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ABSTRACT The aim of the present study was to investigate the protective role of Ginkgo biloba L. leaf extract against the

active agent of Roundup� herbicide (Monsanto, Creve Coeur, MO, USA). The Swiss Albino mice were randomly divided

into six groups, with each group consisting of six animals: Group I (control) received an intraperitoneal injection of dimethyl

sulfoxide (0.2 mL, once only), Group II received glyphosate at a dose of 50 mg/kg of body weight, Group III received G.

biloba at a dose of 50 mg/kg of body weight, Group IV received G. biloba at a dose of 150 mg/kg of body weight, Group V

received G. biloba (50 mg/kg of body weight) and glyphosate (50 mg/kg of body weight), and Group VI received G. biloba

(150 mg/kg of body weight) and glyphosate (50 mg/kg of body weight). The single dose of glyphosate was given intra-

peritoneally. Animals from all the groups were sacrificed at the end of 72 hours, and their blood, bone marrow, and liver and

kidney tissues were analyzed for aspartate aminotransferase (AST), alanine aminotransferase (ALT), blood urea nitrogen

(BUN), creatinine, malondialdehyde (MDA), and glutathione (GSH) levels and the presence of micronucleus (MN),

chromosomal aberrations (CAs), and pathological damages. The results indicated that serum AST, ALT, BUN, and cre-

atinine levels significantly increased in mice treated with glyphosate alone compared with the other groups (P < .05).

Besides, glyphosate-induced oxidative damage caused a significant decrease in GSH levels and a significant increase in

MDA levels of the liver and kidney tissues. Moreover, glyphosate alone–treated mice presented higher frequencies of CAs,

MNs, and abnormal metaphases compared with the controls (P < .05). These mice also displayed a lower mean mitotic index

than the controls (P < .05). Treatment with G. biloba produced amelioration in indices of hepatotoxicity, nephrotoxicity,

lipid peroxidation, and genotoxicity relative to Group II. Each dose of G. biloba provided significant protection against

glyphosate-induced toxicity, and the strongest effect was observed at a dose of 150 mg/kg of body weight. Thus, in vivo

results showed that G. biloba extract is a potent protector against glyphosate-induced toxicity, and its protective role is

dose-dependent.
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INTRODUCTION

Herbicides are just one of many types of pesticides.
They are chemical substances used by farmers to kill

unwanted plants.1 Herbicides can be used to clear roadside
weeds, trees, and brush. They can also kill invasive weeds in
parks and wilderness areas that may cause environmental
damage. Herbicides are commonly applied in ponds and
lakes to control algae and plants such as water grasses that
can interfere with activities like swimming and fishing and
cause the water to look or smell unpleasant.2

Roundup�, the brand name of a systemic, broad-spectrum
herbicide produced by the U.S. company Monsanto (Creve
Coeur, MO, USA), contains the active ingredient glyphosate
[N-(phosphonomethyl)glycine]. Glyphosate is the most
used organophosphate herbicide in the United States, and
Roundup has been the number one selling herbicide
worldwide since at least 1980.3 Glyphosate kills plants by
binding to and inhibiting the enzyme 5-enolpyruvoyl-
shikimate-3-phosphate synthetase, which catalyzes the re-
action of shikimate-3-phosphate and phosphoenolpyruvate to
form 5-enolpyruvyl-shikimate-3-phosphate. 5-Enolpyruvyl-
shikimate-3-phosphate is subsequently dephosphorylated to
chorismate, an essential precursor in plants for the aromatic
amino acids, phenylalanine, tyrosine, and tryptophan.4,5

Roundup shows adverse effects in all standard categories
of toxicological testing, including medium-term toxicity,
long-term toxicity, genetic damage, effects on reproduction,
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Address correspondence to: Kültiğin Cx avusxoğlu, Department of Biology, Faculty of Sci-
ence and Art, Giresun University, 28100 Giresun, Turkey, E-mail: kultigincavusoglu@
mynet.com

JOURNAL OF MEDICINAL FOOD
J Med Food 14 (10) 2011, 1263–1272
# Mary Ann Liebert, Inc. and Korean Society of Food Science and Nutrition
DOI: 10.1089/jmf.2010.0202

1263



and carcinogenicity. Scientific studies with Roundup for-
mulations have shown that this herbicide causes the death of
human embryonic, placental, and umbilical cells in vitro,
even at low concentrations.6,7 Besides, gastrointestinal
corrosive effects, with mouth, throat, and epigastric pain and
dysphagia, are common. Renal and hepatic impairments are
also frequent and usually reflect reduced organ perfusion.
Respiratory distress, impaired consciousness, pulmonary
edema, infiltration on chest x-ray, shock, arrhythmias, renal
failure requiring hemodialysis, metabolic acidosis, and hy-
perkalemia may supervene in severe cases. Bradycardia and
ventricular arrhythmias are often present preterminally.8

In research conducted by the University of Alexandria in
Egypt and the University of Tromso in Norway reduction in
sperm production by 50% was determined in rabbits ex-
posed to glyphosate.9 In another study, it was shown that
glyphosate causes liver damage in rats, by the leakage of
intracellular liver enzymes.10 In many studies, an associa-
tion between glyphosate use and the risk of non–Hodgkin’s
lymphoma was suggested.11–13 Besides, there is direct evi-
dence that glyphosate inhibits RNA transcription in animals
at low concentration levels.14

The use of certain materials may help to decrease of the
toxicity created by pesticides. Recently, various biological
materials such as vitamin C, Silybum marianum extract, and
black tea extract have been used for this aim.15–17 Ginkgo
biloba L., the only surviving member of the Ginkgoaceae
family, was cultivated in China in the mid-1700s.18 G. biloba
is considered the oldest tree species to survive on earth, with
a history dating back over 200 million years. Some Ginkgo
trees have been known to live well over an average of 1,000
or more years.19 Ginkgo products are standardized to contain
24% of the bioflavonoids that occur in the leaf, as well as
ginkgolides and bilobilides, a complex group of compounds
found only in the Ginkgo tree. G. biloba leaf extract is the
most widely sold phytomedicine in Europe, where it is used
to treat the symptoms of early-stage Alzheimer’s disease,
vascular dementia, peripheral claudication, vertigo, heart
disease, eye diseases, chronic cerebral insufficiency, acci-
dents involving brain trauma, dementia, and tinnitus of
vascular origin.20 Ginkgo leaf helps to maintain integrity and
permeability of cell walls by inhibiting lipid peroxidation of
membranes. Other important effects include a protective
effect on the blood–brain barrier and an antioxidant effect.21

Although there are many published clinical studies on
Ginkgo in the literature, unfortunately, there has yet been no
report concerning possible protective effects of G. biloba
against toxicity induced by glyphosate, a widely used or-
ganophosphate herbicide. The aim of the present study was
to evaluate the protective role of G. biloba on glyphosate-
induced toxicity in Swiss Albino mice.

MATERIALS AND METHODS

Animals

The experiments were carried out on 36 male Mus mus-
culus var. albino mice (12–14 weeks old, 25–30 g in body

weight). Healthy mice were obtained from the Animal Re-
search Center of the Refik Saydam Hifzissiha Institute
(Ankara, Turkey). All were housed in 26- · 15- · 50-cm
stainless steel cages and kept under controlled laboratory
conditions at 22 – 3�C, 55 – 5% relative humidity, and a 12-
hour light/dark cycle throughout the experiment. The ani-
mals were allowed to acclimatize for 1 week before the
planned experiments and fed with standard pellet diet
(Samsun Food Industry, Samsun, Turkey) and water ad li-
bitum. In this study, the methods and techniques applied to
mice were carried out according to the guidelines set by the
World Health Organization (Geneva, Switzerland) and the
ethical standards of the local ethical committee for animal
experiments at Giresun University, Giresun, Turkey.

Products and chemicals

G. biloba L. leaf extract was obtained from Health Gen-
esis Corp. (Bay Harbor Island, FL, USA). Roundup Ultra-
Max (450 g/L glyphosate) was purchased from Bayer
(Istanbul, Turkey). Colcemid solution (10 lg/mL, catalog
number 12-004-1) was purchased from Biological Industries
Ltd. (Kibbutz Beit Haemek, Israel). Dimethyl sulfoxide
(Sigma, St. Louis, MO, USA), Fast Green FCF (Sigma), and
Grünwald Giemsa stain (Sigma) were purchased from In-
terlab A.S. (Istanbul).

Experimental protocol

Albino mice were randomly divided into six groups, each
consisting of six animals. The animals of Group I were used
as a control group, and intraperitoneal treatment with di-
methyl sulfoxide (0.2 mL, once only) was given. Group II
was given a single dose of glyphosate (diluted appropriately
in dimethyl sulfoxide) intraperitoneally at the dose of 50 mg/
kg of body weight. Groups III and IV were given orally G.
biloba at doses of, respectively, 50 and 150 mg/kg of body
weight for 8 consecutive days. Group V was given orally G.
biloba at the dose of 50 mg/kg of body weight and intra-
peritoneal glyphosate at the dose of 50 mg/kg of body
weight. Group VI was given orally G. biloba at the dose of
150 mg/kg of body weight and intraperitoneal glyphosate at
the dose of 50 mg/kg of body weight.

For Groups V and VI, G. biloba application was started 5
days before exposure to glyphosate and was continued alone
for 3 consecutive days after single-dose applications of
glyphosate. After completion of the treatment period ani-
mals from each group were sacrificed at the end of 72 hours
(3 days).

The dose of glyphosate in this study has been determined
as 50 mg/kg of body weight. This dose was chosen because
it induced an increase in the frequency of toxicity that was
essential to determine the protective role of G. biloba.22

Also, G. biloba doses were used that were comparable to
those daily consumption amounts recommended by practi-
tioners of nutritional medicine to support optimal health,
and 50 and 150 mg/kg of body weight were effective doses
for protection by G. biloba.23,24
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Serum analysis

For serum isolation, whole blood samples were collected
by cardiac puncture with the animal under mild ether an-
esthesia. Blood samples were drawn directly into plain
Vacutainer� tubes (BD Vacutainer Systems, San Jose, CA,
USA) for storage, centrifuged at 1,200 g for 10 minutes at
4�C, and stored at -20�C until analysis. Aspartate amino-
transferase (AST) (AST/GOT liquid reagent, catalog num-
ber A559-150, Teco Diagnostics, Anaheim, Ca, USA) and
alanine aminotransferase (ALT) (ALT/GPT liquid reagent,
catalog number A524-150, Teco Diagnostics) enzyme ac-
tivities and blood urea nitrogen (BUN) (catalog number
B549-150, Teco Diagnostics) and creatinine (catalog num-
ber C513-480, Teco Diagnostics) concentrations were
measured by commercially available kits using an auto-
analyzer (model 99M chemistry analyzer, Medispec, Ger-
mantown, MD, USA).

Lipid peroxidation and glutathione activity

At the end of the treatment period, the mice were fasted
overnight before sacrifice. Animals were sacrificed by car-
diac exsanguination under ether anesthesia. The liver and
kidney tissues of each animal were removed, washed, dried,
and processed for biochemical measurements. Sample tis-
sues were then homogenized in ice-cold 0.15 M KCl by a
homogenizer (Ultraturrax type T25-B, IKA Labortechnik,
Staufen, Germany) at 16,000 rpm for 3 minutes. Homo-
genates were centrifuged at 5,000 g at 4�C for 1 hour. The
supernatants were collected and stored at -40�C until ana-
lyzed. Tissue glutathione (GSH) and malondialdehyde
(MDA) levels were measured using the colorimetric meth-
ods described by Beutler et al.25 and Yoshoiko et al.,26 re-
spectively, using an ultraviolet-visible spectrophotometer
(UV Mini-1240, Shimadzu, Kyoto, Japan).

Erythrocyte micronucleus assay

The mouse erythrocyte micronucleus (MN) assay, a
modified mouse MN test that conventionally scores the MN
frequencies in bone marrow polychromatic erythrocytes, was
used throughout this study. In this assay, the MN frequency is
scored in mature normachromatic erythrocytes in the circu-
lating blood obtained from the tail of the mouse. The mouse
erythrocyte MN assay was performed according to the pro-
tocol of Te-Hsiu et al.27 In brief, the mice were anesthetized
with ether, and blood samples were collected from a small
puncture on the tail vein of the mouse. Approximately 5 lL of
peripheral blood collected from each mouse was immediately
mixed with 3% EDTA solution in a cell well and smeared
onto a clean slide. The erythrocytes were fixed in 70%
methanol for 2 minutes, and the slides were allowed to dry
overnight at room temperature. Then, smears of blood were
stained with 5% May–Grünwald Giemsa stain for 15 minutes.
Usually three or four slides were made and repeatedly double
scored by two different observers. From prepared slides, a
total of 1,000 normachromatic erythrocytes were scored for
the presence of MNs under oil immersion at ·100 magnifi-

cation using a binocular light microscope (model BX51,
Olympus, Tokyo, Japan), and MN cells were photographed at
a magnification of ·500.28

Preparation of bone marrow cells
for chromosome analysis

Mice were injected intraperitoneally with 0.025% colcemid
and sacrificed 2 hours later under ether anesthesia. The bone
marrow from the femur was aspirated, washed in physiolog-
ical saline, treated hypotonically (0.075 M KCl), fixed
in Carnoy’s fixative, and stained with 5% Grünwald–Giemsa
stain.29 Chromosomal aberrations (CAs) were scored using
oil immersion (with a · 100 objective lens) under a light
microscope (model BX51, Olympus). CAs were categorized
according to the classification of Savage.30

Analysis of cells

Mitotic index. The mitotic index (MI) was determined
as the percentage of dividing cells among 1,000 nucleated
cells in slides prepared for each group.

Abnormal metaphase number. The number of aberrant
metaphases (AMNs) was counted as the number of damaged
metaphases among 100 metaphases in slides prepared for
each group.

CA analysis. For all treatment groups 100 metaphases
were counted for CAs such as chromatid breaks, fragments,
and gaps, and they were considered to be equal.

Histopathological examinations

For light microscopic examination, fresh tissue samples in-
cluding the liver and kidneys were fixed in 10% neutral buff-
ered formalin solution for routine processing, embedded in
paraffin wax, sectioned at 5lm, and stained with hematoxylin
and eosin. Histopathological changes were semiquantitatively
assessed under the light microscope with an ocular grid and
·4, · 10, and ·40 objectives. A total of 10 high-power fields
were randomly chosen. Changes in the experimental histo-
pathological parameters were graded as follows: (-) indicated
no changes, and (+), (+ +), and (+ + +) indicated mild, mod-
erate, and severe changes, respectively.

Statistical analysis

Statistical analysis software SPSS for Windows version
10.0 (SPSS, Inc., Chicago, IL, USA) was used for statistical
data analysis. Statistically significant differences between the
groups were compared using one-way analysis of variance
and Duncan’s test. The data are given as mean – SD values,
and values of P < .05 are considered statistically significant.

RESULTS

Serum enzyme parameters

Table 1 shows the changes in serum AST, ALT, BUN,
and creatinine levels after each treatment with the different
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doses of G. biloba (50 and 150 mg/kg of body weight) and
glyphosate (5 mg/kg of body weight). There are no signifi-
cant differences in the levels of AST and ALT among the
control and the groups treated with G. biloba alone (P > .05).
In other words, G. biloba when administered alone did not
alter the level of serum enzymes compared with the control
values. However, the levels of BUN and creatinine in G.
biloba alone–treated groups (Groups III and IV) was dif-
ferent than in the control group, but no significant differ-
ences were found among these groups (P > .05). The serum
levels of AST, ALT, BUN, and creatinine showed a statis-
tically significant increase after glyphosate exposure
(P < .05). Enzyme activities after the administration with
two different doses of G. biloba again significantly de-
creased in Groups V and VI compared with Group II;
however, enzyme levels were still higher than that of the
control (P < .05). Also, G. biloba had an effect on concen-
trations of BUN and creatinine, which are markers of a
damaged kidney. Serum BUN and creatinine levels signifi-
cantly decreased in G. biloba–administered mice compared
with those of Group II (P < .05). In Group VI, the mean level
of BUN was about 1.41-fold lower, and the mean level of
creatinine was about 1.26-fold lower, than in Group II.

Lipid peroxidation products (MDA) and GSH

Table 2 shows the changes in GSH and MDA levels in the
liver and kidney tissues of all the groups after treatment with

G. biloba (50 and 150 mg/kg of body weight) and glypho-
sate (50 mg/kg of body weight). No significant differences
between the control and the group treated with 50 mg/kg of
body weight G. biloba alone (Group III) were observed in
GSH and MDA levels of tissues (P > .05). However, there
was a significant alteration in levels of GSH and MDA after
150 mg/kg of body weight G. biloba treatment (Group IV)
compared with the control group (P < .05). Treatment with
glyphosate altered the levels of GSH and MDA (P < .05):
GSH levels significantly decreased, whereas MDA levels in
the liver and kidney tissues of the glyphosate-treated group
significantly increased, compared with the control group
(P < .05). However, oral administration of G. biloba at doses
50 and 150 mg/kg of body weight reversed the GSH and
MDA levels back to the control levels in the tissues, but
these differences were still statistically significant (P < .05).

MN assay

The MN frequency in erythrocytes is presented in Table 3.
There was no statistically significant difference among the
MN numbers of erythrocyte cells in the control and G. biloba–
treated groups (P > .05). The mean number of MNs in eryth-
rocytes was 1.83 – 1.47 for the control group, 2.00 – 1.41 for
the 50 mg/kg of body weight dose of G. biloba, and 1.67 – 1.21
for the 150 mg/kg of body weight dose of G. biloba.

The frequency of micronucleated cells clearly increased
in mature normachromatic erythrocytes of the glyphosate-

Table 1. Effect of G. biloba Administration on Selected Biochemical Parameters in Albino Mice Treated with Glyphosate

Serum parameter Group I Group II Group III Group IV Group V Group VI

AST (U/L) 116.83 – 8.32cd 159.00 – 9.18a 121.50 – 8.34cd 122.33 – 3.61cd 140.00 – 9.89b 129.17 – 4.62c

ALT (U/L) 68.50 – 7.99d 96.00 – 10.13a 69.67 – 6.34cd 70.83 – 4.62cd 85.50 – 3.67b 77.17 – 4.62c

BUN (mg/L) 109.83 – 7.80e 243.33 – 8.52a 116.50 – 11.30de 117.67 – 9.41de 199.50 – 14.47b 172.17 – 10.74c

Creatinine (mg/L) 5.68 – 0.09e 8.51 – 0.42a 6.17 – 0.11d 6.22 – 0.11d 7.36 – 0.23b 6.75 – 0.21c

Group I (control) received an intraperitoneal injection of dimethyl sulfoxide (0.2 mL, once only), Group II received glyphosate at a dose of 50 mg/kg of body

weight, Group III received G. biloba at a dose of 50 mg/kg of body weight, Group IV received G. biloba at a dose of 150 mg/kg of body weight, Group V received G.

biloba (50 mg/kg of body weight) and glyphosate (50 mg/kg of body weight), and Group VI received G. biloba (150 mg/kg of body weight) and glyphosate (50 mg/kg

of body weight). Data are mean – SD values (n = 6).
abcdeStatistical significance between means was assessed using one-way analysis of variance followed by Duncan’s test as a post-analysis of variance test. Within a

column, means not sharing the same letter are significantly different (P < .05).

AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen.

Table 2. Effect of G. biloba Administration on Malondialdehyde and Glutathione in Liver and Kidneys

of Albino Mice Treated with Glyphosate

Tissue parameter Group I Group II Group III Group IV Group V Group VI

MDA (nmol/g)
Liver 0.249 – 0.09d 0.378 – 0.02a 0.239 – 0.15de 0.228 – 0.12e 0.317 – 0.02b 0.286 – 0.13c

Kidney 0.183 – 0.12d 0.297 – 0.12a 0.173 – 0.01de 0.168 – 0.11e 0.227 – 0.11b 0.199 – 0.01c

GSH (mg/g)
Liver 0.355 – 0.02b 0.270 – 0.01e 0.367 – 0.02ab 0.380 – 0.02a 0.294 – 0.01d 0.329 – 0.02c

Kidney 0.265 – 0.02b 0.180 – 0.02e 0.272 – 0.01ab 0.284 – 0.02a 0.219 – 0.01d 0.242 – 0.02c

Data are mean – SD values (n = 6).
abcdeStatistical significance between means was assessed using one-way analysis of variance followed by Duncan’s test as a post-analysis of variance test. Within a

column, means not sharing the same letter are significantly different (P < .05).

GSH, glutathione; MDA, malondialdehyde.
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treated mice, and the mean number of micronucleated cells
was significantly higher in the glyphosate only–treated
group than in the control group (P < .05). The glyphosate
treatment in collaboration with G. biloba (50 and 150 mg/kg
of body weight) caused a significant reduction in the fre-
quency of MNs compared with the group treated with gly-
phosate alone (P < .05). The MN frequency decreased with
an increase in the G. biloba dose. The MN frequency in the
mice treated with the 150 mg/kg of body weight dose of G.
biloba was lower than those in mice treated with the 50 mg/
kg of body weight dose of G. biloba. In brief, there was a
dose–effect relationship between the MN frequency and G.
biloba dose.

CAs

Table 4 presents the results of CA analysis in mitotic
chromosomes of bone marrow cells of Swiss Albino mice
treated with glyphosate alone, G. biloba alone, and G. bi-
loba + glyphosate. The mice treated with 50 and 150 mg/kg
of body weight doses of G. biloba did not show any sig-
nificant difference in the total number of CAs, AMNs, and
MI compared with the control group (P > .05). According to
the classification criteria suggested by Savage,30 three
structural CAs were determined in the treatment groups. We
found a high frequency of CAs such as chromatid breaks,
acentric fragments, and chromatid gaps in bone marrow

cells. The mean number of chromatid breaks was more
frequent than the other CAs. Treatment of animals with
glyphosate resulted in the induction of CAs and AMNs. As
expected, mice treated with glyphosate at a dose of 50 mg/kg
of body weight presented a high frequency in both the total
number of CAs and AMNs compared with the controls
(P < .05). There was also a considerable decrease in MI, and
Duncan’s test showed that this decrease was statistically
significant (P < .05).

However, treatment with G. biloba of mice exposed to
glyphosate resulted in a significant reduction in the fre-
quency of CAs and AMNs. The number of CAs and AMNs
showed a tendency to decrease in mice treated with 50 and
150 mg/kg of body weight doses of G. biloba compared with
the glyphosate only–treated group. With the 150 mg/kg of
body weight dose of G. biloba, this reduction for CAs such
as chromatid breaks and acentric fragments and for AMNs
was by at least twofold compared with the glyphosate group.
In addition, the MI again presented a rising trend.

Pathological findings

In the liver and kidney, there were no specific lesions in
Groups I, III, and IV (Figs. 1 and 2) except limited hyper-
emia. In some liver sections in Group I, degenerative he-
patocytes with cytoplasmic vacuoles were observed. Severe
degenerative and necrotic changes were observed in Group

Table 3. Effects of G. biloba Extract on the Frequency of Micronuclei Induced by Glyphosate in Mouse Erythrocytes

Group Number of cells scored Minimum Maximum Individual data Average – SE

Group I 1,000 0 4 1, 0, 4, 3, 2, 1 1.83 – 1.47d

Group II 1,000 55 68 55, 60, 65, 59, 62, 68 61.50 – 4.59a

Group III 1,000 0 4 0, 1, 2, 3, 4, 2 2.00 – 1.41d

Group IV 1,000 0 3 1, 0, 3, 3, 1, 2 1.67 – 1.21d

Group V 1,000 33 58 45, 48, 42, 48, 33, 58 45.67 – 8.21b

Group VI 1,000 20 52 20, 30, 46, 25, 45, 52 36.33 – 13.03c

Data are mean – SD values (n = 6).
abcdStatistical significance between means was assessed using one-way analysis of variance followed by Duncan’s test as a post-analysis of variance test. Within a

column, means not sharing the same letter are significantly different (P < .05).

Table 4. Mitotic Index and Distribution of Different Types of Chromosomal Aberrations and Abnormal Metaphases

Observed in Bone Marrow Cells from Mice Pretreated with G. biloba Extract Alone or in Combination with Glyphosate

Chrosomal aberrations

Group Chromatid break Acentric fragments Gaps AMNs (%) MI (%)

Group I 4.17 – 1.72d 1.83 – 1.17d 0.33 – 0.52d 2.33 – 1.03 (0.38%) 763.50 – 27.91 (12.72%)a

Group II 52.67 – 5.92a 24.33 – 8.26a 18.50 – 5.01a 41.50 – 7.15 (6.91%) 425.00 – 35.21 (7.08%)d

Group III 4.00 – 1.41d 1.67 – 1.03d 0.33 – 0.52d 2.00 – 0.63 (0.33%) 769.00 – 48.77 (12.81%)a

Group IV 3.83 – 1.17d 2.00 – 1.26d 0.17 – 0.41d 2.00 – 0.89 (0.33%) 765.50 – 46.72 (12.75%)a

Group V 43.00 – 6.07b 16.50 – 6.09b 14.50 – 4.28b 30.33 – 6.12 (5.05%) 588.83 – 113.47 (9.81%)c

Group VI 30.50 – 5.09c 10.50 – 3.21c 10.50 – 4.37c 17.50 – 5.54 (2.91%) 672.33 – 88.20 (11.20%)b

Data are mean – SD values (n = 6). One hundred cells were analyzed per animal (six animals per group, for a total of 600 cells per treatment) for chromosomal

aberrations and abnormal metaphases (AMNs). The mitotic index (MI) has been calculated by analyzing 1,000 cells per animal (for a total of 6,000 cells per

treatment), and the percentage of the MI was calculated for each treatment group.
abcdStatistical significance between means was assessed using one-way analysis of variance followed by Duncan’s test as a post-analysis of variance test. Within a

column, means not sharing the same letter are significantly different (P < .05).
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II. Hydropic degeneration, nuclear pyknosis, and loss of
some nuclei of hepatocytes occurred in periacinar and
midsonal areas. In addition to these findings, Kupffer cell
proliferation and fibrosis were seen in some portal areas.
Similar lesions were detected in Groups V and VI. However,
necrotic hepatocytes diminished in number in some micro-
scopic areas. In the kidney, glomerular basement mem-
branes were thickened in Group II. Moreover, accumulation
of hyaline cylinders was detected in some tubular lumens,
and some epithelial cells were degenerated. Similar lesions
were observed in Groups IV and V. However, hyaline cyl-
inders were diminished in Group IV. Histopathological
changes in liver and kidney tissues are displayed in Table 5.

DISCUSSION

Liver enzymes and hematologic constituents were used as
important biomarkers for detection of the hepatotoxic, ne-
phrototoxic, and hematotoxic nature of pesticides. Transa-
minases (AST and ALT) are important and critical enzymes
in the biological processes.31,32 High AST and ALT levels in
serum can be a sign of liver damage and disruption of nor-
mal liver function. According to our results, glyphosate

caused significant increases in AST and ALT levels in mice
treated with glyphosate in comparison with those of con-
trols. This increase can be explained by the leakage of these
enzymes from the liver cytosol into the bloodstream. Ele-
vations of liver enzymes in blood serum are the most useful
indicators of hepatic dysfunction and hepatocellular dam-
age.33 In the present study, the increases in AST and ALT
levels have been supported by the pathological findings,
characterized by fibrosis in the portal area and increased
numbers of Kupffer cells in liver. Similar results are also
reported in some studies conducted on glyphosate and other
pesticides in many different kinds of organisms. Jir-
aungkoorskul et al.34 investigated the effect of glyphosate
on AST, ALT, and ALP in Oreochromis niloticus and re-
ported that glyphosate caused significant increase in the
their levels. However, Caglar and Kolonkaya35 observed a
decrease in serum levels of AST and ALT in rats exposed to
56 and 560 mg/kg of body weight doses of glyphosate dur-
ing 5 and 13 weeks. This contradictory result is probably due
to the duration of exposure. The level of BUN and creatinine
in serum is used as an early and sensitive indicator to
monitor nephrotoxicity.36 In this study, renal tubular dam-
age and glomerular filtration impairment were observed in

FIG. 1. Histological evaluation of liver from mice
treated with glyphosate alone, G. biloba alone, or the
two in combination: (a) control liver tissue; (b)
Group II, necrotic hepatocytes (black arrows) and
Kupffer cells (white arrows); (c) Group V, some
necrotic hepatocytes (N) and Kupffer cells (arrow);
(d) Group VI, less necrotic hepatocytes (N) and
Kupffer cells (arrow); and (e) Group IV, Kupffer
cells (arrow) with some degenerative hepatocytes.
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the kidneys of mice exposed to glyphosate. All of these
damages may account for the increase in serum BUN and
creatinine levels of the animals receiving glyphosate. Si-
miliarly, Liu et al.,37 Kerem et al.,38 and Attia and Nasr39

reported a significant increase in serum BUN and creatinine
levels after exposure to chemical agent including pesticide.
Administration of two different doses of G. biloba together

with glyphosate significantly decreased the levels of AST,
ALT, BUN, and creatinine in Groups V and VI compared
with Group II. Administration of G. biloba also caused
fewer pathological changes in liver and kidney tissues. It has
also appeared that the 150 mg/kg of body weight dose of G.
biloba had a greater effect on serum biochemical parameters
than the 50 mg/kg of body weight dose of G. biloba.

FIG. 2. Histological evaluation of kidney from
mice treated with glyphosate alone, G. biloba alone,
or the two in combination: (a) control kidney tissue;
(b) Group II, dilated Bowman’s space and hyaline
cylinders (arrow); (c) Group V, hyaline cylinders
(arrow); (d) Group VI, no hyaline cylinders but
some necrotic epithelial cells (arrow); and (e) Group
IV, no hyaline cylinders but some necrotic epithelial
cells (arrow).

Table 5. Some Histopathological Changes in Mouse Liver and Kidney After G. biloba Extract and Glyphosate Treatment

Liver Kidney

Group Hyperemia
Degeneration and

necrosis of hepatocytes
Thickening of the

basement membrane
Tubular epithelial

degeneration
Hyaline droplets

and cylinders

Group I - + - - -
Group II + + + + + + + + + + + +
Group III - - - - -
Group IV + - - - -
Group V + + + + + + + +
Group VI + + + + + +

Changes were scored on the following scale: (-), no changes; (+), mild changes; (+ +), moderate changes; and (+ + +), severe changes.
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In our study, GSH levels of the liver and kidney tissues
were significantly decreased by glyphosate toxicity, and
because of its antioxidant activity, G. biloba treatment re-
duced the glyphosate-induced oxidative injury and restored
GSH levels significantly. GSH and its metabolizing en-
zymes provide the major defense against oxidative stress-
induced cellular damage.40,41 So, a change in the GSH ratio
is considered as an indicator of the oxidative state of the
cell.42 Results obtained in our study showed that GSH levels
increased after the 50 mg/kg of body weight dose of gly-
phosate in the liver and kidney tissues, implicating the
presence of oxidative tissue damage.

MDA is considered to be the most significant indicator of
membrane lipid peroxidation, arising from the oxidative
decomposition of certain macromolecules such as lip-
ids.43,44 Because of the high susceptibility of lipid mem-
branes to peroxidation, the free radicals easily peroxidized
the lipid membranes, and MDA was generated as a final
product of peroxidation.45 In the present study, we found
that the application of glyphosate led to a significant in-
crease in MDA levels, which is in agreement with previous
studies.40,43,46 Elevated levels of MDA in the liver and
kidney tissues suggest enhanced lipid peroxidation leading
to tissue damage and failure of antioxidant defense mech-
anisms. In histological sections of the liver and kidney, we
have observed that glyphosate induced hyperemia, cellular
degeneration and necrosis, and fibrous proliferation. How-
ever, our results also show that G. biloba treatment signifi-
cantly inhibited MDA production, implying a reduction in
lipid peroxidation and cellular injury that protect the tissues
against glyphosate-induced oxidative damage.

The CA and MN tests are reliable techniques for evalu-
ation of genotoxic effects induced by chemical pollutants,
radiations, and drugs.47–49 In the present study, we con-
firmed the importance of CA and MN tests for evaluating the
genotoxic properties of glyphosate. Our data showed that
glyphosate induced an increase in the frequency of CAs and
the number of AMNs in bone marrow metaphases. Gly-
phosate also significantly decreased the rate of MI. As a
result of exposure to 50 mg/kg of body weight glyphosate, a
significant stimulation in the frequency of CA types such as
chromatid breaks, acentric fragments, and chromatid gaps in
bone marrow cells was observed. The highest CA levels
were observed in Group II, and the lowest CA levels were
observed in G. biloba–supplemented Group VI. When
compared with glyphosate-treated mice, the number of CAs
was always less in the G. biloba + glyphosate-treated
groups. The 50 and 150 mg/kg of body weight doses of G.
biloba significantly decreased the number of glyphosate-
induced structural CAs, and the effect was dose-related.
Similarly, Prasad et al.22 investigated the genotoxic effects
of glyphosate by measuring CAs and MN in bone marrow
cells of Swiss Albino mice and reported that glyphosate
treatment significantly increased the frequency of CAs and
induced MN formation.

The protective role of G. biloba on glyphosate-induced
toxicity observed in this study may be explainable with the
antioxidant properties of G. biloba. Although it is not a

general rule, antioxidants and G. biloba share similar mech-
anisms for protection against the toxicity. In the body, anti-
oxidants act as free radical scavengers, and they trap the free
radicals and give up their own electrons. Thus, they protect
against free radical oxidation of molecules such as protein,
lipid, enzyme, chromosome, and DNA.50 An excess avail-
ability of free radicals accompanied by a reduction of the
capacity of the natural antioxidant systems leads to cellular
dysfunction and death. Superoxide (O2

-) and hydroxyl radi-
cal (cOH) are the predominant cellular free radicals, while
hydrogen peroxide (H2O2) and peroxynitrite (ONOO-), al-
though not free radicals, aid substantially to the cellular redox
state. The cytotoxicity of free radicals is related to the ability
of these molecules to oxidize cell constituents, particularly
lipids and nucleic acids.51 G. biloba extract is known to be
efficient in helping to treat or prevent diseases associated with
free radicals. Pharmacologically, there are two groups of
significant compounds found in G. biloba: the major flavo-
noids in this plant extract are myricetin and quercetin, which
give Ginkgo its antioxidant action, and terpenes, which help to
inhibit the formation of blood clots. These compounds have
the capability of decreasing cell damage that results from the
presence of free radicals. Besides, these compounds scavenge
and destroy free radicals and reactive forms of oxygen, such
as O2

- , cOH, and lipid peroxide radicals.52 Several studies
have shown that Ginkgo contains antiradical or antioxidant
properties.53,54

In conclusion, the results obtained in this study clearly
confirmed that glyphosate toxicity induces CAs, MN for-
mation, and oxidative stress in Swiss Albino mice. How-
ever, supplementation with G. biloba extract can protect
against glyphosate toxicity, by reduction effects of free
radicals. Therefore, the antioxidant role of G. biloba may be
used as a ‘‘toxicity-limiting agent’’ to reduce effects on
human health of pesticides in the near future.
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