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Abstract
Glyphosate (N-(phosphonomethyl) glycine, C H NO P) is the world’s most widely used herbicide.
Nevertheless their beneﬁts, occupational and environmental exposure to pesticides can pose a threat to
non-target species including human beings. Numerous laboratory studies have shown that Glyphosate and
the roundup formulation can be genotoxic and endocrine disrupting. Therefore, the present study was
undertaken to evaluate the genotoxic and biochemical eﬀects of Glyphosate as well as the protective eﬀects
of orange juice against these alterations in Swiss albino male mice. Animals were administered orally with
the pesticide and/or orange juice for a period of 2 and 4 weeks and divided into 4 groups (10 animals each) as
follows: The 1 group served as control, the 2 group was treated with orange juice, the 3 group was treated
with pesticide Glyphosate and the 4 group was treated with pesticide in combination with orange Juice.
The results revealed that treatment with Glyphosate induced DNA damage, micronucleus formation and
chromosomal aberrations in bone marrow and spermatocyte cells, as well DNA fragmentation potentially by
increasing generation of free radicals which are reconvened by orange juice treatment as a protective agent.
The biochemical parameters (malondialdehyde levels, MDA) were increased signiﬁcantly in the Glyphosate
treated groups, whereas the combination with orange juice reduced that elevation in these parameters. In
conclusion, Glyphosate appears to have the ability to cause genetic damage and biochemical alterations in
the treated mice. The protective role of orange juice could be attributed to its antioxidant properties.
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Introduction
Pesticides, including herbicides, insecticides, and
fungicides are used extensively to improve crop
yields and as a result, they accumulate in the
environment and humans get unavoidably exposed
to them [1]. Pesticides tend to be very reactive
compounds that can form covalent bonds with
various nucleophilic centers of cellular biomolecules,
including DNA [2,3]. Because of their biological
activity, the indiscriminate use of pesticides may
cause undesired eﬀects to human health. For
instance, the induction of DNA damage can
potentially lead to adverse reproductive outcomes,
carcinogenesis, and many other chronic diseases
[4-7]. Epidemiological studies demonstrated that
occupational exposure to some pesticides may be
related to several kinds of cancer, including leukemia
[8], bladder [9], and pancreatic cancers [10].
Glyphosate (N-(phosphonomethyl) glycine, C H
NO P), commonly known by its original trade name
Roundup™ (manufactured by Monsanto), is the
world’s most widely used herbicide. Glyphosatebased herbicides are manufactured by many
companies in many countries. Some researchers
have concluded that Glyphosate and its formulations
clearly present a risk of carcinogenic, mutagenic, and
reproductive eﬀects on human cells [11].
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Numerous laboratory studies have shown that
Glyphosate and the Roundup formulation can be
genotoxic and endocrine disrupting. One study
summarizes these eﬀects occurring at doses
substantially lower than those used in agriculture,
or permitted as residues: at 0.5 mg/kg (40 times
lower than levels permitted in soybeans in the
US). They were anti-androgenic; at 2 mg/kg they
were anti-oestrogenic; at 1 mg/kg they disrupted
the enzyme aromatase; at 5 mg/kg they damaged
DNA, and at 10 mg/kg they were cytotoxic. These
eﬀects can result in crucial outcomes for sexual
and other cell diﬀerentiation, bone metabolism,
liver metabolism, reproduction, development and
behavior, and hormone dependent diseases such as
breast and prostate cancer [12].
A variety of tests on animals, bacteria, and
plant cells have further demonstrated the genotoxic
ability of Glyphosate, where the Glyphosate
caused the induction of micronuclei at high
doses, possibly through oxidative stress, in mouse
bone marrow [13].Glyphosate caused chromosomal
aberrations and sister chromatid exchange in bovine
lymphocytes in vitro [14]including at concentrations
of 56 to 1120 µM [15]. Glyphosate was found to
increase malondialdehyde (MDA) levels as reported
by Cavuşoğlu et al. [16].
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Oranges are among the most consumed fruits
worldwide, which reﬂects the fact they have been
cultivated since ancient times. They are widely grown
in warm climates worldwide, with Brazil and the
United States producing about 50% of the total
world supply. The ﬂavors of oranges vary from sweet
to sour. The fruits commonly peeled and eaten fresh
or squeezed for its juice, which can vary from sweet
to sour. There are 2 kinds of orange; Citrussinensis
that is called sweet orangeand Citrus aurantium,
whichis called sour orange (other names include
bitter orangebigarade orange and Seville orange)
[17]. Sweet oranges can be further divided into 2
varieties, blond and blood oranges, based in their
pulp coloration. Blond oranges have a smooth peel,
soft pulp, weakly winged leafstalk [18] and regularcolored juice. Blood (red pulp) oranges are richer
inanthocyanins and produce darker juices [19].
Orange juice is among the most consumed
fruit juices and is considered among the top
micronutrient-dense juices (i.e., a food that provides
substantial amounts of vitamins and minerals and
relatively fewer calories) [20]. Orange juice itself and
its constituents may exert various biological eﬀects
[21-23].
Recent evidence from a study comparing adults
over 19 years of age (n =8,861), who were consumers
and non consumers of orange juice participating
in the National Health and Nutrition Examination
Survey, 2003–2006 have shown that consumption
of orange juice (usual per capita intake of 100%
orange juice was 50.3 mL/day) was associated with
better diet quality and an increased prevalence of
meeting the estimated average requirement for key
nutrients (mainly vitamin C and folate). The study also
indicated that consumers of orange juice had higher
prevalence of other biomarkers of positive health
outcomes, including lower total cholesterol and LDL
levels, and had lower mean body mass index and a
decreased risk of obesity [24].
Therefore, the present study was undertaken to
evaluate the genotoxic and biochemical eﬀects of
Glyphosate as well the protective eﬀects of orange
juice against these alterations on Swiss albino male
mice.

Materials and Methods:
Chemicals
Pesticide Glyphosate (N-(phosphonomethyl)glycine),
commonly known by its original trade name
Roundup™ (manufactured by Monsanto), was
obtained from Sigma Chemical Company-St Louis,
MO, USA. Orange Juice was supplied by Juhayna and
beverages company, Giza, Egypt.
Animals and treatment
Adult Swiss albino male mice weighting about 252
gm, obtained from the animal house colony of the
National Research Center, Dokki, Cairo, Egypt, were
used in the study as males have been shown to be
more susceptible than females to genotoxic eﬀects
of various chemicals. The animals were housed in
polypropylene cages, given water ad libitum and fed
standard pellets diet for I week for adaptation. Mice

were exposed to a 12:12 light/ dark cycle, at a room
temperature of 18-22°C, and were administered
orally pesticide and / or orange juice for a period of
2 and 4 weeks and divided into 4 groups: 10 animals
each as follow: 1-The 1 group treated orally with
distilled water and served as control. 2- The 2nd
group treated with orange juice (10 ml/kg) daily. 3The 3rd group treated with pesticide. 4-The 4 group
treated with pesticide in combination with orange
Juice.
Collection of blood samples:
Mice were anaesthetized by diethyl ether and
samples were taken from retro orbital plexus using
glass capillaries. Blood samples were collected at the
end of the 2 and the 4 week of treatment for
determining DNA damage using the comet assay.
Comet assay
Isolated blood cells of all groups of male mice
were subjected to the modiﬁed single-cell gel
electrophoresis or comet assay [25]. To obtain the
cells, the pellet of blood cells was washed with
an excess of ice-cold Hank's balanced salt solution
(HBSS) and minced quickly into approximately 1
mm pieces while immersed in HBSS, with a pair
of stainless steel scissors. After severalwashings
with cold phosphate-buﬀered saline (to remove
red blood cells), the blood cells were dispersed
into single cells using a pipette. In brief, the
protocol for electrophoresis involved embedding
of the isolated cells in agarose gel on microscopic
slides and lysing them with detergent at high salt
concentrations overnight (in the cold). The cells were
treated with alkali for 20 min to denature the DNA
and subjected to a 30 min electrophoresis under
alkaline conditions at 300 mA, 25 V. The slides were
stained with ethidium bromide and examined using a
ﬂuorescence microscope (Olympus BX60 F-3) with a
green ﬁlter at 40X magniﬁcation lens (N.A.=1.3). For
each experimental condition, about 100 cells (about
25 cells per animal) were examined to determine
the percentage of cells with DNA damage that
appear like comets. The non-overlapping cells were
randomly selected and were visually assigned a score
on an arbitrary scale of 0–3 (i.e., class 0 = no
detectable DNA damage and no tail; class 1 = tail
with a length less than the diameter of the nucleus;
class 2 = tail with length between 1× and 2× the
nuclear diameter; and class 3 = tail longer than 2× the
diameter of the nucleus) based on perceived comet
tail length migration and relative proportion of DNA
in the nucleus [26]. A total damage score for each
slide was derived by multiplying the number of cells
assigned to each class of damage by the numeric
value of the class and summing up the values. Slides
were analyzed by one observer to minimize the
scoring variability.
Micronucleus test:
Bone marrow slides were prepared according to the
method described by Adler[27]. The bone marrow
was washed with 1 ml of fetal calf serum and then
smeared on clean slides. The slides were left to air dry
and then ﬁxed in methanol for 5 minutes, followed
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by staining in May-Grunwald Giemsa for 5 minutes
then washed in distilled water and mounted. For
each animal, 2000 polychromatic erythrocytes (PCEs)
were examined for the presence of micronucleated
polychromatic erythrocytes (%MnPCEs). Two hours
before sacriﬁce, the animals were injected with 0.5
mg of colchicines solution which completely inhibits
the cell division (mitosis).
Cytogenetic analysis (chromosomal aberrations)
Mice were subjected to cytogenetic analysis from
bone marrow cells using the method of Preston et al.,
[28]. Brieﬂy, mice were injected intraperitoneally (i.p)
with colchicines (0.05 mg/kg) for two and a half hours
before sacriﬁce. Animals were sacriﬁced and femoral
bone marrow cells were ﬂushed with isotonic
solution (0.9% NaCl). Hypotonic solution (0.56% KCl)
was added to the cell pellet and incubated at 37°C for
30 min. the solution was ﬁxed, slides were prepared
and stained using 10% Giemsa stain. Fifty metaphase
spreads for animals were analyzed for scoring the
diﬀerent types of chromosomal aberrations. The
results were statistically analyzed using chi-square
test.
Also, spermatocyte cells were prepared for
meiotic chromosomal analysis according to Brewen
and Preston [29].
DNA fragmentation:
Liver samples were collected immediately after
sacriﬁcing the animals. The tissues were lysed in 0.5
ml lysis buﬀer containing 10mM tris-HCL (pH.8), 1
mM EDTA, 0.2 % Triton X-100, centrifuged at 10000
g (Eppendorf) for 20 minutes at 4°C. The pellets
were re-suspended in 0.5 ml of lysis buﬀer. To the
pellets (P) and supernatants (S), 1.5 ml of 10 %
trichloroacetic acid (TCA) was added and incubated
at 4°C for 10 minutes. The samples were centrifuged
for 20 minutes at 11952 g (Eppendorf) at 4°C and
the pellets were suspended in 750 µl of 5 % TCA,
followed by incubation at 100°C for 20 minutes.
Subsequently, to each sample 2 ml of DPA solution
[200 mg DPA in 10 ml glacial acetic acid, 150 µl of
sulfuric acid and 60 µl acetaldehyde] was added and
incubated at room temperature for 24 hr [30]. The
proportion of fragmented DNA was calculated from
absorbance reading at 600 nm using the formula:

Biochemical analysis
Analysis of oxidative stress:
Recent evidence has shown that oxidative stress
may play a role in the pathogenesis of autoimmune
diseases, and this is an issue of considerable research
interest in the ﬁeld of genotoxicity. Therefore, we
evaluated both the relationship between Glyphosate
and serum levels of certain indicators of oxidative
stress such as Malondialdehyde (MDA). Liver tissues
were homogenized in 20mm Tris-HCI (pH 7.4).
Homogenates were centrifuged at 6000 g for 30 min.
Malondialdehyde (MDA) levels in the supernatants
were determined using a spectrophotometric assay
kit according to the manufacturer's instructions.
The absorbance of the resultant pink product was

measured at 534 nm [31]. The lipid peroxidation
values were expressed as nm MDA/mg tissue.
Statistical analysis:
Data obtained were subjected to one way analysis
of variance (ANOVA) using SAS, Version 8.2 [32],
followed by Duncan Multiple range test for
comparison between groups.

Results
Detection of DNA damage using comet assay:
The present results using comet assay showing
the values of tail length and moment obtained
from comet assay in mice treated with Glyphosate
pesticide and / or orange juice (Table 1). It is clear
that there was a highly signiﬁcant increase in the tail
length in blood cells of mice treated with Glyphosate
compared to the control ones especially for the long
period treatment (4 weeks) that clearly indicates
a genotoxic eﬀect of pesticide. Data in Table (1)
revealed that orange juice treatment in combination
with pesticide decreased the values of DNA damage
compared to treated mice with pesticide alone. The
protective eﬀect of orange juice was observed either
for the short or long period treatment, indicating
a protective eﬀect of orange juice against DNA
damage induced by Glyphosate pesticide.
Tre a tme nt

No. of a nima ls

2 we e ks

4 we e ks

Control

10

1.0±1.00 d

1.00±1.000 d

Ora nge J uice

10

7.80±0.437 c

12.8±0.441 c

Glyphos a te

10

27.8±0.438 a

39.8±0.435 a

Glyphos a te + Ora nge
juice

10

24.8±0.436 b

22.88±0.437 b

Table 1 DNA damage frequency in mice leucocytes exposed
to Glyphosate and/or orange juice for 2 and 4 weeks. Values
are expressed as means S.E.; Diﬀerent small superscript letters are
diﬀering signiﬁcantly.

Micronucleus formation
The eﬀect of Glyphosate pesticide and orange juice
for 2 and 4 weeks treatment on MnPCEs formation
in the bone marrow cells of male mice is summarized
in Tables 2 and 3. The results revealed that MnPCEs
formation in control mice was lower than those in
all treated groups. Treatment of male mice with
Glyphosate increased signiﬁcantly the formation of
MnPCEs compared to the control group either after
2 or 4 weeks treatment (Tables 2 and 3).
On the other hand, treatment of male mice with
orange juice alone revealed similar rate of MnPCEs
formation compared to that in control group (Tables
2 and 3). Moreover, treatment of male mice with
orange juice combined with Glyphosate decreased
signiﬁcantly the incidence of MnPCEs compared
to Glyphosate alone either after 2 or 4 weeks
treatment.
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Mn PCEs /2000 PCE

PCE/NCE

Tre atme nt

Control

Ora nge juice

Glyphos a te

Ora nge juice + Glyphos a te

NCE s c re e ne d

Ratio

PCE s c re e ne d

Numbe r

2000

3

672

2.97

2000

3

681

2.93

2000

8

506

3.95

2000

7

547

3.65

2000

6

676

2.95

2000

3

673

2.97

2000

9

745

2.68

2000

7

605

2.30

2000

6

2000

3

2000
2000

Me an±S D

Me an±S D

5.40±2.302 c

650

3.07

675

2.96

16

387

5.16

17

412

4.85

5.60±2.607 c

2000

17

722

2.77

2000

18

737

2.71

2000

19

748

2.67

2000

14

474

4.21

2000

11

401

4.98

2000

13

766

2.61

2000

12

699

2.86

2000

14

475

4.21

17.40 ±1.140 a

12.80±1.303 b

3.29±0.477

Tre a tme nt

2.99±0.223

Mn PCEs /2000 PCE

Control

Ora nge juice

Glyphos a te

Ora nge juice + Glyphos a te

Me an±S D

2000

3

672

2.97

2000

3

681

2.93

2000

8

506

3.95

2000

7

547

3.65

2000

6

676

2.95

2000

3

674

2.96

2000

9

745

2.68

2000

7

605

2.30

2000

6

650

3.07

2000

3

675

2.96

2000

27

529

3.78

2000

30

656

3.04

2000

28

712

2.80

2000

29

614

3.25

2000

28

523

3.82

5.40±2.302

Me an±S D

c

5.80 ±2.387 c

28.40±1.140 a

2000

25

687

2.91

2000

23

432

4.62

2000

23

687

2.91

2000

23

569

3.51

2000

24

556

3.59

23.60±0.89 b

S tructura l a be rra tions

Nume rica l a be rra tions

Ga p

Bre a k

Fra gme nt

Ce ntrome ric
a tte nua tion

Ce ntric
fus ion

Tota l
a be rra tion

Hypoploidy

Hype rploidy

Control

10

500

0.20±0.44 a

0.20±0.44 a

0.40±0.54 a

0.80±0.44 a

0.20±0.44 a

1.80±1.48 a

0.20±0.44 a

0.00±0.00 a

Ora nge
juice

10

500

0.60±0.54 a

0.40±0.54 a

0.40±0.54 a

0.20±0.44 a

0.80±0.83 a

2.40±1.94 b

0.00±0.00 a

0.00±0.00 a

Glyphos a te

10

500

5.80±0.83 c

`2.20±0.44 b

5.00±.70 c

10.40±0.89 c

7.40±0.89 c

30.80±0.83 d

1.60±0.54 b

2.20±0.44 c

Glyphos a te
+ Ora nge
juice

10

500

3.00±0.70 b

2.40±0.54 b

2.20±0.44 b

4.40±0.54 b

4.20±0.44 b

16.20±1.09 c

0.40±0.54 a

1.60±1.14 b

3.77±1.003

Ratio

Numbe r

No. of
e xa mine d
ce lls

Table 4 Mean values of diﬀerent chromosomal aberrations in bone
marrow of mice treated with Glyphosate and/or orange juice for 2
weeks. Values are expressed as means S.E.; Diﬀerent small superscript
letters are diﬀering signiﬁcantly.

PCE/NCE
NCE s c re e ne d

PCE s c re e ne d

No. of
a nima ls

3.63±1.258

Table 2 Eﬀect of 2 weeks treatment of Glyphosate and/or orange
juice on Micronuclei formation in bone marrow cells of mice
PCE: Polychromatic erythrocytes; NCE: Normochromatic erythrocytes.;
Values are expressed as means S.E.; Diﬀerent small superscript letters
are diﬀering signiﬁcantly.

Tre atme nt

treated group. There was a slight increase in all
types of chromosomal aberrations in the pesticide
treated group for 4 weeks than the 2 weeks treated
counterpart but the treatment with orange juice
signiﬁcantly decreased all types of aberrations as
well.

3.29±0.477

2.99±0.223

Chromosome aberrations in germ cells:
Chromosome aberration in seprmatocytes treated
for 2 and 4 weeks (Tables 5 and 7, respectively),
consisted of chain, autosomal and X-y univalent,
beside the numerical aberration (n±1). The present
results showed that pesticide treated group had
more frequencies of chromosome aberrations than
the control group and that is true for both 2 and
4 weeks of treatment. Addition of orange juice to
pesticide treated group decreased the frequency of
such aberration in the two periods of treatment.
The frequency of aberrations in the 4 weeks
pesticide treated group was high compared to the 2
weeks of treatment (except for x-y univalent) but the
treatment with orange juice signiﬁcantly decreased
such types of aberrations.
Tre a tme nt

No.of
a nima ls

No. of
e xa mine d
ce lls

S tructura l a be rra tions

Cha in

Tota l
a be rra tions

Univa le nt

Nume rica l a be rra tions

N+1

N-1

3.33±0.451
Autos oma l

X-y

Control

10

500

0.20±0.44 a

0.40±0.54 a

0.40±0.54 a

1.00±1.00 a

0.20±0.44 a

0.20±0.44 a

Ora nge
juice

10

500

0.20±0.44 a

0.40±0.54 a

0.20±0.44 a

0.80±0.83 a

0.00±0.00 a

0.00±0.00 a

Glyphos a te

10

500

2.20±0.44 c

4.80±1.48 c

7.80±1.30 c

14.80±1.78 c

1.40±1.14 b

2.20±0.44 b

Glyphos a te
+ Ora nge
juice

10

500

1.60±0.54 b

3.60±0.54 b

2.20±0.44 b

7.40±0.54 b

0.40±0.54 a

0.40±0.54 a

3.50±0.699

Table 3 Eﬀect of 4 weeks treatment of Glyphosate and/or orange
juice on Micronuclei formation in bone marrow cells of mice
PCE: Polychromatic erythrocytes; NCE: Normochromatic erythrocytes.;
Values are expressed as means S.E; Diﬀerent small superscript letters
are diﬀering signiﬁcantly.

Chromosome aberrations in somatic cells:
Cytogenetic analysis in the present study
showed that there were structural and numerical
chromosomal aberrations (Tables 4 and 6).
Structural aberrations consisted of gaps, breaks,
fragments, centromeric attenuations and centric
fusion. Numerical aberrations were hypoploidy (2n-1)
and hyperploidy (2n+1). The results shown in Tables
4 and 6 revealed that there was a signiﬁcant
diﬀerence between pesticide treated mice and the
control group in all types of structural and numerical
aberrations either upon pesticide treatment for 2
or 4 weeks.Addition of orange juice to pesticide
resulted in a signiﬁcant decrease in all types of
chromosomal aberrations (except for break in the
2 weeks treated group) compared to pesticide

Table 5 Mean values of diﬀerent chromosomal aberrations in
spermatocytes of mice treated with Glyphosate and/or orange
juice for 2 weeks. Values are expressed as means S.E.; Diﬀerent small
superscript letters are diﬀering signiﬁcantly.

Tre a tme nt

No.of
a nima ls

No. of
e xa mine d

S tructura l a be rra tions

Nume rica l a be rra tions

Ga p

Bre a k

Fra gme nt

Ce ntrome ric
a tte nua tions

Ce ntric
fus ion

Tota l
a be rra tions

N+1

N-1

0.20±0.44 a

0.40±0.54 a

0.20±0.44 a

0.60±0.54 a

1.60±1.14 a

0.20±0.44 a

0.20±0.44 a

Control

10

500

0.20±0.44 a

Ora nge
juice

10

500

0.40±0.54 a

0.60±0.54 a

1.00±0.00 b

2.20±0.44 b

1.00±0.00 b

5.40±0.89 b

0.00±0.00 a

0.20±0.44 a

5.60±0.54 c

7.80±0.83 d

13.80±0.83 d

15.00±0.70 d

48.80±2.38 d

1.60±1.14 b

3.20±0.70 b

1.60±0.54 b

2.00±0.00 c

4.20±0.44 c

3.0±0.70 c

13.20±1.0 c

0.60±0.54 a

0.40±0.54 a

Glyphos a te

10

500

6.60±1.34 c

Glyphos a te
+ Ora nge
juice

10

500

2.40± 0.89
b

Table 6 Mean values of diﬀerent chromosomal aberrations in bone
marrow of mice treated with Glyphosate and/or orange juice for 4
weeks. Values are expressed as means S.E.; Diﬀerent small superscript
letters are diﬀering signiﬁcantly.

4

Tre a tme nt

No. of
a nima ls

No. of
e xa mine d
ce lls

S tructura l a be rra tions

Cha in

Tota l
a be rra tions

Univa le nt

Nume rica l a be rra tions

N+1

Autos oma l

X-y

N-1

Control

10

500

0.20±0.44 a

0.40±0.54 a

0.20±0.44 a

0.80±1./30a

0.20±0.44 a

0.20±0.44 a

Ora nge
juice

10

500

0.40±0.54 a

0.20±0.44 a

0.40±0.54 a

1.00±0.70 b

0.00±0.00 a

0.20±0.44 a

Glyphos a te

10

500

5.0±0.70 c

11.60±1.140 c

6.60±0.54 c

23.20±1.09 d

2.40±0.54 b

1.40±0.54 b

(Glyphos a te
+ Ora nge
juice

10

500

1.00±0.00 b

1.40±0.54 b

2.40±0.54 b

4.80±0.44 c

0.40±0.54 a

0.60±0.54 a

Table 7 Mean values of diﬀerent chromosomal aberrations in
spermatocytes of mice treated with Glyphosate and/or orange
juice for 4 weeks. Values are expressed as means S.E.; Diﬀerent small
superscript letters are diﬀering signiﬁcantly.

DNA fragmentation
The present study was performed to evaluate
the eﬀect of Glyphosate and/or orange juice by
determination of the DNA fragmentation in male
mice. The fragmented DNA was examined in
liver tissues collected from treated animals using
diphenylamine reaction procedure described in the
Methods section. The results (Table 8) revealed
that fragmented DNA in untreated control animals
was lower than all other treated groups. However,
rate of DNA fragmentation in animals treated with
Glyphosate was markedly higher than control mice
either for 2 or 4 weeks treatment.
Tre atme nt

DNA Frag me ntatio n
(M±S .E.) 2 we e k

DNA Frag me ntatio n
±S .E.) 4 we e k

Control

7.24±0.246 c

7.24±0.246 c

Ora nge juice

7.84±0.408 c

8.80±0.374 c

Glyphos a te

28.80±0.374 a

41.86±0.428 a

Ora nge juice + Glyphos a te

22.33±0.276 b

34.88±0.446 b

(M

Table 8 DNA Fragmentation in mice treated with Glyphosate and/
or orange juice Values are expressed as means S.E.; Diﬀerent small
superscript letters are diﬀering signiﬁcantly.

Tre atme nt

Malo ndialde hyde (MDA)
(nmo l/g tis s ue ) (M±S .E)
2we e k

Malo ndialde hyde (MDA)
(nmo l/g tis s ue ) (M±S .E.)
4 we e k

Control

0.60±0.0244 c

0.60±0.244 c

Ora nge juice

0.70±0.200 c

0.80±0.200 c

Glyphos a te

19.90±0.458 a

26.86±0.423 a

Ora nge juice + Glyphos a te

11.84±0.408 b

17.80±0.374 b

Table 9 Eﬀect Glyphosate and/or orange juice on
Malondialdehyde (MDA) in mice. Values are expressed as means S.E.;
Diﬀerent small superscript letters are diﬀering signiﬁcantly.

On the other hand, treatment of male mice
with orange juice alone revealed low DNA
fragmentation which was relatively similar to control
rats. In addition, treatment of male mice with
Glyphosate combined with orange juice decreased
DNA fragmentation occurred due to Glyphosate
treatment either for 2 or 4 weeks treatment (Table
8).

Analysis of oxidative enzyme malondialdehyde:
The results of biochemical analysis revealed
a signiﬁcant increase in the mean values of
Malondialdehyde (MDA) in Glyphosate treated mice
either for 2 or 4 weeks compared to control.
However, the combination of Glyphosate pesticide
with orange juice signiﬁcantly decreased the mean
values of these parameters either for 2 or 4 weeks of
treatment indicating the protective eﬀects of orange
juice against the toxicity of Glyphosate.

Discussion
The results of the present study reveals that
Glyphosate intake caused signiﬁcant incidence
of DNA damage, chromosomal aberrations and
induction of micronuclei as well as increased the
levels of MDA in a dose- and time-dependent
manner. Various cytogenetic results on commercial
Glyphosate are problematic. They may depend on
purity of the active agent and on the nature of inert
components. Surfactants and other inert compounds
were previously suggested to increase the toxicity of
the herbicide [33]. In a recent study, Caiman latirostris
embryos were exposed at early embryonic stage
to diﬀerent sub lethal concentrations of Roundup
(range from 50–1750 g/egg), and the results from
both the comet assay and the MN test revealed a
concentration dependent eﬀect [3].
Glyphosate reported for positive clastogenic
and genotoxic eﬀects in vitro [34] which are
consistent with our genotoxic results. DNA damage
and chromosomal aberrations (CAs) are considered
to detect early eﬀects of xenobiotic insult and
evaluation of the frequency of CAs is a sensitive
cytogenetic assay for detecting exposure to
mutagens and carcinogens [35]. In the present study,
Glyphosate induced CAs could be attributed to early
changes either an increase in induced DNA lesions or
interference with their repair. Glyphosate has been
reported to cause DNA damage in erythrocytes of
bullfrog tadpoles (R. catesbeiana) [36]. However, few
studies reported that Glyphosate is weak or nonclastogenic in vivo [37].
The MN induction assay was used as an additional
sensitive biological indicator of the damage to
somatic cell genome of subjects exposed to
pesticide mixtures occupationally. It is known that
the appearance of MN is related to the loss
of chromosome fragments due to chromosome
breaks [38]. Our results revealed that there was
elevation in the number of micronuclei in the
Glyphosate exposed animals. Because MN could be
the consequence of the mitotic spindle malfunction,
it is possible that the Glyphosate could also express
an aneugenic mode of action as inhibiting cell division
and mitotic spindle apparatus.
The molecular mechanisms responsible for the
genotoxicity of Glyphosate are not clariﬁed yet.
However, the CAs and the micronucleus formation
observed in animals clearly indicate that these
compounds interact with chromatin DNA and induce
damage there. Such interactions/DNA damage may
be caused by an increased incidence of alkali labile
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sites in DNA as observed in kidney and liver with
Glyphosate treatment in CD-1 mice [39]. Alkali labile
sites are generally produced at basic sites in DNA and
may be revealed under conditions that denature DNA
secondary structure.
On the other hand, the combination of orange
juice with Glyphosate reduced that elevation in
these parameters and that coincide with the ﬁndings
of Cavuşoğlu et al [16]. The protective eﬀect of
orange juice could be attributed to its antioxidant
properties.
There are many studies evaluating the antioxidant
potential oforange juice, mostly in vitro. All in
vitro studies have shown thatorange juice has
considerable antioxidant potential. The high content
of ﬂavonones is linked to orange juice’s antioxidant
potential. Juices rich in ﬂavonones are the secondbest antioxidant, after fruits rich in anthocyanins
(red, purple, or blue fruits) [40,41]. Certain
factors aﬀect in vitro antioxidant potential. High
temperatures during thermal treatment or during
storage (> 20 °C) and long-term storage (> 4 mo)
decrease antioxidant activity due to phytochemical
composition changes [42,43]. Sweetening seems
to lead to the extinction of most antioxidant
activity [19]. To date, it is not clear how much
each orange juice constituent con-tributes to the
overall antioxidant activity. It is possible that some
compound act at short-term losing their antioxidant
capacity (e.g., vitamin C) and other such as phenolics
might retain their antioxidant potential for longer
periods (e.g., phenols are stable for long periods but
change in term of their relative components) [44,45].
Orange juice was more eﬀective as co-treatment
and was most potent inhibitor in relation to other
substances tested [46]. Riso et al. [47] showed
that lymphocytes of individuals supplemented with
blood OJ (600 mL× 21 days) had increased
resistance to H2O2 -mediated DNA damage, as
evaluated by the comet assay. In mice, our data
indicate that orange juice reduced the genotoxicity
induced by Glyphosate, also using the comet
assay. Diﬀerences were observed depending on the
treatment schedule (orange juiceas pre- or posttreatment). Orange juice, reduced the DNA damage.
Guarnieri et al. [48] evaluated the eﬀect of the intake
of a single portion of blood orange juice(300 mL) on
mono nuclear blood cell resistance to H2O2 -induced
DNA damage [48] by the comet assay.

Conclusion
Glyphosate appears to have the ability to cause
genetic damage for both somatic (bone marrow)
and germ (spermatocyte) cells, that may lead
to cancer. This conclusion is supported by the
epidemiological reports of DNA damage in people
exposed to Glyphosate, and cases of lymphocytic
cancer. Furthermore, the possibility of the link
between Glyphosate and the biochemical alterations
[16] support these ﬁndings. As well, Glyphosate was
found to decreased cell viability in a dose dependent
manner [49,50], and altered gene expression in the
cells [51]. Nevertheless, glyphosate’s harmful eﬀects

were counterbalanced in a time-dependent manner
by the protective capacity of orange juice, probably
through its antioxidant properties.
Data showed some diﬀerences in the protective
capacity of the orange juice. Orange juice exhibited
a time-dependent protective eﬀect, with higher
eﬀects in cells chromosomal aberrations as soon as
2 weeks, potentially via its antioxidant properties
(evaluated by the MDA oxidative stress assay).
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