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ABSTRACT

Glyphosate is a broad spectrum herbicideruits and vegetables improve health and a dirhinghronic
degenerative processes. This study aims to instimyange juice protective role against the tayicif glyphosate
induced in mice. Fifty six adult male albino miceidied into seven groups. Oral administration oymiiosate
caused a significant increase in MDA levels, sed8iT, ALT, BUN, creatinine, CEA and DNA damage and
decrease in serum testosterone levels. Treatmehtosénge juice combined with glyophosate for 2 dndeeks
decrease the incidence of hepatotoxicity, nephioityx lipid peroxidation, genotoxicity and serumE& in
concomitant with significant elevation in serumtésterone levels compared to glyphosate- treatedijgs. Results
proved that orange juice is a potent protector aghiglyphosate-induced toxicity, and its protectioke is time-
dependent.
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INTRODUCTION

Humans are exposed daily to many of xenobioticstaedt metabolites, which are present as pollutftjtsThey
have compensatory, multiplicative, or synergisffeas[2]. Universally, Glyphosate is one of the major palhts

of rivers and surface waters][3hey have the ability to contaminate organismeluiing humans, and ecosystems
[4,5 &8].

Liver exposure to glyphosate and metabolism may lea malondialdehyde elevation and oxidative stregs
production of free radicals. They affect integuff the cells by damage of lipids, proteins andADN & 8]. The
clinical outcomes of ingesting glyphosate herbisidenclude multi-organ toxicity, with nephrotoxicity
hepatotoxicity, gastrointestinal, cardiovasculafees [9,10 &17. Death from glyphosate herbicides ingestion
develops acute kidney injury. The kidney may alsoab organ for excretion of glyphosate compongl#s So,
early verification of kidney injury could be imparit as a risk of a fatal result in glyphosate hedeis toxicity.
Plasma or serum creatinine and blood urea nitrbgee usually been used as indicators, or biomarkar&idney
injury in human glyphosate herbicides intoxicatja8 & 14).

There was a decrease in production of sperms farhekperimental animals exposed to glypho$at. McDuffie
and his colleagues (2001) revealed that glyphosateses liver damage in rats, because of intraeelliNer
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enzymes leakagfl6]. There is a relation between glyphosate administnatind non-Hodgkin lymphoma risk
[17,18&19. Moreover, it was revealed that glyphosate inkiBRINA transcriptiorj20]. Diets rich in fresh fruit and

vegetables decrease incidence of some diseasesalil®vascular and cancer. These protective sffeate been

associated with compounds naturally present iregias phenolic compounds, carotenoids and vitanif1 &22].

Constituents of Orange juice exert various biolabieffects[23,24&25. OJ provides considerable amounts of
vitamins and minerals that can decrease DNA danzagk cancer risf26&27]. 0OJ also provides significant
amounts of phenolic substances, mainly of flavosottiat can also have chemopreventive adt8). A single
intake of OJ (600 mL) increases the antioxidantacip for more than 3 hourR9]. Two-week treatments of
healthy persons (up to 500 ml OJ/day ) decreastetieds of lipid peroxidatioi30]. Dosages equal or greater than
600 mL daily for more than two weeks have been shtavinduce lipid peroxidation decrease and radodn
DNA oxidation[31&32]. This study aims to evaluate the orange juice ptove effect against glyphosate induced
toxicity in adult male mice.

EXPERIMENTAL SECTION

Chemicals

Pesticide Glyphosate (N-(phosphonomethyl)glycir@jmonly known by its original trade name Roundup™
(manufactured by Monsanto), was obtained from Si@hemical Company-St Louis, MO, USA. Orange Juies w
supplied by Juhayna and beverages company, GizptEg

Animals

Fifty six adult male albino mice aged 8-12 weekslia beginning of the work) with an average bodyght of 21+

3 gm, obtained from the animal house colony ofNia¢ional Research Center, Dokki, Cairo, Egypt, wesed in
the study. The animals were housed in polypropytamges, given watexd libitumand fed standard pellets diet for
two weeks for adaptation. Mice were exposed to:a2.Rght/ dark cycle, at a room temperature of2B3C.

Treatment

The animals were organized into seven groups (Biasiin each group). The animals of group | wereduss a
control group and received distilled water. Thenaals of group 1l & Il were treated with orangedai(30 ml/kg)
orally by gavages once daily for two and four wesdspectively. The animals of groups IV&V were teshwith
500 mg/kg body weight of glyphosate diluted initlest water orally by gavages once daily for twaldaur weeks
respectively. While The animals of groups VI&VIeated with orange juice combined with glyphosate itose
which mentioned before.

Blood collection and tissue homogenate:

Mice were anaesthetized by diethyl ether and sanpkre taken from retro orbital plexus using gleagillaries.
Blood samples were collected at the end of the &mdithe 4th week of treatment for determining DNefgige
using the comet assay. The blood was first cegeifluat 1500« g for 10 min at ambient temperature. Then serum
was separated and used for the assay of aspaméteteansferase (AST), alanine aminotransferaseT{ALurea,
creatinine, total testosterone acarcino-embryonic antigen. The mice were sacrifibgccervical dislocation and
the liver and kidney of each animal were disseetad weighted, then immediately homogenized in 50 ic#v/cold
phosphate buffer (pH 7.4) to give 20% homogenat®)(Whe homogenate was centrifuged at 1700 rpm and 4°C
and the supernatant (20%) was used for the detatimmof hepatic and renal lipid peroxidation .

The study was approved by the ethics committeehef National Research Centre and all subjects daeie t
informed consent prior to entering this study.

Il Methods

Biochemical analyses:

Serum ALT and AST activities were measured by tmétaphenylhydrazene (DNPH) method according 38]
using commercial kits (Biodiagnostic CO., Egyplyea andccreatinine levelglso were measured using commercial
kits (Biodiagnostic CO., Egypt). Hepatic and retigid peroxidation was assayed by the measurenoént
malondialdehyde (MDA) by spectrophotometric metij8d] using commercial kits (Biodiagnostic reagent Kkits,
Egypt). The level of lipid peroxidation was exprsdsas nmol/g liver and kidney tissue. Testostedemel was
estimated in serum by Elisa (Micro-well method) ading to[35]. Serum CEA levels were determined by an
enzyme immunoassay test kit (DPC Diagnostic Pro@act Los Angeles, CA, USA) and results were gisemg’
mL.

Comet assay

14



Eman R. Younes<t al J. Chem. Pharm. Res,, 2016, 8(3):13-28

Isolated blood cells of all groups of male mice evsubjected to the modified single-cell gel elguiwaresis or
comet assay36]. To obtain the cells, the pellet of blood cellsswaashed with an excess of ice-cold Hank's
balanced salt solution (HBSS) and minced quickty spproximately 1 mm3 pieces while immersed in BB®ith

a pair of stainless steel scissors. After seveeshings with cold phosphate-buffered saline (toowred blood
cells), the blood cells were dispersed into singddls using a pipette. In brief, the protocol fdeatrophoresis
involved embedding of the isolated cells in agamesleon microscopic slides and lysing them withedgent at high
salt concentrations overnight (in the cold). Théscerere treated with alkali for 20 min to denattine DNA and
subjected to a 30 min electrophoresis under al&ationditions at 300 ma, 25 V. The slides were sthiwith
ethidium bromide and examined using a fluorescenimeoscope (Olympus BX60 F-3) with a green filtérd@X
magnification lens (N.A.=1.3). For each experiméntandition, about 100 cells (about 25 cells peirreat) were
examined to determine the percentage of cells Bih damage that appear like comets. The non-ovpitapcells
were randomly selected and were visually assignetbee on an arbitrary scale of 0-3 (i.e., classn® detectable
DNA damage and no tail; class 1 = tail with a lénigiss than the diameter of the nucleus; classal with length
between 1x and 2x the nuclear diameter; and clasgall longer than 2x the diameter of the nuclehs$ed on
perceived comet tail length migration and relativeportion of DNA in the nucleus7]. A total damage score for
each slide was derived by multiplying the numbecelfs assigned to each class of damage by thenwwaue of
the class and summing up the values. Slides wetlgzad by one observer to minimize the scoringalality.

Histopathological Study:

For histological and histochemical studies rougpaeaffin sections 7mm thick and blood films werepgared and
stained by: heamatoxylin and eosin for the histiclignvestigations, PAS periodic acid Schiff falgsaccharides
(Drury and wilington1980 ) and bromophenol bluegaaure for general proteifi3g].

Statistical analysis
Data were expressed as means * S.E. and analyisticdlly using Student’s t test. Results weresitered to be
statistically significant when P < 0.05.

RESULTS AND DISCUSSION

The effect of orange juice and/or glyphosate on (MDA):

The changes in MDA levels in the liver and kidnessties of all the groups after treatment with oeajuice and
glyphosate are shown in table(1) . There was naifsignt differences between MDA levels in groupsated with
orange juice when compared to their normal couatéspwere observed (P > 0.05). Whereas MDA leielhe
liver and kidney tissues of the glyphosate-treapexip significantly increased, compared with thatoa group (P
<0.001 ). However, oral administration of orangieguor 2 and 4weeks prior to glyophosate statdlficsignificant
decrease the MDA levels in the tissues as comparglyphosate- treated groups(table 1).

Table(1):Effect of treatment with orange juice corbined with glyphosate for 2 and 4 weeks on liverral kidney MDA levels

Groups Liver malondialdehyde (umol/g) | Kidney malondialdehyde (umol/g)
Control 2.99+0.145a 1.60+0.31a

Orange juice for 2weeks 2.591+0.189a 1.59+0.29a

Orange juice for one month 2.688+0.201a 1.61+0.4a
Glyophosate for 2weeks 18.98+0.91***b 7.140.41%*p
Glyophosate for 4 weeks 27.24+0.376**b 10.1+0.89***b

Orange juice+ Glyophosate for 2weeks 12.94+0.91***c 6.1+0.11*c

Orange juice+ Glyophosate for 4 weeks 10.9+0.45***¢ 5.6+0.91**c

Data are presented as mean + SE of the eight asimélP<0.05,**P<0.01 and***P<0.001
(b) Significantly different from control group.
(c) Significantly different from glyophosate tredgroup.

Effect of orange juice and/or glyphosate on liver enzymes activitiesand blood urea creatinine :

The activity of AST, ALT,serumcreatinine and ureaoncentratios showed an increase in glyphosate-treated
groups for 2 and 4 weeks when compared to contmlm This indicates the severity of hepatic anthrénjury
caused by glyophosate. However, no changes in thwitg of liver enzymes, serum creatinine & urea
concentratioain mice - treated witlorange juice alone for 2 and 4 weeks as compar#aeteontrol group. There
was a decrease in the activity of the above engygme0.01) and the levels of the serum creatiing urea (p
<0.001) in the groups treated with orange juioenlgsined with glyophosate for 2 and 4 weeks as coatpto
glyphosate- treated groups (table 2).
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Table(2):Effect of treatment with orange juice comiined with glyphosate for 2 and 4 weeks on serumaiine aminotransferase,
aspartate aminotransferase, blood urea nitrogen anderum creatinine levels

Groups AST ALP Serum creatinine BUN
(IU/L) (IU/L) (mg/dl) (mg/dl)
Control 54.8+0.86a 36.0+0.54a 0.82+0.024a 40.1+1.8 a
Orange juice for 2weeks 53.4+1.08a 36.8+0.40a 0.81+0.047 a 41.3+t1.7 a
Orange juice for one month 52.6+0.51a 35.610.4a 0.83+0.043 a 39.8+t1.9a
Glyophosate for 2weeks 304.6+2.4**p | 211.242.9***p 1.4340.034***b | 77.0+2.24***h
Glyophosate for 4 week 355.4+4.2**p | 221.64+3.03***b | 1.48+0.011***b 80.1+2.1***p
Orange juice+ Glyophosate for 2week285.2+3.32**c | 195.8+3.1**c 1.18+0.06**c 66.1+1.3**C
Orange juice+ Glyophosate for 4week270.0+4.4***c | 191.0+2.2***¢c 1.06+0.04***c 60.3+£1.49***c

Data are presented as mean + SE of the eight asimal **P<0.01 and***P<0.001
(b) Significantly different from control group.
(c) Significantly different from glyophosate tredtgroup.

Effect of orange juice and/or glyphosate on serum testosterone levels:

The levels of testosterone were decreased by 33.8,% in groups treated with glyphosate as @eg with
control group. Serum testosterone levels were guifgiantly changed in orange juice-administerederfor 2 and
4weeks compared to control group. A significantéase in testosterone levels were seen in the groeated with
orange juice combined with glyophosate for 2 amdeéks as compared to glyphosate- treated grougsefféct of
orange juice and glyphosate on this parametertiwesdependent (table3).

Table(3):Effect of treatment with orange juice comiined with glyphosate for 2 and 4 weeks on serumt testosterone (ng/dl)

Groups 2weeks 4AWeeks
Control 154.5+2.9a 154.5+2.9 a
Orange juice 148.9+2.2 a 151.2+3.1 a
Glyphosate 104.1+1.2**p | 84.5+1.9**p
Orange juice+ Glyphosate 118.9+1.6***c | 129.8+2.4***c

Data are presented as mean + SE of the eight asimal ***pP<0.001
(b) Significantly different from control group.
(c) Significantly different from glyophosate tredtgroup.

Effect of orange juice and/or glyphosate on DNA damage using comet assay:

There was a statistically significant increase (€01) in DNA dmage in blood cells of mice treateidh
glyphosate for 2 and 4 weeks as compared to thiosentrol, that clearly indicates a genotoxic effetglyphosate.
While the values of DNA damage were significantBcreased in the groups treated with orange juicebated
with glyophosate for 2 and 4 weeks compared to pgdueated with glyphosate. The effect of orandeejand
glyphosate on this parameter was time-dependehichvindicates the protective effect of orangeguagainst DNA
damage induced by glyphosate (table4).

Table (4):Effect of treatment with orange juicecombined with glyphosate for 2 and 4 weeks on DNdamage frequency in mice

leucocytes
Groups No. of animals 2weeks AWeeks
Control 10 1.8+0.75a 1.8+0.75 a
Orange juice 10 1.840.44 a 1.8+0.441 a
Glyphosate 10 27.8+0.438***p | 39.8+0.435***p
Orange juice+ Glyphosatg 10 24.8+0.436**c | 22.9+0.437***c

Data are presented as mean + SE of the eight asimal **P<0.01 and ***P<0.001
(b) Significantly different from control group.
(c) Significantly different from glyophosate tredtgroup.

Effect of orange juice and/or glyphosate on serum carcino-embryonic antigen levels(CEA):

As shown in (table5)gevels of carcino-embryonic antigen (CEA) in cohtigroup were 2.52 and 2.45 ng/mL at 2
and 4 weeks, respectively. The levels of CEA irpglysate-treated group were significantly incredgesing/mL,p

< 0.001) after 2 weeks of treatment as comparethdse of control. There were direct relationshigween
increasing the time of the treatment for 4weeks iancteasing the levels of CEA in group treated vgityphosate
(12.4 ng/mL ,p < 0.001). However, oral administration of orang&gucombined with glyophosate for 2 and
4weeks statistically significanp & 0.001) decrease the CEA levels as compared phgbate- treated groups.
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Table(5): Effect of treatment with orange juice corbined with glyphosate for 2 and 4 weeks on carcirRembryonic antigen(ng/mL)

Groups 2weeks 4AWeeks
Control 2.52+0.21a 2.52+0.21a
Orange juice 3.0+0.19a 2.9+0.66a
Glyphosate 7.6+0.16**b | 12.4+0.18**b
Orange juice+ Glyphosatge 4.16+0.093***c | 4.2+0.081***c

Data are presented as mean + SE of the eight asimal**P<0.001
(b) Significantly different from control group.
(c) Significantly different from glyophosate tregggoup.

Pathological findings;

(A) Light microscopic results:

Light microscopic examination of testis of contgpbup showed rounded seminiferous tubules boungexdfitbrous
capsule formed of two layers; an inner visceraéfagunica vasculosa) and tunica albuginea combistean outer
parietal collagenous layer. The outer layer of sbeiniferous tubules appeared enclosed by a fibconsective
tissue consisting of several layers of fibroblaatel well-defined basal lamina (fig 1). The sen@rotis tubules was
shown to be lined with spermatogenic layer thdbimed of spermatogonia appeared relatively sniaibted next
to the basal lamina of the epithelium. Spermatagomas followed by the primary spermatocytes whighhie
largest cells of the spermatogenic layer and coimgichromosomes in various stages. The spermatidsbe
distinguished by their small size and their nuckéth areas of condensed chromatin. Large numbene we
transformed into spermatozoa released into the nuofieghe seminifirous tubule. Sertoli cells areaclas triangular
in shape with vesicular nuclei. The space betwheriubules contained connective tissue, blood,phatic vessels
and Leydig cells are arranged into small clumps Tj.

Fig. 1: A photomicrograph of a section in the tes$i of a control mouse showing a seminiferous tubusgpeared lined with basal lamina
(Bl), spermatogonia (Sg), Sertoli cells (S), peritwlar myoid cells (My), primary spermatocytes (Sl),secondary spermatocytes (Sll),
spermatids (St), spermatozoa (Sp) and interstitidleydig cells (L). (HX-E) X1000

The testes in orange juice treated groups showeidaeased number of spermatogonia and spermagcite
spermatids were quite obvious and spermatozoal file lumen in some tubules. Also the interstitiaydig cells
were developed (Fig 2).
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Fig. 2: A photomicrograph of a section in the tessi of a mature mouse (gp.B) showing seminiferous tukes lined with basal lamina (BI),
spermatozoa (Sp) interstitial Leydig cells (L). (EK-E) X400)
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The testicular sections from glyphosate treatedumgorevealed some lesions in the seminiferous ésbak
shrinking, distortion, acidophilic hyalinizationepletion of the germinal cells, and atresia indhermatogenic cells

(Figs3&4).

Fig. 3: A photomicrograph of a section in the tessi of a mature mouse from group (C) showing a semfierous tubule appeared lined with
basal lamina (BI), primary spermatocytes (Sl), secwlary spermatocytes (Sll), spermatozoa (Sp), vacuaions (V) and Leydig cells (L).
(HX-E) X400

Fig. 4: A photomicrograph of a section in the testi of a mouse showing hyalinization (H) in the lumimf a seminiferous tubule appeared
lined with basal lamina (Bl), vacuolations (V) sprmatozoa (Sp) and Leydig cells (L). (HX-E) X400

Also, obvious signs of carcinogenation, fragmeatgatnecrosis and vacuolation in some seminifetabsles were
spotted. Additionally, clear signs of nuclear pgkis, depletion in the interstitial Leydig cellsdaloss of sperms

was observed (Figs.5, 6 & 7).
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Fig. 5: A photomicrograph of a section in the tessi of a mature mouse (gp.C) illustrating a seminiferus tubule containing;
spermatogonia (Sg), primary spermatocytes (Sl), spmatids (St), interstitial Leydig cells (L), interstitial and some vacuolated areas.
(HX-E) X400)
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Fig. 6: A photomicrograph of a section in the tessi of a mature mouse (gp. C) illustrating a seminifeus tubule appeared lined with
basal lamina (Bl), Sertoli cells (S) and containingsecondary spermatocytes (Sll), spermatozoa (Spitérstitial Leydig cells interstitial
Leydig cells (L), some vacuolated areas (V) and ddod capillary (Bc) (HX-E) X1000)

/ 3 JALY éﬁ%ﬂﬁ‘fff A

Fig. 7: A photomicrograph of a section in the testi of a mature mouse (gp. C) illustrating a seminifeus tubule appeared containing
some vacuolated (V) and necrotic areas (N), primargpermatocytes (Sl). (HX-E) X1000)

The testicular sections of mice treated with orajugee combined with glyphosate herbicide showes ldefects in
the testicular tissue in comparison with those pleskin sections of glyphosate treated groups. shape of some
seminiferous tubules appeared distorted, displayegbia, vacuolation, fragmentation and few necrateas (Figs,
8 & 9). Though these defects observed in thesepgropet a marked improvement in most of the seeaifs
tubules, increased number of germ cells, the oeoar of different stages of meiotic division and tbrmation of
spermatozoa was observed in sections of testesdrange juice combined with glyphosate treated ggou

Fig: 7

Fig. 8: A photomicrograph of a section in the tes$i of a mature mouse (gp. D) illustrating a semirdfrous tubules containing,
spermatozoa (Sp), interstitial Leydig cells (L) andx vacuolated area (V). (HX-E) X400)
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Fig. 9: A photomicrograph of a section in the tessi of a mature mouse (gp. D) illustrating a seminifeus tubule containing, Sertoli cells
(S), primary spermatocytes (Sl), Sertoli cells (Sgecondary spermatocytes (Sll) and interstitial Leglig cells (L) (HX-E) X1000

(B) Histochemical Results:
PAS periodic acid Schiff for polysaccharides

.,B’g. s

Flg 1(3/ S

Fig. 10: A photomicrograph of a section in the tes of a control mouse (gp. A) showing the total pgsaccharides contents in the basal
lamina (BI), spermatozoa (Sp), and the walls of btml capillary appeared more intensely stained tharhie germ cells. (PAS) X 1000

Controversly, stain quality of the interstitial Laig cells and all spermatogenic cells stages étices from orange
juice treated groups, were nearly equal as the@ogroup (Fig 11).

Bl
Sp

Fig: 11

Fig. 11: A photomicrograph of a section in the tes of a mature mouse (gp. B) showing the total padaccharides contents, the basal
lamina (Bl), spermatozoa (Sp), and blood capillanappeared more intensely stained than the spermatotsy
(PAS) X 1000

The contents of polysaccharides in the testiciidsues of glyphosate-treated groups and orarige itombined
with glyphosate treated groups were lower thandh#te control (Figs 12 &13).
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Fig. 12: A photomicrograph of a section in the tes of a mature mouse (gp. C) showing the total papccharides contents showing less
staining quality than control sections in the basalamina (Bl),vacuolated (V) and necrotic areas (N)spermatozoa (Sp), Leydig cells (L)
and blood capillary (Bc). (PAS) X 400

Sp

Bl
Sp

Fig:13
Fig. 13: A photomicrograph of a section in the tes$ of a mouse (gp. D) showing the total polysacchédes contents in the basal lamina

(Bl), spermatozoa (Sp), and vacuolation (V). Thegdsues appeared more intensely stained than the tiestar tissues in group (C). (PAS) X
400

Bromophenol blue procedure for general proteins
The testicular sections from the control mice stdiby the bromophenol blue stain illustrated nordistribution of

general proteins (Fig 14).

Fig:14 i 7 S

Fig. 14: A photomicrograph of a section in the tes of a mature mouse (gp.A) showing strong staindiiy and the interstitial Leydig cells
(L). They appeared more intensely stained than thepermatocytes and the Leydig cells. The tails of ghspermatozoa (Sp) appeared
darkly stained. (B ph. B)X400

Also, general protein contents are the same itiosecfrom orange juice treated groups and comroup. Tunica

albuginea, the interstitial tissue and the basalifae around the seminiferous tubules become estamore
intensely while the spermatogenic cells appeariedysstained (Fig. 15).
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Fig. 15: : A photomicrograph of a section in the tstis of a mature mouse (gpB) showing strong staibaity exhibited by a seminiferous
tubule appeared lined with Sertoli cells (S), peritbular myoid cells (My), primary spermatocytes (Sl) secondary spermatocytes (SllI),
interstitial Leydig cells (L). (B.ph B) X1000

In testicular sections from glyphosate and orangeejcombined with glyphosate treated groups, #ngederated
fragmented germ cellsand spermatids that showedeau@yknosis, were stained more intensely tharmabr
spermatids (Figs 16 & 17).

Fig:16

Fig. 16: A photomicrograph of a faintly stained setion in the testis of a mature mouse (gp C) showing darkly stained capsule (C),
surrounding the testis, interstitial Leydig cells [), vacuolations (V), fragmentation and necrosis (INin the germ cells. (B ph. B) X400

Sp

Fig: 17

Fig. 17: A photomicrograph of a section in the tess of a mature mouse (gp. D) showing moderately steed seminiferous tubules lined
with basal lamina (Bl), spermatozoa (Sp) and intet#ial Leydig cells (L). (B ph. B) X400

The present study showed a statistical signifitactease in MDA levels in glyphosate-treated grounpake of
orange juice for two and four weeks combined wigtyophosate decrease the MDA levels significaniljese
findings were in-agreement wifl89 who observed increase lipoperoxidation in hepatic &ssud the toxic effect

of the herbicide was associated with its capadtgenerate ROSSener and his collaborators (2007) stated that,
there was a significant elevation in MDA levelstire roots exposed to glyphosate [40]. MDA leveks directly
proportional to glyphosate as there was an elevatlyy 84%, 212% and 263% in 100, 250 and 500I+hg
glyphosate treated groups, respectively. Moredt&ras proved that there was a significant inoeeéasVIDA level
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in plants treatedvith different doses of glyphosate [41&422dditionally, it was revealed that glyphosate has a
direct effect on thépid peroxidation43].

MDA is the most significant indicator for lipid petidation, due to the oxidative decomposition oftai@
macromolecules such as lipifi$4&45]. Since ,membrane’s lipid are highly susceptiblgpéooxidation, the free
radicals easily peroxidized the membranes lipidastMDA was producef#6]. It was reported that elevation in
MDA levels of both liver and kidney tissues enteah&ipid peroxidation which lead to tissue damage failure of
antioxidant scavenging mechanig#&848]. Also it was showed that Ginkgo biloba L. Leafraxt treatment
significantly inhibited MDA production, reduce adlr injury and lipid peroxidation that protect tligsues against
glyphosate-induced oxidative damage.

It was found that, lipoperoxidation can occur through theect interaction of organophosphorus compoundb wi
the cytoplasmic membrane, leading to damage obylstemp49&50]. This is the principal mechanism associated
with the toxicity of several pesticides. The asatioh of Roundup with antioxidants, such as N-deetgysteine,
vitamins C and E, could reduce toxic damage. It stated thatrinking orange juice enhanced concentration of
vitamin C and reduced oxidative stress in vivo tigio lowering the concentration of F2-isoprostamesgealing a
new evidence of the health benefits of eating[fdijt

Results of the current study revealed that enzyaogisity levels,serumcreatinine and ureaoncentratios were

time-dependent statistically significant increasglyphosate treated groups for 2 and 4 weeks. ddtivity of the

above enzymes and the levels of the serum creatamd urea were time-dependent statistically siant decrease
in the groups treated with orange juice combineth \glyophosate. These results were found to bedo@ance
with Bishop LM, Bishop LM, et al., who found thatetlevels of ALT and AST were significantly incredsey the

exposure to the various concentrations of Roundupisg the sampling days[52].

It was revealed that, administration a singleaipéritoneal dose of glyphosate- Roundup to albinssSmicg53].
After fifteen days, significant hepatic damage Ww# developed in mice, with changes in serum leeE&LT and
AST, as well as altered concentrations of urea emtinine, indicative of hepatic and renal damagese
alterations could have been related to decreasgdtigione level and increased lipoperoxidatiowah be explained
by the enzyme leakage from liver cytosol into theodstream. Elevations of liver enzymes are thetmssful
indicators of hepatic dysfunction and hepatocetluamage[54]. As reported bySanchez-Moreno and his
colleagues who found subchronic exposure to glyptieosaused liver damdgg®]. Conversely, the increase in the
level of AST due to exposure to glyphosate wasnatited due to supplementation with zinc , thugaiihg the
antioxidant activity of zinc which brought abousteration of the AST activity in rats. Clagvealed that, the effect
of glyphosateon liver enzymes activity in Oreochromis niloticasd reportedhat glyphosate caused significant
increase in théheir level$56)].

Serum creatinine and blood urea nitrogen (BUN) wesexd as indicators, or biomarkers, for kidneyrinja human
glyphosate-surfactant herbicides intoxication&58]. Dallegrave et al showed that creatinineels increased as
early as 8 h after Roundup treatment[59]. Walshl etvealed serum urea levels were significanttyeased after 2
weeks of glyphosate treatmdiD]. The level of blood urea is a good indicator fainkey dysfunction. Urea is the
principal end product of protein catabolism. Enkhprotein catabolism interpret the elevated lewélgrea[61].

It wasreported a significant increase in BUN and creaérievels after exposure pesticides [62 & Ghere was a
statistically significantly decrease in the levefsAST, ALT, BUN, and creatinine after the admirégion of two
different doses of Ginkgo biloba L. Leaf extraajether with glyphosate.

As the liver is the main organ responsible for @lmtion of xenobiotics, it is the site of multipdgidative reactions.
As a result the liver tissue shows high antioxidactivity, although such activity does not appeathave been
sufficient to avoid the damage promoted by glypk®g&4]. Orange juices have antioxidant and phenolic
compounds and vitamin C. However, other antioxiglganesent in oranges, as vitamin E, carotenoidsmndrals

as well as the synergistic effects among all aidexts can increase the total antioxidant potemfahe juices
[65&66].

Testosterone level were decreased by 32.6, 4518 §iyphosate-treated rats for two and four weegspectively.
While the levels of testosterone were significamtigreased in the groups treated with orange joarabined with
glyophosate. These results were in-agreement wiith&me (2012) who showed , lower non toxic corniions
of glyphosate, testosterone decrease by 35% [67].

It was found that, the concentration of testosterim serum was significantly different among teaitrol and the
treated groups, being reduced by 30, 45 and 50%eigroups received 5, 50 and 250 mg/kg, respégfd@. This
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may explain the alterations observed in the sommfe tubule morphology. The decrease in testostepooduction
affect secondary sexual characteristics. and ttlectsn observed in this study follows observatiohs[69]. It is
possible to suggest that the glyphosate causetidtas in the production of testosterone as welnasphological
testis alterations in rats. Therefore, people exgds pesticides may have compromised fertlii§,71&73.

There was a statistically significant increasehia kength of the tail of leucocytes of mice trelatéth glyphosate
for 2 and 4 weeks as compared to those of coritral,clearly indicates a genotoxic effect of glypaite. While the
values of DNA damage were decreased significantlyroups treated with orange juice combined wiffoghosate
These results were in-agreement whttanke (2005), who revealed the dose and time dkgmerincrease in LPO
was also accompanied by increase incidence of DAatje in the blood cells of the fish[73]. Thusdsipossible
that glyphosate could have caused alterations iA@N fish resulting in formation of comets. Hartnmapt al(
2003) and Cavas and Konen, (2007) reported déimaipcrease in DNA damage in the form comet indadn the
blood and gill cells of fish exposed to glyphospté & 75.The DNA damage originated from inhibition of the
enzymes involved in DNA repair resulting from timéeraction of the pesticide or its metabolites VIMRA. It is
also possible due to ROS generated by the metabolithe herbicide resulting in DNA damage detedigadomet
assay76].

Many xenobiotics,as glyphosate, induce ROS ands, tbausing oxidative damagjé7 & 78. Oxidative stress is
caused by an imbalance between the production & B@l the ability of an organism to detoxify thenmepair the
resulting damage. Free radicals can be formedrasut, thus, causing DNA damage. A number of stidiave
demonstrated that glyphosate causes the geneddtR®S and oxidative stress in tadpdlé9], rat liver cells[80],
mouse kidney and liver cell81]. [82] demonstrated that, mice pre-treated with oramige jand treated with
ferrous sulfate showed less DNA damage than thepgroot so pre-treated. Juice components suchtasii C,
carotenoids and phenolics can protect the celttingato the preventive effect on DNA damage.

It was reported thapre-treatment with orange juice slightly reducee lével of DNA damage induced in mouse
white blood cells by alkylating agents. while orarjgice post-treatment induced a significantly leigreduction in
DNA damage. Juice components such as phenolicel amil as a scavengf83]. Despite acting as scavengers,
phenolics could have blocked CYP 450 reducing theogption/elimination of toxic compounds. In pagtatment,
damage reduction was increased because both coagauight act as radical scavengers and DNA repdso,
phenolics could have stimulated phase Il enzymdsetiminated alkylating agents metabolites [84].

In the present study, The levels of carcino-embig/amtigen (CEA) in glyphosate-treated mice wegmiicantly
increased after treatment. However, oral admirtistmaof the juice together with glyophosate stataty significant
decrease the CEA levels in seruiinwas found positive associations between seramimoembryonic antigen
(CEA) levels and an index of internal exposure Hase urinary cadmium, blood lead, serum p,p'-DDihary t,t'-
muconic acid, 1,and urinary 1-1-Hydroxypyrene(1-QHi#els [85+]. Also smoking, alcohol consumpticinfish
fat and occupational exposure to solvents showpdsitive association with serum CEA levels. It vedserved
that, CEA levels were extremely significaniyevated in the sera of all Industrial worker exgbgo phenol,
formalin, urea, and mixed vapors[86].

Also, It was revealed a positive association leetwCEA in serum and an index of internal exposaged on
serum levels of lead, polychlorinated biphenyls BBand dioxin like activit}7]. Also, elevated levels of CEA
were associated with an increased risk of devetpping cancer or colorectal cancer [88}. was reported an
association between poor working conditions and d&#Als [89].The elevation of CEA concentration in serum
and other fluids in the body present in malignasédses was due increase in the number of callptbduce CEA

in malignant cells, and decreased of excretion ftbenbody[90]. The increased levels of CEA in the absence of
malignancy reported may be due to a breakdownénatiatomic barrier between the cell surface epdgthend its
underlying tissu¢91].

An antimicrobial and antiviral action have been amed for @ange juicethat modulates the absorption of
xenobiotics. Among biological effects ofange juicds the antigenotoxic and antimutagenic potentiglimfes, that
was shown in cells culture for rodents and huni@ég

The testicular sections from glyphosate-treatedigsaevealed some lesions in the seminiferous ¢shialthe form
of shrinking, distortion, acidophilic hyalinizatipdepletion of the germinal cells, and atresiahi@ $permatogenic
cells. Also, obvious signs of carcinogenation, fn@gtation, vacuolation and necrosis in some seetmifs tubules
were spotted. Additionally, marked, signs of nuclegknosis and depletion in the interstitial Leydiglls and loss
of sperms was observed. These observations a@nsistent with similar results obtained after mdéar treatment
by pesticides in several previous studies suctwhs; reported that treatment with pesticide resuitetazardous

24



Eman R. Younes<t al J. Chem. Pharm. Res,, 2016, 8(3):13-28

effects on sperm and semen quality was alegendent93] found that Roundup herbicide altered the structdire
the testis and epididymal region therefore, Ropnchuse disorder in the morphophysiology of maldtgesystem
of animals. Exposure the herbicide glyphosate sltestosterone levels, leading to describe theididebas “a
potent endocrine disrupt{®4].

Rayes 2008, investigated that glyphosate-basedcigehinduced necrosis and apoptosis in the tdatiaells of
mature rat in vitro, and testosterone decreasevarllevelg95]. It was found that Roundup and glyphosate at lo
concentrations produced a decrease in the tesbost level by 35%. exposure to glyphosate durirgmancy
disturbed the masculinization process and prombédvioral and histological changes and endocniablems in
reproductive parameter®6]. Another study, made b§Q7] on male rats treated by glyphosate with another
pesticide, produce oxidative stress in male teftadls to inhibited production of testosterone aigtugted
gonadotropin levels.

The testicular sections of mice treated with orajugee combined with glyphosate herbicide showess ldefects in
the testicular tissue in comparison with those pleskin sections of glyphosate treated groups. éseminiferous
tubules appeared distorted in shape, displayirgsiatr vacuolation, fragmentation and showed fewatiecareas.
Though these defects observed in these groupsa yearked improvement in most of the seminiferounilies,
increased number of germ cells, the occurrenceiftérent stages of meiotic division and the forroatiof
spermatozoa was observed in sections of testesdrange juice combined with glyphosate treated ggoirhese
testicular lesions have been attributed mainly he toxic effects of the herbicide which was mediatey
administration of the orange juice. These resulisfirm the protective benefits of the regular canption of
orange juice which may be attributed to that orajugee is a rich source of antioxidants; vitamin fGlate, and
flavonoids such as hesperidin.

Consistent with the results obtained from the prestudy, Worldwide studies confirmed that use taf herbal
medicine has positive effect on treating infertilitSeveral studies confirmed the protective effeatsthe
phytochemicals included in the orange juice onidektr tissues[98] investigated that the inhibition effect of
cyclosporine to hypothalamic-pituitary-testiculakisa of the intact adult rat is completely reversibafter
administration of orange juice for 4 weeks.

It was found that antioxidants including most vitamin diet may protect sperm DNA from free radi¢db]. A
study showed that consumption of orange juice edirscrease in sperm viability, motility and popida so it has
positive effects on male infertilityEvidences suggest certain, cardiovascular protectieuro-protection, bone
health promotion and anti-inflammatory protection

The testicular tissues of polysaccharides contesitglyphosate treated groups and orange juice cwdbwith

glyphosate treated groups were less than thaeitesticular preparations in the control grouptelticular sections
from glyphosate and orange juice combined with lgbgate treated groups stained by the bromophenel $ihin

showed degenerated and fragmented germ cells etpendrating spermatids which showed nuclear pyknegre

more stained than the normal ones.

CONCLUSION

The results obtained in this study clearly confidnieat glyphosate toxicity induces biochemicalrayes, oxidative
stress, DNA damage and altered the structure of téséis which inhibited and disturbed the proce$s o
spermatogenesis in adult male mice. However, supghtation with orange juice has a protectiveceéffgyainst
glyphosate toxicity, by reduction effects of fremlicals and counteract the oxidative stress thratsghantioxidant
properties. Therefore, the antioxidant role of geijuice may be used as a “toxicity-limiting agemd reduce
effects on human health of pesticides in the nataré.
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