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Abstract

The aim of this study was to determine the physiological and histological changes in the liver and kidneys induced by
glyphosate exposure in male albino rats and the ameliorative effects of broccoli and cauliflower, as well as their role in
stimulating the liver to produce glutathione. The chemical composition of broccoli and cauliflower was determined, and the
results showed the presence of natural antioxidants. Thirty- six animals were used for the study. NC- negative control group
(received distilled water). PC (positive control group) -were used for the LD10, which was evaluated to be 375mg/kg
glyphosate. GBH + GSH group -glyphosate 375 mg/kg and glutathione 50mg/kg b. wt. GBH+ Broccoli group-glyphosate 375
mg/kg and broccoli 5 g/kg b. wt. GBH+ Cauliflower group-glyphosate 3750 mg/kg and cauliflower 5 mg/kg b. wt. GBH+
Broccoli+ Cauliflower group-glyphosate 375 mg/kg, broccoli 2.5 mg/kg b. wt. and cauliflower 2.5 mg/kg b. wt. for eight
weeks. The levels of antioxidant enzymes and glutathione in the liver, kidney, and serum were measured at the end of the
experiment. According to our findings, glutathione peroxidase and glutathione — s transferase were enhanced in positive
groups, whereas reduced glutathione was decreased. In the positive group, liver enzymes were significantly different from
those in the negative control group and kidney enzymes in the positive group were considerably different from those in the
negative groups.But when broccoli and cauliflower were given, this led to a significant improvement in both liver and kidney
functions. Also, oral administration of glutathione has been demonstrated to reduce the toxic effect of glyphosate and improve
liver and kidney function, although glutathione can be synthesized in the liver which resulted in a reduction in the negative
effects of glyphosate. Histological changes in the liver and kidneys were determined which confirmed what the physiological
results showed. In conclusion, Glyphosate exposure was observed to cause toxicity in rats' hepatic and renal functions, which
was exacerbated by broccoli and cauliflower consumption,which in turn stimulates the production of glutathione.
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1. Introduction

Brassica vegetables such asbroccoli
andcauliflower are popular and are among the most
consumed vegetables in the world. Brassicas are
known to possess antioxidant activity, mainly due to
the presence of phenols, flavonoids, and
glucosinolates and have been linked to a variety of
health-promoting properties [1]. Broccoli is a good
source of vitamins, minerals, and flavonoids in the
diet, but its high levels of glucoraphanin have been
related to health benefits like cancer prevention and
increased endogenous antioxidant production [2].
Cauliflower belongs to the most valuable vegetables
because it has high nutritive value, is tasty and is easy

to prepare. Cauliflower is considered as one of the
highest antioxidative activities among plants [2]. In
the form of its inactive precursor, glucoraphanin,
sulforaphane (SFN) is a chemical found in broccoli
and cauliflower (GFN). SFN is formed when
myrosinase enzymatically hydrolyzes glucoraphanin
under certain chemical conditions [3].

Humans, animals, plants, and microorganisms all
have glutathione (GSH). GSH exists in both reduced
and oxidized forms within cells. The majority of
GSH in healthy cells is in the reduced form. GSH can
be produced by almost every cell in the human body
using glutamate, cysteine, and glycine. GSH is a
cofactor or substrate for GSH peroxidase and GSH S-
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transferase  (GST), two key antioxidant and
detoxifying enzymes [4].

Glutathione is formed of glutamic acid, cysteine,
and glycine in cells. Methionine and serine produce
cysteine and glycine, respectively, while -
ketoglutarate, a glucose metabolite, and produces
glutamic acid [5]. Park, et al. discovered an increase
in the protein-bound form of glutathione in human
blood after oral administration, but no change in
glutathione in the deproteinized fraction [6].

Herbicides based on glyphosate are the most
widely used pesticides in the world [7]. Glyphosate
(GBH) residues have been found in foods and
drinking water [8]. Several studies have found that
glyphosate and its commercial formulations have
non-target effects on mammalian metabolism and are
toxic, especially to the structure and function of the
liver and kidneys [9].
In terms of the risks posed to humans, the
International Agency for Research on Cancer (IARC)
of the World Health Organization (WHO) has placed
the glyphosate herbicide into the 2A Group (probably
carcinogenic to humans) and the Food and
Agriculture  Organization (FAO) reported that
glyphosate and its major metabolite,
aminomethylphosphonic acid (AMPA), are of
potential toxicological concern, mainly as a result of
the accumulation of residues in the food chain[10].

The aim of this study was to show that some
foods, such as broccoli and cauliflower, can stimulate
the liver to create glutathione, which is an antioxidant
that protects the body when it is exposed to
hazardous compounds like glyphosate.

2-Materials and Methods
2.1. Materials

Broccoli and cauliflower: Broccoli and cauliflower
were purchased from the local produce market in
Benha, Egypt. A food processor was used to grind the
broccoli and cauliflower after they dried. The powder
was then filtered through a mesh and stored at 20 °C
for future analyses [11].

Central Pesticide Laboratory (CPL), Agricultural
Research Center (ARC), Giza, Egypt provided
glyphosate (WSC Monsanto Co.). Biodiagnostic Co.,
Giza, Egypt, provided the diagnostic kits used in this
investigation.

2.2.Methods

Moisture, crude protein, crude fibers, fats and total
carbohydrates of Broccoli and cauliflower were
determined using A.O.A.C.'s procedures [12].

2.2.1. HPLC Determination of total Flavonoids
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content and total Phenolic content:

Total phenolic content was estimated by the
Folin—Ciocalteu colorimetric method based on the
procedure previously described by Singleton and
Rossi using gallic acid as a standard phenolic
compound [13]. The vegetable extracts obtained for
total phenol analysis were also used for total
flavonoid analysis using a colorimetric method
described by Zhishen et al [14].The high performance
chromatography system (Agilant Germany) 1200
equipped with a variable wave length detector.
Additionally, the HPLC was equipped with an auto
sampler, a degasser for the quaternary pump, and a
column compartment. The experiments were
conducted on a C 18 reverse phase (BDS 5 pu m,
Labio, Czech Republic) packed stainless steel column
(4x250mm, id).

2.2.2. Biological experiment

Animals and treatments:In the current experiment,
36 male albino rats weighing 100- 120 g were used.
The animals are housed in the animal house of the
Food Technology Research Institute., Agric. Res.
Center, Giza, Egypt,under normal healthy conditions.
For 56 days, the animals had free access to tap water
and were fed a baseline diet. The rats were
randomized into six groups (n = 6) at random as
follows:

Negative control group (NC) rats were given
distilled water every day. Positive control group
(PC)Glyphosate was given orally to rats at a dose of
375 mg/kg body weight [15]. Glyphosate and
glutathione group (GBH +GSH), rats were
administered glyphosate orally at 375 mg/kg body
weight (10% LDS50) +glutathione at a dose of
50 mg/kg body weight [16]. glyphosate andbroccoli
group (GBH+Broccoli), Glyphosate was given to rats
at a dose of 375g/kg body weight (10% LDS50) in
combination with broccoli at a dose of 5g/kg body
weight. Glyphosate andcauliflower group
(GBH+Cauliflower), Glyphosate at a dose of 375
mg/kg body weight (10 percent LD50) was
administered to rats, along with cauliflower at a dose
of 5 g/kg body weight. Glyphosate, broccoli
andcauliflower group (GBH+Broccoli+Culiflower),
Glyphosate at 375 mg/kg body weight (10 percent
LD50) was given to rats, along with broccoli extracts
at 2.5 g/kg body weight and cauliflower extract at 2.5
g/kg body weight.

The animals were housed in a controlled
environment with a 12-hour light-dark cycle. The
rat's body weight was measured at the start of the
experiment and at 1-week intervals for 12 weeks
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2.2.3. Blood sampling

According to Van-Herck, blood samples were
taken through retro-orbital puncture at the end of the
experiment to get hemolysis-free clear serum [17].
The serum was extracted from the blood samples
after centrifugation at 1500rpm for 10 minutes. It was
then stored in clean eppendorf tubes until analysis.

2.2.4. Preparation of tissue homogenate

A portion of liver and kidney were taken fresh
from each animal at the end of the 8 weeks and stored
on ice. Using an electrical tissue homogenizer (Orto-
Alresa, Spain), homogenates of the tissues were
prepared in 1.0 ml of phosphate buffer per 100 mg of
tissue. The samples were spun at maximum speed at
4°C for the biochemical examination, and the
supernatant was used.

2.2.5. Determination of superoxide dismutase
(SOD)

Superoxide dismutase activity was measured
spectrophotometrically by blocking epinephrine
autoxidation, as explained byMisra and Fridovish
[18].

2.2.6. Determination of catalase

Go6th method for measuring catalase (CAT) was
used by using commercial kit from Biodiagnostic,
Cairo, Egypt [19].

2.2.7. Determination of malondialdehyde

To analyze malondialdehyde in the liver, kidney
and serum samples were measured according to
Kartavenka, [20].

2.2.8. Glutathione peroxidase

According to Flohe and Gunzler, (GPx) was
measured in serum, liver, and kidney [20].

2.2.9. Determination (GSH)
concentration

The total glutathione content was determined
using the glutathione reduced colorimetric method
developed byBeutler et al.by using commercial kit
from Biodiagnostic (Cairo, Egypt) [22].

Total GST activity was measured
spectrophotometrically using substrates of 1 mM 1-
chloro-2, 4-dinitrobenzene (CDNB) and 1 mM
glutathione [23].

of glutathione

2.2.10. Liver enzyme

The modified kinetic technique of Wilson and
Islam was used to measure serum alanine
aminotransferase (ALT) activity [24]. The modified
kinetic technique of Schumann and Klauke was used
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to quantify serum aspartate aminotransferase (AST)
activity [25]. The method of Tietz and Shuey was
used to measure serum alkaline phosphatase (ALP)
[26]. According toKeyser, the concentration of serum
albumin was measured [27]. According to Westwood,
the concentration of serum bilirubin was calculated
[28]. The kits for ALT, AST, and ALP were
products of Randox Laboratories Limited (Crumlin,
United Kingdom).

2.2.11. Renal Functions

Commercial kits were used to determine these
functionalities (Biomed. Company, Germany). Urea
was measured using the method provided by Chaney
and Marbach [29], uric acid was measured using the
method published by Trinder[30], and creatinine was
measured using the method described by Jaffé [31].
The serum acid phosphatase was measured using the
method of Fabiny-Byrd andErtingshausen [32].

2.2.12. Histopathologicalanalysis

Small pieces of fresh hepatic and renal tissues
were fixed in formalin 10% immediately after
removing from the abdominal cavity. After 24 h,
tissue specimens were washed, dehydrated with
ethanol and embedded in paraffin wax. Paraffin
blocks were cross-sectioned using a rotary
microtome,Germany. Cross sections were rehydrated
in distilled water, stained with hematoxylin and eosin
(H&Ex400), and then examined by light microscopy
andphotographed.

2.2.13. Statistical analysis

Data generated were expressed as mean + SD.
Statistical significance of difference was determined
using the program SPSS 25 by performing one-way
ANOVA with post-hoc comparisons between the
control group and each of the treated groups by
Ducan’s multiple comparison test. A p-value less
than 0.05 was considered statistical significant.

3. Results and discussion

Our results showed the chemical composition of
broccoli and cauliflower (table 1). There was a
difference in the chemical composition of broccoli
and cauliflower, crude fibers in broccoli was
2.36+0.33 and cauliflower was 2.29+0.93. Total
carbohydrates in broccoli (20.82+1.97) significantly
increased than total carbohydrates in cauliflower
(13.15+1.16).HPLC analysis of broccoli and
cauliflower indicate that plenolic content was
17.1442.07 while Total Flavonoid Content was
5.02+1.03 in broccoli but in cauliflower, total
Phenolic Content was 17.23+1.26 and Total
Flavonoid Content was 0.95+0.03 and this in
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agreement with Bhandariand
Kwak,[33].Consumption of polyphenol-rich diet
protects lymphocytic deoxyribonucleic acid (DNA)
from oxidative damage and work as antioxidants. A

beverages rich in polyphenols [34]. Polyphenols not
only protect the cell and cellular components from
oxidative damage but also reduce the risk of
oxidative stress linked to different degenerative

similar protective effect was evident for the diseases [35].

Table (1)

Chemical composition of broccoli and cauliflower

Broccoli Cauliflower

Moisture (g/100 g ) 72.77+4.64° 78.34+2.10°
crude protein (/100 g ) 2.24+0.52° 2.68+0.65"
crude fibers (/100 g ) 2.36+0.33" .29+0.93%2
Fat (g/100 g) 0.35+0.03" 0.43+0.01*
Total carbohydrate (g/100 g ) 20.82+1.97° 13.15+1.16°
Total Phenolic Content (mg GAE/g DW) 17.14+2.07° 17.23+1.26°
Total Flavonoid Content (mg CE/g DW) 5.02+1.03° 0.95+0.03°

All values are expressed as mean +SD. Values given represent means of three determinations.GAE, gallic acid equivalent; CE, catechin acid

equivalent

Effect of the treatments on body and organs
weight

After glyphosate administration, there was a
significant difference in rat body weight between the
control group and the 375 mg/kg GLP group (p 0.05).
In the glutathione therapy group, body weight
increase was likewise significantly lower than in the
control group (p 0.05). Significant difference was
also observed in the average daily gain and average
daily feed intake in positive control group compared
with the control group (p < 0.05). Glyphosate

those who were given the glyphosate [36].

The absolute and relative organ weights for the
liver and kidney were significantly lower (p 0.05) in
the 375 mg/kg GLP group, showing that GLP toxicity
is predominantly directed at growth and
development. Through this study, the significant
effect of glyphosate on body weight or organs weight
were shown, as body weight decreased, while liver
and kidneys weight increased in rats treated with
glyphosate, and body weight loss in mice may be
due to a weakening of appetite in these rats, or may

toxicity of rats did not result in mortality throughout be attributed to its corrosive action on the
the treatment period, but Weight loss was observed in digestive system[37, 38].
Table (2)
Effect of the treatments on body and organ weight
NC PC GBH + GBH+ Broccoli GBH+ GBH+ Broccoli
GSH Cauliflower +Cauliflower
Initial body weight(g) 102.34 105.65 103.15 105.83 105.47 104.34
+10.22° +11.58° +10.23° +12.10° +9.93° +10.35°
Final body weight(g) 280.80 212.54 255.22 242.03 238.59 240.47
+18.45¢ +15.21° +17.80° +16.65™ +16.11° +19.09™
Average daily gain (g) 3.18 1.90 2.71 243 2.37 243
+0.86" +0.12° +0.57¢ +0.60° +0.62° +0.44°
daily feed intake (g) 19.86 14.35 17.09 16.36 16.22 17.91
+2.36d +1.80a +1.95¢ +1.99° +2.13° +2.08°
Liver weight (g) 12.33 13.58 12.48 12.70 12.23 12.99
+1.31° +1.02° +0.93% +0.86™ +1.04° +1.29%
Relative liver weight (%) 4.40 6.38 4.88 5.24 5.13 5.40
+0.92° +0.67° +1.02° +1.19™ +0.79" +0.39"
Kidney weight (g) 4.22 5.78 4.69 £0.93° 4.15 5.05 4.87
+1.36% +1.94¢ +1.02° +1.14™ +1.11°
Relative Kidney weight 1.50 +0.09° 2.71 1.83 1.71 2.12 2.02
(%) +0.51°¢ #0.15% +0.61a +0.08" +0.61°

Each value is the mean of n=6 animals + standard deviation.

‘When comparing treatments at P 0.05, lowercase letters indicate significant differences

NC-Negative control group.PC-Positive control group.GBH + GSH - 375mg/kg b. wt. Glyphosate +50 mg/kg b. wt.Glutathione. GBH+
Broccoli - 375mg/kg glyphosate +broccoli Sg/kg b. wt. GBH+ Cauliflower - 375mg/kg glyphosate +cauliflowerSg/kg b. wt. GBH+ Broccoli
+Cauliflower - 375mg/kg glyphosate +Broccoli 2.5g/kg b. wt. + Cauliflower 2.5g/kg b. wt.

Effects of the treatments on activities of glutathione peroxidase (GPx), glutathione reductase (GR), and

glutathione-S-transferase (GST)
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Table (3) shows a significant increase in the
concentration of the enzyme glutathione peroxidase
(GPX) in the serum of the positive control group
(125.42+11.73) compared to the negative control
group (98.05 £9.34), but gradual improvement in the
concentration of the (GPX) was observed with the
addition of broccoli, cauliflower, and glutathione, but
it did not reach the level of the negative control
group. The activity of glutathione peroxidase in the
liver and kidney did not differ significantly between
the negative control group and the groups treated
with broccoli, cauliflower, and glutathione.

Although there were significant differences
between the negative control group and positive
control groups in (GSH) level in liver and kidney
tissue, the decrease in the concentration of reduced
glutathione (GSH) in serum was significant in the
positive control group (20.47+3.10) compared to the

negative control group (35.19+£5.27). However,
improvement in groups treated with broccoli,
cauliflower, and glutathione compared to the positive
control group, and although there were significant
differences between the negative control group and
positive control groups in (GSH)

El-Shenawy studied examined how glyphosate,
alone or in combination with the herbicide Roundup,
affected the levels of hepatic reduced glutathione
(GSH) and lipid peroxidation in rats as indicators of
antioxidant status and oxidative stress. Table 3
reveals that the amount of glutathione S-transferase
enzyme (GST) in all treatment groups treated with
broccoli, cauliflower, and glutathione was nearly
similar, despite being much lower than the positive
control group. The findings of this study indicated
that glyphosate causes oxidative damage [39, 40].

Table (3)
Effects of the treatments on activities of glutathione peroxidase (GPx), glutathione reductase (GR), and glutathione-S-transferase (GST)
NC PC GBH + GSH GBH+ GBH+ GBH+
Broccoli Cauliflower Broccoli+
Cauliflower
SERUM
GPxpmol/mL 117.43 380.35 144.82 208.22 227.19 £15.61° 204.52 £14.97°
*12.23° +18.63¢ *11.34 *15.11°
GSH mg/dl 35.19 20.47 £3.10° 25.10 +4.14° 23.16 28.58 30.82
+5.27¢ +4.82% +5.70° +3.73
GST pmol/min/ml 1.41 0.95 +0.17* 1.12 +0.62° 1.19 +0.55% 1.04 1.23
+0.92¢ +0.93" +0.72°
LIVER
GPxpmol/mL 275.78 £15.92% 370.19 339.21 320.55 283.14 +15.10° | 289.47 +12.33°
+22.61° +20.12¢ +18.36°
GSH mg/dl 40.23d 22.47 £2.11° 35.01 +4.39¢ 34.11 £3.29¢ 26.92 £2.96" 32.71 £4.20b°
+5.82
GST pmol/min/ml 8.34 22.46 +4.25° 10.43 £1.93® | 17.26 +2.74° 18.35 £2.77° 9.13
+1.64° +1.92°
KIDNEY
GPxpmol/mL 98.05 125.42 102.93 112.28 108.30 £9.39° 102.58 +8.19®
£9.34* +11.73° +9.20% +10.46°
GSH mg/dl 843 5.33 £1.04* 6.14 +1.96° 6.89 +0.99° 6.17 7.03
*1.57° *1.39° +1.45¢
GST pmol/min/ml 0.95 3.35 £1.55° 1.43 £0.95® 2.94 +0.729 233 1.73
+0.06" +0.93¢ +0.89°

Each value is the mean of n=6 animals + standard deviation.

When comparing treatments at P 0.05, lowercase letters indicate significant differences

NC-Negative control group.PC-Positive control group.GBH + GSH - 375mg/kg b. wt. Glyphosate +50 mg/kg b. wt.Glutathione. GBH+
Broccoli - 375mg/kg glyphosate +broccoli Sg/kg b. wt. GBH+ Cauliflower - 375mg/kg glyphosate +cauliflower5g/kg b. wt. GBH+
Broccoli +Cauliflower - 375mg/kg glyphosate +Broccoli 2.5g/kg b. wt. + Cauliflower 2.5g/kg b. wt.

Effect of the treatments on the antioxidant

enzymes in serum, liver and kidney tissue

Table 4 shows that, the concentration of the enzyme
super oxide dismutase in the positive control group
decreased to (39.074£5.31) when compared to the
negative control group of liver tissue. SOD was also
decreased in the positive control group kidney tissues
(78.1247.02), which showed a significant difference
when compared to the control group. When compared

Egypt. J. Chem. 66, No. 7 (2023)

to the negative control group, the groups that dealt
with broccoli, cauliflower, and glutathione showed
progressive improvemen.

The enzyme catalase (CAT) concentration in the
serum, liver, and kidney tissue (42.02+6.27,
16.23+£3.44 and 75.22+8.25 respectively)
significantly decreased in the positive control group
compared to the negative control group (30.22+5.65,
12.47 +£2.58 and 120.73 £12.36 respectively) but not
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in all of the treatment groups treated with broccoli,
cauliflower, and glutathione compared to the negative
control  group, as shown in table (4).
Malondialdehyde (MDA) levels in serum, liver, and
kidney tissue were significantly greater in the
positive control group than in the negative control
group. Also in table (4) showed the broccoli,
cauliflower and glutathione consumption was
associated with decreasing in malondialdehyde
(MDA) in the treated groups compared with positive
control group [36-41]. Treatment with broccoli

extracts and SF increased activities of CAT and the
MDA content in cells was gradually decreased with
the increase of broccoli extracts, indicating that
broccoli extracts could inhibit lipid peroxidation and
improve antioxidant capacity [42]. Increased lipid
peroxidation, which was triggered by excessive
generation of ROS, was thought to be the cause of the
elevated MDA levels. The lowered antioxidant
enzyme activity in rats exposed to organophosphorus
pesticides could be attributable to ROS's (reactive
oxygen species) direct negative effects [43].

Table (4)
Effect of the treatments on the antioxidant enzymes in serum, liver and kidney tissue
NC PC GBH + GSH GBH+ GBH+ GBH+
Broccoli Cauliflower Broccoli+
Cauliflower
SERUM
SOD(U/ml) 12.63 10.86 11.21 10.53 10.96 11.81
+2.19°¢ +1.83° +2.52° +1.37° +1.03° +2.93°
CAT(U/ml) 30.22 42.02 3521 32.06 30.49 31.34
+5.65° +6.27° +4.22¢ +3.72° +3.92° +4.29°
MDA (nmol/ml) 20.73 25.30 22.48 23.21 21.38 20.95
+3.82° +4.11¢ +3.98° +3.15> +2.99% +3.05°
LIVER
SOD(U/mg protein) 50.34 39.07 47.34 48.56 44.27 47.12
+8.40¢ +5.31° +6.46° +6.90° +5.38° +6.18°
CAT(U/mg protein ) 12.47 16.23 14.38 13.08 13.59 12.62
+2.58a +3.44c¢ +2.04bc +2.57b +3.04b +1.94a
MDA (nmol/mg 2.01 3.93 2.52 2.99 2.49 2.12
protein) +1.05° +1.09¢ +0.93b¢ +0.79¢ +0.72° +0.87%
KIDNEY

SOD(U/mg protein) 95.47 78.12 82.19 84.62 84.17 90.93
+10.72¢ +7.02° +7.95° +8.38¢ +6.30¢ +8.31%¢

CAT(U/mg protein) 120.73 75.22 90.24 87.48 89.15 79.13
+12.36¢ +8.25° +9.51° +9.12° +8.22° +6.71°

MDA (nmol/g 345 5.82 4.03 3.20 3.88 3.51
protein) +0.94" +1.03¢ +1.07° +0.98" +0.72° +0.69°

Each value is the mean of n=6 animals + standard deviation.

When comparing treatments at P 0.05, lowercase letters indicate significant differences

NC-Negative control group.PC-Positive control group.GBH + GSH - 375mg/kg b. wt. Glyphosate +50 mg/kg b. wt.Glutathione. GBH+
Broccoli - 375mg/kg glyphosate +broccoli 5g/kg b. wt. GBH+ Cauliflower - 375mg/kg glyphosate +cauliflower5g/kg b. wt. GBH+
Broccoli +Cauliflower - 375mg/kg glyphosate +Broccoli 2.5g/kg b. wt. + Cauliflower 2.5g/kg b. wt.

Effect of the treatments on Liver function
Examination of the data from table (5) showed
that AST activity in positive control group (76.01)
was significantly higher compared with negative
control group (46.79). However, as can be seen from
table (5) there was an increasing trend in AST
activity in GBH + GSH group, GBH+ Broccoli
group, GBH+ Cauliflower and GBH+ Broccoli +
Cauliflower group compared with control group.

The PC and GBH+ Broccoli groups had
significantly increased ALT activity than the control
group (p 0.05). There was a significant increase in
ALT activity in the GBH+ Cauliflower group (62.51)
compared to the control group (34.27), but no
significant increase in ALT activity in the GBH +
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GSH group (42.19), GBH+ Broccoli+ Cauliflower
group (39.10) groups (Figure 1). As compared with
the control group, the PC (184.83) group had a
significant (p 0.05) increase in ALP activity. In
comparison with the control group (77.92), ALP
activity increased in the GBH + GSH (115.35),
GBH+ Broccoli (125.62), GBH+ Cauliflower
(117.33), and GBH+ Broccoli+ Cauliflower (89.27)
groups table (5).

. Following oral exposure of rats to the herbicide
glyphosate, we observed significant increases in
blood parameters associated with liver damage (AST,
ALT, ALP), which agrees with previous findings [41,
44]. The hepatotoxicity of glyphosate is linked to cell
membrane destruction, which causes intracellular
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enzymes (ALT, AST) to seeps into the bloodstream
[45]. Other investigations found that glyphosate
increased the rate of  production of
apurinic/apyrimidinic DNA sites in the liver, causing
oxidative DNA damage. This could be linked to a
change in the expression of genes involved in the
induction/repair of DNA damage. Genes whose
expression is consistently affected by both glyphosate
and Roundup MON 52276 could be used as a
biomarker for early carcinogenesis events [39].

Glyphosate is an organophosphate herbicide that has
been demonstrated to cause oxidative stress and/or
inhibit antioxidant defense mechanisms in some

studies. Increased hepatic TBARS (thiobarbituric
acid reactive substance) was discovered when
pregnant rats and their offspring were administered a
glyphosate formulation in their drinking water during
the gestational period [46]. Glyphosate was also
administered intraperitoneally to rats at doses of 270
and 135 mg/kg every two days for one or two weeks,
which increased serum hepatic enzyme activity,
increased lipid peroxidation, and depleted GSH in the
liver [39]. Statistically, the levels of AST and ALT
enzymes showed an increase in the serum of treated
groups compared to those of controls in the present
study after days of exposure to glyphosate [47].

Table (5)
Effect of the treatments on liver function (AST, ALT, ALP, Albumin, and bilirubin
NC PC GBH + GSH GBH+ GBH+ GBH+
Broccoli Cauliflower Broccoli+
Cauliflower
AST(IU/ml) 46.79 76.01 55.74 65.03 52.34 51.81 £9.57b
+6.84a +12.96d +9.07b +10.92¢ +9.34b
ALTIU/ml) 34.27 70.26 42.19 49.96 62.51 39.10 +6.24a
+6.23a +11.03d +8.36ab +7.05b +9.65¢
ALP(IU/ml) 77.92 184.83 115.35 125.62 117.33 89.27 +8.66a
+10.58a +18.93d +16.92b +15.37¢ +15.34b
Albumin (mg/dl) 6.34 £2.86a | 20.23 +5.38¢c 12.67 13.18 +3.82b 13.75 +4.62b 8.33 +2.02a
+3.18b
Bilirubin(mg/L) 0.23 £0.07a | 0.45+0.04d 0.28 +0.06a 0.30 +0.09b 0.35 +0.02¢ 0.29 +0.07ab

Each value is the mean of n=6 animals + standard deviation.
When comparing treatments at P 0.05, lowercase letters indicate significant differences

NC-Negative control group.PC-Positive control group.GBH + GSH - 375mg/kg b. wt. Glyphosate +50 mg/kg
b. wt.Glutathione. GBH+ Broccoli - 375mg/kg glyphosate +broccoli 5g/kg b. wt. GBH+ Cauliflower —
375mg/kg glyphosate +cauliflower5g/kg b. wt. GBH+ Broccoli +Cauliflower - 375mg/kg glyphosate

+Broccoli 2.5g/kg b. wt. + Cauliflower 2.5g/kg b. wt.

Effect of the treatments on kidney function
Glyphosate at dose (375mg/kg) induced renal
damage as reflected by significantly (p < 0.05)
elevated serum urea, uric acidand creatinine (54.58
+8.35, 1.24  +0.64 and 2.04  £1.05respectively)
when compared to control group (26.72 +5.86, 0.55
+0.08and 0.65 +0.14respectively) for 56 days. On the
other hand, insignificant differences with recorded in
glutathione group when compared to control groups.
Rats treated with glyphosate + broccoli, glyphosate
+cauliflower and glyphosate + broccoli + cauliflower
observed a significant decrease (p < 0.05) when
compared with positive control group. Data in table
(6) also, recorded that a significant increase (p <
0.05) in serum acid phosphatase level in rats treated
with glyphosate when compared with control groups
for 56 days. On contrast insignificant differences was
recorded in glutathione group when compared to
control groups. Rats treated with glyphosate +
broccoli, glyphosate +cauliflower and glyphosate +
broccoli + cauliflower observed a significant decrease
(p < 0.05) when compared with positive groups for
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56 days.

Renal damage resulting from chronic glyphosate
toxicity caused reduction of glomerular filtration as
shown by elevated serum creatinine, urea and uric
acid concentrations. After glyphosate administration,
serum creatinine and urea were increased as
previously reported following 12 weeks of exposure
in rats [48].

Serum creatinine level was reported as the better
biomarker of nephrotoxicity following glyphosate
exposure [49].

It was also observed that in the glyphosate rats,
uric acid concentration was significantly increased
compared to control values. This increase was higher
when the glyphosate applied alone but when applied
with glutathione, broccoli or cauliflower, uric acid
back to the normal value. It is known that uric acid is
a valuable index of renal function in rats [50].
Therefore, the increase in uric acid level observed in
the glyphosate animals study might indicate the
possibility of a more severe effect on renal function.

Hepatorenal  protection by  broccoli and
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cauliflower was attributed to 1its antioxidant
properties which might have promoted the integrity
of cell membranes and reduced the impact of
oxidative stress and this is considered to be the
principal factor promoting toxic injury following
glyphosate exposure.
In recent study, among a group of farmers who used
the pesticide glyphosate, a high index of kidney
disease was found, through a high percentage of
creatinine and urea [50].While another study
examined the effect of glyphosate on kidney function
in children at different ages and concluded that there
was no evidence of a link between kidney disease and
a high level of glyphosate in the urine of children

[52]. To combat oxidative stress and prevent
Table (6)

pathophysiologic alterations in the redox state,
organisms have developed a number of antioxidant
defenses. Antioxidants inhibit the formation of free
radicals or mitigate their damaging effects by acting
as an alternative substrate for oxidation, thereby
preventing an oxidation reaction which would lead to
the formation of free radicals, directly scavenging
free radicals, or by up regulating antioxidant defenses
or decreasing free radical generation, indirectly
preventing the formation of oxidant chemicals. These
antioxidants can be enzymatic or non-enzymatic, and
they can be endogenous or exogenous from food
sources. Superoxide dismutase (SOD) and catalase
are examples of enzyme antioxidants that are both
primary and constitutively active [53].

Treatment effects on kidney function (urea, uric acid, creatinine, and acid phosphatise

NC PC GBH + GSH GBH+ GBH+ GBH+
Broccoli Cauliflower Broccoli+
Cauliflower
Urea mg/dl)( 26.72 54.58 +8.35d 39.32 +8.10b | 42.37 £9.57¢ 35.12 + 29.92 +4.92a
+5.86a 6.83b
Uric acid(mg/dl) 0.55 1.24 +0.64d 0.96 +0.72b 1.02 +0.26¢ 0.98 +0.37c 0.89 +0.98b
+0.08a
Creatinine (mg/dl) 0.65 2.04 +1.05d 0.77 +0.83a | 0.93 =+0.76¢ 0.97 £0.99¢ 0.85 +0.49b
+0.14a
Acid phosphatase(u/l) 343 12.82 +2.54d 720 @ £2. 531 +1.83b 5.11 +1.68b 492 +1.03a
+1.23a 95¢

Each value is the mean of n=6 animals + standard deviation.

When comparing treatments at P 0.05, lowercase letters indicate significant differences

NC-Negative control group.PC-Positive control group.GBH + GSH - 375mg/kg b. wt. Glyphosate +50 mg/kg b. wt.Glutathione. GBH+
Broccoli - 375mg/kg glyphosate +broccoli Sg/kg b. wt. GBH+ Cauliflower - 375mg/kg glyphosate +cauliflowerSg/kg b. wt. GBH+ Broccoli
+Cauliflower - 375mg/kg glyphosate +Broccoli 2.5g/kg b. wt. + Cauliflower 2.5g/kg b. wt.

Fig (1, 2) Treatment effects on histopathology of
the liver and kidneys

All treated and control animals were subjected to a
histopathological evaluation of the liver and kidneys
(Figure land 2). No histopathological changes were
detected in the liver of control animals (fig.1A). In
the present study, many cellular changes on
thehepatic tissue of all treated groups compared to
control. But in processing groups,the intake of the
glutathione, broccoli and/or cauliflower reduced the
negative effects of the pesticide as shown in fig. (1).
The hepatotoxicity of glyphosate is associated with
cell membrane damage, resulting in leakage of
intracellular enzymes (ALT, AST) into the
circulation [44]. Hepatic inflammation characterized
by increasing numbers of mononuclear cells and
proliferation of collagen fibers in the liver may be
responsible for the increased serum ALP activity, in
line with this, hepatic enzyme secretion is elevated
following cholestasis in the presence of glyphosate-
induced steatohepatitis. Damage to the liver was
expected to affect the functional capacity of the liver
to synthesize proteins, thereby influencing serum
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albumin level [44].

As shown in fig. (2) no visible changes in glomerular
structure were observed in control group however, a
slight dilation of renal tubules was observed
throughout the kidney regions of glyphosate versus
control animals (Fig. 2). In addition glyphosate fed
rats exhibited a significant tubular hypertrophy and
cell proliferation, which is evident mainly in the inner
medulla, as indicated by the increased number of
nuclei in the tubular epithelial cells, as compared
with control animals (Fig. 2).Renal damage resulting
from glyphosate toxicity caused reduction of
glomerular filtration as shown by elevated serum
creatinine concentrations, without any effect on
serum urea concentrations. Elevations of both serum
creatinine and urea concentrations in subchronic
glyphosate  toxicity was previously reported
following 12 weeks of exposure in rats [48]. Serum
creatinine level was reported as the better biomarker
of nephrotoxicity following glyphosate exposure and
its association with renal damage.Glyphosate does
not only affect humans, but also affects many other
organisms, as a previous study conducted on fish
kidney, it was revealed that glyphosate changes the
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Bowman's space and leads to the accumulation of revealed that at higher doses, glyphosate leads to
transparent droplets and pyknotic bodies in the cellular accumulation, lympho-cytic infiltration
epithelial cells of the proximal and distal necrosis, bleeding and deformation of the kidney
convoluted tubules[54] . In another study, it was cells in different parts of the renal tissue [55].
Fig. (1) Treatment effects on histopathology of the liver

A B C

Histopathological changes in the livers of male rats through Hematoxylin and eosin staining (H&E x 400).
A-Negative control group.B-Positive control group. C - 375mg/kg b. wt. Glyphosate +50 mg/kg b. wt. glutathione D - 375mg/kg glyphosate
+broccoli 5g/kg b. wt. E - 375mg/kg glyphosate +cauliflowerSg/kg b. wt. F - 375mg/kg glyphosate +Broccoli 2.5g/kg b. wt. + Cauliflower
2.5g/kg b. wt.

Fig. (2) Treatment effects on histopathology of the kidney

Histopathological changes in the kidneys of male rats through Hematoxylin and eosin staining (H&E x 400).
A- Negative control group. B-Positive control group. C - 375mg/kg b. wt. Glyphosate +50 mg/kg b. wt. glutathione D - 375mg/kg glyphosate
+broccoli 5g/kg b. wt. E - 375mg/kg glyphosate +cauliflower 5g/kg b. wt. F - 375mg/kg glyphosate +Broccoli 2.5g/kg b. wt. + Cauliflower
2.5g/kg b. wt.
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4. Conclusion

Antioxidants help fight free radicals and protect the
body from its harmful effects. Glutathione is a
verypowerful antioxidant, although glutathione is
naturally produced in the liver, the body’s daily
exposure to toxins through eating foods contaminated
with pesticides (glyphosate) affects the liver
functions and thus affects the production of
glutathione. Therefore, eating cauliflower and
broccoli improves liver functions and increases its
ability to produce glutathione almost completely
similar to taking glutathione orallyand these effects
might have been derived from the antioxidant
properties of broccoli and cauliflower.

5. Conflicts of interest
There is no conflict of interest between authors.

5. References

1-Fahey J. W., Zalcmann A. T. and Talalay P., The
chemical diversity and distribution of
glucosinolates and  isothiocyanates among
plants.Phytochemistry,2001, 56(1), 5-51.

2. Jeffery, E.H. and Araya M. Physiological effects of
broccoli consumption. Phytochem.Rev.,2009,
8:283-298.

3. Gonzilez, F., Quintero, J., Del Rio, R. and Mahn,
A. Optimization of an Extraction Process to
Obtain a Food-Grade Sulforaphane-Rich Extract
from Broccoli (Brassica oleracea var. italica).
Molecules (Basel, Switzerland),2021, 26(13),
4042.https://doi.org/10.3390/molecules26134042.

4.Balifio, P., Romero-Cano, R., and Muriach, M.
Biochemical and Behavioral Consequences of
Ethanol Intake in a Mouse Model of Metabolic
Syndrome. International journal of molecular
sciences,2021, 22(2),
807.https://doi.org/10.3390/ijms22020807.

5. Lu, S. C. Glutathione synthesis.
Biochimicaetbiophysicaacta,2013, 1830(5),
3143-3153.

6. Park, E.Y., Shimura, N., Konishi, T.,Sauchi, Y.,
Wada, S.,Aoi, W, Nakamura, Y. and Sato, K.,
Increase in the protein-bound form of glutathione
in human blood after the oral administration of
glutathione. J Agric Food Chem.,2014, 62:6183—
61809.

7. Benbrook, C. M. Trends in glyphosate herbicide
use in the United States and globally. Environ.
Sci. Eur.,2016, 28(1), 3.
https://doi.org/10.1186/s12302-016-0070-0.

8. Bohn, T., Cuhra, M., Traavik, T., Sanden, M.,
Fagan, J. and Primicerio, R. Compositional
differences in soybeans on the market: glyphosate

Egypt. J. Chem.66, No. 7 (2023)

accumulates in Roundup Ready GM soybeans.
Food Chem.,2014, 15(153): 207-215.

9. Mesnage, R., Defarge, N., Spiroux, de Vendomois,
J. and Séralini, G.E. Potential toxic effects of
glyphosate and its commercial formulations
below regulatory limits. Food
ChemToxicol.,2015, 84:133-53.

10. Bai, S.H., andOgbourne, S.M. Glyphosate:
environmental contamination, toxicity and
potential risks to human health via food
contamination. Environ SciPollut Res Int.,2016,
23(19):18988-19001.

11. Ke, Y. Y, Shyu, Y. T., and Wu, S. J,
Evaluating the  Anti-Inflammatory and
Antioxidant Effects of Broccoli Treated with
High Hydrostatic Pressure in Cell Models. Foods
(Basel, Switzerland),2021, 10(1),
167.https://doi.org/10.3390/foods10010167.

12. A.O. A. C. Official Methods of Analysis of
AOAC International, 18th ed. 2nd Revision.
AOAC International, Maryland, USA. (2005).

13. Singleton, V.L. and Rossi, J.A., Colorimetric of
total phenols with phosphomolybdic-
phosphotungstic acid reagents. Am. J. Enol.
Vitic.,1965, 16:144-158.

14. Zhishen, J., Mengcheng, T. and Jianming, W.,
The determination of flavonoid contents in
mulberry and their scavenging effects on
superoxide radicals. Food Chem.,1999, 64:555—
559.

15. Tizhe, E.V., Ibrahim, N.D.G., Fatihu, M.Y.,
Igbokwe, I. Q., George, B.D., Ambalil, S.F., and
Shallangwaa, J. M., Haematological changes
induced by subchronic glyphosate exposure:
ameliorative effect of zinc in Wistar rats. Sok.
J.Vet. Sc., 2013, 11: 28-35.

16. Yamada, H., Ono, S., Wada, S., Aoi, W., Park, E.
and Nakamura, Y., Statuses of food-derived
glutathione in intestine, blood, and liver of rat.
npj Science of Food.2018, 10.1038/s41538-018-
0011-y.

17. Van-Herck, H., Baumans, V. Brandt, C.J., Hesp,
A.P., Sturkenboom, J.H., Van Lith, H.A., Van
Tintelen, G. and Beynen, A.C., Orbital sinus
blood sampling in rats as performed by different
animal technicians: the influence of technique
and expertise. Lab. Anim., 1998, 32:377-386.

18. Misra, H.P. and Fridovish, 1., The role of
superoxide anion in the auto-oxidation of
epinephrine and a simple assay for SOD. J. Biol.
Chem., 1972, 247:3170-3175.

19. Géth, L., A simple method for determination of
serum catalase activity and revision of reference



EFFECT OF SOME FOODS ON GLUTATHIONE SYNTHESIS TO REDUCE HEPATIC.. 507

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

32.

33.

range. Clinicachimicaacta; international journal
of clinical chemistry,1991, 196. 143-51.

Kartavenka, K., Panuwet, P., Yakimavets, V.,
Jaikang, C., Thipubon, K., D'Souza, P. E. Barr,
D. B., and Ryan, P. B., LC-MS Quantification of
Malondialdehyde-Dansylhydrazine Derivatives in
Urine and Serum Samples. Journal of analytical
toxicology, 2020, 44(5), 470-481.
https://doi.org/10.1093/jat/bkz112.

Flohe, L., and Giinzler, W., Assays of
Glutathione peroxidase. Methods in
enzymology,1984,105. 114-121.

Beutler, E., Duron, O. and Kelly, B.M., Improved
method for the determination of blood
glutathione. J. Lab. Clin. Med., 1963, 61:882—

888.

Habig, W., Pabst, M.J. and Jakoby, W.B.,
Glutathione S-transferases. The first enzymatic
step in mercapturic acid formation. J Biol
Chem.,1974, 249:7130-7139.

Wilson, R. and Islam, M. Fructose-fed
streptozotocin-injected rat: An alternative model
for type 2 diabetes. Pharmacol. Reports,
64(1):129-139(2012).

Schumann, G. and Klauke, R., New IFCC
reference procedures for the determination of
catalytic activity concentrations of five enzymes
in serum: Preliminary upper reference limits
obtained in hospitalized subjects.
ClinicaChimicaActa,2003, 327(1-2):69-79.

Tietz, N. and Shuey, D., Reference intervals for
alkaline phosphatase activity determined by the
IFCC and AACC reference methods. Clin.Chem.,

1986, 32(8):1593-1594.

Keyser, J. W. Determination of Serum Albumin,
Clinical Chemistry,1968, 14(4): 360-367.
Westwood, A., The analysis of bilirubin in serum.
Ann ClinBiochem., 1991, 28: 1 19-130.

Chaney, A. L. and Marbach E. P., Enzymatic
colorimetric method. Reagent for quantitative
determination of urea in serum or plasma.Clin.
Chem.,1962, 8 (130):130-132.

30. Trinder, P., Colorimetric methods for
determining uric acid in serum plasma and urine.
Ann. Clin. Biochem.,1969, 6:24-27.

31. Jaffé, M., Determination of
ceratinine-kinetic in serum, plasma or urine.
Zischer Physiol. and Chem.,1986, 10 :391-400.

Fabiny-Byrd, D.L. and Ertingshausen, G.
Kinetic Method for Determining Acid
Phosphatase Activity in Serum with Use of the

"CentrifiChem", Clinical Chemistry, 1972, 18(8):
841-844.

Bhandari, S. R., and Kwak, J. H., Chemical
composition and antioxidant activity in different

Egypt. J. Chem. 66, No. 7 (2023)

34.

35.

36.

37.

tissues of brassica vegetables. Molecules (Basel,
Switzerland),2015, 20(1), 1228-1243.

Vitrac, X., Monti, J.P., Vercauteren, J., Deffieux,
G., Meérillon, J.M. Direct liquid
chromatographic ~ analysis  of  resveratrol
derivatives and flavanonols in wines with
absorbance and fluorescence detection. Anal
ChimActa.,2002, 458:103-110.

Lugman, S., Rizvi, S.I. Protection of lipid
peroxidation and carbonyl formation in proteins
by capsaicin in human erythrocytes subjected to
oxidative stress. Phyther Res.,2006, 20:303-306.

El Mouhab, E., Rebai, O., Zekri, S., Charfi, L.,
Boukhchina,S. andAmr, M. Morus alba Leaf
Extract Attenuates Glyphosate-Induced Oxidative
Stress, Inflammation and Alleviates Liver Injury
in Rats.. Int. J. Pharmacol., 2022, 18 (1): 24-35.
Namratha, M.L., Lakshman, M., Jeevanalatha, M.
and Kumar, B.A. Effect of Glyphosate (GLP)
Induced Toxicity on Body Weights and Gross
Pathology: Ameliorative Effect of Ascorbic
Acid (AA) in Wistar Rats. Int. J. Current
Microbiology and App. Sci.,2019, 8(10):1486-
1493.

38. Reddy, P.M., Jeevanalatha, M., Lakshman, M.,

40.

41.

42.

Kalakumar, B. and Kadudhula, A. Ameliorative
effect of quercetin on body weights and
haematology of glyphosate induced toxicity in
albino Wistar rats.The Pharma Innovation
J.,2021, 10(7): 782-785.
39. El-Shenawy, N., Oxidative stress responses of
rats exposed to Roundup and its active ingredient
glyphosate. Environmental toxicology and
pharmacology,2009, 28. 379-85.

Mesnage, R., Ibragim, M. ,Mandrioli, D. ,
Falcioni, L. , Belpoggi, F., Brandsma, 1. , Bourne,
E. , Savage, E., Mein, C. and Antoniou, M. In-
depth comparative toxicogenomics of glyphosate
and Roundup herbicides: histopathology,
transcriptome and epigenome signatures, and
DNA damage. bioRxiv preprint, (2021) doi:
https://doi.org/10.1101/2021.04.12.439463
Hashim, A ., Bashir, D. W., Yasin, N., Galal, M.
and El-Gharbawy, M., Ameliorative effect of N-
acetylcysteine against glyphosate-induced
hepatotoxicity in adult male albino rats:
histopathological, biochemical, and molecular
studies.,2021, 28. 10.1007/s11356-021-13659-2.
Zhang, Y. Lv, c.Sun, J.Song, X. Makaza, N. and
Wu, Y.Protective effects of broccoli extracts and
sulforaphane against hydrogen peroxide induced
oxidative stress in B16 cells. Journal of
Functional



508

Salah- Eldin and Ibrahim

43.

Foods.(2021)https://doi.org/10.1016/).jff.2021.10
483.

Mesnage, R. Ibragim, M. Mandrioli, D. Falcioni,
L. Tibaldi, E. Belpoggi, F. Brandsma, I.Bourne,
E. Savage, E. Mein, A. Antoniou, M.
Comparative Toxicogenomics of Glyphosate and
Roundup Herbicides by Mammalian Stem Cell-
Based Genotoxicity Assays and Molecular
Profiling in Sprague-Dawley Rats, Toxicological
Sciences, 2022, 186( 1), 83-101,.
https://doi.org/10.1093/toxsci/kfab143

44. Tizh,e E. V., Ibrahim, N. D., Fatihu, M. Y.,

45.

47.

48.

49.

Ambali, S. F., Igbokwe, I. O., and Tizhe, U. D.
Effect of zinc supplementation on chronic
hepatorenal toxicity following oral exposure to
glyphosate-based herbicide (Bushfire®) in rats.
The  Journal of international  medical
research,2020

48(8).https://doi.org/10.1177/0300060520925343

Khot, R., Bhise, A., Joshi, R. and PatilAmbade,
N., Glyphosate Poisoning with Acute Fulminant
Hepatic Failure. Asia Pacific Journal of Medical
Toxicology, 2018, 7(3), 86-88.
46. Beuret C.J., Zirulnik F. and Giménez M.S.,
Effect of the herbicide glyphosate on liver
lipoperoxidation in pregnant rats and their
fetuses. Reprod. Toxicol.,2005, 19, 501-504.
Saleh, S.M.M., Elghareeb, T.A., Ahmed, M.A.L,
Mohamed I.A and Ezz El-Din H.A. Hepato-
morpholoy and biochemical studies on the liver
of albino rats after exposure to glyphosate-
Roundup®. JoBAZ 79, 48
(2018).https://doi.org/10.1186/541936-018-0060-
4.

Dedeke, G.A., Owagboriaye, F.O., Ademolu,

K.O., Olujimi, 0O.0. and Aladesida, A.A.
Comparative  assessment on  mechanism
underlying renal toxicity of commercial

formulation of Roundup herbicide and glyphosate
alone in male albino rat. Int J Toxicol., 2018, 37:
285-295.

Wunnapuk, K., Gobe, G., Endre, Z.,Peake, P.,
Grice, J. , Roberts, M. , Buckley, N. and Liu, X.
Use of a glyphosate-based herbicide-induced

Egypt. J. Chem.66, No. 7 (2023)

50.

51.

52.

53.

nephrotoxicity model to investigate a panel of
kidney injury biomarkers. ToxicolLett., 2014;
225:192-200.
Liu, W, Du, Y., Liu, J.,Wang, H., Sun, D., Liang,
D., Zhao, L., and Shang, J. Effects of atrazine on
the oxidative damage of kidney in Wister rats.
Int. J. ClinExp Med.,2014, 7:3235-3243.

Abdul, K., DeSilva, P., Ekanayake, E.,
Thakshila, W., Gunarathna, S. D., Gunasekara,
T., Jayasinghe, S. S., Asanthi, H. B., Chandana,

E., Chaminda, G., Siribaddana, S. H., and
Jayasundara, N. Occupational Paraquat and
Glyphosate Exposure May Decline Renal

Functions among Rural Farming Communities in
Sri Lanka. International journal of environmental
research and public health,2021, 18(6),
3278.https://doi.org/10.3390/ijerph18063278.
Trasande, L., Aldana, S. I, Trachtman, H.,
Kannan, K., Morrison, D., Christakis, D. A.,
Whitlock, K., Messito, M. J., Gross, R. S.,
Karthikraj, R., and Sathyanarayana, S.
Glyphosate exposures and kidney injury
biomarkers in infants and young children.
Environmental  pollution (Barking, Essex:
1987),2020, 256,
113334 https://doi.org/10.1016/j.envpol.2019.113
334.

Liebman, S. E., and Le, T. H. Eat Your Broccoli:
Oxidative Stress, NRF2, and Sulforaphane in
Chronic Kidney Disease. Nutrients, 2021,13(1),
266. https://doi.org/10.3390/nu13010266.

54. Ayoola, S.0., Toxicity of glyphosate herbicide on

55.

Nile tilapia (Oreochromisniloticus) juvenile.
African J. Agric. Res., 2008, 3(12): 825-34.
Omoniyi, ., Agbon, A.and Sodunk, S.A.,
Effects of lethal and sub-lethal concentrations of
tobacco (Nicotianatobaccum), leaf dust extractum
on weight and haematological changes in
Clariasganiepinus  (Buchell 1822). J. Appl
.Environ.,2002, 6:37-42.



