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Protective Effect of Supplementation with Powdered Mulberry Leaves
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Abstract | The prolonged-release of agricultural waste has led to an increase in the level of pesticides especially
glyphosate which was reached in aquatic environments. Research has been carried out on catfish to detect the impacts
of glyphosate and the protective effect of adding mulberry leaves powder against glyphosate on cat fish. Eighty
immature catfish (Clarias gariepinus) were allocated into 4 groups; (G1) was maintained in the glyphosate-free water
(G2) was exposed to 0.053 mg glyphosate (Glyph) /1 water (1/10 96hr LC, ), (G3) was exposed to M. albus leaves
powdered (5% ration supplementation) and (G4) was exposed to Glyph (0.053 mg/L) + M. albus (5% from ration
supplementation). At day 21 of the experiment, fish were taken for biochemical and histopathological examination
and to determine its residues in muscle. Biochemical results indicated an elevation in serum alanine aminotransferase
(ALT), aspartate aminotransferase (AST), Urea, creatinine, and malondialdehyde (MDA) in G2 group and reduction
in G3 and G4 treated groups. While, Total protein (TP), albumin, Ca, Na, Mg ions, and reduced glutathione (GSH)
significantly reduced in G2 group and elevate in G3 and G4 treated group. Several histopathological lesions were
observed in the brain, gills, kidney, labyrinth organ, liver, and spleen in G2 and were improved after using M. a/bus in
treated groups. The outcome of this study indicated that M.albus has to ameliorate the negative impacts of glyphosate
on catfish through its antioxidant activity and the biologically active component which lead to improving in cat fish
intoxicated with gyphosate.
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INTRODUCTION and Okocha, 2012). Fish is the most appropriate and
attractive model for experimental researches on humans
Using of large amount from different types of pesticides ~and other environmental health especially in toxicological
in many applications by different methods as direct and some pharmacological studies (Govind, 2011).
application, spray drift, runoff, drainages from industries
and wastewater which have potentially bad impacts on the In general, the glyphosate-based herbicide is used in
aquatic ecosystem (Katagi,2010). In particular, using of the different agriculture practices, fishponds, lakes, canals, and
herbicides in different agricultural types and reach aquatic slow running water to get rid of harmful plants. 'The toxic
organisms such as fish which is highly affected (Adedeji effect of glyphosate on aquatic and non-aquatic organism

October 2021 | Volume 9 | Issue 10 | Page 1718 e



http://dx.doi.org/10.17582/journal.aavs/2021/9.10.1718.1731

crossmark.crossref.org/dialog/?doi=10.17582/journal.aavs/2021/9.10.1718.1731&domain=pdfdate_stamp=2008-08-14


Advances in Animal and Veterinary Sciences

depend on the disturbance in the metabolic and biological
enzyme which lead to an imbalance in their ecological
system (Annett et al., 2014). In response to glyphosate
toxicity, there are many studies related to glyphosate based-
herbicide toxicity in fish as the metabolic disorders which
occurred due to exposure to it (Glusczak ez al., 2011).
The main end product of glyphosate biotransformation is
aminomethyl-phosphonic acid (AMPA). Its residue was
detected in natural water resource, in ditches, drains, soils,
rivers, sediment, rainwater, stream and also in various types
of foods in many countries which commonly use glyphosate
(Battaglin et al., 2014). There are several kinds of research
related to herbicide induced toxicity as hepatic destruction,
antibiotic resistance, and renal damage (Bai and Ogbourne,
2016). Also, several neurological diseases like autism,
Parkinson’s disease, and anxiety disorder have been recorded
in the case of glyphosate toxicity (Gallegos et al., 2016).
The disturbance in cellular and biochemical parameters
are the most sensitive indicator in fish that was exposed to
aquatic environmental pollutants (Sandrini et al., 2013).
The imbalance in the oxidative stress /antioxidant system
was the first line in glyphosate intoxication in different
biological systems (Sdnchez et al., 2017). As a result of this
oxidative destruction the macromolecules as DNA, lipids,
and proteins were affected due to ROS formation and the
lowering the cellular antioxidant levels in organisms and
fish (Boligon et al., 2015). Recently, herbal remedies are the
natural resources of biologically active compounds (Ji et al.,
2009), which have received the attention of the medicinal
system and the industry of pharmacy all over the world. This
natural medicinal extractis used in the treatment and prevent
the most of common diseases which may be threat human
and life in the long or short-run (Cao et al.,, 2018). From
these famous medicinal plants, mulberry has characteristic
active ingredients like stilbenoids, phenols, terpenoids,
alkaloids, and amino sugars (Thakur et al., 2019). Also, the
mulberry leaves (Morus alba), root, and fruit have a lot of
biologically active compound as antimicrobial, antioxidant,
skin-whitening, anti-inflammatory cytotoxic, anti-diabetic,
anti-platelet, anxiolytic, anti-asthmatic, anthelmintic,
antidepressant glucosidase inhibition, anti-hyperlipidemic,
anti-atherosclerotic, anti-obesity, cardioprotective,
hepatoprotective, and immunomodulatory activities (Chan
et al., 2016). The aim of this study was to investigate the
subacute toxicity of glyphosate on catfish and assessment
the possible protective eftects of Morus alba depending on
the analysis the biochemical parameter, serum oxidative
stress (MDA and GSH), glyphosate residue in muscle and

histopathological examination of fish organs.

MATERIALS AND METHODS

FISH AND GLASS AQUARIA
A round of (80) seemingly healthy immature catfish

(Clarias gariepinus) including both sexes with bodyweight
(150+20 g) has been collected from private farm fish in
Tanta province. Before the beginning of the experiment,
catfish were acclimatized for two weeks in eight glass
fish tanks (100x50x50 cm/each) filled with tap water
free chlorines under experimental conditions (natural
photoperiod 11.58/12.38h and temperature 25.8+1.8°C).
'The aeration process was constant and fixed in all fish tanks
using the air pump. Commercially, the ration was used for
catfish usually at 3% of body weight daily contain 25%
protein. Dissolved oxygen, temperature, ammonia, and pH
of experimental water was used according to WHO (2001).

TEST CHEMICAL

Commercially grade  glyphosate-based  herbicides
(GLYPHO ELNASR 48%SL°®) (Intervet Co., China)
were used in this study (N-(phosphonomethyl- glycine,
isopropylamine salt) was adding to water in each catfish
aquarium and the purchased Morus albus leaves (MORUS
ALBA LEAVES, Box, Bag, Colour: Green, Brand; Leaves
veg India: India, item code; 54559512) were chemically
analyzed according to AOAC (2000).

EXPERIMENTAL PROCEDURES

Twenty-one day for subacute toxicity was done by using
(1/10 96hr LC, ) of glyphosate was added to tested catfish
(20 fish for each). The study was done in aquarium each
contains 100 liters of water and 10 fish. Two aquariums
were used for each group and the requested concentration
was kept and replenished daily by siphoning and substituted
by the same amount of water. A control group (G1) (20
catfish) was put in glyphosate free fish tanks along the time
of the experimental, glyphosate (Glyph), G2 was exposed to
(1/10 96 hr LC, ) glyphosate in concentration 0.053 mg/L
(Ayanda et al., 2015). G3 (M. albus) was exposed to M.
albus leaves powdered (5% ration supplementation) (Hou
et al., 2020) and finally G4 was exposed to Glyph (0.053
mg/L) + M. albus (5% from ration supplementation). At day
21 of the experiment, the fish were taken for biochemical,
histopathological examination and residue determination
in muscle. The tested fish were regularly followed-up daily
along the experimental period. The experimental protocols
and procedures were approved by Animal Health Research
Institute (AHRI), Tanta Branch, Agriculture Research
Centre (ARC), Giza, Egypt with approved number:
(AHRI; 31122019).

SAMPLING PREPARATION

Throughout the study end, blood samples were collected
from the caudal vein of catfish in a test tube and set for
30 min for coagulation followed by centrifugation (3000
rpm for 15 min) and preserved at -20 °C until using for
measuring the liver and kidney enzymes and electrolytes
level. Immediately, the liver was removed and cleaned with
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sterile saline was used for detection of oxidant/ antioxidant
parameters, samples from gills, liver, kidneys, labyrinth
organ, spleen, and brain were used for pathological
examination.

The fish muscles were analyzed for determination of

glyphosate residue as described by Sun et al. (2017).

THE BIOCHEMICAL SERUM PROFILES

Serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST) activity, albumin, and total protein
were detected as described by Reitman and Frankel (1957),
Doumas et al. (1997), and Henry et al. (1947), respectively.
Furthermore, serum creatinine and urea were detected
by spectrophotometer as recorded by Perakis and Wolft
(1984) and Searcy (1967), respectively.

B1OCHEMICAL SERUM ELECTROLYTES DETERMINATION
Using the commercial electrolytes available kits as Sodium
(Na*), Magnesium concentrations (Mg*), and Calcium
concentrations (Ca®) were estimated calorimetrically
according to the methods described by Trinder (1969),
Thomas (1998), and AHB (2006), respectively.

OXIDANT/ANTIOXIDANT DETECTION
HOMOGENATES

Malondialdehyde (MDA) is the indicator of oxidative stress
and the reduced glutathione (GSH) which is considered
a biomarker of antioxidant parameters were determined

spectrophotometrically as recorded by Ohkawa et al.
(1979) and Beutler (1963).

IN HEPATIC

DETERMINATION OF GLYPHOSATE RESIDUE IN FISH
MUSCLE

CHEMICAL REAGENTS

Glyphosate (99%) and 9-fluorenyl-methyl-chloroformate
(FMOC-CI, 97.0%) were taken from Sigma Aldrich
(St. Louis, Mo, USA). Acetonitrile HPLC grade was
purchased from Merck (Darmstadt, Germany) while other
chemicals used in extraction were analytical grade solvents.
Deionized water was used for all experiments and obtained

from a Millipore Milli-Q_System (Millipore Co., MA,
USA).

PREPARATION OF THE STANDARD SOLUTIONS

The stock solution of Glyphosate standard was prepared
in deionized water at a concentration of 1000 ppm, and
this standard solution was stored in dark bottles at 4°C.
Sodium tetraborate in deionized water (50mM/L) and
FMOC dissolved in acetonitrile (1g/L) were used for the
derivatization process. The standards for plotting of the
calibration curve were prepared in the blank fish muscle at
range (0.1-2 pg/kg) then extracted as described below in

sample preparation.

SAMPLE PREPARATION
Glyphosate were extracted and purified from fish muscle
as described by Sun et al. (2017).

CHROMATOGRAPHIC CONDITIONS
'The parameters of the HPLC method were illustrated in
a Table 1.

Table 1: Chromatography conditions of HPLC method.

Mobile phase Gradient (acetonitrile (A) and 0.2% v/v
phosphoric acid aqueous solution (B)
Time Mobile phase B
0 35%
10 25%
15 80%
20 35%
Column type C18,5 pm, 250mm, 4.6 mm
Column temperature 35°C
Flow rate 1 ml/min.
FLD wavelength 254 nm of excitation and 301 nm of emission
Stop time 20 min.
Injection volume 20 pl

PATHOLOGICAL EXAMINATION

Fish of all experimental groups were subjected to
postmortem examination and then fresh tissue specimens
from gills, liver, spleen. kidneys, labyrinth organ and brain
were quickly put in neutral formalin solution 10% for at
least one day for pathological examination according to

Suvarna et al. (2013).

STATISTICAL ANALYSIS

Data of this study were analyzed for detection differences
among the groups through using one way a nova computer
program (ANOVA) of the Statistical Analysis System
was found by Tukey’s HSD pos# hoc test using statistical
(Sas, 2001). The study results are represented as the mean
+ standard error with differences P < 0.05 is statistically
significant.

RESULT'S AND DISCUSSION

LIVER AND KIDNEY FUNCTION

The adverse effect of a glyphosate-based herbicide on
catfish and the potential protective role of M. albus leave
powder on serum liver and kidney function biomarkers
are recorded. In comparison with control, serum ALT and
AST enzyme activities were significantly elevated in the
glyphosate intoxicated group and significantly reduced
in M. alba and in the treated group (M. alba/Glyh).
While, there was a statically decrease in total protein and
albumin in the intoxicated glyphosate group, and there is
no statistically significant detection were recorded in M.
alba and treated group in relation to control. But there is
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a significant elevation in the glyphosate intoxicated group
after using M.alba in the treated group. Creatinine and
urea were significantly elevated in the intoxicated group
with glyphosate and a significant reduced in the treated
group with M. alba and in the combination (Glyh+M.

albus) treated group were observed in Table 2.

SERUM ELECTROLYTES DETERMINATION
Calcium,sodium,and magnesiumelectrolyte concentrations
were statistically reduced in glyphosate intoxicated group
concerning with control and a significant increase in M.
alba and in the combination-treated group (GLyh+M.
albus) in all mineral except Ca concentration were reduced
in relation to control and increased in relation to the
intoxicated group as in Table 2.

MDA aNp GSH DETECTION

In comparison with control, there is a significant elevation
in MDA in the intoxicated group with glyphosate, and
a significant reduction in M. alba and the combination-
treated group (M. alba/ Glyph) was observed. In contrast,
GSH the indicator of the antioxidant system was
observed significantly reduced in the intoxicated group
with glyphosate. While there is a significant increase was
observed in M. alba/ Glyph treated group in relation to the

intoxicated group as in Table 3.

GLYPHOSATE RESIDUE IN FISH MUSCLE BY HPLC
According to USP (2019) the method was validated and
the validation results were summarized in Table 4. The
standard curve of glyphosate concentration versus peak area
was detected in Supplementary Figure S1. The obtained
results showing that the used method was accurate, precise
and robust as detected in Figures 1 and 2).

The levels of glyphosate in fish muscle were mentioned
showing no significance in glyphosate intoxicated groups
and glyphosate with mulberry in the treated group as
shown in Figure 3.

THE MACROSCOPICAL EXAMINATION

Macroscopical examination of the control and Mulberry
groups showed normal macroscopical picture of the
internal organs. While the Glyphosphate group exhibited
hyperemic gills with mucous secretions. The kidneys and
livers were pale in color with congested vasculatures. The
labyrinth organ exhibited hard in texture and the spleens
were pale in color. On the other hand, the Mulberry treated
group showed no marked gross lesions.

THE HISTOPATHOLOGICAL EXAMINATION

The histopathological examination of catfish brain
in comparison with the control group (C) which was
appeared with normal basophilic neurons, normal brain
parenchyma, and normal white matter nerve fibers in the
brain as in Supplementary Figure S2C. The intoxicated
group with glyphosate Supplementary Figure S2 G(a)
the brain revealed many pathological lesions as severe
acidophilic necrosis of neurons with cavitation (moth-
eaten appearance) around the neurons with thrombosis
of blood capillaries. The brain in Supplementary Figure
52.G(b) showed severe degeneration and spongiosis
of white matter nerve fibers. While the M. albus group
appeared with high intact neurons with basophilic neurons
bodies Supplementary Figure S2 M(a) and normal neuron
fibers in white matter Supplementary Figure S2 M(b) in
contrast with intoxicated and control group. The protected
group Supplementary Figure S2(T) brain appeared with
normal basophilic structure of most of neurons with few
individual necrosis of other neurons and perineuronal
edema and effect were high in white matter nerve fibers
which appeared intact except for mild degeneration of
neuron fibers Supplementary Figure S2(T). The chart
showed that the brain of intoxicated fish with glyphosate
have Gray matter neurons necrosis and cavitation and
White matter nerve fibers degeneration and thrombus
formation, while this lesion was disappeared from CTR
and another treated group and improved in treated group

with (Glyh+M. albus) Figure 4.

Table 2: Effect of Mulberry Albus leaves on cat fish intoxicated with glyphosate on serum liver and kidney parameters
for 21 days. Glyph, Glyphosate; mullbery albus leaves, M. Albus; M.Albus/Glyph (treated group).

CTR Glyph M. Alba M. Alba /Glyph
ALT u/l 32.20£1.50° 77.00+3.27* 28.20+1.28¢ 38.76+1.07°
AST u/l 38.00£1.14° 102.00+2.63* 37.50£0.81° 42.40+0.93"
Total protein gm/dl 07.86+0.06* 05.86+0.13° 07.96+0.08* 07.86+0.07*
Albumin g/dl 04.16x0.05* 02.92+0.09° 04.18+0.04* 03.90+0.04°
Creatinine mg/dl 00.87+0.05¢ 02.52+0.09* 00.82+0.04¢ 01.18+0.04°
Urea mg/dl 23.26+0.51° 46.60+0.93* 27.25+0.49 29.00+0.71°
Ca mmol/l 09.32+0.04* 07.40+0.16c 09.28+0.04* 08.74+0.10P
Na mmol/l 136.60+1.03" 126.60+0.75° 136.60+0.51* 137.40+0.51°
Mg mmol/l 03.74+ 0.07* 02.66+0.09" 03.72+0.06* 03.76+0.05*

All values were expressed as mean + standard errors (7=20). All values indicated by different letters are significantly different between

groups within the same rows (p<0.005).
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Table 3: Effect of Mulberry Albus leaves on cat fish
intoxicated with glyphosate on oxidant/ antioxidant
parameters for 21 days. Glyph, Glyphosate; mullbery albus
leaves, M.Albus; M. Albus/ Glyph (treated group).

MDA nmol/g. tissue GSH mg. tissue
CTR 03.52£0.10° 03.96+0.21*
Glyph 11.43+0.32* 00.97+0.05°
M. Alba 01.68+0.12¢ 04.12+0.16*
M. Alba /Glyph  03.58+0.11° 02.94+0.09°

All values were expressed as mean * standard errors (7=20). All
values indicated by different letters are significantly different
between groups within the same columns (p<0.005).

Table 4: Validation sheet for method validation.

Parameter Results Acceptance
criteria
Range 0.1-2 pg/kg
Slope 721.7
Intercept -26.292
Correlation coefficient 0.9992 >0.99
Accuracy 103.7£9.8  80-120 %
Intraday precision (RSD%) 0.07 % <1%
Interday precision (RSD%) 1.28 % <2%
Robustness (pooled RSD%) 1.5% <6 %
System suita- Tailing factor 0.098+0.003 <2 %
bility testing  peak area (RSD%) 0.34% <1%
(55T) Theoretical plate ~ 9212.3+71.5 > 2000
Retention time 7.9+0.05 <2%
(RSD%) (0.6%)
Y I\

Figure 1: Chromatogram of glyphosate standard at a conc.
of 0.2 ppm.

U ]

< 7.6844
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Figure 2: Chromatogram of glyphosate in blank fish

muscle at a conc. of 0.2 ppm.

Glyphsate residue
1.2

0.8
0.6
0.4

0.2

CTR Glyph M.Alba  M.Alba /Glyph

Figure 3: Glyphosate concentrations in fish muscle (pg/
kg) showed no significant changes among intoxicated
group with glyph and treated intoxicated group (glyph/M.
albus) at twenty-one day in cat fish
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Figure 4: Showing that the brain of intoxicated fish with
glyphosate have enhanced gray matter neurons necrosis,
white matter nerve fiber degeneration and thrombus
formation, while these lesions were dissppeared from
CTR and other treated group and improved in treated
group with (Glyh+M.albus). Data expressed as Mean =+
SE, analyzed using one-way ANOVA at P<0.05, column
with (*) indicate significant difference among the values
of different groups. (C=Control, G=glyph, M=M. albus,
T=(Glyph/M. albus).

Fish gills showed normal primary and secondary gill
filament with normal cells structure and central blood
supply of gill filaments Supplementary Figure S3(C).
The glyphosate intoxicated group showed necrosis and
degeneration of all cellular structures of gill filament
and loss of secondary filaments cellular Supplementary
Figure S3 G(a). Some parts of gills showed inter lamellar
hyperplasia, inflammatory infiltration of mononuclear
cells of gill filaments with mucus cells proliferation, and
chondrocytes proliferation in the center of gill filaments
with the lamellar fusion of gill secondary filaments in the
upper part. Supplementary Figure S3 G(b). In comparison
with the control Supplementary Figure S3(C). The
mulberry group revealed highly intact healthy gill filaments
with central blood supply as in Supplementary Figure
S3(M) in comparison with the intoxicated and control

group.
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Glyph/M.Albus |[—

Hyperplasia and Adhesion Mucus Cell

Glyph/M.Albus
3

Glyph/M.Albus

- Glyph/M.Albus

Figure 5: Showing that the gills of fish intoxicated with
glyphosate have enhanced hyperplesia and adhesion of
gill filaments, mucus cell, chondrocytes proliferation
in centeral filaments and degeneration and necrosis of
gill filaments, while these lesions were dissppeared from
CTR and other treated group and improved in treated
group with (Glyh+M. albus). Data expressed as Mean =+
SE, analyzed using one-way ANOVA at P<0.05, column
with (*) indicate significant difference among the values
of different groups. (C=Control, G=glyph, M=M. albus,
T=(Glyph/M. albus).

'The protected group showed improvement in gill filaments
structure with the still presence of mild gill necrosis
and some chondrocytes in the central part of filaments
Supplementary Figure S3 (T). in addition to the chart
of the gills of fish intoxicated with glyphosate recorded
hyperplasia and adhesion, mucus cell, chondrocytes in
central filaments and degeneration and necrosis, while that
lesion was disappeared from CTR and another treated
group and improved in treated group with (Glyh+M.
albus) Figure 5.

The labyrinth organ of control which revealed a normal
central elastic cartilage and peripheral maize like structure
epithelial cells with normal blood capillaries and the
suparbranchial organ tree-like structure from the second
and fourth-gill arches allows the catfish to take oxygen
directly from the air for short period Supplementary
Figure S4 (C). the labyrinth organ has a pathological lesion
in the intoxicated group with glyphosate as the following
conversion of elastic cartilage into fibrocartilage with
necrosis and degeneration of epithelial lining the outer
structure Supplementary Figure S3 G(a) and thrombosis
of blood capillaries as in Supplementary Figure S3 G(a,
¢). The mulberry group exhibited normal structure as in
Supplementary Figure S3 (M). While the treated group
showed high protection from fibrocartilage degeneration
and exhibited normal elastic cartilage with few mild
degeneration Supplementary Figure S3(T). Aslo, the
labyrinth organ chart of intoxicated fish with glyphosate
have detect a fibrocartilage formation, degeneration of
Maize like epithelial cell and thrombus formation, while
this lesion was disappeared from CTR and other treated

group and was improved in treated group with (Glyh+M.
albus) Figure 6.

5 Labyrinth organs lesions
as *

CTR +
CTR 4
CTR

iy [ —

M.Albus [—

M.Albus
Glyph

Glyph/M.Albus |—

ial Thrombus formation

Figure 6: Showing that labryinth organ of fish intoxicated
with glyphosate have enhanced fibrocartilage formation,
degeneration of Maize like epithelial cell and thrombus
formation, while these lesions were dissppeared from
CTR and other treated group and improved in treated
group with (Glyh+M. albus). Data expressed as Mean =+
SE, analyzed using one-way ANOVA at P<0.05, column
with (*) indicate significant difference among the values
of different groups. (C=Control, G=glyph, M=M.albus,
T=(Glyph/M.albus).

Glyph/M.Albus |—
Glyph/M.Albus

Fibrocartilage formation Degene
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'The kidneys in control group showed healthy glomerular
corpuscles, intact renal tubular epithelium, and normal
circumscribed blood vessels Supplementary Figure S5
(C). While the intoxicated group showed degeneration
of renal tubular epithelium and some sloughed into the
lumen, atrophy of glomerular corpuscles, and interstitial
fibrosis Supplementary Figure S5 G(a) blood vessels in
kidneys revealed folding of all wall tunics into the lumen
with thickening in the wall Supplementary Figure S5
G(b), thrombosis in the lumen of blood vessels attached
to the wall with accumulated RBCs and leukocytes were
recorded Supplementary Figure S5 G(c). In contrast in M.
albus group revealed high normal intact renal glomeruli,
healthy tubular epithelium, and normal renal blood
vessels Supplementary Figure S5 (M) in comparison with
intoxicated and control one. Also, the protected group
appeared high intact renal glomeruli, but still present
the degree of degenerative changes of some renal tubular
epithelium Supplementary Figure S5 T(a) renal blood
vessels with normal circumscribed vessels wall with normal
thickness Supplementary Figure S5 T(b). In addition, the
kidney of fish intoxicated with glyphosate has degeneration,
necrosis sloughing of epithelial renal, glomerular atrophy,
blood dilation and folding, blood capillary thickness,
thrombus in blood capillary, complete necrosis of tissue and
interstitial fibrosis, while this lesion were disappear from
CTR and other treated group and improved in treated
group with (Glyh+M. albus).as presented in Figure 7.

The hepatic tissue of the control showed a normal
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thickness Supplementary Figure S6(C), while in the
intoxicated group with glyphosate showed thickening
of the portal vein and hyalinization with folding into
the lumen Supplementary Figure S6(G). The mulberry
group revealed normal thickness of the vessel's wall
Supplementary Figure S6(M), and the protected group
revealed high normal with the thin-walled thickness of
portal vein as in Supplementary Figure S6(T). Liver of
fish intoxicated with glyphosate have hepatocytes necrosis,
central vein dilated and thickening of the wall and folding
in lumen and no changes in bile duct were recorded, while
this lesion was disappeared from CTR and other treated
group and improved in treated group with (Glyh+M.
albus) Figure 8.

35 Liver lesions [

CTR |—
M.Albus [—
Glyph [

cm [l
M.Albus [H—
Glyph

CTR |—
M.Albus [—
Glyph |[—

Glyph/M.Albus |—
Glyph/M.Albus

Glyph/M.Albus [—

Hepatocytes necrosis Central vein dilated and thickening of

the wall and folding Into lumen

Bile duct changes

Figure 7: Showed that the kidney of fish intoxicated
with glyphosate have degeneratin ,necrosis sloughing of
epithelial renal tubuli, glomerular atrophy, blood dialation
and flolding, blood caplliary thickness, thrombus in blood
capillary, complete necrosis of tissue and intersititial
fibrosi, while theses lesions were dissppeared from CTR
and other treated group and improved in treated group
with (Glyh+M.albus). Data expressed as Mean + SE,
analyzed using one-way ANOVA at P<0.05, column
with (*) indicate significant difference among the values
of different groups. (C=Control, G=glyph, M=M. albus,
T=(Glyph/M. albus)

The spleen of the control group showed white pulp
impacted with lymphocytes and the central arteriole
with normal diameter Supplementary Figure S7 C(a). In
mulberry treated group showed an increase in population
of lymphocytes in white pulp as in Supplementary Figure
S7 M(a) and increase periarterial lymphatic sheath
Supplementary Figure S7 M(b) while, the protected group
exhibited increase in lymphocytes in a white pulp with
dilated blood vessels wall Supplementary Figure S7 (T).
that the spleen intoxicated with glyphosate have enhanced
depletion of lymphocytes in white pulb, but the increase
lymphocytes in white pulp with dilated blood vessels and
increase in periarterial lymphatic sheath were recorded
in mullberry group, and treated group (Glyh+M. albus)
Figure 9.
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Figure 8: Showing that liver of fish intoxicated with
glyphosate have hepatocytes necrosis, central vein
dialtation and thickening of the wall and folding in lumen
and no changes in bile duct were recorded, while these
lesions were dissppeared from CTR and other treated
group and improved in treated group with (Glyh+M.
albus). Data expressed as Mean + SE, analyzed using
one-way ANOVA at P<0.05, column with (*) indicate
significant difference among the values of different groups.
(C=Control, G=glyph, M=M. albus, T= (Glyph/M. albus).
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Figure 9: C showing that the spleen of fish intoxicated
with glyphosate have enhanced depletion of lymphocytes
in white pulb, but the increase lymphocytes in white pulp
with dilated blood vessels and increase in periarterial
lymphatic sheath were recorded in mullberry group,and
treated group. Data expressed as Mean + SE, analyzed using
one-way ANOVA at P<0.05, column with (*) indicate
significant difference among the values of different groups.

(C=Control, G=glyph, M=M. albus, T=(Glyph/M. albus).

'The eco-environment is widely affected by different types
of pesticides from different sources. The disturbance in
the aquatic environment may be due to several factors
one of them is the elevation of herbicides concentrations
due to the huge using in different agricultural practices
with a large amount, and the fish is considered an avital
monitor in ecotoxicology research (Glusczak et al., 2011).
The presence of high-level glyphosate in the aquatic
environment has received much interest in the research
study due to its detrimental consequences on the living
organism. Numerous studies have reported oxidative stress
effect which was occurred during glyphosate intoxication
is mainly an effect on biological systems (Sdnchez et al.,
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2017). Accordingly, glyphosate is likely to provoke the
deregulation of many biological metabolic pathways that
may lead to the destruction of DNA, lipids, and proteins
from ROS generation that elevate the level of oxidative
damage and lowering cellular antioxidant levels in aquatic
organisms (Boligon et al., 2015; Chaufan et al., 2014).
Current biochemical studies have already demonstrated
that glyph has increased the level of oxidative stress
biomarker MDA and reduced the antioxidant level
of reduced glutathione mostly in glyphosate-based
herbicides intoxicated group due to exhaustion of GSH in
a conjugation reaction or lowering through its biosynthesis
pathway (Turkmen et al., 2019). Free radical scavengers
with antioxidant activity in the cells act on ameliorating
the damaging effects provoked by reactive free radicals.
Apart from this oxidative stress indicator, hepatic, renal,
and cardiac function are useful bioindicators of exposure
to the pollutants as glyphosate-based insecticides in the
eco-environment (Kalender et al., 2010). In comparison
with the control catfish group in this study, serum AST
and ALT levels significantly elevated in glyphosate
intoxicated group due to hepatocyte damage resulted
from liver injury (Jasper et al., 2012; Youness et al., 2016).
Reducing albumin and total protein levels in serum in
this study due to reducing the oxidative phosphorylation
process, that can lead to reducing protein absorption and
protein synthesis followed by enhancing the catabolic
process (Ghanbari et al., 2016). Serum creatinine and urea
are helpful biomarkers in assessment iz vivo and in vitro
renal functions studies which were elevated in the group
intoxicated with glyphosate as recorded by Cavusoglu et
al. (2011). This may be due to impairment in the renal
tubular destruction and impaired glomerular filtration in
catfish that exposed to glyphosate insecticides in water
(Cavusoglu et al., 2011). The electrolytes concentration in
fish is responsible for the osmoregulation process during
the stress condition (Ogamba et al., 2011). So that, the
electrolytes are essential for all types of tissue function, the
presence of alkali metal ions as (Na*, K*, Ca?” are vitally
important for the stimulation of the enzyme activity. On
the other hand, the critical losses of body electrolyte may
reduce the osmotic concentration and leads to circulatory
failure. The lower concentration of Na* and Ca* in the
glyphosate exposure group due to the proximal tubules
damage resulted from renal toxicity. And also, the higher
serum (K+) concentration in the glyphosate exposed group
due to the induction of oxidative damage (Ambali et al.,

2010).

Mulberry leaves have a long history of using in traditional
medicine in different countries. A wide range of
nutritive content like amino acids, minerals, fatty acids,
vitamins as well as quercetin, anthocyanins, chlorogenic,
polysaccharides acid, and rutin that have been detected in

mulberry depending on the cultivars and maturity stages
(Yuan and Zhao, 2017). Mulberry leaves act as beneficial
sources for antioxidant molecules like phenols, terpenoids,
flavonoids, and flavonols (Igbal et al., 2012). Taking
responsibility for a significant decrease in MDA level and
the elevated GSH level in the treated groups with M.a/bus
could be attributable to its antioxidant properties in
lowering peroxidative activity in the cells. It also includes
various polyhydroxy alkaloids such as stilbenoids which
are supposed to act as resveratrol and oxyresveratrol,
flavonoids going to act as quercetin and kaempferol,
rutin, and medicinal imino-sugars (Song et al., 2009). The
dietary adding M. albus has led to an improvement in
GOT and GPT enzyme activities in hepatic tissue and
reduced the oxidative destruction through reducing
ROS generation and cellular oxidation component and
increasing antioxidant molecules activity (Li et al., 2020),
and the hepatoprotective activity resulted from antioxidant
activity in alkaloid as flavonoids anti-carcinogenic activities
(Majinda et al., 2011). The improvement in the levels of
Ca and Na in the Glyph/M. albus group may be due to
the high nutritive value of the dried leaves of M. albus that
are mainly contain fibers, protein, carbohydrates, ash and
are rich in B-carotene, ascorbic acid, calcium, iron, sodium,
zinc and vital polyunsaturated fatty acids linoleic acid and
essential amino acids which were required for normal
metabolism and growth (Sarkar et al., 2018).

Bioaccumulation of glyphosate in animal tissues is not
expected to be high due to its high water solubility,
accompanied by a very low log Pow (-3.2), and its ionic
character (European Commission, 2002). However,
the bioaccumulation study showed that glyphosate
accumulated in catfish muscle in both groups (Glyphosate
and Glyphosate+Mulberry groups). These results agree
with Contardo-Jara et al. (2009). Mulberry extract not
significantly decrease the concentration of glyphosate in
fish muscle.

Glyphosate-based herbicide in this study hasled to a serious
histopathological lesion in the gills, brain, labyrinth organ,
hepatic, renal, and spleen. Neuronal changes in the brain
were reported that detect a degenerative focus in neuronal
bodies in the telencephalon of fish and necrotic changes in
an intoxicated group with glyphosate (Ramirez-Duarte et
al., 2008). Additionally, it can disrupt the barrier function
through inducing opening in the blood-brain barrier that
lead to changes in glucose metabolism in neuronal cell and
glucose up taken in microvascular endothelial of the brain
(Martinez and Al-Ahmad, 2019). The thrombus formation
in brain blood vessels and an elevation of the white blood
cells and platelets were recorded due to oxidative stress
damage in the current result and this supported by Naz
et al. (2019). The neuro-protective effect of mulberry
leaves on brain histopathological lesion in a treated group
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due to its increasing antioxidant activity which reduces
ROS formation and improving the blood-brain barrier
permeability, with elevation in neuron density in the sub-
region of the hippocampus and reverses action Ap25-35-
which induced neuronal injury and apoptosis inhibition
through down regulation mRNA levels of an apoptotic
protease-activating factor (Apafl) (Rebai et al., 2017).

Gills inflammation, degeneration, and necrosis were
detected in the group intoxicated with glyphosate
(Ramirez-Duarte et al., 2008) which was improved after
consuming the mulberry leaves which lead to improve
the respiratory function in the brachia by elevating GOT
activities and hemoglobin level in RBCs of crucian carp
(Li et al, 2020). While the histopathological changes
in the labyrinth elastic cartilage in glyphosate induced
toxicity group which is converted to fibrocartilage due
to a severe depletion of serum Mn. Chondroitin sulfate
synthesis depends on Mn (manganese), and its deficiency
leads to osteoporosis and osteomalacia (Samsel and Seneff,
2015). Glyphosate also induces stiffening in the cell
membrane and the appearance of cytoskeleton structures
at a subcellular level of the skin which improved due to
antioxidant activity and manganese content of mulberry
leaves (Heu et al., 2012).

The histopathological changes in kidney tissue as
degeneration, necrosis and atrophy in the renal tubular
epithelium and interstitial fibrosis kidneys, thrombosis
in the lumen of renal blood induced by glyphosate as
supported by Naz et al. (2019). The treated group with
mulberry revealed high normal intact renal glomeruli,
healthy tubular epithelium, and normal renal blood vessels
due to the improving the renal damage which lowering
mALB/Cre (microalbumin/creatinine) ratio in urine and
regenerate the tubular epithelial cells and the epithelial
thickening of renal cystic that finding supported by Zhang
et al. (2019). The liver of catfish which is intoxicated with
glyphosate showed thickening of the portal vein and
fibroblastic proliferation and hyalinization into the wall. The
injury of both walls of the blood vessel and blood sinusoid
due to glyphosate metabolites (aminom-ethyl phosphoric
acid (AMPA)) and formaldehyde which are found in
environments in soil and rivers which supported by Saleh
et al. (2018). The mulberry extract helps to improve liver
injury induced by alcohol through decreasing liver injury
biomarkers levels (AST, ALT and ALP), triglyceride (TG),
and cholesterol (T'C). It also reduces lipid accumulation
and lipogenesis, improves the transportation of fatty acid
and oxidation process, decreased oxidative stress, and
facilitated anti-inflammation as reported by Tang et al.
(2013).'The spleen in the intoxicated fish with glyphosate
revealed depletion of lymphocytes in white pulp impacted
with lymphocytes the protected group exhibited increased
lymphocytes in white pulp the mulberry group showed

an increased population of lymphocytes in white pulp
and that in agreement with Zhao et al. (2020) who found
thymus and spleen in mulberry treated groups were greater
in comparison with control.

CONCLUSION AND
RECOMMENDATIONS

'The current modeling analysis derived from a research study
on glyphosate-based herbicides induced toxicity in catfish
via induction of ROS and the possible protective rules
of M. albus leaves on glyphosate toxicity were discussed
in this study. Hepato-nephron toxicity was induced by
glyphosate is due to oxidative damage which is attributed
to serum biochemical parameters and histopathological
abnormalities and also, it was accumulated in the muscle
tissue. The improvements in liver and kidney parameters
of catfish may be due to mulberry leaves powder. It was
concluded that the mulberry leaves herbal extract is being
ecofriendly antioxidant compound with a highly natural
protective effect against glyphosate induced toxicity.
Finally, we recommended the following study to use
different levels from M.albus leaves powder and increase
the duration of study to be more than three months to
record better result for using M. albus in different species.
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Supplementary Figure S2: C (a).Bram fish (gray matter)

control showing normal neurons with basophilic cytoplasm
and central nuclei (arrows) with intact brain parenchyma

(H and EX400) and C(b): the white matter nerve fibers
showing intact nerve fibers in brain medulla (arrow) (H
and EX200.G (a): brain (gray matter fish intoxicated with
glyphosate) showing severe acidophilic necrosis of neurons
retracted shrinkage of the nuclei and cells (long arrows)
with cavitations of brain moth eaten appearance (short
thin arrow) and thrombosis of blood capillary (short thick
arrow) (StainH and EX400) G(b): white matter of brain
fish showing severe degeneration of white matter nerve
fibers (spongiosis) (long arrows) (Stain H and EX200). M
(a) brain showing highly intact healthy brain gray matter
parenchyma and healthy basophilic neurons (arrows) (H
and EX400) M(b) showing marked healthy nerve fibers
neurons in white matter (arrows) H and EX200).T: Brain
gray and white matter in protected group showing neurons
retain to normal structure (long arrows) in compare with
glyphosate group neurons, but still some neurons suffering
from necrosis (small retracted pyknotic nuclei )(short thin
arrows), marked improvement of brain parenchma with
no spongiosis , with marked regeneration of nerve fibers

neurons (short thick arrows) (H and EX200).

Supplementary Figure S3: C: Fish gills showing gills with
normal primary and secondary gill filament with normal
cellular structure and central blood supply of gill filaments
(H and EX100) G (a):Gills fish showing necrosis and
degeneration of all epithelial cells covering gill filaments
(gill filaments appeared bar from all cells) (arrows)(H and
EX4) G(b): some parts of gills showing inter lamellar
hyperplasia ,inflammatory infiltration of mononuclear
cells ( long thick arrows) in gill filaments with mucus
cells proliferation (long thin arrows) and chondrocytes
proliferation in the center of gill filaments (short thin
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arrow) with lamellar fusion of gill secondary filaments in
the upper part (thick short arrow) (StainH and EX100)
M gills: showing highly intact healthy gill filaments with
normal secondary non fused gill filament with central
blood supply (H and EX100) T: gills showing improved
gill filaments structure (long arrow) with still presence of
gill necrosis (short arrows) (H and EX100).

¥\ LY QR 4
Supplementary Figure S4: C: labyrinth organ showing
central elastic cartilage in the center with normal maize
like structure epithelium tissues in the periphery (short
arrow) and normal blood capillaries (long arrow) (StainH
and EX200). G(a) labyrinth organ of fish showing
conversion of elastic cartilage into fibrocartilage (arrows)
(H and EX400). G(b) labyrinth organ with thrombosis
(arrows) of blood capillaries (H and EX200) (StainH and
EX100 ). G(c) high power of previous picture showing
thrombosis of blood capillaries (H and Ex400). M :elastic
cartilage normal with maize like epithelium structure in
the periphery and healthy blood supply (arrow)(H and
EX400)T: showing intact elastic cartilage with few some
degenerative changes and degeneration of epithelial cell in
maize like structure in the periphery(long arrow) (H and

EX200).
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Supplementary Figure S5: (c) kidney showing glomeruli
with normal kidney tubular epithelium and normal
circumscribed wall thickness of blood vessel(H and
EX400).G (a): Kidney fish intoxicated with glyphosate
showing atrophied renal glomeruli (long thin arrow)
degeneration and necrosis of renal tubular epithelium (short
arrows) and interstitial fibrosis (thick long arrow),(H and
EX400) G(b) blood vessels in kidneys showing folding of
all wall tunics into the lumen with severe thickening in the
wall of blood vessels folding into lumen (H and EX400)
,G(c) kidneys showing thrombosis in the lumen of renal
blood vessel attached to the wall with accumulated RBCs
and leukocytes (H and EX400) M: Kidney fish showing
healthy glomeruli (long thick arrow) , and highly improved
renal tubular epithelium (long thin arrows) with normal
blood vessels wall (short thick arrow) (H and EX200)
T(a):kidneys fish showing high intact renal glomeruli
(long thick arrow), and normal renal tubular epithelium
of renal tubuli (long thin arrow) but still present of degree
of degenerative changes of some renal tubules (short
thick arrow)(H and Ex200) T(b): renal blood vessels with
normal circumscribed vessels wall with normal thickness

and normal blood content (arrow)(H and EX400) H and

E semi quantitative scoring of hepatic lesions.
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Supplementary Figure S6: C: Liver showing norm
thickeness portal vein wall (H and EX100)G: liver showing
portal vein wall thickening, hyalinization with folding into
lumen (H and EX100) M: liver with normal thickness
portal vein wall (H and EX200) T: Liver with normal thin
thickness portal vein wall (H and EX200).

Supplementary Figure S7: C(a): spleen white pulp
impacted with lymphocytes (arrows)(H and EX200).
C(b): Spleen fish showing normal diameter central
arteriole (H and EX400) G: spleen fish revealing depletion
of lymphocytes in white pulp ( long arrows) with normal
diameter central arteriole (short arrows) (H and EX200)
M(a): increase lymphocytes in white pulp (arrow)(H and
EX400) M(b ):high increase in periarterial lymphatic
sheath (arrow) (H and Ex200). T: increase lymphocytes

in white pulp with dilated blood vessels and increase
periarterial lymphatic sheath.
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