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Abstract 

Natural bioactive compounds have been increasingly investigated against carcinogenic agents to prevent 

tumour progression. Thus, several active ingredients exist in different herbs and medicinal plants 

exhibited preventive impact against benzo(a)pyrene (BaP) induced carcinogenesis. In the present study, 

the efficacy of Cape gooseberry fruit (CGF) extract was investigated against BaP induced genetic toxicity 

in Swiss albino male rats. Male rats (n=90) were allocated in several groups exposed to BaP and/or 

several doses of CGF extract (100, 150 and 200 mg/kg b.w.). Assessment of DNA damage, generation of 

DNA adducts and expression alteration of stress (Hsp70a, CYP450) and antioxidant (GST) related genes 

were conducted. The results showed that treatment of BaP-exposed rats with different doses of CGF 

extract was able to prevent the genetic toxicity in the forms of DNA damage and DNA adducts as well as 

gene expression alteration induced by BaP. The results suggested that CGF extract-BaP interaction may 

reflect the extract efficacy against genotoxicity induced by chemotherapeutic drugs that are metabolized 

by antioxidant enzymes. 
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Introduction 

Human disorders development due to 

crushing the biological defense of the 

immune system against drugs, mutagens and 

oxidative stress is resulting mainly from 

oxidative damage of several biological 

molecules such as protein, lipid, RNA and 

DNA [1, 2]. Thus exposure of living 

organisms to mutagens and oxidative 

stressors affects the DNA structure, 

expression of gene patterns and metabolic 

enzymes and thus influences the immune 

system [3]. 

 

Benzo(a)pyrene (BaP) is one of the most 

powerful carcinogens. It is teratogenic and 

mutagenic in animal models [4, 5]. BaP is 

considered as a potent carcinogenic marker 

for contamination with hazard chemicals in 

an environmental sample [6, 7]. The most 

target organ for BaP mammals is the liver in 

which the liver microsomal metabolized it 

and thus inducing oxidase system. 

Additionally, BaP is one of the most highly 

reactive drugs that can attach to specific 

DNA positions modulating the gene 

expression patterns inducing DNA damage, 

micronucleus formation and initiation of 

cancer in mammalian cells [8-10]. 

 

Natural compounds as chemoprevention 

proffer novel tool to 

mutagenicity/clastogenicity and tumour 

treatment strategies [11]. The discovery of 

new anticancer and chemopreventive 

compounds that are less toxic and more 

efficient has made great attention in 

pharmaceutical research [12,13]. It has been 

reported that regular dietary 

supplementation of flavonoids and alkaloids 

decrease further threat of cancer progression 

http://www.jgpt.co.in/
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[14]. The mechanism of action responsible for 

cancer risk reduction is strangely coincided 

with antioxidant capacity of these active 

ingredients [15, 16]. Several types of dietary 

nutrients and flavonoids found in berry and 

grapes have been exhibited antioxidant 

capacity, cytochrome P450 suppression and 

anti-progression activity against several 

types of cancer [17].  

 

The antioxidants existing in berry and grapes 

are responsible in terminating the chain 

radical reactions through giving atoms of 

hydrogen to peroxy radical building novel 

molecules. These new molecules are active to 

react with free radicals in the cell and 

consequently ending the propagating chain 

[18, 19]. Hence theses antioxidants protect 

cells against oxidative damage by trail off 

oxygen species and free radicals or increase 

the activity of the antioxidant enzymes [20].  

 

Medicinal plants have been widely used for 

protection against oxidative damage induced 

by chemical exposure since ancient times in 

Arabian countries as exhibiting less toxic 

side effects. One of the very promising plants 

for inhibiting oxidative stress is Cape 

gooseberry (Physalis peruviana). The fruit of 

Cape gooseberry (golden berry) is containing 

high levels of minerals, nutrients, vitamins, 

β- and α-carotene [21, 22]. Several studies 

reported that Cape gooseberry extracts 

exhibited antioxidant activity [23, 24], 

hepatotoxicity prevention [25] and anti-

inflammatory activity [25, 26].   

  

Therefore, the present research aims to 

evaluate the in vivo biosafety and 

bioactivities of Cape gooseberry fruit extract 

in male rats. Additionally, the antioxidant 

capacity of Cape gooseberry fruit extract 

against genetic toxicity induced by 

benzo[a]pyrene in liver tissues of male rats 

was the main objective of current study.   

Materials and Methods 

Chemicals  

Benzo[a]pyrene (BaP) and dimethylsulfoxide 

(DMSO) were purchased from Sigma (St. 

Louis, MO). Trizol was bought from 

Invitrogen (Carlsbad, CA, USA). The reverse 

transcription and PCR kits were obtained 

from Fermentas (Glen Burnie, MD, USA). 

SYBR Green Mix was purchased from 

Stratagene (La Jolla, CA, USA). All other  

chemicals and reagents were of analytical 

grade and obtained from standard 

commercial suppliers. 

Fruits Sampling and Preparation  

Cape gooseberry fruit (CGF) were collected 

from private market, Giza, Egypt. The CGF 

were authenticated by Botany Department, 

National Research Center, Giza, Egypt. The 

Cape gooseberry were dried by means of solar 

energy, stored in plastic bags and kept at −20 

ºC, up to use. Dry CGF powder was used to 

prepare a stock solution by dissolving the 

powder in distilled water on a shaking plate 

for half hour. The CGF solution was 

centrifuged and the supernatant was freeze-

dried by Heto DryWinner (Denmark). The 

extract of CGF was collected after passing 

through a sterilized filter (0.22 Am). 

Animals 

Seventy Swiss albino adult male rats 

(150±8.3 g) were obtained from the animal 

house of the National Research Centre, Giza, 

Egypt. They were housed in stainless steel 

wire meshed cages and provided free access 

to water and a standard rodent chow diet. All 

animals received human care in compliance 

with guidelines of the Ethical Committee of 

National Research Centre, Egypt, which 

follows the recommendations of the National 

Institutes of Health Guide for Care and Use 

of Laboratory Animals (Publication No. 85-

23, revised 1985). 

Rat's Treatment with BaP and CGF 

Extract 

The rats were randomly divided into 7 groups 

of 10 animals and designated to receive orally 

either with BaP and/or CGF extract. Animals 

within different treatment groups were 

treated (daily at a 24 h interval) 

intragastrically for 4 weeks as follows: group 

1, untreated control rats; groups 2-4, treated 

intragastrically with 100, 150 and 200 mg/kg 

b.w. of CGF extract [27]; groups 5-7, treated 

intragastrically with 100, 150 and 200 mg/kg 

b.w. of CGF extract plus intra peritoneally 

single dose of 50 mg/kg b.w. of BaP dissolved 

in 0.1% dimethylsulfoxide (DMSO) [28], 

group 8, treated with 50 mg/kg b.w. of BaP 

only; group 9, treated with DMSO. 

 

At the end of the experimental period, all 

animals were sacrificed and dissected on day 

39. Several organs of treated mice were 

collected for histology analysis.  
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Comet Assay 

The DNA damage in treated rat samples 

using comet assay was performed according 

to Blasiak et al. [29]. Homogenized liver 

samples of treated groups were mixed with 

low melting point agarose and loaded in 

small pieces on slides which pre-coated with 

normal melting agarose. The loaded samples 

were kept on the slides in horizontal position 

for half hour in dark environment at 4°C. 

Low melting point agarose was then 

pipetting above the slides including samples 

and the slides were left for 30 min at 4°C to 

harden and put afterward in lysis buffer for 

one hour.  

 

Then, fresh alkaline unwinding buffer was 

used to submerge the slides in a dark place 

for one hour at 20°C. Afterwards, 

electrophoresis (0.8 V/cm, 300mAmps) for the 

slides were carried out for 30 min to assess 

the DNA damage in the form of tail 

migration in 100 cell per each animal. 

Specific software (TriTek corp., Comet Score, 

Sumerduck, VA22742) was used to determine 

the rate of the DNA damage per sample.  

DNA Adducts (8-OHdG and 2-dG) 

Determination 

The generation ratio of 8-OHdG/2-dG in liver 

tissues of supplemented animals was 

assessed. The total DNA was extracted from 

animal samples by homogenizing the tissues 

in lysis buffer (pH 7.4), transferring and 

incubating them over night (~ for 16 h) with 

proteinase K at 50-60oC. The incubated 

samples were treated with RNase enzyme for 

ten min at 50oC according to Lu [30]. The 

method of chloroform/isoamyl alcohol was 

used to isolate the genomic DNA from treated 

rats. The extracted DNA content was 

dissolved in a solution of Tris/EDTA. The 

generation ratio of 8-OHdG/2-dG was 

assessed through several electrochemical 

sensors using HPLC (CoulArray system, 

Model 5600) [31].  

Expression Analysis of Stress and 

Antioxidant Related Genes  

RNA Isolation and Reverse 

Transcription Reaction 

TRIzol® extraction Chemical (Invitrogen) 

was utilized to isolate the total genomic RNA 

of adipose tissues of all treated animal. After 

completion of the isolation procedures, RNA 

pellet was stored in DEPC treated water.  

 

To digest the potential DNA residues the 

pellet of isolated RNA was treated with 

RNAse-free DNAse kit (Invitrogen, 

Germany). RNA aliquots were stored at -20°C 

or utilized immediately for reverse 

transcription [32].  

 

First Strand cDNA Synthesis Kit 

(RevertAidTM, MBI Fermentas) was used to 

synthesize the cDNA copy from adipose 

tissues via reverse transcription reaction 

(RT). A RT reaction program of 25°C for 10 

min, then one hour at 42 °C then 5 min at 

95°C was used to obtain the cDNA copy of 

liver genome. Finally, tubes of reaction 

containing cDNA copy were collected on ice 

up to use for cDNA amplification [33, 34]. 

Quantitative Real Time-PCR 

SYBR® Premix Ex TaqTM kit (TaKaRa, 

Biotech. Co. Ltd.) was used to perform the 

qRT-PCR analyses using the synthesized 

cDNA copies from adipose tissues. For each 

reaction a melting curve profile was 

conducted. The quantitative values of the 

target genes were normalized on the 

expression of the housekeeping gene (Table 

1). The 2−ΔΔCT method was used to determine 

the quantitative values of the specific genes 

to the -actin gene [35, 36]. 

Statistical Analysis 

General Liner Models (GLM) of Statistical 

Analysis System (SAS) was used to analyses 

the data of DNA damage, DNA adducts and 

gene expression assays. Afterwards, Scheffé-

test was used to determine the significant 

differences between tested groups. The 

values are expressed as mean±SEM. All 

significance statements were based on 

probability of P < 0.05.  

Results 

Effect of Cape Gooseberry Extract on DNA 

Damage in BaP Exposed Rats  

The rates of DNA damage in liver tissues of 

male rats exposed to BaP and treated with 

different concentrations of CGF extract are 

summarized in Table 2. The results found 

that male rats exposed to BaP showed 

significant (P<0.01) high mean rates of the 

DNA damage compared to control rats. 

However, the mean values of the DNA 

damage were significantly (P<0.01) low in 

groups of rats treated with low, medium and 

high doses of CGF extracts compared to BaP  
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exposed rats and were similar to those in 

untreated control and DMSO rats. Moreover, 

treatment of Bap-exposed rats with low, 

 

Table 1: Primers sequences used for quantitative Real Time-PCR 

Gene Primer sequence (5 –3 )a 

Hsp70a 

 

F: CGG GAG TTG TAG CGA TGA GA 

R: CTT CCT AAA TAG CAC TGA GCC ATA A 

CYP450 

 

F: ATC AAG CAA GGG GAC GAG TT 

R: GCT CGC TGA CAA TCT TTT GC 

 

GST 

F: CTG AAC TCA GGT AGT CCA GC 

 

R: GGA GGT AGA AGT GCA CAA AG 

-Actin 

 

F: TGG GGC AGT ATG GCT TGT ATG 

R: CTC TGG CAC CCT AAT CAC CTC T 

a F: forward primer; R: reverse primer. Tm: temperature 

 
Table 2: Effect of Cape gooseberry extract on rate of DNA damage in liver tissues of male rats 

exposed to BaP  
Treatment No. of cells Class¥ of comet 

 

 

DNA damaged 

cells 

(mean ± SEM) 

Analyzed Total 

comets 

0 1 2 3 

Control 
5 500 37 463 33 4 7.4±0.38d 

DMSO 5 500 41 459 36 3 8.2±0.41d 

CGF extract100 5 500 38 462 31 7 7.6±0.48d 

CGF extract150 5 500 36 464 31 4 7.2±0.52d 

CGF extract200 5 500 39 461 29 7 7.8±0.29d 

BaP+CGF extract100 5 500 102 398 38 29 20.4±0.42b 

BaP+CGF extract150 5 500 91 409 47 20 18.2±0.56bc 

BaP+CGF extract200 5 500 77 423 39 23 15.4±0.32c 

BaP 5 500 124 376 45 38 24.8±0.68a 
¥: Class 0= no tail; 1= tail length < diameter of nucleus; 2= tail length between 1X and 2X the diameter of nucleus; and 3= tail length 

> 2X the diameter of nucleus.(*): No of cells analyzed were 100 per an animal.  

DMSO: dimethylsulfoxide; CGF: Cape gooseberry fruits; BaP: benzo(a)pyrene; Data are presented as mean ± SEM. a,b,c,d Mean values 

within tissue with unlike superscript letters were significantly different (P< 0.05, Scheffé-Test). 

 

 

medium and high doses of CGF extracts 

decreased significantly the rats of DNA 

damage compared with the those in group of 

rats exposed to BaP only. Additionally, the 

high dose of CGF extract was the most 

effective dose in diminishing the rate of DNA 

damage induced by BaP.  

Effect of Cape Gooseberry Extract on 

DNA Adducts in BaP Exposed Rats  

The generation of DNA adducts (8-OHdG/2-

dG) ratio in liver tissues of BaP exposed rats 

treated with CGF extract is summarized in 

Figure 1. The results of this study showed that 

male rats exposed to BaP augmented 

significantly (P<0.01) the OHdG/2-dG 

generation rate compared with control rats. In 

contrary, male rats treated with low, medium 

and high dose of CGF extracts showed low 

generation ratio of DNA adducts which was 

similar to that in untreated control and  

 

DMSO exposed rats. Moreover, the 

generation ratio of DNA adducts decreased 

significantly (P<0.05) in BaP-exposed rats 

treated with medium and high dose of CGF 

compared with rats exposed BaP alone. 

Furthermore, the high dose of CGF extract 

was the most efficient dose in decreasing the 

level of DNA adducts induced by BaP.   

Effect of Cape Gooseberry Extract on 

Expression of Stress and Antioxidant 

Related Genes in BaP Exposed Rats 

 

The expression of heat shock protein70a 

(Hsp70a) and cytochrome P450 (CYP450) as 

stress related genes as well as expression of 

glutathione S-transferase (GST) gene in liver 

tissues of male rats exposed to BaP and 

treated with CGF extract is summarized in 

Figures 2-4.  
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Figure 1: Ratio of DNA adducts (8-OHdG/2dG) in liver tissues of BaP-exposed rats treated with different concentrations 

ssue with 

unlike superscript letters were significantly different (P< 0.05, Scheffé-Test) 

 

 
 

Figure 2: Expression change of Hsp70a-mRNA levels in liver tissues of BaP-exposed rats treated with different 

concentrations of Cape gooseberry fruit (CGF) extract. Data are presented as mean ± SEM. a,b,c Mean values within 

tissue with unlike superscript letters were significantly different (P< 0.05, Scheffé-Test) 
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Figure 3: Expression change of CYP450-mRNA levels in liver tissues of BaP-exposed rats treated with different 

concentrations of Cape gooseberry fruit (CGF) extract. Data are presented as mean ± SEM. a,b,c Mean values within 

tissue with unlike superscript letters were significantly different (P< 0.05, Scheffé-Test) 

 

 
Figure 4: Expression change of GST-mRNA levels in liver tissues of BaP-exposed rats treated with different 

concentrations of Cape gooseberry fruit (CGF) extract. Data are presented as mean ± SEM. a,b,c Mean values within 

tissue with unlike superscript letters were significantly different (P< 0.05, Scheffé-Test) 

 

 

The results showed that the expression levels 

of Hsp70a and CYP450 genes in male rats 

exposed to BaP were up-regulated  

 

 

significantly (P<0.01) compared with 

untreated control and DMSO groups of rats.  
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However, the expression levels of Hsp70a and 

CYP450 genes in groups of rats treated with 

low, medium and high doses of CGF extracts 

were low and reached similar levels compared 

to those in untreated control and DMSO 

groups of rats. Additionally, the expression 

levels of Hsp70a and CYP450 genes in BaP-

exposed rats treated with low, medium and 

high doses of CGF extracts decreased 

compared to those in rats exposed to BaP only. 

Also, the high dose of CGF extract was the 

most competent dose in decreasing the levels 

of gene expression changes induced by BaP.   

 

The expression levels of GST gene in male rats 

exposed to BaP were down-regulated 

significantly (P<0.01) compared with 

untreated control and DMSO groups of rats. In 

contrary, the expression levels of GST gene in 

groups of rats treated with low, medium and 

high doses of CGF extracts were high and 

reached similar levels compared to those in 

untreated control and DMSO groups of rats. 

Additionally, the expression levels of GST gene 

in BaP-exposed rats treated with low, medium  

 

 

and high doses of CGF extracts increased 

compared to those in rats exposed to BaP only. 

Moreover, the high dose of CGF extract was 

the most effective dose in elevating the levels 

of GST gene expression changes induced by 

BaP.   

 

Discussion 

 

BaP is one of the most powerful carcinogens 

which is produced from several sources related 

to human activity such as charbroiled food and 

cigarette smoke [37]. The action mechanism of 

BaP inducing cancer is thought to be that it 

causes damage in the DNA structure through 

binding BaP-7,8-dihydrodiol-9,10-epoxide 

inducing DNA adducts (BPDE-DNA) by 

increasing ROS formation [38, 39].  

 

In agreement with the above observation, the 

results of this study found that male rats 

exposed to BaP showed significant high mean 

rates of the DNA damage and generation 

ratio of DNA adducts compared to control 

rats. So, it could be suggested that the main 

reason for increase the DNA damage in the 

cell exposed to BaP is due to conversion of the 

BaP form to the BPDE metabolite [40, 41].  

 

Araujo et al. [8] and Fanali et al. [9] reported 

that BaP is one of the most highly reactive 

drugs that can attach to specific DNA 

positions modulating the gene expression 

patterns inducing initiation of cancer in 

mammalian cells. In consistent with these 

findings, our results revealed that expression 

levels of stress related genes (Hsp70a and 

CYP450) in male rats exposed to BaP were 

up-regulated significantly compared with 

control rats. Also, the expression levels of the 

antioxidant GST gene in male rats exposed to 

BaP were down-regulated significantly 

compared with control rats.  

 

Numerous studies have been investigated to 

identify novel tools in prevention cancer 

progression through suppression the harmful 

effect of BaP by using promising natural 

products [42-46]. In the present study CGF 

extract was used to prevent the genetic toxicity 

induced by PaB mainly in liver tissues of male 

rats. The results found that   treatment of Bap-

exposed rats with all three doses, especially 

high dose, of CGF extracts decreased 

significantly the rats of DNA damage and 

generation ratio of DNA adducts compared 

with those in rats exposed to BaP only.  

 

Several studies reported that CGF is good 

source for antioxidant compounds [47]. This 

source of compounds is thought to be the 

main reason for cell protection against 

oxidative stress. The antioxidant compounds 

might be have chemical structure variation 

which could be reacting with free radical 

species by donation of protons or electrons 

making quenching of the free radical in the 

cell exposed to mutgens or carcinogenic 

agents [48].   

 

Natural antioxidants existing in CGF extract 

could inhibit the harmful impacts of BaP by 

free radicals scavenging or by mitigating the 

cell inflammatory response. Therefore, 

oxidative stress amelioration in BaP-exposed 

rats administrated with CGF extract could 

be attributed to its contents of antioxidants. 

The present study found that expression 

levels of antioxidant enzyme GST gene in 

BaP-exposed rats treated with all three 

doses of CGF extract, in particularly with 

the high dose, increased significantly 

compared to rats exposed to BaP only. 

 

Ferguson [49] reported that antioxidant 

enzymes are enhancing by natural 

antioxidants existing in the plant extracts 

which regulate the transcription process of 

the target antioxidant enzymes genes. The 
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transcription regulation is modulating 

through interaction between active 

ingredients of the plant extract and 

antioxidant response elements (AREs). It has 

been suggested that glutathione synthesis is 

regulated by intermediated enzyme namely, 

glutamylcysteine synthetase (GCS) which is 

activating by AREs [50].  

 

Therefore, the main key in up-regulation of 

antioxidant enzymes is enhancement of GCS 

activity [51]. Thus, it could be possibility in 

the present study that the interaction 

between the active compounds exist in the 

CGF extract and AREs would result in a high 

expression of antioxidant enzyme GST gene 

explaining decrease the rate of DNA damage 

and DNA adducts. Several studies have been 

reported the interactions between Herb and 

drug using various phytomedicinal plants 

[52, 53]. Zhou et al. [54] reported that 

increase levels of isozymes such as 

Cytochrome P450 is main indication for 

toxicity caused by PaB. These isozymes are 

vulnerable to alteration by treatment with 

natural active ingredients of herbs. In the 

same line, the present study found that 

expression levels of Cytochrome P450 gene in 

BaP-exposed rats treated with CGF extract 

decreased significantly compared to rats 

exposed to BaP only.   

 

In conclusion, the present work showed that 

treatment of male rats exposed to BaP with 

CGF extract was able to prevent the genetic 

toxicity in the forms of DNA damage and 

DNA adducts as well as gene expression 

alteration induced by BaP. Thus, CGF 

extract seemed to improve the antioxidant 

capacity of the male rats. The observed CGF 

extract –BaP interaction may reflect the 

extract efficacy against genotoxicity induced 

by chemotherapeutic drugs that are 

metabolized by antioxidant enzymes. 
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