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Abstract Aflatoxins and fumonisins are important

food-borne mycotoxins implicated in human health

and have cytotoxic effects. The aims of the current

study were to evaluate the protective role of Panax

ginseng extract (PGE) against the synergistic effect of

subchronic administration of aflatoxin B1 (AFB1) and

fumonisin B1 (FB1) on DNA and gene expression in

rat. Female Sprague–Dawley rats were divided into

eight groups (ten rats/group) and treated for 12 weeks

including the control group, the group having received

AFB1 (80 lg/kg bw), the group having received FB1

(100 lg/kg bw), the group having received AFB1 plus

FB1 and the groups having received PGE (20 mg/kg

bw) alone or with AFB1 and/or FB1. At the end of

experiment, liver and kidney were collected for the

determination of DNA fragmentation, lipid peroxida-

tion (LP), glutathione (GSH) contents and alterations

in gene expression. The results indicated that these

mycotoxins increased DNA fragmentation, LP and

decreased GSH content in liver and kidney and down-

regulated gene expression of antioxidants enzymes.

The combined treatments with AFB1 and/or FB1 plus

PGE suppressed DNA fragmentation only in the liver,

normalized LP and increased GSH in the liver and

kidney as well as up-regulated the expression of GPx,

SOD1 and CAT mRNA. It could be concluded that

AFB1 and FB1 have synergistic genotoxic effects. PGE

induced protective effects against their oxidative stress

and genotoxicity through its antioxidant properties.
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ginseng � DNA fragmentation � Gene �
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Introduction

Mycotoxins are produced by fungi and can contam-

inate various agricultural commodities either before

harvest or under postharvest conditions (FAO 1991).

They are of great worldwide concern due to their toxic

effects on human and animal health (Ibáñez-Vea et al.

2012). One of the most important mycotoxins pro-

duced by the Aspergillus flavus and A. parasiticus are

the aflatoxins (AFs), which can occur in a wide range

of raw food commodities (CAST 2003). On the other

hand, fumonisins (FBs) are the most reported Fusar-

ium toxins produced mainly by F. verticillioides and

F. proliferatum (Marasas 1996). The genotoxicity and

carcinogenicity of AF have been described and
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reviewed earlier by EFSA (2007) and Abdel-Wahhab

et al. (2010). Aflatoxin B1 (AFB1) is the most

carcinogenic mycotoxin known and there is evidence

from human studies that AFs are major risk factors for

hepatocellular carcinoma, therefore classified in the

group 1 by the International Agency for Research on

Cancer (IARC 2002). On the other hand, FB1 caused

DNA strand breaks in isolated rat liver nuclei (Sahu

et al. 1998; Hassan et al. 2010) and the relation with

esophageal cancer has been described in the popula-

tion of the high incidence area of South Africa (Thiel

et al. 1992) and China (Chu and Li 1994). Moreover,

IARC evaluated FB1, as probably carcinogenic to

humans (Group 2B) (IARC 2002). Several reports

indicated that FB1 increased lipid peroxidation (Klaric

et al. 2007; Stockmann-Juvala et al. 2004) and the

production of reactive oxygen species (ROS) in

animal models or exposed cells (Galvano et al.

2002a, b; El-Nekeety et al. 2007). Moreover, FB1

was found to modulate sphingolipids (Pinelli et al.

1999; Abdel-Wahhab et al. 2004) and increase con-

centrations of arachidonic acid metabolites, including

prostaglandins, in bronchial epithelial cells after 24 h

of incubation (Poux et al. 2000).

Generally, FB1 and AFB1 are the most important

mycotoxins due to their prevalence as cereal contam-

inants and their toxicological potency. They can occur

alone or simultaneously in cereals and cereal-based

foods (Jestoi 2008), with humans and animals being

constantly exposed to low levels of these mycotoxins,

either individually or in combination (Theumer et al.

2010). The individual mycotoxicoses occur seasonally

on certain areas that hinder an implementation of an

effective prophylactic measure (Pfohl-Leszkowicz

et al. 2002). However, interactions between given

mycotoxins are still unclear. The presence of a mixture

of these toxins may present a problem in terms of

determining clinical symptoms of an individual

mycotoxicosis (Abdel-Wahhab et al. 2012).

Panax ginseng, a traditional multipurpose herb in

Asia, has become the World’s most popular herbal

supplements in recent years. Ginseng has a variety of

beneficial biological processes that include anti-can-

cer, anti-diabetic and anti-inflammatory effects, as

well as cardiovascular and neuro-protection properties

(Jung et al. 2005). Most of the pharmacological

actions of ginseng are attributed to a variety of

ginsenosides, which are phenolic acids, flavonoids and

triterpenoid saponins (Huang et al. 2005). It also

contains essential oil, peptidoglycans, polysaccha-

rides, nitrogen-containing compounds, fatty acids and

phenolic compounds (Lee et al. 2010; Abdel-Wahhab

et al. 2010). These properties of ginseng are thought to

provide many beneficial effects against organ dam-

ages. It was found that ginseng protects from toxic

substances (Mannaa et al. 2006; Khalil et al. 2008) and

human diseases (Yokozawa and Liu 2000) by several

different mechanisms. The aims of the present study

was to estimate the synergistic effect of subchronic

administration of AF1 and FB1 on DNA and gene

expression in rat liver and to evaluate the protective

role of PGE against genotoxicity and oxidative stress

induced by these mycotoxins.

Materials and methods

Chemicals and kits

Aflatoxin B1 (AFB1) and fumonisin B1 (FB1) were

purchased from Sigma Chemical Co. (St. Louis, MO,

USA). Kits of malondialdehyde (MDA) and catalase

(CAT) were purchased from Oxis ResearchTM Co.

(Beverly Hills, CA, USA). Super oxide dismutase

(SOD) and glutathione (GSH) were obtained from

Randox Laboratories Co (Crumlin, UK). TRIzol

reagent was purchased from Molecular Research

Center, Inc. (Cincinnati, OH, USA) and RNA Fer-

mentas kit was purchased from Sigma Chemical Co.

(St. Louis, MO, USA). All other chemicals were of the

highest purity commercially available.

The safety measures recommended by WHO

(1998) were taken when handling the AFB1 and FB1.

Plant materials

Panax ginseng roots were provided by the Korean

Society of Ginseng. The plant was extracted five times

with 10 volumes of distilled water at 85 �C for 8 h.

The aqueous extracts were combined and concentrated

under reduced pressure to give darkish brown syrup

(Panax ginseng extract; PGE). The moisture content

of PGE was 37.21 %. The ginsenoside content in the

PGE was determined as follows: briefly, an aliquot of

PGE dissolved in distilled water was passed through

Sep-Pak C18 cartridge, and the cartridge was washed

with distilled water. Subsequently, ginsenosides were

eluted with 90 % methanol and then analyzed by a

862 Cytotechnology (2015) 67:861–871

123



Hitachi high performance liquid chromatography

(Hitachi Technologies, Atlanta, GA, USA). The

mobile phase was a binary gradient of acetonitrile

(A) and water, at a flow rate of 1.3 mL/min, as follows:

0–15 min, 21 % A; 16–38 min, 30 % A; 39–55 min,

42 % A; 56–65 min, 90 % A; and 66–80 min, back to

21 % A before the next injection. Data were collected

with the Hitachi D-7000 HPLC System Manager

software (Ko et al. 1989).

Experimental animals

Three-month old Sprague–Dawley female rats

(100–120 g) were purchased from the Animal House

Colony (Giza, Egypt) and were maintained on standard

lab diet (protein 160.4; fat 36.3 and fiber 41 g/kg).

Animals were housed in a room free from any source of

chemical contamination, artificially illuminated and

thermally controlled, at the Animal House Lab.

(National Research Centre, Dokki, Cairo, Egypt). All

animals have received human care in compliance with

the guidelines of the Animal Care and Use Committee

of the National Research Center (Dokki, Cairo, Egypt).

Experimental design

Eighty animals were divided into eight groups (ten

rats/group), housed in filter-top polycarbonate cages

and were maintained on their respective diet for

12 weeks as follows: group 1, normal control animals;

group 2, rats fed on basal diet and treated orally with P.

ginseng extract (PGE, 20 mg/kg bw); group 3, rats fed

on basal diet and treated orally with AFB1 (80 lg/kg

bw) in corn oil; group 4, rats treated orally with FB1

(100 lg/kg bw) in corn oil; group 5, rats treated with a

mixture of AFB1 and FB1 made with the respective

same dose; group 6, rats treated with AFB1 plus PGE;

group 7, rats treated with FB1 plus PGE and group 8,

rats treated with a mixture of AFB1 and FB1 plus PGE.

The animals were observed daily for any signs of

toxicity. At the end of the treatment period (i.e. day 84)

all animals were fasted for 12 h, then were killed by

cervical dislocation and samples of kidney and liver

were collected for analytical and genetics procedures.

Markers of oxidative status in liver and kidney

Lipid peroxidation (LP) was ascertained by the

formation of MDA using thiobarbituric acid as one

of the main products of lipid peroxidation as described

by Yoshioka et al. (1979). Glutathione (GSH) content

was determined according to Ellman (1959) and the

product was measured spectrophotometrically at

412 nm using the extinction coefficient of 13.7/

mM 9 cm.

Determination of gene expression in liver

RNA extraction

Liver tissue cells were ground in liquid nitrogen and

total RNA was extracted from all experimental

animals. The extraction of total RNA was performed

using TRIzol reagent according to the manufacturer’s

procedures. The concentration and purity of RNA was

measured at 260/280 nm using ultraviolet spectropho-

tometer (ratios fell between 1.75 and 1.9, indicating

very pure RNA in all cases). Equal amounts of RNA

isolated from individual rats of each group were

prepared for the semi-quantitative RT-PCR (Marone

et al. 2000).

Semi-quantitative reverse transcription and PCR

reaction

The first-strand cDNA was prepared from the 5 lg of

total RNA using Fermentas kits. The used RT program

was: 60 min at 42 �C (cDNA synthesis); 5 min at

94 �C (denaturation). Afterwards the reaction tubes

containing RT preparations were ash-cooled in an ice

chamber until used for DNA amplification through

polymerase chain reaction (PCR) (Brun et al. 2006).

The first-strand cDNA from different rat samples was

used as the template for amplification by the PCR with

the following pairs of specific primers (from 50 to 30):
Cu–Zn SOD forward: GCAGAAGGCAAGCGGT

GAAC, Cu–Zn SOD reverse: TAGCAGGACAGCA

GATGAGT, GPx forward: CTCTCCGCGGTGGCA

CAGT, GPx reverse: CCACCACCGGGTCGGACA

TAC, and CAT forward: GCAGATACCTGTGAAC

TGTC, CAT reverse: GTAGAATGTCCGCACCT

GAG (Harvey et al. 1995). b-Actin forward: CGTGA

CATTAAGGAGAAGCTGTGC, b-Actin reverse: CT

CAGGAGGAGCAATGATCTTGAT a house-keep-

ing gene, was used for normalizing mRNA levels of

the target genes (Robert et al. 2002). The PCR cycling

parameters were one cycle of 94 �C for 5 min, 35

cycles of 94 �C for 30 s, 60 �C (Cu–Zn SOD and GPx
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genes, respectively) for 30 s, 70 �C for 40 s, and a

final cycle at 72 �C for 5 min (CAT, b-actin, respec-

tively). The PCR products were electrophoresed onto

an ethidium bromide stained 2.0 % agarose gel. The

ethidium bromide-stained gel bands were scanned and

the signal intensities were quantified by the comput-

erized Gel-Pro program image analyzer (Version 3.1

for Windows3).

DNA fragmentation assays for apoptosis protocol

DNA fragmentation in liver and kidney tissues was

determined according to the method described by

Perandones et al. (1993). In brief, 10–20 mg of liver

or kidney tissues were ground in 400 ll hypotonic lysis

buffer (10 mM Tris base, 1 mM EDTA and 0.2 %

Triton X-100), centrifuged at 3,0009g for 15 min at

4 �C and the supernatant containing small DNA frag-

ments was separated. One-half of the volume was used

for gel electrophoresis and the other half together with

the pellet containing large pieces of DNA were used for

quantification of fragmented DNA by the Diphenyl

amine. The samples were treated with equal volumes of

absolute isopropyl alcohol and 0.5 M NaCl to precip-

itate the DNA, stored at -20 �C overnight and centri-

fuged at 2,0009g for 15 min.

Statistical analysis

All data were statistically analyzed using the General

Linear Model Procedure of the Statistical Analysis

System (SAS Institute Inc 1982). The significance of

the differences among treatment groups was deter-

mined by Waller-Duncan k-ratio (Waller and Duncan

1969). All statements of significance were based on

probability of P B 0.05.

Results

Chemical composition of PGE

The HPLC analysis of PGE revealed that the concen-

trations of ginsenosides in mg/g were 0.54 Rg1, 3.16

Rg2, 4.04 Rg3, 0.88 Rh1, 0.11 Rh2, 3.72 Rb1, 1.71

Rb2, 0.95 Re, 1.02 Rf, 1.89 Rc, and 1.32 Rd with total

ginsensoides 19.3 mg/g.

Lipid peroxidation (MDA) content

The effect of PGE treatment on the level of lipid

peroxidation measured in terms of MDA in liver and

kidney tissues of normal control or mycotoxins (AFB1

and/or FB1)-treated rats are shown in Table 1. These

results indicated that treatment with PGE alone

resulted in a significant decrease in MDA in liver;

however, it did not significantly affect MDA in

kidney. Treatment with AFB1 and/or FB1 resulted in

a significant increase in MDA level in liver and kidney

tissues. This increase recorded the highest level in the

group treated with the two mycotoxins followed by the

group treated with FB1 then those treated with AFB1.

It is worthy to mention that the decrease of MDA

production in liver and kidney by PGE was very

efficient when rats were exposed to AFB1 or FB1

individually. However, the decrease was less pro-

nounced when both toxins were present together

(Table 1).

Table 1 Effects of PGE on lipid peroxidation and glutathione content in kidney and liver of rats treated with AFB1 and/or FB1

Treatment MDA (lmol/g tissue) GSH (lmol/g tissue)

Liver Kidney Liver Kidney

Control 45.26 ± 2.17e 30.78 ± 0.79d 4.52 ± 0.22b 4.03 ± 0.13b

PGE 32.89 ± 1.57c 28.97 ± 0.98d 5.66 ± 0.25a 5.04 ± 0.19a

AFB1 81.28 ± 3.29b 53.23 ± 1.91a 2.86 ± 0.12d 3.18 ± 0.13c

FB1 90.43 ± 2.74a 58.26 ± 1.54a 2.06 ± 0.05d,e 2.65 ± 0.20d

AFB1 ? FB1 92.50 ± 3.16a 58.54 ± 3.2a 1.80 ± 0.07e 2.28 ± 0.15d

AFB1 ? PGE 49.58 ± 3.07e 36.0 ± 2.79c 3.79 ± 0.22c 3.41 ± 0.18c

FB1 ? PGE 56.62 ± 2.52c 38.15 ± 1.77c 4.32 ± 0.2b 3.95 ± 0.09b

AFB1 ? FB1 ? PGE 66.74 ± 3.39c 44.16 ± 1.57b 3.59 ± 0.19c 3.07 ± 0.03c

Data are means ± SEM, within each column, means superscript with different letters are significantly different (P B 0.05) compared

to the control
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Glutathione (GSH) level

The results presented in Table 1 indicated that treat-

ment with PGE alone resulted in a significant increase

in GSH content in liver and kidney compared with

normal control values. Treatment with AFB1 and/or

FB1 resulted in a significant decrease in GSH in liver

and kidney tissue. This decrease in GSH in liver and

kidney tissues was more pronounced in the group

having received AFB1 plus FB1 followed by the group

having received FB1 alone than in those having

received AFB1 alone. Treatment with PGE succeeded

to induce a significant improvement in GSH in liver but

did not induce a significant effect in the kidney tissues.

This improvement was more pronounced in the group

treated with FB1 followed by that treated with AFB1

then the group having received AFB1 plus FB1.

Evaluation of gene expression

In the current study, the bands produced from

amplifying cDNA of GPx, SOD1, CAT and the

house keeping gene b-Actin as a control were

analyzed and the results were expressed as the ratio

between maximum optical density (max OD) for

each band of the target amplification product and the

corresponding max OD of b-actin. The data of the

expression of GPx, SOD1 and CAT mRNA in livers

of the different treatment groups are summarized in

Fig 1. These results showed that there was a highly

significant decrease in the gene expression of these

enzymes in the groups treated with AFB1 and/or FB1

compared to the other groups. Treatment with PGE

alone, however, resulted in a significant increase in

the expression of GPx, SOD1 and CAT mRNA.

Treatment with PGE in rats having received AFB1

and/or FB1 significantly up-regulated the expression

of GPx, SOD1 and CAT mRNA although the gene

expressions of these enzymes were still different

from the control group.

DNA fragmentation

The current results indicated that treatment with AFB1

and/or FB1 caused marked increase in DNA fragmen-

tation percentage in liver and kidney compared to the

untreated control. The percentage of DNA fragmen-

tation was more pronounced in rats treated with the

combined treatments (AFB1 and FB1) compared to the

single treatment with either AFB1 or FB1 (Table 2).

Moreover, the liver was more sensitive to damage than

the kidney. Rats treated with PGE were comparable to

the control regarding DNA fragmentation. However,

those treated with PGE and the mycotoxins showed a

decrease in DNA fragmentation only in liver

(Table 2).

Discussion

The current study revealed that PGE is composed of

ginsenosides (ginseng saponins) including Rg1, Rg2,

Rg3, Rh1, Rh2, R, Rb2, Re, Rf, Rc and Rd. These

results were similar to those reported previously (Li

and Liu 2008; Liu et al. 2002a) These ginsenosides

appear to be responsible for most of the activities of

ginseng including vasorelaxation, antioxidation, anti-

inflammation and anticancer properties (Lü et al.

Fig. 1 Effects of Panax

ginseng extract (PGE) on

catalase (CAT), Super

Oxide Dismutase (SOD) and

glutathione peroxidase

(GPx) mRNA expression in

liver of rats treated with

AFB1 and/or FB1 compared

to the control group
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2009). The antioxidant activity of ginsenosides was

confirmed by Zhong and Jiang (1997) who found that

the ginsenosides Rb1, Rc, Re, Rg1, Rg2, and Rh1

counteracted the action of free radicals induced by

xanthine. Moreover, Wang et al. (2007) demonstrated

that the endothelial dysfunction induced by homocys-

teine and HIV protease inhibitors was effectively

blocked by Rb1 and other ginsenosides suggesting that

Rb1 and other ginsenosides fully block reactive

oxygen species production.

The natural co-occurrence of AFB1 and FB1,

especially in corn, is a worldwide problem and has

been associated with a high incidence of human

hepatocellular carcinoma (CAST 2003). Moreover, it

is also likely that the oxidative stress exerted individ-

ually by AFB1 and FB1 may be enhanced by co-

exposure to both mycotoxins (Abdel-Wahhab et al.

2010, 2012). The toxicology of AFB1 involves its

biotransformation through cytochrome P450 to the

highly reactive AFB1-exo-8,9-epoxide, which forms

adducts with DNA (Guengerich et al. 1998). Besides,

AFB1 is able to induce ROS generation (Matur et al.

2011; Adedara et al. 2010; Abdel-Wahhab et al. 2012),

possibly requiring the activation of cytochrome P450.

In addition, FB1 can produce oxidative stress and/or

apoptosis, depending on the species and the cell types

(Stockmann-Juvala and Savolainen 2008). It is widely

accepted that the cytotoxic effect of AFB1 and/or FB1

on normal differentiated cells is due to the production

of ROS at high levels (Towner et al. 2003; Hassan

et al. 2010, 2012). Oxidative damage induced by ROS

cause tissue damage by a variety of mechanisms

including DNA damage, lipid peroxidation, protein

oxidation and depletion of thiols.

In the current study, experimental mycotoxicoses in

rats were developed in order to characterize the

genetic alterations induced by subchronic treatment

of known levels of AFB1 and FB1, individually or as a

mixture, which could mimic those found in nature.

Moreover, the possible protective role of PGE against

the oxidative stress and DNA damage in rats was

evaluated. The selected doses of AFB1, FB1 and PGE

were based on our previous work (Abdel-Wahhab

et al. 2010). No animal mortality was observed in any

of the treatment groups except only two rats died in the

group treated with AF1 plus FB1. However, the

animals within the other treatment groups appeared

healthy and active. The results revealed that the levels

of LP as an oxidative stress marker induced in liver

and kidney was significantly increased while the levels

of antioxidant GSH were significantly decreased in

AFB1 and/or FB1-treated groups compared to their

levels in the normal controls. These results are in

agreement with those reported previously (Verma and

Mathuria 2009; Abdel-Wahhab et al. 2010; Hassan

et al. 2010, 2012; Mary et al. 2012) who reported that

the increased LP level with the concomitant decrease

in antioxidant enzyme activities were the most

pronounced markers for AFB1 and/or FB1 toxicity

and carcinogenicity. Lipid peroxidation of polyunsat-

urated fatty acids which is an important outcome of

oxidative stress is one of the main manifestations of

oxidative damage and has been found to play an

important role in cellular damage, necrosis and

apoptosis (Kulanthaivel et al. 2012). Several reports

indicated that aflatoxin administration resulted in

excessive LP (Abdel-Wahhab et al. 2006; Abdel-

Aziem et al. 2011) with concomitant decrease in

reduced glutathione (Abdel-Wahhab et al. 2010),

increased protein oxidation and DNA damage

(Gross-Steinmeyer and Eaton 2012; Hassan et al.

2012) in rat liver and kidney. It is well documented

Table 2 Effects of PGE on

DNA fragmentation

percentage in liver and

kidney of rats treated with

AFB1 and/or FB1

Treatments DNA fragmentation

% in liver

Changes DNA fragmentation

% in kidney

Changes

Control 5.0 - 3.38 -

PGE 4.4 -0.6 3.08 -0.30

AFB1 36.4 ?31.4 17.4 ?14.02

FB1 16.5 ?11.5 12.48 ?9.1

AFB1 ? FB1 44.78 ?39.78 22.2 ?18.82

AFB1 ? PGE 14.46 ?9.46 11.3 ?7.92

FB1 ? PGE 11.32 ?6.32 12.5 ?9.12

AFB1 ? FB1 ? PGE 22.52 ?17.52 14.5 ?11.12
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that AFB1 is activated mainly by the cytochrome P450

group of enzymes to form the reactive intermediates

AFB1-8,9-epoxide (Gallagher et al. 1996), conse-

quently, it induce the formation of ROS (Preetha et al.

2006) and lipid peroxidation (Shen et al. 1995).

Furthermore, FB1 inhibits the ceramide synthetase

activity and disrupts the sphingolipid metabolism

(Pinelli et al. 1999; Abdel-Wahhab et al. 2004, 2010)

and increases concentrations of arachidonic acid

metabolites, including prostaglandins in bronchial

epithelial cells (Poux et al. 2000).

In addition, FB1 produces oxidative stress and/or

apoptosis (Hassan et al. 2010), depending on the

species and the cell types (Stockmann-Juvala and

Savolainen 2008). The mechanisms used by FB1 to

induce ROS have begun to be evaluated in recent years

(Domijan and Abramov 2011), but have not been

clearly understood yet. However, administration of

FB1 to rats enhanced LP which is presumably a result

of free radical-mediated toxicity and carcinogenicity

(Abdel-Wahhab et al. 2004; El-Nekeety et al. 2007;

Stockmann-Juvala et al. 2004).

The present data revealed marked depletion in

GSH content as well as the gene expression of the

antioxidant enzymes, GPx, SOD and CAT in the

liver tissues of mycotoxins-treated rats. GSH, a

potent inhibitor of genotoxicity, plays an important

role as an endogenous antioxidant system that is

found at particularly high concentration in the liver

and is known to have a key function in the protective

process (Sinclair et al. 1990). Furthermore, the

depletion of GSH content and the decrease in

antioxidant enzyme activities was reported previ-

ously (Hassan et al. 2010, 2012; Noaman et al. 2008)

which was associated with an increase in LP (Abdel-

Aziem et al. 2011). The decrease in GSH, SOD and

CAT mRNA expression reported herein is in accor-

dance with previous reports which indicated the

detection of low liver GST activity in SEC-bearing

mice (Kwiecien et al. 2006) and in lung cancer-

bearing animals (Selvendiran et al. 2005). The

reduction in the mRNA of SOD and GPx in

mycotoxins-treated rats could be either due to the

oxidation of transcription factors or due to the

decrease in the half lives of mRNAs (Alam et al.

1999). Thus, the decrease in GSH enzyme led to an

indirect increase in oxidative DNA damage indicat-

ing that GSH plays a role in the suppression of

oxygen free radical formation and NO generation in

liver and kidney (Verma and Mathuria 2009).

Consequently, under this pathological condition, the

active process of cellular self-destruction, DNA

fragmentation and apoptosis, might occur (Hassan

et al. 2012).

The increased DNA fragmentation reported in the

current study was consistent with the previous reports

which indicated that AFB1 induce DNA fragmentation

(Abdel-Wahhab et al. 1998; Hassan et al. 2012). The

mutagenicity of AFs especially AFB1 arising from the

toxin molecules which might form covalent-adducts

which cause a disturbance of DNA replication (Bon-

nett and Taylor 1989). The formation of AFB1-DNA

adducts is regarded as a critical step in the initiation of

AFB1-induced hepatocarcinogenesis (Preston and

Williams 2005; Abdel-Wahhab et al. 2006; Pfohl-

Leszkowicz 2008), p53 gene mutation (Habib et al.

2006) and indicates that oxidative stress is an apop-

tosis inducer (Meki et al. 2004). The proteolytic

activation of DNA ladder formation is a key step in the

apoptotic cascade (Maruyama et al. 2001). However,

for FB1, Wang and Groopman (1999) reported that

they are the only mycotoxins with carcinogenic

potency that are not direct DNA-damaging agents

and that they increase carcinogenesis by increasing the

number of DNA replication (Dragan et al. 2001).

Furthermore, it was suggested that the oxidative

damage induced by FB1 might indirectly lead to

mutagenicity and genotoxicity (Hassan et al. 2010).

This observation is the possible explanation for the

damage induced in hepatic DNA after exposure to

FB1. The interaction of AFB1 and FB1 in the induction

of DNA damage and its correlation with biomarkers of

cellular oxidative status revealed a clear synergism of

these tested mycotoxins to induce genetic damage.

These results supported those reported by Mary et al.

(2012) who demonstrated that AFB1 and FB1, alone or

as a mixture, affect the oxidative status in spleen

mononuclear cells, by increasing ROS levels and

biomolecular oxidative damage. The mixture of both

mycotoxins induced the greatest oxidative stress due

to its stronger pro-oxidant action, resulting from the

interaction of AFB1 and FB1.

Previous studies revealed that PGE contains many

classes of compounds, including ginsenosides, essen-

tial oil, peptidoglycans, polysaccharides, nitrogen-

containing compounds, fatty acids and phenolic

compounds (Lee et al. 2010). Currently, more than

30 different ginsenosides from PGE have been isolated
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and characterized, and these ginsenosides are known

to have different pharmacologic effects. Moreover,

new ginsenosides were also isolated from red ginseng,

which are not usually found in raw ginseng (Park

1996; Kim et al. 2000). It also contains phenolic

compounds including salicylic acid, caffeic acid and

maltol which have antioxidant activity (Park 1996). In

addition, the ginseng root contains amino acids,

vitamins A, B1, B2, B12, C, and E and niacin as well

as inorganic elements such as sodium, potassium,

calcium, magnesium, phosphorus, iodine, iron, zinc,

copper, manganese, and selenium (Choi et al. 2009).

These components are important to enhance the

antioxidant capacity of the body including the enzy-

matic antioxidants such as SOD, GPx, CAT and GSH

and the nonenzymatic antioxidants such as vitamins C

and E (Ramesh et al. 2012).

In the present study, PGE upregulated GSH and

gene expression of antioxidant enzymes as well as

suppressed LP and DNA fragmentation percentage in

AFB1 and/or FB1-treated rats. This may suggest that

PGE exerts antioxidant and anti-apoptotic effects. The

potential protective mechanisms of PGE to induce

both activity and expression of the antioxidant

enzymes was assessed using semi-quantitative RT-

PCR. The current results suggested that the protective

effect PGE against mycotoxicosis resulted from the

increased antioxidant system in the cell (Ramesh et al.

2012). Moreover, it is well documented that the

antioxidant enzymes (SOD, GSH and CAT) are

considered the first line of the antioxidant defense

system against ROS generated during oxidative stress

(Ray and Husain 2002). Generally, these results

indicated that PGE have protective effects against

liver injury induced by the two mycotoxins and it plays

a role in increasing the antioxidant status as well as

lowering the oxidative damage of nucleic acids in the

body (Abdel-Wahhab et al. 2010; Mannaa et al. 2006).

Accordingly, an aqueous extract of ginseng has been

reported to restore the expression of these antioxidant

enzymes in H2O2-injured primary cultures of rat

astrocytes (Naval et al. 2007). In the same respect,

Li et al. (2010) reported that ginseng saponins induced

a protective role against alcohol-induced hepatic

injury in mice by up-regulating the expression of the

antioxidant enzymes. Furthermore, the decrease in

DNA fragmentation in PGE-treated rats suggested that

the protective effect of PGE during mycotoxicosis

resulted from the reduction of apoptosis via the

increase in the expression of antioxidants enzymes.

These results also are consistent with previous obser-

vations of anti-apoptotic effects of ginseng which

suggested that ginsenosides inhibit cardiomyocyte

apoptosis by inhibiting expression of the pro-apoptotic

FAS gene in rats (Liu et al. 2002a). Moreover, they

exert protective effects against the progression of

oxidative stress-induced DNA damage (Choi et al.

2003), protect against the disturbances in sphingolipid

metabolism (Pinelli et al. 1999) and decrease arachi-

donic acid metabolites (Poux et al. 2000).

Conclusion

The results of the present study demonstrated that

AFB1 and FB1, alone or in combination affected the

oxidative status in rats, by increasing ROS generation

as indicated by the elevation of MDA and the

reduction of GSH levels in liver and kidney. These

mycotoxins also down-regulated mRNA gene expres-

sion of antioxidant enzymes in liver and increased

DNA fragmentation. The mixture of the two myco-

toxins induced the greatest oxidative stress due to its

stronger pro-oxidant action, resulting of the interac-

tion of AFB1 and FB1. Besides, this study provides

relevant information about the mechanisms by which

the mycotoxins induced cytotoxic effects: ROS may

have a dual role, by acting as toxic bio-products that

alter the cellular function and viability, and also as key

participants in the cellular regulation and signaling.

PGE induced a potential protective effect against the

cytotoxicity of these mycotoxins. This effect was due

to its ability to prevent lipid peroxidation by enhancing

enzyme and nonenzyme antioxidant defense systems

and suppressing the oxidative stress in rats.
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