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ABSTRACT

The present study was designed to assess oxidative changes occurring in brain after concurrent exposure of arsenic and
quinal phos in Wistar rats. Rats of either sex were randomly allocated to nine groups of six rats each and were administered
quinal phos and arsenic either alone or in-conjunction with each other for 28 days. Group | served as control, group Il and 111
received orally quinalphosat 1/100" and 1/10" of LD, respectively, whereas group |V and V received arsenic 50 and 100 ppb
respectively in drinking water. Group VI and V11 received low and high dose of quinal phos respectively along with arsenic (50
ppb) in drinking water. Similarly the animals comprising group V111 and IX received higher and lower doses of quinal phos
respectively with arsenic (100 ppb) added in drinking water. Significant (P<0.05) declines in brain acetylcholinesterase
(AChE), total thiols (TTH), catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx), glutathione-s-
transferase (GST), glutathione reductase (GR) along with significant elevationsin (P<0.05) malondialdehyde (MDA) levels
pointed towardsthe occurrence of oxidative damagein brain following repeated administrations of quinal phosat either dose
levels or arsenic at the concentration of 100 ppb as compared to control. Moreover, these alterations were found to be more
pronounced in groups receiving both treatments concurrently viz. decreased levels of AChE (55.4%), TTH (51.5%), CAT
(38.4%), SOD (29.6%), GPx (40.9%), GST (54.9%) and GR (44.4%) with increased MDA (102.3%) ascompared to control group.
Histopathological changes observed in brain included neuronal degeneration and necrosis, gliosis, neuronophagia and
spongiosis which correlated well with dose and co-exposure induced altered antioxidant biomarkersin brain. Hence these
findings underline the subtle neurotoxic potential of arsenic and quinalphos which is enhanced with their concurrent
exposure. © 2020 Knowledge Empowerment Foundation
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INTRODUCTION metal s/metall oi dsand organophosphorus compounds

which adversaly impact health of exposed human and

Ubiquitous contamination of environment by animals. Quina phos(O,O-diethyl O-quinoxalin-2-yl
human activities such as indiscriminate use of phosphorothioate), an organophosphorus compound,
agrochemica sand rampant industridizationhavelead  isused not only for the control of awide variety of
to rising ground water levels of toxicants such as pests affecting agriculture sector but isalso used as
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an acaricidefor control of disease vectors affecting
animal health™¥, Quinal phoshasbeen classified asan
acute, hazardous compound by the World Health
Organization (WHO) and its application has either
been banned or is restricted in most countries.
However, inIndia, quinaphosisstill used asayel low-
label pesticidefor protection of food cropslikewhest,
rice, coffee, sugarcane and cotton from pests*9.
Quinalphos, irreversibly inhibits acetyl cholinesterase
(AChE) enzyme causing accumul ation of acetylcholine
(ACh) at neuromuscular junctionswhichresultsina
cholinergic crisisdueto acontinuous stimulation of
cholinergicreceptorsultimately causing paralysisand
deathl5®l,

Arsenic (As), anaturaly occurring toxic metalloid
inearth’s crusts, is also a major toxicant posing a serious
threat to animal and human health. Contaminated
drinking water isthe primary sourceof arsenictoxicity
for animals and humans™. Exposure to lower
concentrations of arsenicin drinking water has been
shownto increase susceptibility to develop neurologica
and cognitive dysfunction in rodents and humang®9.
AlthoughWHO and Environmenta Protection Agency
(EPA) haveddfinedthesafety limitsof arsenicindrinking
water but no such strict guidelineshave been provided
for food, beverages and air which can be the other
potentia sourcesof itsexposure?,

Accumulaing experimenta and dinica datasuggests
that increased concentration of different kinds of
toxicantsin the ecosystem can belinked to increased
incidencesof adversehedth effectsinduding neurologica
disordersin mammals“€. However, only few prior
studies have been conducted to determinethe effects
of co-exposureto arsenic and quinal phoson nervous
tissue. Therefore, the present study wasformulated to
assess the impact on antioxidant status and
histomorphol ogy of brain upon concurrent exposureto
low dosesof arsenic and quinal phos, mimicking their
exposureunder natura conditions, inWidtar rats.

MATERIALAND METHODS

Experimental model

Adult Wistar rats (180-200g) of either sex were
procured from Indian Institute of Integrative Medicine,
Jammu. All animalswere maintained under standard

managemental conditions (22 + 3°C, 50-60% relative
humidity and 12 h light-dark cycles). Prior to the start
of experiment, wistar rats were acclimatized to the
laboratory conditions for a period of 15 days. The
experimental protocol was dully approved by
Institutional Animal Ethics Committee (IAEC) vide
proposal no 7/IAEC-17/2017. All experimental rats
received humane care in accordance with National
Institute of Health Guide for the Care and Use of
Laboratory Animals (NIH Publication No. 85-23,
revised 1996). Themaximum contaminant level (MCL)
of arsenicindrinking water is50 ppb and inthe present
study, two doselevelsviz, 50 and 100 ppbindrinking
water were used.™! Two different doses of quina phos
1/100™ and 1/10" of median lethal dose (LD, -
19.9mg/kg) were used d one and in-combination with
different levelsof arsenicto eva uatethecumulivetoxic
effectson neurological tissueof rats*?.

Fifty four adult Wistar ratswererandomly alocated
to ninegroupsof six ratseach and subjected to different
treatments for 28 days. Group | served as control
receiving only distilled water (1 ml/day/rat), group I
and Il received orally quinaphosat /100" and 1/10"
of LD, (19.9 mg/kg), respectively, whereasgroup IV
and V received arsenic at therate of 50 and 100 ppb,
respectively, in drinking water. Group VI and VI
received quina phosat therate of 1/100" and 1/10" of
LD,, along with arsenic in drinking water at the
concentration of 50 ppb. Theanima scomprisinggroup
VIl and IX received quina phosat therate of 1/100"
and 1/10"of LD, respectively, alongwitharsenicin
drinking water at the concentration of 100 ppb. The
animals received daily dosing of quinalphos orally
between 9.00-10.00 AM for aperiod of 28 days.

Processing and estimation of parameters

After 28 days, anima swere sacrificed by cervica
dislocationand brain (1 g) wascollectedin 10 ml ice
cold phosphate buffer solution (0.5 M pH-7.4) for the
estimation of acetylcholinesterase (AChE) activitiesand
antioxidant parameters. Tissue samples were
homogenized using teflon coated homogenizer at 1000
rpmfor 5-7 min at refrigerated temperature and 10%
tissue homogenate was prepared for determination of
activitiesof catalase (CAT)*¥, superoxide dismutase
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(SOD)™, glutathione peroxidase (GPx)1*¥, glutathione
reductase (GR)*¥, glutathione-s-transferase (GST)!*)
and AChE!™ in nervous tissue of Wistar rats.
Concentrations of total thiols (TTH)1 and
ma ondiddehyde (MDA)® inra brainweredetermined
asper thestandard described protocols. Level of MDA
wasexpressed in nmol MDA produced/g of tissue/hr
whereas TTH level expressed in mM using reduced
glutathioneasastandard. Theactivitiesof AChE were
expressedinnmol thiol group formed/minusing reduced
glutathioneasstandard curve.

Histopathological studies

Processing of brainfor histopathol ogica studieswas
carried out according to standard protocol. Formalin
fixed brains of different groups were embedded in
paraffin, sectioned, stained with hematoxylinand eosin
(H&E) and examined under microscope. The
histopathol ogical esonsencounteredin brain sections
were scored asfollows: no (-), mild (+), moderate (++)
and severe (+++).

Satistical analysis

The antioxidant parameters were presented as
mean + standard error and analyzed by analysis of
varianceat 5% level of significanceusing the Duncan
Multiple Range Test (SPSS 16.0). Results in the
treatment groupswere d so expressed asthe percentage
of control values (100%) which are presented in
parenthesisintheresults.

Original Research Article
RESULTS

Effect on brain AChE activities

Themean vauesof AChE activitiesinrat brain of
different groupsfollowing repeated oral administration
of quinalphosand arsenic alone and in combinations
arepresented (TABLE 1). Repested ord adminigrations
of quinal phos significantly (P<0.05) reduced AChE
activities by 27.1% and 38.5% at the dose rates of
0.199 mg/kg and 1.99 mg/kg, respectively. Similarly,
arsenic at 50 ppb similarly reduced A ChE activity by
10.4% (P>0.05) whereas 100 ppb reduced activity by
35.8% (P<0.05) in nervous tissue of exposed rats.
Repeated administrations of quina phos(1.99 mg/kg)
inratswith arsenic produced significantly (P<0.05)
declined AChE activitiesin adose dependent manner
at 100 ppb (55.4%) and 50 ppb (44.5%) as compared
to control.

Effect on total thiols(TTH) level

Themeanvauesof TTH leve inthebraintissueof
rats of different groups following repeated oral
administration of quinalphosand arsenicaloneandin
combination with each other are presented (TABLE
1). Therepeated administrations of either quinalphos
or arsenicreducedlevel of TTH inbrainby 32.5-47.9%
and 27.5-42.9%, respectively; however, declinein TTH
levels was more pronounced in concurrently
administered groups (47.2-53.4%).

TABLE 1: Effectsof repeated oral administrationsof quinalphosand ar senic alone and in-combination on activities of
acetylcholinester ase and antioxidant biomarker sin brain of Wistar rats.

Groups Treatment given

AChE

TTH CAT M DA

I. Distilled water (1 ml/day/rat)
II.  Quinalphos (0.199 mg/kg)

1. Quinalphos (1.99 mg/kg)

IV. Arsenic (50 ppb)

V. Arsenic (100 ppb)

VI.  Quinalphos (0.199 mg/kg) + As (50 ppb)
VII.  Quinalphos (1.99 mg/kg) + As (50 ppb)
VIIl. Quinalphos (0.199 mg/kg) + As (100 ppb)

IX. Quinalphos (1.99 mg/kg) + As (100 ppb)

20901.25 + 921.69
15240.00+ 918.40 2.99% + 0.14
12853.75™ + 606.21 2.31"°+0.15
18722.50% + 1034.54 339°+0.18
13421.25"+ 378.68  2.72°+0.19
16923.75% + 795.74 2.53"+0.14
14601.25" + 1000.01 2.49%°+0.16
12577.50°+ 424.72  2.34°+0.11

10326.25% + 749.99

2212.6°+249.0 38.72°+3.53
1764.1% £ 260.9 44.44™ + 336
1578.7°+211.8 51.61™+3.70
20436+ 254.0 4299+ 261
18126+ 223.5 4632+ 3.54
1627.9%° + 333.7 52.67**+ 4.39
141672+ 1709 59229+ 471
1560.8°+ 118.5 66.05° +4.15
13634+ 1613 78.329+5.82

4437+0.31

216%+0.21

(1) Values are given as mean + SE of 6 animals unless otherwise stated; (2) Values having different superscripts (a, b, ¢) in a
column are statistically different from one another at 5 % level of significance; (3) Activities of acetylcholinesterase (AChE) are
expressed in nmole of thiol group produced /min/ mg of tissue; (4) Values of TTH (Total thiols) are expressed in pM; (5) Values
of CAT (Catalase) are expressed in pmol H,O, decomposed/min/g of tissue; (6) Values of malondialdehyde (M DA) are expressed
in nmol MDA formed/g in tissue/ hr
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TABLE 2: Effectsof repeated oral administrationsof quinalphosand ar senic alone and in-combination on activities of
antioxidant enzymesin brain of control and treated rats.

Groups

Treatment given

GPx

SOD

GST

GR

Distilled water (1 ml/day/rat)
Quinal phos (0.199 mg/kg)
Quinal phos (1.99 mg/kg)

41.77°+3.42
3547°%+3.29
31.74*°+2.73

Arsenic (50 ppb) 38.69%+2.16

V.  Arsenic (100 ppb) 37.45%+ 355
VI.  Quinalphos(0.199 mg/kg) + As (50ppb)  28.73*+2.09
VIl.  Quinalphos(1.99 mg/kg) + As (50 ppb) 27.60%+ 265
VIII.  Quinalphos(0.199 mg/kg) + As (100 ppb)  25.80°+2.22
IX.  Quinalphos (1.99 mg/kg) + As (100 ppb) 24.69°+ 2.50

253.67°+ 21.41
214.67%°+ 19.04
194.17%¢+ 16.85
241,37+ 19.26
233.8a*+ 21.99
201.7%¢ £ 15.85
1838%+21.19
187.2%+ 16.95
1785°+ 17.94

22.87°+ 1.05
16.35°%9+ 1,91
14.37%°+ 1.77
19.80% + 1.43
17.07%+ 2.05
13.72%¢+ (.98
12.17%+ 1.05
12.57%+1.08
10.30%+ 1.06

28.08%+ 2.51
23.28"41 2 74
21.38%°1 1.67
2520+ 225
24.00% £ 2.09
20.32%°1 (.95
17.28%+ 1.85
17.42° + 1.89
15.60°+ 2.11

(1) Values are given as mean + SE of 6 animals unless otherwise stated; (2) Values having different superscripts (a, b, ¢) in a
column are statistically different from one another at 5 % level of significance; (3) Values of SOD (Superoxide dismutase) and
GPx (glutathione peroxidase) are expressed in Unit/gof tissue; (4) Values of GST (glutathione-s-transferase) are expressed in
pmol of CDNB conjugate formed/ min/gof tissue; (5) Values of GR (glutathione reductase) are expressed nmol of NADPH/min

Effect on activitiesof SOD and CAT

Significant (P<0.05) declinein CAT (28.7%) and
SOD (23.5%) was observed after quinalphos
adminigtration at higher dose(1/10" of LD, ) whereas
only non-significant aterationsintheactivitieswere
observedingroupsadministered low doseof quinaphos
and either doses of arsenic. But concurrent exposure
of quinal phosand arsenic reduced activitiesof CAT
(38.4%) and SOD (29.6%) significantly (P<0.05)
(TABLE?2).

Effect on activitiesof thiolscontaining enzymes

Activitiesof GPx, GST and GR weres gnificantly
reduced by subacute administrations of quinal phos
(2.99mg/kg), whereas quina phosat 0.199mg/kg and
either dose of arsenic didn’t alter the activities
significantly. However, concurrent exposure of
quinal phosand arsenic significantly (P<0.05) reduced
the activities of GPx (31.2-40.9%), GST (40.0-54.9%)
and GR (27.6-44.4%) inrats (TABLE 2).

Effect on MDA leves

The significantly (P<0.05) increased level of
malondia dehyde (MDA) inbrainindicatesincreased
oxidative damage in nervous tissue on exposure of
toxicants. MDA levdsin quina phos(14.8-33.3%) and
arsenic(11.0-19.6%) treated anima swere significantly
increased as compared to control. More pronouncedly
atered levels(36.0-102.3%) were observed in groups
of animal sreceiving toxicantsconcurrently.

Histopathological alterations

Treatment with toxicants individually or in
combination produced notablelesionsin braintissue
and the lesion scores as recorded among various
treatment groupsaregivenin TABLE 3. Histol ogy of
brainincontrol ratsshowed presenceof healthy neurons
possessing a nucleus and pink cytoplasm, neuronal
processesand glid cells(Figure 1a). Varying degree of
neuronal degeneration wasseenin different treatment
groups after repeated administration of arsenic and
quinal phoswhich became more severe asthe dose of
these toxicantswasincreased or when they were co-
administered. Neurond necrosswhereinthenervecdls
became shrunken, intensely eosinophilic with pyknotic
or absent nuclei was seenin group Il to IX except
group 1V rats (Figure 1b). However, neurona necrosis
was most severein rats of group I1X (Figure 2a). In
many cases accumulation of glial cells(gliosis) and
neuronophagiawas often seen wherein these necrotic
neuronswere being devoured by surrounding glia cells
andthiswasparticularly rikingand mos severeingroup
IX animds. Lesonssuchasaxond degeneration, edema
and resultant spongiosis as evidenced by presence of
vacuolationinbrain sections, albeit of amilder degree,
were seen in group I, VI and VII rats. While a
moderate degree of vacuolation occurredingroup VI,
avery severedegree of spongiosiswaspresent ingroup
IX animas(Figure2b). Overdl, most severedteraions
inbrainarchitecturewerefoundingroup IX rats.
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TABLE 3: Scoring of histopathological alterationsin brain tissue of ratson subacute exposure of quinalphosand ar senic

aloneand in-combinationin Wistar rats

Treatment groups (n=6)

Brain alter ations

| I 11 v V VI VI VI IX
Neuronal degeneration - +(3 +@ +(H +@ +(B) ++(5) ++(@) +++(6)
Neuronal necrosis - - +(3) - +(@) +(B) ++(5) ++(5) +++(6)
Gliosis - - @ - @ t@ Q) QR @
Axonal degeneration and spongiosis - - +(2) - - +(3) +(3) ++(@) +++(6)

4

Figure1: Brain section with normal neurons(arrow) having awell defined cytoplasmic boundary and adistinct nucleusin
brain of group | rats(1a) and deeply eosinophilic and shrunken neurons(arrows) in brain of group VI rats(1b). (H& E 400X)

‘" ‘- . y & & - 3 s g 2 . o 3 . = |
Figure2: Vacuolation dueto edema (ar row) and severe neuronal necrosis (arrowhead) in brain of group I X rats(2a) and
gliosis(arrow) and neur onophagia of necrotic neuron (arrow heads) by glial cellsin brain of Group I X rats(2b). (H& E 400X)

s N o -

DISCUSSION

Acetylcholineismajor neurotransmitter in central
nervous system andinhibition of AChE activitiesleads
to accumulation of acetylcholine in brain inducing
neurotoxicity which dependson intensity of enzyme

55

inhibition®®. Thesefindingsarein accordancewiththe
reported AChE inhibitory activities of quina phosin
buffa 0 aswell asthat of chlorpyrifog?, bifenthrin
and deltamethrini¥ in Wistar rats. High incidence of
neurological disorders has also been reported in
populationsinhabiting areaswhere concentrations of
arsenic in drinking water is high, which has been
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postulated to be due to altered levels of
neurotransmitters, particularly acetylcholine, in
brain®»28, Our findings, infact, illustrated that inhibitory
effect on AChE activity was significantly more
pronounced inrats exposed to both thetoxicants. The
AChE activity inhibition hasa so been observed inrats
exposed to fluoride and chlorpyrifos??, fluorideand
deltamethrin® and bifenthrini®23,

Declinein TTH level inadose dependent manner
indicates oxidative damage induced by arsenic and
guinalphos. Binding of arsenic and other reactive
intermediate molecules to thiol (-SH) molecules
decreasesdirect freeradical scavenging potential of
cell30, Reductioninlevel of thiolsleadsto arsenic
accumulation intissuesand depl etion of endogenous
antioxidant activity and thisoxidetivedamageisbeieved
to accelerate arsenic induced tissue damage?®3Y,
Besides tendency of arsenicals to react with thiol-
containing antioxidants, it aso down-regulates the
expression of nuclear factor 2-antioxidant response
element (Nrf2-ARE) componentg?>:3233,

Nrf2-ARE is the primary pathway involved in
dimulating severd cdlular proteinslike GPx, GST, GR,
SOD, CAT, etcwhich haveacentral regulatory rolein
cdllular defenseagaingt cellular oxidative stresg?31%2,
Activitiesof CAT and SOD areimportant for scavenging
the peroxide and superoxide radicalsformed during
metabolic reactions. Significant reductionintheactivities
on administration of quinal phos and non-significant
reductionin arsenicindicateeither increased production
of theseradicalsor declined turnover of CAT and SOD.
Studies have suggested that quinalphos does not
disposereactive groups capabl e of inducing oxidative
stressdirectly, but rather inflictsasecondary oxidative
damage by the 2-hydroxyquinoxainemetabolitewhich
easily undergoesredox reaction . Declined activities
of Nrf2-ARE components increase cellular
accumulation of peroxides, superoxide and other free
radicalswhich initiatechain reactions causing cellular
damage. Activitiesof GST and GPx requirethiolsfor
catayssand reduced thiol levels(dedlined GR activities)
as occurred in the present study may contribute to
reductioninturn over of theseenzymes. Alterationsin
thiol homeostasi s have al so been reported in subacute
toxic interaction of arsenic and imidaclopridi®®, and
fluoride and deltamethrinf?4.

Reduced antioxidant components and increased
levelsof toxicintermediatesinduce damageto proteins,
nucleic acids and lipids leading to various cellular
dysfunctionsind uding apoptosisand necrosis®"*1. The
ggnificantly increasedlevel of MDA upon co-exposure
ascomparedtotheindividua treatmentsindicatesthe
enhancement in oxidativedamagein nervoustissue after
co-exposure. A number of other experimental studies
haved so shown that quina phosanditsmetabolitescan
induce oxidativeinsultson nervoustissue dueto the
depletion of protective antioxidant system(123%-41,
Increased MDA levelshave been reported on exposure
of arsenicand quind phosaoneand a so after concurrent
administration of toxicants like arsenic and
imidacloprid®d, and fluoride and deltamethrin?4,

Histopathologically, mild, moderate or severe
changes in brain induced by toxicants were in
proportion to the dose level of individual toxicant
administered and toxicant co-administration. The
microscopic lesions observed included neuronal
degeneration and necrosis, neuronophagia, gliosis,
edemaand vacuolation. Similar changesinbrainwere
also observed upon expos ng brown trout to cadmium
and humic acid“?. Quinalphos exposure induced
similar changesin brain of Cyprinus carpio“l. Also,
edematous changesin brain tissue after exposure of
arsenic and quinalphos when used in combination
were responsible for the most severe
histomorphological aterationsin our study. Inall, the
pathological findingsobserved werein linewith our
data on alterations in antioxidant status upon
adminigration of thesetoxicants. Further, theunderlying
antioxidant deficits were likely responsible for
development of pathological lesions observed in
nervous tissue. Similar to our findings, significant
dterationsin SOD, CAT and GPx activitiesand MDA
levelsinthebrain werefound to correlate well with
pathological lesionsin brain of common carp exposed
to atrazineand chlorpyrifog*!.

CONCLUSIONS

It can be concluded from our study that the
reductionsintheantioxidant biomarkersaswell asAChE
activitiesand enhancement of MDA levelsfollowing
repeated exposure of quinaphosand arsenicin Wistar
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ratscaused sgnificant oxidativedamageand further leed
to development of pathological lesionsinbrain. More
strikingly, the significantly higher alterationsin the
antioxidant status and histomorphology of brain,
observed in the co-exposed groups as compared to
thegroupsexposed to individua toxicantsindicatethat
the unintended subacute concurrent exposureto arsenic
and quina phas can produceneurol ogica hedth deficits
among exposed popul ationsinhabiting contaminated
geographical locations.
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