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Abstract

Background: Aflatoxins are secondary metabolites of the fungi Aspergillus flavus and Aspergillus parasiticus.
Chronic aflatoxin exposure is associated with damage to many body organs including the kidneys.

Aim of the work: The aim of this study was to investigate the effect of aflatoxin B1 on the renal convoluted
tubules of adult male albino rats and to determine the possible protective role of ginseng.

Materials and methods: Thirty six adult male albino rats were divided into three groups; group I: control group,
group II (Aflatoxin B1 treated group): Aflatoxin B1 was administered 250 microgram/kg body weight/day, 5 days/
week for 4 weeks by oral gavages. Group III (Aflatoxin B1-Ginseng treated group): received the same dose of
Aflatoxin B1 simultaneously with ginseng at a rate of 100 mg/kg body weight, by oral gavage. Blood urea nitrogen,
serum creatinine and uric acid were measured. Renal cortex samples from, were processed for light and electron
microscope examination.

Results: Examination of Aflatoxin B1 treated group revealed deterioration of renal functions; various degrees of
renal tubular affection in the form of vacuolated tubular cells and hyaline casts in the lumen of most tubules. Some
tubular cells had small darkly stained nuclei while others had sloughed epithelial cells in their lumina. Weak positive
cytoplasmic reaction of Bcl2 was detected in most renal tubular cells. These changes were markedly reduced with
administration of ginseng in group III.

Conclusion: Aflatoxin leads to alterations in the histological structure and functions of renal convoluted tubules of
albino rats and ginseng supplementation could be protective from these changes.
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Introduction
Aflatoxin contamination of foods is a worldwide problem, especially

in developing countries. Aflatoxins (AFs) are highly toxic secondary
metabolites produced by the species of Aspergillus, especially A. flavus
and A. parasiticus. These fungi can grow on a wide variety of foods and
feeds under favorable temperature and humidity. Contamination by
aflatoxins can take place at any point along the food chain from the
field, harvest, handling, shipment and storage [1] four major aflatoxins
B1, B2, G1, and G2 (AFB1, AFB2, AFG1and AFG2) are produced from
Aspergillus. Aflatoxins are well known to be potent mutagenic,
carcinogenic, teratogenic and immunosuppressive agent; also inhibit
several metabolic systems, causing liver, kidney and heart damage
[2-4]. Acute toxicity demonstrated by AFB1 is the most prevalent and
toxic in all species of animals. AFB1 is also known as being one of the
most potent genotoxic agents and hepatocarcinogens. Histological
changes in the liver have been documented previously in the form of
thickening of portal tract with cellular debris and periportal fibrosis.
The hepatocytes showed vacuolar degeneration and nuclear
pleomorphism [5,6] Aflatoxins (AFS) have been found to contaminate

a wide variety of important agricultural products world-wide such as
corn, wheat, rice, spices, dried fruits, and nuts. These compounds can
enter the food chain mainly by ingestion through the dietary channel
of humans and animals [7]. The mechanism of AFB1 toxic effect has
been extensively studied. It has been shown that AFB1 is activated by
hepatic cytochrome P450 enzyme system to produce a highly reactive
intermediate, AFB1-8, 9-epoxide, which subsequently binds to
nucleophilic sites. Because of the concerns about the side effects of
conventional medicine, the use of natural products as an alternative to
conventional treatment in healing and treatment of various diseases
has been on the rise in the last few decades. Medicinal plants serve as
therapeutic alternatives, safer choices, or in some cases, as the only
effective treatment. These plants and their isolated constituents have
shown beneficial therapeutic effects, including anti-oxidant, anti-
inflammatory, anti-cancer, anti-microbial, and immunomodulatory
effects [8]. Ginseng is one of the most popular medicinal plants, the
roots of which have long been traditionally used for strengthening
immunity, providing nutrition and recovering health from fatigue [9].
The pharmaceutical activities of ginseng roots have been proven
recently by many investigators, and ginseng has become the famous
medicinal plant all over the world. Ginseng roots contain various
pharmaceutical components ginsenosides (saponins), polyacetylenes,
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polyphenolic compounds and acidic polysaccharides, and among the
components, ginsenosides are the most pharmaceutically active [10].
Moreover, ginseng intake was associated with a decreased risk for most
cancers including carcinomas of the esophagus, stomach, colon,
pancreas, lung and liver [11].

In the recent years, many studies have aimed to convert major
ginsenosides to the more active minor ginsenosides using heating,
treatment, enzymatic and microbial conversion [12]. Ginsenoside has
been known to protect kidney from apoptosis and DNA fragmentation
caused by chemical and cancer drugs [13]. The aim of the present work
was to study the structural and biochemical alterations caused by
AFB1 on the rat kidney convoluted tubules and to investigate the
possible protective effect of panax ginseng extract on these changes.

Materials and Methods

Chemicals
Aflatoxin B1 preparation: Aflatoxin was purchased from Sigma

Chemical Company (St Louis, Missouri, USA). It is a white to faint
yellow odorless powder. Aflatoxin B1 was dissolved in olive oil as a
vehicle.

Panax ginseng, a product of Pharco Pharmaceuticals, Alexandria,
Egypt, was available in the form of capsules with the trade name
‘Ginseng 100’. Each capsule contained 100 mg of the dried roots of
Panax ginseng.

Animal treatment: Thirty six adult healthy male albino rats with
average body weight 150-170 gm were used in this study. They were
obtained from the Animal House of the Faculty of Medicine, Zagazig
University. All animals were conditioned at room temperature for 1
week before the start of the experiment. A commercial balanced diet
and tap water ad libitum were provided. Animals were divided into
three groups (12 animals each)

Group I: Control group
Subgroup Ia: Included rats that were allowed water ad libitum and

were fed a standard diet (negative control).

Subgroup Ib: Included rats that received 1 ml olive oil orally as a
vehicle /day by means of oral gavage.

Subgroup IC: Panax ginseng group, which included rats that
received ginseng at a rate of 100 mg/kg body weight, dissolved in 100
ml of distilled water and administered by oral gavage [15].

Group II: Aflatoxin treated group
The rats The Rats of this group received 250 microgram/kg body

weight/day of aflatoxin B1 [14] Aflatoxin B1 was dissolved in olive oil
as a vehicle and given orally by means of a oral gavage 5 days/week for
4 weeks.

Group III: Aflatoxin-ginseng treated group
Rats of this groupreceived aflatoxin as in previous group and

simultaneously supplemented with ginseng at a dose of 100 mg/kg
body weight, dissolved in 100 ml of distilled water and administered by
oral gavage 5 days/week for 4 weeks [15] . At the end of experiment,
the rats were anesthetized with 50 mg/kg. bw sodium pentobarbital
intraperitoneally [16].

Blood samples were obtained directly from the heart by cardiac
puncture and blood samples were collected into tubes containing
ethylenediaminetetraacetic acid (EDTA) and centrifuged at 3000 g for
10 min. Plasma was separated and then stored at 20°C until analyzed.
Then intra-cardiac perfusion was done by 2% glutaraldehyde for
fixation.

Histological study
The cortex of both kidneys of each animal was dissected, excised

and cut into smaller pieces and processed for light (1 cm3) and electron
microscope (1 mm3) study. To prepare paraffin blocks, specimens were
immediately placed in 10% buffered formalin. After 10 min, when the
tissue was hardened, specimens were fixed in 10% buffered formalin
for 24 h and processed to prepare 5 μm sections stained with
haematoxylin and eosin (H and E) and PAS stains [17]. The
immunohistochemical staining for localization of the Bcl2 was carried
out by means of the avidin biotin-peroxidase complex method [18]
following the manufacturer’s instructions (Dako Company,
Wiesentheid/Bavaria, Germany, Biotin Blocking System, and Code
0590X).

Specimens for electron microscope examination were immediately
fixed in 2.5% glutaraldehyde buffered with 0.1M phosphate buffer at
pH 7.4 for 2 hours at 4°C, Post fixed in 1% osmium tetroxide in the
same buffer for one hour at 4°C. The specimens were processed and
embedded in Embded-812 resin in BEEM capsules at 60°C for 24
hours. Ultra-thin sections were obtained using lecia ultracut UCT and
stained with uranyl acetate and lead citrate15 [17] and examined with
JEOL-JEM 1010 electron microscope in Histology Department,
Faculty of Medicine, Zagazig University

Image analysis and histomorphometric study
Sections stained with immunohistochemical reaction were

morphometrically analyzed using image analyzer computer system to
measure the mean optical density of Bcl2 expression. The data were
obtained using Leica Qwin 500 Image Analyzer Computer System
(England) at Pathology Department, Faculty of Dentistry, Cairo
University. The image analyzer consisted of a colored video camera,
colored monitor, hard disc of IBM personal computer connected to the
Olympus microscope (CX 41) and controlled by Leica Qwin 500
software.

Results

Light microscopic results
Histological examination of all control subgroups IA, IB and IC

showed nearly similar structure. Figures for subgroup IA were used to
differentiate with other groups.

The H and E-stained sections of the renal cortex of group I (control
group) showed normal renal structure. Each renal corpuscle was
formed of a glomerular tuft of capillaries surrounded by Bowman’s
capsule. Proximal and distal convoluted tubules cells showed
acidophilic cytoplasm and vesicular nuclei (Figure 1).

Examination of group II (aflatoxin treated group) revealed various
degrees of renal tubular affection in the form of vacuolated cells and
hyaline casts in the lumen of most tubules. Some tubular cells had
small darkly stained nuclei while others had sloughed epithelial cells in
their lumina (Figure 1).
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Figure 1: H and E-stained sections A: Control group renal cortex
showing renal corpuscles. Glomeruli (G) formed of capillary tufts
are surrounded by Bowman’s capsules (arrow). Note acidophilia of
proximal (P) and distal (D) convoluted tubules tubular cells (D)
have acidophilic cytoplasm and with vesicular nuclei. B, C. aflatoxin
treated group; B: Showing the lining tubular cells with marked
vacuolation (v) of the cytoplasm and darkly stained nuclei (curved
arrow). Some tubules show desquamation of their epithelial cells
(arrow head) and others reveal intraluminal hyaline casts (c); C:
renal cortex showing interstitial cellular infiltration (I), vacular
degeneration of renal tubules (d); D: aflatoxin-ginseng treated
group showing glomeruli (G) with their capillary tufts, surrounded
by Bowman’s capsules (arrow). Proximal (P) and distal convoluted
tubules cells (D) have acidophilic cytoplasm and vesicular
nuclei.Few distorted tubules (double arrow) could be seen (Scale
bar=40 µm).

Examination of group III (aflatoxin-ginseng treated group) revealed
that renal corpuscles consisted of glomerular capillaries surrounded by
visceral and parietal layers of Bowman's capsule which were separated
by Bowman's space. Some renal tubular cells still had vacuolated
cytoplasm (Figure 1).

Examination of PAS stained sections of group I revealed strong
positive reaction in the basement membranes of glomerular capillaries,
renal tubules and Bowman's capsules. Strong PAS positive reaction in
the brush borders of proximal convoluted tubules was also seen.

Sections of the renal cortex of group II showed noticeable
interruption in the PAS-positive reaction along the brush border of
many proximal convoluted tubules.

In the renal cortex of group III, the tubular epithelial cells appeared
to be resting on their moderately PAS-positive basement membrane
and a moderate PAS-positive reaction was also noticed along the brush
border of most proximal convoluted tubules (Figure 2).

Immunohistochemical examination showed the renal tubular cells
of the group I with strong positive Bcl2 immune reaction.

In group II, sections showed weak Bcl2 positive cytoplasmic
reaction of most renal tubular cells.

In group III, Bcl2 was moderately expressed in the cytoplasm of
most tubular cells (Figure 3).

Figure 2: PAS stained sections; A: Control group showing intense
PAS -positive reaction in the basal lamina (arrow), luminal brush
border (arrowheads) of the renal tubules (T) and renal glomeruli
(G); B: Aflatoxin treated group showing interruption in the PAS-
positive reaction along the brush border of many proximal
convoluted tubules (curved arrow); C: aflatoxin-ginseng treated
group showing moderate PAS -positive reaction in the basal lamina
(arrow), luminal brush (arrow head) border of the renal tubules (T)
and glomeruli (G) (Scale bar=40 µm).

Electron microscopic results
Ultrastructural results of the renal cortex of group I showed that the

proximal convoluted tubular cells had euchromatic rounded nuclei,
apical pinocytotic vesicles, electron dense bodies and luminal closely-
packed microvilli. Numerous mitochondria appeared elongated and
lodged within regular basal infoldings (Figure 4).

Examination of proximal convoluted tubules (PCTs) of group II
showed some cells of the proximal convoluted tubules with indented
nuclei and others with apically displaced nuclei. Disoriented basal
mitochondria and vacuolation of the cytoplasm were also noticed. The
cytoplasm showed areas of rarefaction and electron dense bodies
(Figure 4) also. In group III, PCT cells showed intact apical long
microvilli and others appeared with sparse short microvilli. Basal
infoldings containing numerous mitochondria, and euchromatic nuclei
were also detected (Figure 4).

Examination of distal convoluted tubules (DCTs) of group I
revealed oval euchromatic nuclei, numerous elongated mitochondria
arranged along the long axis of the cell, and basal membrane infoldings
(Figure 5).
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In group II, cells of the distal convoluted tubules revealed indented
nuclei while other nuclei appeared with peripheral clumps of
heterochromatin. Some cells showed irregular basal lamina and many
mitochondria. Also, there were areas of cytoplasmic rarefaction and
exfoliated cells (Figure 5).

In group III, most distal tubular cells appeared with euchromatic
nuclei. Elongated mitochondria are seen distributed in the cytoplasm
and within regular basal infoldings. Some areas of rarified cytoplasm,
and few short apical microvilli are still seen (Figure 5).

Figure3: Immunohistochemical stained sections A: control showing
positive Bcl2 immunostaining of the tubular cell cytoplasm (arrow);
B: Aflatoxin treated group showing minimally expressed Bcl2
reaction in the cytoplasm (arrow head) of some tubular cells while
others show normal Bcl2 expression (arrow); C: aflatoxin-ginseng
treated group the cortex showing moderately expressed
Bcl2reaction in cytoplasm of tubular cells (arrow) (Scale bar=40
µm).

Biochemical results
The mean values of blood urea nitrogen (BUN) (mg/dl), serum

creatinine (SC) (mg/dl) and uric acid (UA) (mmol/L) for all groups
was presented in Table 1. There was no significant difference between
the biochemical results of group IA, group I B, and group IC. There
was a significant increase in the levels of BUN, SC and uric acid in
group II (P value<0.05) when compared with control group. On the
other hand, the level of BUN, SC and UA showed a significant decrease
in group II in comparison with group III.

Morphometric Results
The mean optical density of Bcl2 expression for all groups was

presented in (Table 2 and Figure 6): there was a significant decrease in

Bcl2 expression in group II as compared with group I (P value<0.05).
On the other hand, Bcl2 expression was significantly increased in
group III when compared with group II.

Figure 4: Electron micrographs of a proximal convoluted tubule
(PCT) cells. A: Control group showing a proximal convoluted
tubule epithelial cells with large euchromatic nuclei (N), and long
apical microvilli (arrow). Many elongated basal mitochondria (m)
(curved arrow) are seen in-between extensive basal infoldings
(double arrows) electron dense bodies (arrow head) and Small
vacuoles (v) were found in the cytoplasm are also noticed. B, C:
aflatoxin treated group B, showing disoriented basal mitochondria
(curved arrow). Multiple cytoplasmic vacuoles (v), indented nuclei
(N) C: showing electron-dense bodies (b) and areas of rarified
cytoplasm (*). An Apical displaced nucleus (N) is also detected. D:
aflatoxin-ginseng treated group showing euchromatic nuclei (N),
Apical long microvilli (arrow) are preserved on some cells, while
others show sparse short microvilli (double arrows). Mitochondria
(m) are also noticed (m) (Scale bar=2 µm).

Discussion
Aflatoxicosis is the poisoning that results from ingestion of

aflatoxins, which are the metabolites of Aspergillus flavus and
Aspergillus parasiticus. It is one of the most devastating and
widespread noninfectious diseases [19]. The individual's sensitivity to
aflatoxin is greatly dependent on species, age, sex and nutritional status
of animal [20]; young animals show a greater sensitivity to this toxin.
The chronic uptake of low levels of this toxin through food may not
produce significant clinical signs of toxicosis, rather it may lead to
decreased productivity and thus economic loses. Aflatoxin enters the
body either directly through consumption of contaminated food or
indirectly by animal products [21]. AFB1 has continued to receive
major research attention as the most carcinogenic and toxic
mycotoxins [22,23]. The toxic metabolites AFB1-8,9-epoxide resulted
from biotransformation of AFB1by liver microsomal enzymes and the
toxic effects of aflatoxins mostly arise from the binding of this
particular epoxide derivative to DNA [24].

Citation: Zidan RA, Elnegris HM, Wahdan RA (2015) Evaluating the Protective Role of Ginseng against Histological and Biochemical Changes
Induced by Aflatoxin B1 in the Renal Convoluted Tubules of Adult Male Albino Rats. J Clin Exp Pathol 5: 253. doi:
10.4172/2161-0681.1000253

Page 4 of 7

J Clin Exp Pathol
ISSN:2161-0681 JCEP, an open access journal

Volume 5 • Issue 6 • 1000253



In this study, AFB1 -treated group showed higher levels of blood
urea nitrogen, creatinine and uric acid than controls. This finding is
keeping in line with the report of previous researchers [25].

Figure 5: Electron micrographs of a distal convoluted tubule (DCT).
A: Control group showing lining cells with oval nuclei (N). Many
elongated basal mitochondria (m) are seen in-between basal
infoldings. B, C: aflatoxin treated group, B:. Some cells show nuclei
with multiple peripheral patches of heterochromatin (N) while
others have indented heterochromatic nuclei (n). Irregular basal
lamina (arrow head) and many mitochondria (m) are also seen, C:
Other cells show areas of rarified cytoplasm (asterisk), and an
exfoliated cell ( E) inside lumen of the tubule D aflatoxin-ginseng
treated group showing cells with areas of rarified cytoplasm and
euchromatic nuclei (N), (asterisk), few short apical microvilli
(curved arrow), Notice ,basal infoldings (arrow).

On the other hand, histological examination of kidney tissues of the
same group showed degenerative and necrotic changes in the
convoluted tubules. These changes could explain the kidney
dysfunction shown by biochemical tests. Souza et al. [26]
demonstrated that oxidative stress is the principle mechanism of
AFB1-induced toxicity which could be mitigated by antioxidants. In
view of oxidative stress, previous results indicated that aflatoxins
induced marked increase in superoxide dismutase and
Malondialdehyde (MDA) while Catalase activity and glutathione were
reduced. A significant increase in Malondialdehyde level demonstrated
in aflatoxin groups in comparison with the control group were also
investigated by Eraslan et al. [27] and Eraslan et al. [28].
Malondialdehyde is considered the most significant indicator of
membrane lipid peroxidation, arising from the interaction of reactive
oxygen species (ROS) with cell membranes. The induced increase in
lipid peroxidation after aflatoxins ingestion may be due to the fact that
onset of lipid peroxidation in susceptible sperm leads to the
progressive accumulation of lipid hydroperoxides in sperm plasma
membranes, which then decomposes to form MDA under stress and
toxic conditions [29]. In group II, tubular damage appeared in the
form of desquamation of some tubular epithelial cells while others

show marked cellular disorganization. Dilated tubules with flattened
epithelium were detected. Many inflammatory cells and congested
blood vessels were also noticed. Tubular cells had many multiple
cytoplasmic vacuoles, areas of rarified cytoplasm electron-dense bodies
and luminal casts were detected. These findings were in accordance
with the work performed by Kamel [30].

Group blood urea
nitrogen (BUN)
mg/dl

serum creatinine
(SC) mg/dl

uric acid (UA)
mmol/L

Group IA 24.76 ± 1.02 1. 23 ± 0.1 3 1.6 1 ± 0. 23

Group IB 25.83 ±1.14n 1.26 ± 0.0 2n 1.5 8 ± 0.22n

Group IC 26.17 ± 2.10n 0.98 ± 0.033n 1.6 08 ± 0.21n

Group II

Aflatoxin-treated

58. 56 ± 2. 18a 2. 87 ± 0.0 9a 3.4 4 ±0.204a

Group III

Aflatoxin-Ginseng
treated

28. 35 ± 2. 76b 1.35 ± 0.0 4b 1.5 3 ± 0.256b

nGroup IA ,IB non-significant difference with group IA (P>0.05)
aGroup II significant difference with group IA (P<0.05)
bGroup III significant difference with group II (aflatoxin treated)

Table 1: Mean values of blood urea nitrogen, serum creatinine, uric
acid in all studied groups.

In this study, interstitial cellular infiltrations were detected in
between renal tubules in the aflatoxin-treated group. These
observations were in accordance with the results obtained by other
researchers [31] who found that aflatoxin ingestion leads to reactive
oxygen species (ROS) production, which indirectly regulates
chemokine receptor expression and some function of
polymorphonuclear leukocytes (PMNLs). It also facilitates the
recruitment and localization of polymorphonuclear leukocyte to the
site of infection and inflammation. Previous studies also detected that
AFB1 induced mononuclear cell infiltration and/or focal lymphoid cell
accumulation in the intertubular areas of the testes and epidedymis;
degeneration and desquamation in the epithelium [32]. Ultrastructural
study of the present work revealed vacuolation of some epithelial cells
lining the tubules. Few abnormal mitochondria were detected in some
cells.

These results were also detected by previous workers who proved
that oral aflatoxins to rats induced damage of both glomeruli and
tubules [33]. The cell membrane has been reported to be a target to the
toxic effect of aflatoxin. This fungal metabolite could alter the
mitochondrial structure through its inhibitory effect on protein and
enzyme biosynthesis [34].

Endogenous and exogenous antioxidants may protect cells and
tissues from destructive effects of ROS and other free radicals. Previous
studies reported that sperm disorders can be improved by exogenous
antioxidants/ROS scavengers [15]. Ginseng or its extracts have been
reported to exhibit free radical scavenging activities and can prevent
lipid peroxidation [35]. Lee and Lau [36] reported that ginseng inhibits
different inducers-activated signaling protein kinases and transcription
factor nuclear factor-kappaB leading to decreases in the production of
cytokines and mediators of inflammation including TFN-α. Our
results revealed that ginseng in group III protected against aflatoxin
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induced impairment of renal function as biochemical results found
that ginseng decreased the levels of urea, creatinine and uric acid.
These results were in conformity with those reported by Yokozawa et
al. [37]. Who demonstrated that ginseng and its active component,
saponin, could significantly reduce the blood urea nitrogen and
creatinine levels in the blood of nephrectomized rats.

 X ± SD

Group IA 17.5 ± 6.7

Group IB 19.23n

Group IC 18.54n

Group II Aflatoxin-treated 54.6 ± 18.7a

Group III Aflatoxin-Ginseng
treated

19.3 ± 2.7b

nGroup IA ,IB non-significant difference with group IA (P>0.05)
aGroup II significant difference with group IA (P<0.05)
bGroup III significant difference with group II (aflatoxin treated)

Table 2: Mean values of the optical densityof Bcl2 immumoreaction of
the renal cortex in the different studied groups.

Other studies asserted the nephroprotective effect of Korean ginseng
saponin against cisplatin nephrotoxicity [38]. Abdel-Wahhab and
Ahmed [39] suggested that Korean ginseng saponin reduced cisplatin-
induced cytosolic free [Ca2+] ions overload and formation of DNA
interstrand cross-link and DNA-protein cross-link.

In addition, examination of group III (aflatoxin-ginseng treated
group) revealed improvement of morphological organization of renal
cortex. Cells of proximal and distal convoluted tubules appeared nearly
normal however few distorted tubules were also detected.

Figure 6: The mean optical density of Bcl2 expression in different
experimental groups.

This ameliorative effect of ginseng may be attributed to either its
ability to bind to glucocorticoid receptor triggering transcriptional
activation of glucocorticoid response elements promoting cell
proliferation and enhances the survival rate of new-born cells [40,41],
and/or its free radical scavenging, metal ion and hydroxyl radicals
chelating abilities [42,43]. Moreover, ginsenoside fractions have been
shown to induce the cytosolic antioxidant enzyme superoxide

dismutase via enhanced nuclear protein binding to its gene regulatory
sequences [44].

Lee et al. [45] stated that ginseng might reduce cell damage induced
by toxic substances and stabilize cell membranes by providing
protection against toxic agents induced tissue injury.
Immunohistochemical examination of the present study revealed weak
positive Bcl2 reaction in renal tubular cells. Whereas, in group III, Bcl2
was moderately expressed in the cytoplasm of most tubular cells.
Morphometric results confirmed the results by showing a significant
increase of the mean optical density of Bcl2 immumoreaction of group
III in comparison with group II suggesting that ginseng protects renal
cells from undergoing apoptosis with improvement in renal function
and reduced inflammation via decreasing oxidative stress [46].
Ginseng has a potent antiapoptotic effect as it increases the expression
of the antiapoptotic gene Bcl-2 [47].

Our results were in agreement with the findings of other researchers
who reported that the protective effect of ginseng was due to its
antioxidant property [48]. It also increases the intracellular
concentration of glutathione and superoxide anions, thereby
inactivating nitric oxide, and increases antioxidant enzymes [49,50].

Conclusion
Aflatoxin leads to alterations in the histological structure and

functions of renal cortex of albino rats. Tubular damage predominates.
The presence of aflatoxin in food should be avoided.

Ginseng treatment significantly attenuated renal dysfunction, cell
apoptosis, and tubular damage. Our results suggest that ginseng had a
protective effect against damaging effect of aflatoxcosis on the kidney.
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