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ABSTRACT

Aims: The current study aimed to evaluate the protective role of ginseng extract (GE)
against the oxidative damage of erythrocytes resulted from the synergistic effects of
subchronic (84 days) treatment with aflatoxin B1 (AFB1) and fumonisin B (FB) in male
and female rats.
Study Design: Animals were divided into six groups of ten rats (5 males and 5 females)
included: the control group; GE alone-treated group (150 mg/kg b.w); the group treated
orally with AFB1 (17 μg/kg b.w) during the first 2 weeks and fed FB1-contaminated diet
(100 mg/kg diet) during the 6th to 8th weeks; the group treated with GE during the
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mycotoxin protocol and continued till week 10; the group treated with GE 2 weeks before
AFB1 administration and continued till the end of FB1 treatment and the group treated
with GE for 4 weeks after the toxin protocol stopped.
Methodology: Blood samples were collected at the end of treatment for hematological
and biochemical determinations.
Results: The results showed that the mycotoxins ingestion caused insignificant
decrease in total hemoglobin (Hb) content, whereas they caused a significant increase in
contents of Met-Hb, Carboxy-Hb and Sulf-Hb fractions accompanied by a significant
decrease in Oxy-Hb faction, compared to the control group. Erythrocyte Met-HbR, SOD
and GR activities were significantly decreased after mycotoxins treatment. In addition,
mycotoxins ingestion induced a significant decrease in serum levels of iron and TIBC but
did not significantly affect serum ferritin level. These effects were pronounced in male
rats than in females. Treatment with GE ameliorated the erythrocytes damage induced
by mycotoxins as indicated by the modulations in most of the investigated markers.
Conclusion: Treatment with GE has beneficial effect in counteracting erythrocyte
membrane damage and hemoglobin changes induced by aflatoxin B1 and fumonisin B1.
This effect may be probably through its potent antioxidative activity.

Keywords: Aflatoxin; fumonisin; mycotoxins; oxidative stress; erythrocytes; ginseng.

1. INTRODUCTION

Mycotoxins are fungal secondary metabolites commonly present in food. Ingestion of
mycotoxin-contaminated products can lead to serious health problems, including immune
suppression and even carcinogenesis [1,2]. Fumonisin and aflatoxin are produced by certain
fungal strains belonging to the Fusarium and Aspergillus families, respectively [3]. Fumonisin
B1 (FB1) and aflatoxin B1 (AFB1) are the most important toxins of each group, due to their
prevalence as cereal contaminants and their toxicological potency. Humans and animals
being constantly exposed to low levels of these mycotoxins, either individually or in
combination [3].

Aflatoxins are hepatotoxic, immunosuppressive, carcinogenic, teratogenic and mutagenic [4-
7], Several diseases are associated with the human consumption of these toxins, including
toxic hepatitis and even primary hepatocellular carcinomas [3,8]. Fumonisins B have been
shown to be the causative agent of equine leukoencephalomalacia and of porcine pulmonary
edema syndrome [9]. Long-term studies indicated that fumonisin B1 (FB1) is
hepatocarcinogenic [10,11] and nephrocarcinogenic in rats [12]. In addition, it has
immunotoxic properties [13].

Li et al. [14] observed that co-contamination of maize with AFB1 and FB1 in a high-incidence
area of human primary hepatocellular carcinoma in China, which led to the probable
participation of both toxins in the genesis of this pathology being suggested. The
physiological immuno surveillance, a key function to prevent tumor development, could be
suppressed as consequence of the immunotoxic action of aflatoxins and fumonisins
individually or as mixtures, as was previously stated in an experimental mycotoxicoses [15].

The possible genotoxicity of fumonisins has been evaluated in recent years, and it was
proposed that this toxin could produce genetic damage by means of an indirect mechanism
involving the cellular oxidative stress. Hassan et al. [16] observed that FB1 caused DNA
strand breaks in isolated rat liver nuclei, and concluded that such lesions may be caused by
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increased lipid peroxidation. Taken together, the reactive oxygen species and lipid
peroxidation have been considered to be main mechanisms in the toxicity of AFB1 [17] and
FB [6].

The erythrocytes play a very important physiological role in organism metabolism [18]. The
main function of erythrocytes is the transport of oxygen (O2) and mediation of carbon dioxide
(CO2) production [19,20]. As the red blood cell emerges from the bone marrow, it loses its
nucleus, ribosomes, and mitochondria and therefore all capacity for cell division, protein
synthesis, and mitochondrial-based oxidative reactions [20,21]. The behavior of erythrocytes
deserves special attention. The erythrocyte membrane contains abundant polyunsaturated
fatty acids, which are very susceptible to free-radical induced lipid peroxidation [22].
Erythrocytes have a powerful antioxidant protection system. However, at a high
concentration of free radicals or insufficiency of the primary antioxidant protection, the
oxidative damage of the erythrocyte membrane components leads to loss of the ability of
erythrocytes to transfer O2 and CO2, and brings about cell hemolysis [23].

So far, antioxidants have attracted much interest with respect to their protective effect
against damage by free radical that may be the cause for many diseases including cancer
[17]. Panax ginseng (family Araliaceae) is one of the most widely used herbal medicines and
is reported to have a wide range of therapeutic and pharmacological applications [18]. The
major active components in P. ginseng are ginsenosides, containing a series of derivatives
of the triterpene dammarane being attached by some sugar moieties. Ginsenosides can be
divided into two groups according to the sugar moiety attaching position [22]. Ginsenoside
has anti-oxidative abilities apart from its immunomodulatory, antihyperlipidemic and
neuroprotective activities. Pretreatment with ginseng significantly attenuates H2O2 induced
free radical production and protect against cell death [24]. The present study was designed
to estimate the synergistic effect of subchronic administration of aflatoxin B1 (AFB1) and
fumonisin B1 (FB1) on rat erythrocyte and to evaluate the protective role of Korean Panax
ginseng extract against erythrocyte membrane damage and hemoglobin changes induced by
these mycotoxins.

2. MATERIALS AND METHODS

2.1 Chemicals

Aflatoxin B1 (AFB1) and fumonisin B1 (FB1) standards were purchased from Sigma Chemical
Co. (St. Louis, MO, USA). All other chemicals used in the chemical methods were of the
highest grade of commercially available materials.

2.2 Plant Materials

Korean Red ginseng was kindly provided by the Korean Society of ginseng, Seoul, Korea.

2.3 Preparation of Korean ginseng Extract

Korean red ginseng was extracted with 10 volumes of distilled water at 85°C for 8 h five
times. The aqueous extract was combined and concentrated under reduced pressure to give
darkish brown syrup, ginseng extract (GE). The moisture content of GE was 37.21%.
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2.4 Determination of GE content

The ginsenosides content in the GE was determined by high performance liquid
chromatography (HPLC) according to the method described by Ko et al. [25] as follows: an
aliquot of GE 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 HPLC.

2.5 Fumonisin B1 Production

Fumonisin B1 (FB1) was produced through the fermentation of corn by Fusarium
verticillioides (F. moniliforme) obtained from plant pathology Institute, Agriculture Research
Centre, Giza, Egypt. The fermented corn was autoclaved; ground to a powder and the
fumonisin B1 content was measured by HPLC according to Voss et al. [26]. The corn powder
was incorporated into the basal diet to provide the desired level of 100 mg/kg diet. The diet
containing FBs was analyzed and the presence of FB1 was confirmed by HPLC then it was
stored at _20ºC for the duration of the experiment.

2.6 Animals and Treatments

Male and female Sprague-Dawley rats (150-160 g) were obtained from animal house colony
of the National Research Centre, Dokki, Egypt. The animals were maintained on standard
laboratory diet (protein: 160.4; fat: 36.3; fiber: 41 g/kg and metabolizable energy 12.08 MJ)
and 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. After an acclimatization period of 1 week, the animals were divided into
six groups of ten rats/group (5 male and 5 female) as shown in Table 1 as follow: Group 1,
untreated control group; group 2, received a daily oral dose of GE (150 mg/kg b.w) [6] for 12
weeks; group 3, received an oral daily dose of AFB1 (17 µg/kg b.w) in corn oil [6] during the
first 2 weeks and fed on FB1-contaminated diet (250 mg/kg diet) [26] from week 6 to 8; group
4, received a daily dose of GE for 10 weeks (from week 1 to week 10), treated with AFB1 for
the first 2 weeks and fed FB1-contaminated diet for 3 weeks (from week 6 to 8); group 5,
received a daily dose of GE for 10 weeks (from week 1 to week 10), treated with AFB1 on
weeks 3 and 4 then fed on FB1-contaminated diet on weeks 8, 9 and 10; group 6, treated
with AFB1 in the first 2 weeks and fed FB1-contaminated diet during weeks 6-8 then treated
with GE on week’s 9-12. The study was performed with the approval of the Animal Care and
Ethics Committee of the National Research Centre, Cairo, Egypt.

2.7 Blood Sampling and Hemolysate Preparation

At the end of the experimental period, animals were fasted overnight and following diethyl
ether anesthesia, blood samples were withdrawn from the retroorbital venous plexus. Each
blood sample was divided into 2 portions: the smaller portion was taken on heparin and the
whole blood was used for the determination of hemoglobin and its derivatives while the other
portion was centrifuged at 3000 r.p.m for 15 minutes at 4°C where the clear serum was
obtained.
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Table 1. Experimental groups and their respective treatments

Weeks
Groups

1 2 3 4 5 6 7 8 9 10 11 12

Group1
(control)
Group 2 GE GE GE GE GE GE GE GE GE GE GE GE
Group3 AFB1 AFB1 FB FB FB
Group 4 GE+AFB1 GE+ AFB1 GE GE GE FB + GE FB + GE FB + GE GE GE
Group 5 GE GE GE+ AFB1 GE+ AFB1 GE GE GE FB+ GE FB+ GE FB+ GE
Group 6 AFB1 AFB1 FB FB FB GE GE GE GE

AFB1: aflatoxin B1 (17 µg/kg b.w); FB: fumonisin (250 mg/kg diet); GE: Ginseng extract (150 mg/kg b.w)
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Hemolysate was prepared according to the method of Silva et al. [27]. Briefly, whole blood
was centrifuged at 3000 r.p.m for 15 minutes, then, the buffy coat was removed and the
packed red cells were washed three times with physiological saline. The washed cells were
lysed by suspending in hypotonic phosphate buffer and centrifuged at 7000 r.p.m for 30
minutes. The resulting pellet is the erythrocyte membrane and the supernatant represents
the hemolysate. The supernatant obtained was further used for enzymatic assays.

2.8 Determination of Autoxidation Rate of Oxyhemoglobin

Autoxidation rate of oxyhemoglobin was determined according to the method described by
Mansouri and Winterhalter [28].

2.9 Determination of Osmotic Fragility

The percentage of hemolysis was assessed according to the method described by Nicak
and Mojzis [29] as hemolysis was determined using a series of eleven osmotic mixtures.
Each mixture composed of different concentrations of NaCl, HgCl and glucose. The
percentage of hemolysis was calculated according to the following formula: Hemolysis % =
(A sample/A H2O)*100.

2.10 Determination of Total Hemoglobin Concentration

Total hemoglobin (Hb) concentration in whole blood was measured colorimetrically using a
kit produced by Biodiagnostics Co. (Cairo, Egypt).

2.11 Determination of Relative Concentration of Hemoglobin Derivatives

Methemoglobin (Met-Hb) level was determined in blood sample using the method described
by Evelyn and Malloy [30]. Oxyhemoglobin (Oxy-Hb), Sulfhemoglobin (Sulf-Hb) and
carboxyhemoglobin (Carboxy-Hb) levels in the blood samples were determined
spectrophotometrically according to the method described by Van Kampen and Zulstra [31].

2.12 Iron, Total Iron Binding Capacity (TIBC) and Ferritin Determinations

Iron concentration and TIBC were determined in serum by spectrophotometric analysis
using commercially available kits produced by Stanbio Laboratory (Boerne, TX, USA). The
quantitative determination of serum ferritin was carried out by enzyme linked immunosorbant
assay (ELISA) using a kit purchased from Monobind Co., Inc., USA.

2.13 Enzyme Assays

The activity of methemoglobin reductase (Met-HbR) was estimated in the hemolysate by
assessing the spectrophotometrically rate of NADH-oxidation using the chemical method
described by Hegesh et al. [32]. Superoxide dismutase (SOD) and glutathione reductase
(GR) activities were determined in the hemolysate according the instruction manual of a kit
purchased from Randox Laboratories Co., UK and Oxis ResearchTM Co., Inc., USA,
respectively.
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2.14 Statistical Analysis

The obtained data were subjected to one way analysis of variance (ANOVA) using statistical
analysis system (SAS) program software; copyright (c) 1998 by SAS Institute Inc., Cary, NC,
USA. Tukey test was used to clarify the significance between the individual groups at
probability level P< 0.05 [33].

3. RESULTS

The results of the HPLC analysis of GE revealed that ginsenoside Rg3 was identified as the
main component (4.04 mg/g). The extract contains also Rb1: 3.72; Rg2: 3.16; Rc: 1.89; Rb2:
1.71; Rd: 1.32; Rf: 1.02; Re: 0.95; Rh1: 0.88; Rg1: 0.54; Rh2: 0.11 mg/g.

The effects of the mycotoxins as well as ginseng extract (GE) or the combination of both on
the autoxidation rate of oxyhemoglobin of male (A) and female (B) rats are shown in Fig. 1.
The data revealed that the tested mycotoxins performed a marked elevation in the
autoxidation rate of oxyhemoglobin which was higher in male than female rats comparing
with the matched sex in the control group. In addition, the animal groups treated with GE and
mycotoxins, in different combinations, showed a marked improvement in the autoxidation
rate regarding both sexes. The highest degree of improvement was found in the sixth group.

The effects of the mycotoxins alone, GE and mycotoxins together with GE in different
treatments on the percentage of hemolysis of rats' erythrocytes are shown in Fig. 2. It is
clearly noticed that erythrocytes of the mycotoxins treated-animals behave more degrees of
hemolysis than those of either control or treated with GE; the highest degree was the
mycotoxins alone treated rats; while those of the sixth group recorded a hemolysis behavior
close to that of control.

Data presented in Table 2 shows the effects of the tested mycotoxins and GE on total
hemoglobin and its derivatives. Mycotoxins ingestion induced insignificant decrease in total
hemoglobin content, whereas Met-Hb, Carboxy-Hb and Sulf-Hb contents were found to be
increased significantly accompanied by a significant decrease in Oxy-Hb, compared to the
control group. Treatment with GE alone did not show any significant alteration in the levels of
total hemoglobin or its derivatives compared to control group. The administration of GE to
mycotoxins-intoxicated groups could hardly affect the levels of total hemoglobin, Oxy-Hb,
Carboxy-Hb and Sulf-Hb whereas it significantly decreased Met-Hb formation compared to the
group that was treated with both the mycotoxins alone.

Table 2. Effect of ginseng extract on total hemoglobin (Hb) content and its derivatives
(expressed as % of total hemoglobin) in blood of mycotoxins- intoxicated rats

Groups Total Hb (g/dl) Oxy-Hb (%) Met-Hb (%) Carboxy-Hb (%) Sulf-Hb (%)
Group 1 12.93 ± 0.13ab 97.07 ± 1.23a 1.53 ± 0.08c 0.92 ± 0.11b 0.48 ± 0.12d

Group 2 13.74 ± 0.31a 96.14 ± 2.09a 2.31 ± 0.46c 1.06 ± 0.08b 0.49 ± 0.10d

Group 3 11.81 ± 0.49b 86.89 ± 3.02b 9.10 ± 0.93a 4.30 ± 1.02a 1.27 ± 0.35c

Group 4 12.71 ± 0.27b 87.31 ± 1.86b 7.51 ± 0.90ab 3.73 ± 0.76ab 1.68 ± 0.27ab

Group 5 12.24 ± 0.70b 88.49 ± 2.16b 6.06 ± 0.93b 3.63 ± 0.81ab 1.82 ± 0.01bc

Group 6 12.23 ± 0.32b 88.13 ± 2.67b 5.89 ± 0.39b 2.74 ± 0.64ab 1.45 ± 0.2a

Values are mean  SE for 10 rats per group.
Within each column, means with different letters are significantly different (P ≤ 0.05) using one way

(Tukey) ANOVA test.
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Fig. 1. Effects of AFB1 and FB1 alone or in combination with or without ginseng
extract on the autoxidation rate of oxyhemoglobin of male (A) and female (B) albino

rats.

Fig. 2. Hemolysis behavior of RBCs of albino rats with different treatments of AFB1
and FB1 alone or in combination with GE as well as normal ones.
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The effects of GE administration on iron status and total iron binding capacity (TIBC) in
mycotoxins-intoxicated rats are presented in Fig 3. Mycotoxins ingestion resulted in a
significant decrease in serum levels of iron and TIBC compared to the control group. At the
same time, it did not significantly affect serum ferritin level (Fig. 4). The administration of GE
during the mycotxins treatment in group 4 or before the mycotoxins treatment in group 5
offered little protection against mycotoxins-induced changes in iron and TIBC levels,
whereas the administration of GE to rats after the mycotoxin treatment succeeded in
ameliorating significantly the mycotoxins-induced changes in the mentioned parameters
although their levels were still significantly different than the control group.

The results revealed that mycotoxins ingestion significantly decreased erythrocyte Met-HbR
(Fig.5), SOD (Fig. 6) and GR (Fig 7) activities compared to the control group. The intake of
GE alone significantly increased the activities of these enzymes above the normal values of
the controls. The administration of GE during or before the mycotoxins treatment induced
insignificant increase in Met-HbR and SOD activities while GR showed significant increase
compared to the mycotxins alone-treated group. Meanwhile, the administration of GE to rats
pretreated with mycotoxin (group 6) significantly increased the activities of the three
enzymes activity towards the normal values of the controls.

Fig. 3. Effect of ginseng extract on serum iron and total iron binding capacity (TIBC)
in mycotoxins- intoxicated rats

Fig. 4. Effect of ginseng extract on serum ferritin in mycotoxins- intoxicated rats
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Fig. 5. Effect of ginseng extract on Met-Hb reductase in erythrocytes of mycotoxins-
intoxicated rats

Fig. 6. Effect of ginseng extract on SOD in erythrocytes of mycotoxins-intoxicated rats

Fig. 7. Effect of ginseng extract on GR in erythrocytes of mycotoxins-intoxicated rats
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4. DISCUSSION

Mycotoxins have been reported to have potential to generate free radicals in biological
system [1,17,34-36]. Free radicals “atoms or molecules that contain one or more unpaired
electrons” have become an attractive means to explain the toxicity of numerous xenobiotics.
Some of these free radicals interact with various tissue components, resulting in dysfunction
[37] and the question of whether oxidative stress is a major cause of erythrocyte injury
remains equivocal.

Aflatoxin B1 is metabolized by the cellular cytochrome p450 enzyme system to form the
reactive intermediate, aflatoxin B1-8,9-epoxide, which in turn reacts with macromolecules
such as lipid and DNA, leading to lipid peroxidation and cellular injury [38]. Oxidative
damage has also been indicated in the aetiology of the toxic effects of fumonisins [22,39].
The results reported by Yin [40] provide the evidence that fumonisins apparently increase
the rate of oxidation, promote free radical intermediate production and accelerate the chain
reaction associated with lipid peroxidation leading to disruption of membrane structure.

The current results revealed that ingestion of AFB1 and FB1 mycotoxins caused a statistically
significant increase in the autoxidation rate of oxyhemoglobin and also in hemolysis in
female and male rats compared to their control values. Heme proteins like hemoglobin (Hb)
and myoglobin (Mb) contain redox-active transition metal iron that makes them susceptible
to causing oxidative damage. Although the structure of the globin chain allows heme to bind
oxygen with minimal oxidation of ferrous to ferric iron, autoxidation is not entirely prevented;
low concentrations of ferric heme are normally present in vivo (methemoglobin,
metmyoglobin) [41,42]. Methemoglobin (MetHb) is formed when the ferrous porphyrin
complex of Hb is oxidized into the ferric form. Unlike Hb, MetHb cannot bind oxygen and
therefore is physiologically inert. Normally less than 2% of circulatory Hb exists in the form of
MetHb [43] because the rate of Hb oxidation is exceeded several hundred fold by the
capacity of red blood cells to reduce oxidized heme [44]. The oxidized heme can then react
with the peroxides (H202) formed during the autoxidation process itself or elsewhere in the
protein’s vicinity [41,42]. It has been suggested that H202 and some free radicals are
involved in the autoxidation reaction of Oxy-Hb [45]. These authors showed that 3M-02 is
released from 1 M-haemoglobin tetramer (4M-haem) during the autoxidation reaction of Oxy-
Hb. However, the autoxidation mechanism of Oxy-Hb to methemoglobin was discussed in
detail elsewhere.

Both the globin-bound radical and ferryl heme iron can cause tissue damage, for example,
by initiating lipid peroxidation reactions [41,42]. The rate of Oxy-Hb oxidation is increased by
a number of agents including 8-aminoquinolines, sulfonamides, and by exogenous and
endogenous nitrites, nitrates and nitric oxide (NO) [46,47].

In the current study, AFB1 and FB1 did not significantly decrease the quantity of total Hb but
they significantly affect its function. This appeared from the significant decrease in Oxy-Hb
content and the significant increase in Met-Hb and Carboxy-Hb contents. These changes
may, therefore are consequence of the increase in autoxidation rate of Oxy-Hb which
caused by free radicals generated during mycotoxins metabolism. Besides a direct oxidant
effect of the free radicals that generated during the mycotoxins metabolism, AFB1 and FB1
could increase Hb oxidation by other mechanisms. One such mechanism could be induction
of NO production. AFB1 [48] and FB1 [49] were reported to induce the production of NO
through macrophage activation. Moreover, NO is produced in endothelial cells and
macrophages by a family of isoenzymes known as nitric oxide synthases (NOSs.) [50,51].
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Inducible nitric oxide synthase (iNOS) is induced in macrophages during activation.
Moreover, NO can act as a mediator of a variety of biological effects, among which are
suppression of macrophage functions, tumor, cytotoxicity, vasodilatation and inhibition of
platelet aggregation [49]. According to Sun et al. [52], under physiologic oxidative stress NO
might provide protection to cells by S-nitrosylation of some critical protein thiols (-SH) on Hb
to form nitrosated proteins, preventing them from further oxidative modification by reactive
oxygen species (ROS). In addition, the presence of different Hb-NO reaction products may
variously influence the whole blood oxygen affinity. Higher concentrations of met-Hb and
SON-Hb shift the oxyhemoglobin dissociation curve leftward and higher Hb Fe2+ NO
concentrations shift it rightward [53]. On the other hand, the reaction of NO with the oxygen-
heme complex of oxyhemoglobin (oxyHb, Fe2+) to form methemoglobin (metHb, Fe3+)
[54,55] has been considered to be a NO• characteristic [56].  Conversely, increased
oxidative stress and the resultant dysregulation of NO are implicated in the pathogenesis of
many diseases. Nitrosative stress occurs with an increase in reactive nitrogen species and
ROS formed from oxidative stress. For example, the peroxynitrite (OONO-), generated from
NO and superoxide is a very strong cytotoxic oxidant, which can irreversibly damage cells by
oxidation of free thiols, nitration of tyrosine residues and lipid peroxidation [52].

The excessive peroxidation process has been suggested to result in the release of soluble
products that may affect erythrocyte membrane. Cell membranes integrity is broken leading
to cell hemolysis and free hemoglobin (Hb) is released into the extracellular environment
during hemolysis or extravasation of red blood cells and exerts inflammatory and toxic
effects arising from oxidative processes involving the reactive heme group [57,58].

The redox cycling of the  mycotoxins leads to the formation of free radicals such as reactive
oxygen species (ROS) and superoxide anion (O2) and H202 [35]. It has been reported earlier
that ROS, O2 and H202 can directly damage red blood cell (RBC) membranes and metabolic
machinery, causing rapid intravascular hemolysis. These radicals also denature hemoglobin,
which then precipitates and covalently binds to the interior RBCs membrane, thus forming
Heinz bodies. This process distorts the cell membrane, resulting in increased RBCs fragility,
hemolysis, and destruction of RBCs by the reticuloendothelial system [59].

As expected, mycotoxins ingestion at the tested doses significantly decreased both serum
iron and the body iron store TIBC levels but insignificantly affected serum ferritin (the major
iron - storage protein). Our data are in analogue with the previously mentioned report [60]. It
is well documented that iron is the most abundant, important and essential transition metal in
biochemical reactions and a heterogeneous group of proteins contain iron in a variety of
molecular forms [20,61]. Iron not only binds oxygen reversibly but also participates in a
number of vital oxidation-reduction reactions [62]. The mechanism by which the mycotoxins
might induce iron deficiency as explained by Harvey et al. [60] is the inhibition of iron
absorption or transport resulting in decreased serum iron level and consequently TIBC level.

Enzymes for preventing oxidative denaturation in erythrocytes are including superoxide
dismutase (SOD), catalase, glutathione peroxidase, glutathione reductase (GR)-dependent
regeneration of glutathione (GSH) and NADH- Methemoglobin reductase (Met-HbR) [62,63].
Physiologically, erythrocytes are well protected against ROS by abundant Cu, Zn-SOD
which scavenges free radicals thus preventing metHgb formation [64]. In the current study,
we observed decreased SOD, GR and Met-HbR activities in mycotoxins-treated group. SOD
scavenges O2•- and inhibits the formation of peroxynitrite, thereby suppressing injury and
regulating the bioavailability of NO [65]; Whereas, GR plays essential role in reducing of
oxidized glutathione [66]. Met-HbR, which requires the reduced form of nicotinamide adenine
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dinucleotide (NADH) as a cofactor is primarily responsible for methemoglobin reduction in
RBCs [59].

In erythrocytes, the major antioxidant is GSH which protects important proteins such as
spectrin, the oxidation of which can lead to increased membrane stiffness [67]. GSH not only
supports antioxidant defense, but is also an important sulfhydryl buffer, maintaining -SH
groups in Hgb and enzymes in the reduced state [68]. Several studies on the mechanisms of
mycotoxins induced liver injury have demonstrated that GSH plays an important role in the
detoxification of the reactive and toxic metabolites of these mycotoxins, and the liver
necrosis begins when the glutathione stores are almost exhausted [69,70]. Previously, we
reported that administration of AFB1 and FB1 to rats decreased protein synthesis and
enhanced lipid peroxidation and MDA formation in liver tissue which is presumably results of
free-radical-mediated toxicity [6,71]. The targets of oxidative damage are usually critical
biomolecules such as protein, nucleic acids, and lipids [7,72]. The observed decrease in
erythrocytes antioxidant status in AFB1 and FB1-treated rats may therefore be a
manifestation of increased tissue oxidative stress caused by AFB1 and FB1 metabolism. We
suggest that the inactivation of SOD, GR and Met-HbR, observed herein is the effect of
action of the free radicals generated by mycotoxins metabolism which may damage the
spatial structure of the antioxidant enzymes.  In addition, MDA reactivity towards amino
groups can result in inhibition of DNA and RNA protein synthesis in liver [72,73] and
therefore affect enzymes synthesis.

The current data demonstrated that GE is considered as a potent antioxidant agent since it
could produce marked decrease in Met-Hb formation that enhanced by the mycotoxins
towards the normal value and as the cell hemolysis was also decreased. We observed also
that the lowered activities of erythrocyte Met-HbR, SOD and GR caused by AFB1 and FB1
ingestion were effectively countered by GE.  Additionally, GE could also ameliorate serum
iron but not affect ferritin or TIBC. These positive alterations were detected significantly
when GE given after the end of mycotoxins administration.

In previous works, we suggested that AFB1 and FB1 exert oxidative stress on hepatic tissue
as indicated by increased hepatic MDA concomitant with significant decrease in hepatic total
antioxidant capacity [6,71]. We have also evidenced that GE offer protective influence on
these alterations. This in turn improves liver function and consequently increases its ability to
synthesize the antioxidant enzymes and glutathione required for erythrocytes protection.

As indicated above, GE is composed of a number of ginsenosides (ginseng saponins).
Ginsenosides appear to be responsible for most of the activities of ginseng including
vasorelaxation, antioxidation, antiinflammation and anticancer. Among them, the most
commonly studied ginsenosides are Rb1, Rg1, Rg3, Re and Rd [18]. The antioxidant activity
of ginsenosides is further confirmed by several studies. Zhong and Jiang [74] examined
cellular structures of free radical damage on myocardial cells induced by xanthine. They
measured free radicals with an electron spin resonance technique and found that the
ginsenosides Rb1, Rc, Re, Rg1, Rg2 and Rh1 counteracting the action of free radicals
induced by xanthine. Additionally, Gillis [75] demonstrated the protective effects of
ginsenosides on an injured rabbit pulmonary endothelium induced by a variant of reactive
oxygen species. Furthermore, Wang et al. [76] demonstrated that the endothelial dysfunction
induced by homocysteine and HIV protease inhibitors was effectively blocked by Rb1 and
other ginsenosides and these results proved that Rb1 and other ginsenosides fully block
reactive oxygen species production.
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In an in vitro study, Li and Liu [77] determined the relationship between the structure of
ginsenoside and its activity in AAPH-induced hemolysis of human erythrocytes. They found
that the individual ginsenoside (20(S)-protopanaxadiol or 20(S)- protopanaxatriol) behaves
as an antioxidant if a glucose is attached to the 20-position of the triterpene dammarane,
such as Rc, Rb1, Rb3, Rg1, Rh1, Rg2,  Re and R1, but as a prooxidant if there are no sugar
moieties attached to the 20-position of the ginsenoside such as Rg3, Rh2 and Rd  [22]
concluded that Rb1and Rb3 are the most important antioxidative ingredients among all these
ginsenosides.

Sex-related difference in metabolic activation and detoxification of AFB1 and FB1 can directly
influence the metabolites formed in different tissues [78]. On reviewing the row data
obtained, we observed that the mycotoxins toxicity was more pronounced in male rats than
in females. For example, in mycotoxins-treated male, more inhibition in Met-HbR, SOD and
GR was observed. Met-Hb formation and Oxy-Hb oxidation were significantly higher in male
than in female. However, the lowered iron level and increased ferritin formation were found
to be higher in female rats (data not shown). Male animals of many rodent strains were
reported to have a significantly greater capacity for the liver metabolism and breakdown of
chemicals (they have more cytochrome P450). This greater capacity for oxidative
metabolism can cause the male animals of certain rodent strains to be more or less
susceptible to toxicity from a chemical depending on whether oxidative metabolism
represents a bioactivation or detoxification pathway for the chemical at the dose it is
administered [79]. Previously, it was reported that AFB1 exerts its biological effects after
metabolic activation by cytochrome P-450-dependent monooxygenase to its reactive form
i.e. AFB1-epoxide which then interact with cellular macromolecules, particularly DNA [38,80]
leading to lipid peroxidation and cellular injury. The above may explain variation in the
response of male and female rats intoxicated by mycotoxin as well as those received GE.

5. CONCLUSION

The results described, together with our previous data [6] provide clear evidence that Panax
ginseng extract administration has a beneficial effect in counteracting erythrocyte membrane
damage and hemoglobin changes induced by AFB1 and FB1 ingestion probably partially
through its potent antioxidative activity besides its indirect protective effect on hepatic tissue
that may increase the ability of the liver to synthesize the antioxidant enzymes and
glutathione required for erythrocytes protection.
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