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Abstract

Background: Ochratoxin A (OA), a secondary fungal metabolite, produced by Aspergillus and
Penicillium strains and it is known to cause severe nephrotoxicity in animals and humans.

Aim: The effects on the histology and histochemistry of kidney of rats with ochratoxicosis and the
potential protective role of ginseng against OA toxicity were investigated.

Subjects and Methods: Rats were divided into ten equal groups, eight rats of each; control, three
groups of OA (0.85 mg/kg) were injected intraperitoneally for 2, 4, and 8 weeks, another three groups
were treated with ginseng (20 mg/kg) plus OA for 2, 4, and 8 weeks. The remaining groups were injected
with ginseng only. Histopathologic, histochemical, cytophotometric studies were used.

Results: OA showed histopathologic effects confirmed by image analysis morphormetic studies on rat
kidneys; as pyknotic nuclei, vacuolar and hydropic degeneration within tubular epithelial cells. Cell
debris and hyaline casts within tubular lumina were encountered. In rats treated with ginseng and
ochratoxin, improvements in the histological and histochemical features were noticed. Histochemical
and cytophotometric analysis showed decrease in DNA, protein glycogen, and alkaline phosphatase
contents in rats given OA, while ginseng caused a significant increase in these inclusions.

Conclusion: The ginseng was found to reduce the deleterious effects of OA that occurred in kidney.
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Introduction
Ochratoxin A (OA) is a naturally occurring

mycotoxin produced by Aspergillus ochraceus as well
as other moulds found on a variety of food stuffs in many
countries [1, 2]. Ochratoxin A has been detected
worldwide in a wide range of food products, including
cereals [3], poultry feeds [4], feedstuffs [5], green coffee
beans [6], cocoa beans [7], wine grapes [8], dried vine
fruits [9], peanuts [10] and beer [11].

It is a nephrotoxic, hepatotoxic, teratogenic,

carcinogenic agent to animals and possibly to humans
[12]. It is one of the major mycotoxins that impairs growth
and reproductive efficiency of animals [13]. Moreover,
the involvement of OA in the development of different
types of cancer such as renal adenocarcinoma, bladder
carcinoma and testicular cancer has been reported in
rats, mice and human [14].

The toxicity of OTA may be due to: (1) inhibition
of ATP production (2) inhibition of protein synthesis (3)
promotion of membrane lipid peroxidation [15].
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Ginseng refers to several plants within Panax
L., a genus of 12 species of slow-growing perennial
plants with fleshy roots, in the family Araliaceae [16]. The
commonly used ginseng principally includes Panax
ginseng (Asian ginseng) and Panax quinquefolius
(American ginseng) [17].

A recent nationwide survey for the use of natural
products found that ginseng was the most common form
of complimentary and alternative medicine therapy [18,
19]. It is induced in the reduction of blood lipids, immuno-
stimulation, anti-inflammation, vasodilation, anti-stress,
chemoprevention, and antioxidation [20-22]. It has the
ability to stimulate ribonucleic acid and protein synthesis.
This is considered as the basis of improvement of renal
function [23].

Therefore, the aim of the present study was to
verify whether the oral administration of ginseng might
counteract the histopathological and histochemical
effects of Ochratoxin-induced toxicity in kidney of rats.

Materials and Methods

Ochratoxin A

Crude OA was prepared and quantitatively
determined according to Romero et al [24]. The acute
oral LD

50
 of OA for rats is 20-30 mg/kg [25].

Experimental design

Eighty male albino rats weighting 150-170 grams
were included in this study.

Rats were divided into ten equal groups, each
consisting of eight rats. Eight rats were used as control
and received NaHCO

3
 (1m/kg). The remaining rats were

divided into 9 groups. The first group was injected
intraperitonealy daily with ochratoxin at a dose of 1/

10

LD
50 

of OA dissolved in (NaHCO
3
), for 2 weeks. The

second group was injected daily with OA for 4 weeks and
the third group was injected with OA for 8 weeks at dose
equivalent to 1/

10
 LD

50
. The fourth, fifth and sixth groups

were given ginseng (20 mg/kg) intraperitonealy, 10
minutes before OA injection at daily dose of 0.85 mg/kg
for 2,4 and 8 weeks respectively. The remaining groups
were injected with ginseng alone following the same
previous schedule of injection. Powder of ginseng root
(aqueous extract) was obtained from IPECO Company,
10th Ramadan city, Egypt.

Histological and histochemical studies

The kidneys of different groups were removed
and fixed in 10% saline formalin, 5mm thick paraffin
sections were stained with haematoxylin and eosin for
light microscope investigation. Sections of kidney were
stained for DNA, mucopolysaccharides, protein and
alkaline phosphates then were used for cytophotometric
measurement. Feulgen reaction for DNA was applied for
the histochemical demonstration of DNA. Mercury-
bromophenol blue method was applied for the
histochemical demonstration of the total proteins. The
periodic acid Schiff’s (PAS) technique was used to
demonstrate the presence of polysaccharides in the
kidney.

Cytophotometric measurements were obtained
using Leica Qwin 500 Image Analyzer Computer System
(England). The degree of reaction was chosen by the
color detect menu and the areas of reactivity were
masked by a red binary color and area was measured
using an objective lens of magnification 40, and eye lens
10 the total magnification was 400. Ten fields were
chosen in each specimen and the mean values were
obtained.

Morphometry

The data were obtained using Leica Qwin 500
Image Analyzer Computer System (England). The image
analyzer consisted of a colored video camera, colored
monitor, hard disc of IBM personal computer connected
to the microscope, and controlled by Leica Qwin 500
software. The glomeruli and damaged areas were
measured. The areas of fifty-glomeruli/group were
measured in the kidney of each group. The damaged
areas were measured using an objective lens of
magnification 10, and eye lens 10 the total magnification
was 100. Ten fields were chosen in each specimen and
the mean values were obtained.

Statistical analysis

Statistical analysis was determined by one-way
ANOVA using GraphPad Prism, version 4. Results are
presented as mean ± standard error. Significance of the
results was evaluated by using the student t-test. Results
with P < 0.05 are considered significant.

Results

Histopathological results

The normal histological structure of the kidney
was observed in (Figure 1-A) .
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The kidney of animals treated with OA for two
weeks showed tubular degeneration and cell debris in
the lumen of tubules. Haemorrhagic areas in the
interstitium and glomerular degeneration also appeared
(Figure 1-B). In rats treated with OA for four weeks,
kidney showed vacuolar degeneration and focal necrosis
in tubular epithelial cells. Moreover, mononuclear cellular
infiltration, haemorrhage in the interstitial tissue, cell
debris in the lumen of tubules were noticed (Figure 1-C).

On the other hand, kidney of rats treated with
OA for eight weeks showed hyaline casts and cell debris
in the lumen of tubules, vacuolar degeneration, focal
area of necrosis, karyolysis in tubular epithelial cells,
glomerular degeneration and prominent internal
hemorrhage (Figures 1- D). The treatment of rats with
ginseng and ochratoxin in combination for two weeks
showed that tubular and glomerular degeneration was
diminished. Haemorrhagic areas were still present in the
interstitium (Figure 1- E). In case of rats that treated with
OA and ginseng for four and eight weeks, kidney showed
few interstitial and intraglomerular hemorrhage. In

Figure 1: (H & E X200). A. Section of the kidney of control rat shows
normal appearance of glomerulus (asterisk) and renal tubules (arrows).
B. Section of the kidney of rat treated with OA for two weeks shows cell
debris in the lumen of tubules (arrow), glomerular (asterisk), tubular
cells (arrowhead) degeneration, and interstitium haemorrhage (arrow).
C. Section of the kidney of rat treated with OA for four weeks showing
mononuclear cellular infiltration (arrow) and haemorrhage in the
interstitium (black arrow). Cell debris in the lumen of tubules (arrowhead)
D. Section of the kidney of rat treated with OA for eight weeks showing
hyaline casts (arrow). E. Section of the kidney of rat treated with
ginseng and OA for two weeks shows vacuolar degeneration (black
arrow), cell debris in lumen of tubules (arrorhead) and prominent
internal hemorrhage (blue arrow). F. Section of the kidney of rat treated
with ginseng and OA in combination for four weeks showing hemorrhage
in the interstitial tissue (arrows). Section of the kidney of rat treated with
ginseng and OA in combination for eight weeks shows hemorrhage in
the interstitial tissue (arrow) and intraglomerular hemorrhage
(arrowhead).

Figure 2: (Feulgen reaction x 400). A. Section of kidney of control
rat shows normal distribution of DNA content in the nuclei of the renal
tubules and mesengial cells of glomeruli. B. Section of kidney of rat
treated with OA for two weeks shows a slight decrease in the DNA
content. C. Section of kidney of rat treated with OA for four weeks
shows a decrease in DNA. D. Section of kidney of rat treated with OA
for eight weeks shows a marked decrease in the DNA content of the
nuclei of the degenerated renal tubules. E. Section of kidney of rat
treated with ginseng and OA for two weeks shows an increase in DNA
content in comparison to toxin. F. Section of kidney of rat treated with
ginseng and OA for four weeks shows an increase in DNA content in
comparison to toxin. G. Section of kidney of rat treated with ginseng
and OA for eight weeks shows that is nearly similar to that of the control
rats.
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comparison with rats treated with OTA only, a diminution
of hyaline casts and vacuolar degeneration were
observed (Figure 1- F, G).

Histochemical results

Figure (2-A) shows the normal distribution of
DNA in the kidney of control rat.

DNA content in kidney cells of the rats injected
with OA (Table 1) showed significant decrease (P <
0.05) as follows 22.22%, 34.21% and 40% after two, four
and eight weeks respectively. Figures 2-B, C, D showed
decrease in DNA distribution in kidneys of rats treated
with OA only for two, four, and eight weeks.

combination with ochratoxin by 26.19%, 69.76%, and
133.33% at different time of injections (Table 1, Figure
5). Figures 3- E, F, G showed an increase of protein
inclusions in renal tubular cells that were localized in the
cytoplasm and their nuclei in the group  treated with
ginseng and OA for two, four and eight weeks as
compared with OA treated group.

The PAS +ve materials in the control group were mainly
distributed at the brush border and basement membrane
of the tubules (Figure 4-A).

Moreover, the glycogen content (Table 1, Figure

Table 1: Effect of ochratoxin A (OA) (1/10 LD
50

/kg b.w) and or
ginseng (20 mg/kg b.wt) on DNA (ng/g), protein (ng/g), glycogen
(mg/g) contents and alkaline phosphatase activity (mg/g) in
kidney cells of male rats after two, four and eight weeks of
intaperitoneal treatments.

* Significant difference as compared with control (P < 0.05), ** Significant difference as
compared with OA (P < 0.05).

Highly significant increase in DNA content (P <
0.05) was recorded in the case of rats treated with
ginseng before ochratoxin injection especially after eight
weeks by 122.85 (Table 1, Figure 5) as compared to
control value. Figures 2- E, F, G showed an increase in
DNA distribution in kidneys of rats treated with ginseng
and OA only for two, four and eight weeks. In normal rat
high protein inclusions in renal tubular cells were localized
in the cytoplasm and lesser extent in their nuclei (Figure
3-A). Also the optical density values of protein content
showed significant decrease (P< 0.05) (Table 1, Figure
5) in rats treated with OA only for two, four and eight
weeks as compared with control one.

The percentage of decrease of protein content
was 11.90%, 23.25%, and 47.61% at the three time
intervals. Figures 3-B, C, D indicated low protein
inclusions in renal tubular cells that were localized in the
cytoplasm and their nuclei as compared with the control
group.  A significant increase in protein content (P <
0.05) was recorded in the case of rats given ginseng in

Figure 3: (Bromophenol bule stain x 400). A. Section of kidney of
control rat showing normal distribution of protein in renal corpuscles
and in the cells of the renal tubules. B. Section of the kidney of rat
treated with OA for two weeks shows protein content. Notice that these
inclusions are diminuted and acquire pale stainability in some tubules.
C, D. Sections of the kidney of rat treated with OA for four and eight
weeks shows the distribution of the protein content. These inclusions
display decrease in the cells of the renal tubules; many of cells appear
almost unstained. E. Section of the kidney of rat treated with ginseng
and OA in combination for two weeks showing an increase in protein
content in comparison to toxin alone. F. Section of the kidney of rat
treated with ginseng and OA in combination for two weeks shows an
increase in protein content in comparison to toxin alone. G. Section of
the kidney of rat treated with ginseng and OA in combination for two
weeks shows an increase in protein content in comparison to toxin
alone.
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5) showed significant decrease in kidney cells of the
ochratoxin groups after two, four and eight weeks  (P <
0.05) by 12.5%, 15.38%, and 37.5% respectively. Figures
4- B, C, D showed decrease in kidney cells glycogen
content in the ochratoxin groups after two, four and eight
weeks as compared with the control group.

The injection of the rats with ginseng and
ochratoxin led to significant increase in glycogen content
after two, four, and eight weeks respectively (Table 1,

Figure 5). Figures 4- E, F, G showed an increase in
kidney cells glycogen content in the ginseng and
ochratoxin groups after two, four and eight weeks as
compared with the OA group.

In the control rat high alkaline phosphatase
activity was observed in the lining cells of the tubules

Figure 4: (PAS reaction x 200). A. Section of kidney of control rat shows
normal distribution of PAS positive materials. Notice the positive
reaction in the renal corpuscles, the basement membrane of proximal
and distal convoluted tubules and the brush border of the proximal
convoluted tubules. B. Section of the kidney of rat treated with OA for
two weeks shows a decrease PAS positive material. C. , D. Sections
of the kidney of rat treated with OA for four and eight weeks shows a
diminution in PAS reaction in renal corpuscles and the brush border of
the proximal convoluted tubules. The basement membranes show
faint stain as compared with control. E. Section of the kidney of rat
treated with ginseng and OA in combination for two weeks shows an
increase in PAS positive materials in the brush borders of tubules and
the basement membranes of the renal tubules. F. Section of the kidney
of rat treated with ginseng and OA in combination for two weeks shows
an increase in PAS positive materials in brush borders of tubule the
basement membrane of the renal tubules. G. Section of the kidney of
rat treated with ginseng and OA in combination for two weeks shows
an increase in PAS positive materials in the renal corpuscles brush
borders of tubules.

Figure 5: Optical density value of DNA, protein, glycogen content and
alkaline phosphatase activity in kidney cells of male rats treated with
OA and or ginseng after two, four and eight weeks of intraperitoneal
treatment.
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mainly at their brush border (Table 1, Figure 5).

Alkaline phosphatase activity in kidney cells
(Table 1, Figure 5) of the rats given OA increased
significantly (P < 0.05) to 136.66% after eight weeks.

In addition, the optical density value of alkaline
phosphatase activity was significantly higher in the group
of rat treated with ginseng and ochratoxin than that of
control especially after eight weeks (P< 0.05) by 103.33%.

The injection of the rats with ginseng only led to
significant elevation of DNA, protein content and glycogen
in kidney cells after two, four and eight weeks. The
alkaline phosphatase activity increased significantly due
to ginseng treatment after four and eight weeks (Table 1,
figure 5).

Morphometric results

Morphometric examination of kidney of rats
treated with ginseng showed no significant difference in
glomerular area as compared with control (Table 2). It
was found that glomerular area of kidney of rats treated
with OA showed significant decrease (P < 0.05) as
compared with control after two, four and eight weeks of
treatment (Table 2). While, a significant increase (P <
0.05) in glomerular area was recorded in kidney of rats
that treated with OA and ginseng for two, four and eight

Table 2: Glomerular area (μ2) and Damage area (μ2) of control,
ochratoxin A and ginseng in kidney cells of male rats after two,
four and eight weeks of intaperitoneal treatments.

* Significant difference as compared with control (P < 0.05), ** Significant difference as
compared with OA (P < 0.05).

Discussion
Ochratoxin A was found to be extremely toxic on

kidney. The histopathological and histochemical changes
were all doses dependent. This in general is in agreement
with the results of Mally et al [26].

In the present work, ochratoxin induced vacuolar
degeneration and hyaline casts in kidney of rat after
eight weeks. This is in agreement with Milicevic et. al.
[27]. The authors found that ochratoxin A induced
moderate and obvious degenerative changes, swelling,
vacuolar and lipophilic degeneration were the main
changes in the tubular epithelial cells.

In contrary with Rasonyi et al. [28], necrotic cells
and cell exfoliations in rat kidney treated with ochratoxin
were noticed. No hyaline casts were noticed. According
to Elaroussi et al. [29], the histopathlogical changes in
the kidney of ochratoxin treated birds were mainly found
in proximal convoluted tubules in the form of cloudy
swelling and degeneration in the cytoplasm and pyknotic
nuclei of PCT. In the present study the kidney of rats
treated with OA for four weeks showed mononuclear
cellular infiltration and haemorrhage in the interstitial
tissue. These results go in agreement with Milicev et al.
[27]. They recorded that ochratoxin A caused moderate,
marked hemorrhages of some renal cortical region
occurred occasionally and mononuclear inflammatory
infiltrate in the interstitium. The hemorrhage and
congestion detected in the present study might be
explained by hepatoxic effect of ochratoxin on coagulation
factor synthesis and/or its effect on blood platelets [30],
and the cellular inflammatory noticed in the present
study suggest an internal inflammatory reaction [14].

In recent studies on ochratoxin, Pfohl-
Leszkowicz et al. [13]; EL-Khour and Atoui [12], found
that the OTA caused tubular degeneration, focal tubular
epithelial cells proliferation, glomerulonephrosis,
tubulonephrosis in kidney of chicken.

The pathological changes observed in kidney of
rats due to ochratoxin injection in the present work may
be attributed to increase lipid peroxidation level and
glutathione depletion [1, 31]. The results of Chakraborty
and Verma [32] revealed a significant increase in lipid
peroxidation as well as a decreased activity of enzymatic
antioxidants (superoxide dismutase, catalase,
glutathione peroxidase, glutathione reductase and
glutathione transferase) and non-enzymatic antioxidants
(glutathione and total ascorbic acid) in the kidney and
liver of mice.

weeks as compared with that treated with OA only (Table
2).

Measurement of the damaged areas in kidney
of rats treated with OA and ginseng showed a significant
decrease (P < 0.05) after two, four and eight weeks of
treatment as compared with that treated with OA only for
the same periods (Table 2).
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Ginseng showed noticeable improvement in
tissues treated with Ochratoxin. Nishino et al. [33] reported
that ginseng can increase body resistance to many
harmful factors and protect tissue from damage and
could inhibit lipid peroxidation of rat liver and kidney. Lee
et al. [34] stated that ginseng may reduce cell damage
induced by toxic substance and acts to stabilize cell
membranes there by providing protection against toxic
agents induced tissue injury.

Free radicals were produced by mycotoxin [35].
The free radical attack DNA and lead to cross linkages
within the molecules [1].

In the present work, ochratoxin A caused sever
depletion in DNA content in kidney cells. According to
Wang and Groopman [36], mycotoxin produced
chromosomal aberration, micronuclei, sister chromatid
exchange and unscheduled DNA synthesis. Arlt et al.
[37], Lebrun and Fultmann [38] stated that ochratoxin
induced DNA single strand breaks (SSB) and DNA
adducts. In addition, Obrecht-Pflumio and Dirheimer
[39] reported that ochratoxin is metabolized to genotoxic
metabolites which interact with DNA may cause genetic
damage in both target tissue independent of direct
covalent binding to DNA. According to Luhe et al. [40],
the decrease cell proliferation could be due to OA
toxicity, which alters trancripitional level of several genes
known to be involved in DNA damage.

The present data further confirm oxidative stress
as a key source of OA-induced DNA damage and
provide additional evidence for a role of this mechanism
in OA carcinogenicity [41]. Also, Sava et al [42] stated the
OA caused an increased in oxidative stress and transient
inhibition of oxidative DNA repair.

In the present work the injection of rats with
ginseng and ochratoxin A in combination, led to increase
in DNA content in comparison with group of rats treated
with ochratoxin only. The injection of rats with ginseng
only, led to a significant increase in DNA content in
kidney cells. These effects may be due to the antioxidant
nature of ginseng [33].

In the present work, ochratoxin decreased the
protein content in kidney cells after two, four, and eight
weeks. Schwerdt et al. [43] stated that ochratoxin is
known to inhibit protein synthesis. Also, Diana et al. [44]
suggested another mechanism of OA toxicity. The authors
stated that the mechanism might be through OA disruption
of protein synthesis and indirect impairment of the activity
of several cellular enzymes. These effects can alter
several cellular carbohydrate metabolisms. Increase in

protein content was noticed after treatment with ginseng
and OA at different durations in comparison with OA
alone. Zhang [23] reported that the treatment of ginseng
caused increase amount of ribosome in rough
endoplasmic reticulum in cells, reflecting their ability to
protein synthesis.

With regards to the chemical structure, the OTA
molecule represents a phenylalanine-
dihydroisocoumarine derivative, which is very stable to
both temperature and hydrolysis. Due to its structural
analogy to the amino acid phenylalanine, the toxin is
able to competitively inhibit tRNA phenylalanine
synthetases and as a consequence protein synthesis is
interrupted [45].

In the present experiment ochratoxin A caused
significant decrease in glycogen content in kidney cells
after two, four, and eight weeks. This result is in agreement
with Kozaczynskiw [46] who stated that no glycogen
content was detected in kidney treated with ochratoxin.
Dwivedi and Burns [47] noticed enzymatic inhibition of
glycogenolysis in ochratoxin toxicosis and this could be
due to excess glycogen observed in the kidney of rat.
According to Sandhu et al. [48], the treatment of chicks
with OA led to increase in mucopolysaccharides (MPS)
in liver and kidney tissues. Increase in glycogen content
was noticed after treatment with ginseng and OA at
different durations in comparison with OA alone. This is
in agreement with Zhang [23] who stated that ginseng
had a protective effect on mitochondria that appeared
less damaged.

In the present study, increased reaction for
alkaline phosphatase activity was observed after four
and eight weeks. This is in disagreement with
Kozaczynskiw [46] who noticed a decrease in alkaline
phsophatase activity in the brush border of renal tubules
of male chickens treated with ochatoxin.

It seems that kidney is a target organ of the
ochratoxin, since the toxin affects the histology and
histochemistry of kidney. On the other hand, ginseng
reduces many harmful effects of ochratoxin in kidney as
indicated by the histopathological, histochemical and
morphometric studies.
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