NO), (Right panel). Data were represented 

as means of three independent experiments (n=5) and bars for standard deviation. ETZ, etoposide (1mg/kg b.wt.); GO, Ginger oil; a, 

statistically significant (P≤0.05) with respect to control 

 

The effect of GO on nitric oxide levels 

Etoposide induced significant increase in NO 

levels relative to the control group. Treatment with both 

doses of GO ameliorated the effect of ETZ and 

decreased the NO levels. The protective effect of GO 

(75 &150mg/kg b.wt.) against etoposide reached about 

100% (Figure-4). 

 

The effect of GO on superoxide dismutase activities. 

Etoposide induced marked decrease in SOD 

activity versus the control group. Treatment with both 

doses of GO ameliorated the effect of ETZ and elevated 

the SOD levels. The protective effect of GO (75 

&150mg/kg b.wt.) against etoposide reached about 97 

and 80%, respectively. However, the lower dose of GO 

exerted better effect on the SOD levels (Figure-5). 

 

 

 

The effect of GO on catalase activities 

Etoposide induced marked decrease in CAT 

activity when compared to the control group. Treatment 

with both doses of GO ameliorated the effect of ETZ 

and elevated the CAT activities. The protective effect of 

GO (75 &150mg/kg b.wt.) against etoposide reached 

about 71 and 15%, respectively. However, the lower 

dose of GO exerted better effect on the CAT activities 

(Figure-5). 

 

The effect of GO on glutathione levels 

Etoposide induced significant (P< 0.05) 

decrease in GSH level in comparison with the control 

group. Treatment with both doses of GO ameliorated 

the effect of ETZ and elevated the GSH levels. The 

protective effect of GO (75 &150mg/kg b.wt.) against 

etoposide reached about 77 and 17%, respectively. 

However, the lower dose of GO exerted better affects 

towards the GSH levels (Figure-5). 
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Fig-5: The protective effect of ginger oil (GO) treatments (75 &150mg/kg b.wt.) on antioxidants as measured as superoxide dismutase (SOD), 

catalase (CAT) activities and glutathione levels in spleen tissues of ETZ-treated rats. Data were represented as means of three independent 

experiments (n=5) and bars for standard deviation. ETZ, etoposide (1mg/kg b.wt.); GO, Ginger oil; a, statistically significant (P≤0.05) with 

respect to control. 

 

DISCUSSION 
Etoposide induced cellular DNA strand breaks 

by inhibiting topoisomerase II. This causes the DNA 

damage in both normal and cancer cells because it 

cannot diagnose the cancerous cell rather than the 

normal one [32]. 

 

The present study indicated that treatment of 

ETZ caused severe damage of DNA in spleen tissues. 

Combination with GO showed an improvement in DNA 

fragmentations after 21 days of treatment when 

compared with ETZ group. Similarly, ETZ caused 

apoptotic double strand DNA damage [33]. This may be 

due to reactive oxygen species production, lipid 

peroxidation, DNA intercalation, cross-linking and cell 

membrane damage in various tissues [34]. In this study, 

the higher doses of ginger oil caused damage in spleen 

tissues [35].  

 

However, the results of leukocytes single cell 

gel electrophoresis (comet assay) revealed an increase 

in DNA damage of ETZ-treated group and the 

combination of GO higher dose. This may be due to the 

formation of reactive oxygen species (ROS), as 

superoxide anion and hydrogen peroxide that induced 

apoptosis through DNA cleavage. Oxidative stress by 

chemicals can serve as mediators of apoptosis [36]. The 

low dose of GO reduced the ETZ-induced DNA 

damage. Previous studies supported these findings at 

the levels of DNA damage and chromosomal 

aberrations [37]. Furthermore, ginger exerted anti-

genotoxic effect against some anti-cancer drugs such as 

taxol by reducing the total chromosomal aberrations 

and high number of micronuclei [38]. 

 

The better ameliorated effect of DNA damage 

among the lower doses of GO in the current study can 

be attributed to the high amounts of antioxidants [39]. 

These antioxidant properties are due to its contents of 

gingerol, genistein, thymol and carvacrol [40]. 

 

This study revealed that serum MDA and NO 

levels were increased significantly in rats treated with 

ETZ in comparison with the control group. MDA and 

NO levels were significantly decreased in animals 

receiving GO in combination with ETZ.The results 

come in agreement with the results of Arun et al. [41] 

who indicated that ginger protects the spleen tissue 
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against lipid peroxidation at different doses.This may 

be due to its components of gingerol, zingerone, 

phenolic, 3-diketones and shogaol. They act as 

scavengers of oxygen radicals leading to the 

improvement of anti-oxidants levels [39] and protect 

against DNA and cellular damage [42]. The significant 

decrease in GSH levels, SOD and CAT activities 

relative to the control was evidenced in the present 

study. GO-receiving groups showed significant 

ameliorated effect. 

 

Oxidative damage of DNA and tissues is 

considered the early manifestation of etoposide toxicity, 

which generates free radicals that caused depletion of 

antioxidants such as GSH, CAT and SOD [43]. Ginger 

increased the catalytic activity of catalase and improved 

the oxidative status in ETZ-treated rats.This may be due 

to its ability to scavenge free radicals and toxic 

carcinogenic electrophiles, therefore sparing the 

concentration of the endogenous antioxidant enzymes 

[42]. 

 

In agreement with our results, ginger 

ameliorated the SOD activity and GSH levels in hepatic 

tissues after lead acetate intoxication. It also increased 

glutathione peroxidase (GPX), glutathione-stransferase 

(GST) and CAT activities in renal tissues [44] and 

normalized lipid peroxidation by increasing SOD and 

CAT activities [45]. 

 

Our study indicated the protective effect of GO 

on spleen at low doses which protected the spleen from 

damage. However, the high dose showed slight damage 

in the spleen. These results are in agreement with Udo-

Affah et al., [46] who reported that the treatment with 

low and medium doses (100, 250mg/kg) of ginger 

extract produced little damaging effects in the spleen. 

 

CONCLUSION 
The pretreatment with GO resulted in a 

significant amelioration of oxidative status and DNA 

damage in ETZ-intoxicated animals. This suggest that 

GO has the potential to be used as a herbal remedy to 

reduce ETZ-induced genotoxicity and oxidative stress 

in albino rats. 

 

Conflict of Interest 

The authors declare that no conflict of interest 

regarding this article. 

 

REFERENCES 
1. Hande, K. R. (1998). Etoposide: Our decades of 

development of a topoisomerase II inhibitor. 

European Journal of Cancer, 34(10): 1514-1521. 

2.  ordali a,  .,  arc  a, P. A.,  iguel, del Corral, J. 

M., Castro, M. A., & Gómez-Zurita, M.A. (2004) 

Podophyllotoxin: distribution, sources, applications 

and new cytotoxic derivatives. Toxicon, 44(4): 441-

459. 

3. Longe, J. L. (2002). Gale Encyclopedia of Cancer: 

A guide to cancer and its treatments. 2
nd

 edition, 

397-399. 

4. Stefansdottir, A., Johnston, Z. C., Anderson, R. A., 

Adams, I. R., & Spears, N. (2016). Etoposide 

damage female germ cells in the developing ovary. 

BioMed Central Cancer, 16: 482-496. 

5. Muslimovic, A., Nystrom, S., Gao, Y., & 

Hammarsten, O. (2009). Numerical analysis of 

etoposide induced DNA breaks. PLoS One, 4(6): 

e5859. 

6. Kamble, P. R., Kulkarni, S., & Bhiwgade, D. A. 

(2012). Comparitive studies of glutathione-s –

transferase kinetics in control, cisplatin and 

etoposide treated hepatic and renal tissue of male 

rat. International Journal of Pharmacy and 

Pharmaceutical Sciences, 4(1): 121-123. 

7. Hassab El Nabi, S. E., El-Garawani, I. M., Salman, 

A. M., & Ouda, R. I. (2017). The Possible 

Antigenotoxic Potential of Ginger Oil on 

Etoposide–Treated Albino Rats. Saudi Journal of 

Medical and Pharmaceutical Sciences, 3(7A): 693-

703. 

8. Tohamy, A. A., El-Garawani, I. M., Ibrahim, S. R., 

& Moneim, A. E. A. (2016). The apoptotic 

properties of Salvia aegyptiaca and Trigonella 

foenum-graecum extracts on Ehrlich ascites 

carcinoma cells: the effectiveness of combined 

treatment. Research Journal of Pharmaceutical 

Biological and Chemical Sciences, 7(3): 1872-

1883. 

9. Elkhateeb, W. A., Zaghlol, G. M., El-Garawani, I. 

M., Ahmed, E. F., Rateb, M. E., & Abdel Moneim, 

A. E. (2018). Ganoderma applanatum secondary 

metabolites induced apoptosis through different 

pathways: In vivo and in vitro anticancer studies. 

Biomedicine & Pharmacotherapy, 101: 264–277. 

10. El-Garawani, I. M., Elkhateeb, W. A., Zaghlol, G. 

M., Almeer, R. S., Ahmed, E. F., Rateb, M. E., & 

Abdel Moneim, A.E. (2019). Candelariella 

vitellina extract triggers in vitro and in vivo cell 

death through induction of apoptosis: A novel 

anticancer agent. Food and Chemical Toxicology, 

127: 110-119. 

11. El-Nabi, S. H., Dawoud, G. T., El-Garawani, I. M., 

& El-Shafey, S. S. (2018). HPLC analysis of 

phenolic acids, antioxidant activity and in vitro 

effectiveness of green and roasted Caffea arabica 

bean extracts: a comparative study. Anticancer 

Agents in Medicinal Chemistry, 18: 1281-1288. 

12. Rao, C. V., & Venkataramana, K. A. (2013). 

Pharmacological review on natural antiulcer 

agents. Journal of Global Trends in 

Pharmaceutical Sciences, 4:1118-1131. 

13. Srinivasan, K. (2014). Antioxidant potential of 

spices and their active constituents. Critical 

Reviews in Food Science and Nutrition, 54(3): 352-

372. 

14. Haniadaka, R., Saxena, A., Shivashankara, A. R., 

Fayad, R., Palatty, P. L., Nazreth, N., Francis, A., 



                                                                     

      

Sobhy Hassab El Nabi et al., Sch Bull, July 2019; 5(7): 328-335 

© 2019 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates  334 
 

Arora, R., & Baliga, M. S. (2013). Ginger protects 

the liver against the toxic effects of xenobiotic 

compounds: preclinical observations. Journal 

Nutrition Food Science, 3(5):226-232. 

15. Ryu, H. S., Kim, J., Park, S. C., & Kim, H. S. 

(2004). Enhancing effect of Zingiber Officinale 

Roscoe extracts on mouse spleen and macrophage 

cells activation. Korean Journal Nutrition, 37(9): 

780-785. 

16. Kumari, A. J., Venkateshwarlu, G., Choukse, M. 

K., & Anandan, R. (2014). Effect of essential oil 

and aqueous extract of ginger (Zingiber Officinale) 

on oxidative stability of fish oil-in-water emulsion. 

Journal of Food Processing Technology, 6(1): 412-

417. 

17. Sakr, S. A., Hassab El Nabi, S. E., Okdah, Y. A., 

El-Garawani, I. M., & El-Shabka, A. M. (2016). 

Cytoprotective effects of aqueous ginger (Zingiber 

officinale) extract against carbimazole-induced 

toxicity in albino rats. European Journal of 

Pharmaceutical and Medical Research, 3(7): 489-

497.  

18. Hanafy, Z. E. (2010). Cytogenetics changes on 

cancer cells as affected by ginger extracts. Journal 

of American Science, 6(8): 525-539. 

19. Nirmala, K., Krishna, T. P., & Polasa, K. (2007). 

Protective effect of ginger against Benzo(a) pyrene 

induced DNA damage. International Journal of 

Cancer Research, 3(1): 13-24.   

20. Joslin, J. O. (2009). Blood collection techniques in 

exotic small mammals. Journal of Exotic Pet 

Medicine, 18, 117-139. 

21. Singh, N. P., McCoy, M. T., Tice, R. R., & 

Schneider, E. L. (1988). A simple technique for 

quantitation of low levels of DNA damage in 

individual cells.  Experimental Cell Research, 175: 

185-191. 

22. Aljanabi, S. M., & Martinez, I. (1997). Universal 

and rapid salt extraction of high quality genomic 

DNA for PCR-based techniques. Nucleic Acids 

Research, 15(25): 4692-4693. 

23. Hassab El-Nabi, S. E., & El-hassaneen, Y. A. 

(2008). Detection of DNA damage, molecular 

apoptosis and production of home-made ladder by 

using simple techniques. Biotechnology Journal, 

7(3): 514-522. 

24. El-Garawani, I. M., & Hassab El Nabi, S. E. 

(2016). Increased sensitivity of apoptosis detection 

using direct staining method and integration of 

acridine orange as an alternative safer fluorescent 

dye in agarose gel electrophoresis and 

micronucleus test. Canadian Journal of Pure and 

Applied Sciences, 10(2): 3865-3871. 

25. Lowry, O. H., Rosebrough, N. J., Farr, A. L., & 

Randall, R. J. (1951). Protein measurement with 

the Folin phenol reagent. Journal of Biological 

Chemistry, 193: 265-275. 

26. Ohkawa, H., Ohishi, N., & Yagi, K. (1979). Assay 

for lipid peroxides in animal tissues by 

thiobarbituric acid reaction. Anal Biochemistry, 

95:351-358. 

27. Granger, D. L., Taintor, R. R., Boockvar, K. S., & 

Hibbs, J. B. (1996). Measurement of nitrate and 

nitrite in biological samples using nitrate reductase 

and Griess reaction. Methods in Enzymology, 268: 

142- 151. 

28. Beutler, E., Duron, O., & Kelly, M. B. (1963). 

Determination of glutathione. Journal of 

Laboratory and Clinical Medicine, 61: 882-889. 

29. Fossati, P. (1980). Determination of catalase 

enzyme. Clinical Chemistry, 26: 227- 231. 

30. Nishikimi, M., Appaji, N., & Yagi, K. (1972). The 

occurrence of superoxide anion in the reaction of 

reduced phenazine methosulfate and molecular 

oxygen. Biochemical and Biophysical Research 

Communications, 46(2): 849-854. 

31. Steel, R. J. D., & Torrie, J. H. (1986). Principles 

and Procedures of Statistics: A Biometrical 

Approach, 2nd ed., McGraw-Hill Book Co., Inc., 

New York, USA. 

32. Pommier, Y., Leo, E., Zhang, H., & Marchand, C. 

(2010). DNA topoisomerases and their poisoning 

by anticancer and antibacterial drugs. Chemistry 

Biology, 17(5): 421-433. 

33. El-Garawani, I., Hassab El Nabi, S. E., & El-

Ghandour, E. (2017). The protective effect of 

(Foeniculum vulgare) oil on etoposide-induced 

genotoxicity on male albino rats. European Journal 

of Pharmaceutical and Medical Research, 4(7): 

180-194. 

34. [34] Dimanch-Boitrel, M.T., Meurette, O., 

Rebillard, A., & Lacour, S. (2005). Role of early 

plasma membrane events in chemotherapy-induced 

cell death. Drug Resistance updates, 8(1-2): 5-14. 

35. Zick, S. M., Djuric, Z., Ruffin, M. T., Litzinger, A. 

J., Normolle, D. P., & Alrawi, A. (2008). 

Pharmacokinetics of 6-gingerol, 8-gingerol, 10-

gingerol and 6-shogaol and conjugate metabolites 

in healthy human subjects. Cancer epidemiology 

and Biomarkers journal, 17(8): 1930-1936. 

36. Mizutani, H. (2007). Mechanism of DNA damage 

and apoptosis induced by anticancer drugs through 

generation of reactive oxygen species. Yakugaku 

Zasshi, 27(11): 1837-1842. 

37. Jeena, K., Liju, V. B., Ramanath, V., & Kuttan, R. 

(2016). Protection against whole body γ-Irradiation 

induced oxidative stress and clastogenic damage in 

mice by ginger essential oil. Asian Pacific Journal 

of Cancer Prevention, 17(3): 1325-1332. 

38. AL-Sharif, M. M. Z. (2011). Effect of therapeutic 

ginger on genotoxic of taxol drug (anti-cancer) in 

bone marrow cell of male mice. Journal of Life 

Sciences 11: 897. 

39. Ramesh, B., Viswanathan, P., & Pugalen-Di, K. 

(2007). Protective effect of umbelliferone on 

membranous fatty acid composition in 

streptozotocin-induced diabetic rats. European 

Journal of Pharmacology, 566 (1-3): 231–239. 



                                                                     

      

Sobhy Hassab El Nabi et al., Sch Bull, July 2019; 5(7): 328-335 

© 2019 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates  335 
 

40. Jeen, K., Liju, V. B., & Kuttan, R. (2015). 

Antitumor and cytotoxic activity of ginger essential 

oil (Zingiber Officinale Roscoe). International 

Journal of Pharmacy and Pharmaceutical Science, 

7(8): 341-344. 

41. Arun, K., Ch, V. R., Vijayakumar, M. B., Ayaza, 

A., Naiyera, S., & Irfana, K. M. (2010). Anti-

ulcerogenic and ulcer healing effects of Zingiber 

officinale on experimental ulcer models: possible 

mechanism for the inhibition of acid formation. 

Journal of Pharmacy Research, 1: 75- 85. 

42. Chandra, K. V. P., & Nagini, S. (2003). Dose-

response effects of tomato lycopene on lipid 

peroxidation and enzymic antioxidant in the 

hamster buccal pouch carcinogenesis model. 

Nutrition Research, 23(10):1403-1416. 

43. Thannickal, V. J., & Fanburg, B. L. (2000). 

Reactive oxygen species in cell signaling. 

American Journal of Physiology- Lung Cellular 

and Molecular Physiology, 279(6): 1005-1028. 

44. Reddy, Y.A., Chalamaiah, M., Ramesh, B., Balaji, 

G., & Indira, P. (2014). Ameliorating activity of 

ginger (Zingiber officinale) extract against lead 

induced renal toxicity in male rats. Journal Food 

Science and Technology, 51(5): 908–914. 

45. Yusof, Y., Ahmad, N., Das, S., Sulaiman, S., & 

Murad, N. (2009). Chemopreventive efficacy of 

ginger (Zingiber officinale) in ethionine induced rat 

hepatocarcinogenesis. African Journal of 

Traditional,Complementary and Alternative 

Medicines, 6(1): 87-93. 

46. Udo-Affah, G., Obeten, K. E., Obasee, P. P., & 

Isaac, V. V. (2014). Extract of ginger (Zingiber 

officinale) on the histology of the spleen using 

adult male rats. Journal of Biology, Agriculture 

and Healthcare, 4(25): 499-523. 


