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Abstract: The use of pesticides is devastating the fitness of nature as well as of mankind. Endosulfan, is one such
organochlorine pesticide that possess harmful impact on the health of human beings. In the present study, an
attempt has been made to investigate the toxic effects of endosulfan on the neurotransmitter levels of GABA and
serotonin in the brain of mice. Endosulfan was administered at a dose of 2.45 mg/kg body weight to cause
neurotoxicity. The mice were divided into 10 different groups. The effects of endosulfan exposure necessitated the
development of effective neuroprotective medicines that may be used as possible therapeutic treatments to treat
brain problems caused by pesticides. In order to compare the level of protection offered by resveratrol, alpha-lipoic
acid, and vitamin E, three neuroprotective antioxidants were given to the mice individually, in combination, and
alongside endosulfan in an effort to counteract the toxicity caused by endosulfan. The study concludes, that
antioxidants possess neuroprotective properties and when they are given in combination are more beneficial in
preventing neurological disorders.
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Introduction

Pesticides have been used extensively, intensely,
and intrusively all over the world for a very long
Multiple  neurological
deteriorated health have been brought on by this
exposure. Endosulfan belongs to the group of
pesticides,

time. issues and

organochlorine chemically it is

6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-
6,9-methano-2,4,3 benzodioxathiepin-3-oxide. It
poses an insidious threat to human health. Human
exposure to endosulfan is a universal problem.
Endosulfan can enter the body through inhalation
route by breathing contaminated air, from eating
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and drinking contaminated products through oral
route or through skin (dermal route). Human
beings primarily get exposed to this dreaded
pesticide through dietary exposure by consuming
food or tobacco products that have been sprayed
with endosulfan (Ely et al, 1967; Lazaro et al,
1999; Carreno et al, 2007; Menezes et al, 2017;
Ghorbani et al, 2021). Vegetables, seafood, spices,
wine corks, infant formula milk, and many other
items from the supermarket have been found to
contain traces of endosulfan (Strandberg and
Hites, 2001; Mezcua et al.,, 2007). Drinking water
from contaminated ground or surface water
provisions is also a mode of exposure (Mukherjee
and Gopal, 2002; Kaushik et al., 2012). In humans
and animals, endosulfan intoxication primarily
affects the central nervous system. Endosulfan can
cross the blood brain barrier (BBB) and get
accumulated in the brain to cause its functional
mutilation, it can also induce autophagy and
apoptosis in mice neuronal cells (Chan et al., 2006;
Song et al., 2019). Endosulfan exposure has also
been related to a higher prevalence of Parkinson's
disease, cerebral palsy, and epilepsy (Joshi, 2001;
Jia and Mishra, 2007). Endosulfan has negative
effects on non-targeted species such as aquatic
organisms, terrestrial organisms, plants, algae,
mammals, and humans too. Notably, the toxicity of
endosulfan can become more severe when it
interacts with other chemicals present in
ecosystem (Sathishkumar et al., 2021).

The effects of endosulfan exposure have made
it necessary to develop strong neuroprotective
medicines that might be wused as possible

therapeutic treatments to treat endosulfan
induced illnesses. For that, three neuroprotective
antioxidants namely resveratrol, alpha-lipoic acid,
and vitamin E have been used in this study to

mitigate the toxicity caused by endosulfan.

A wide range of substances known as
antioxidants are available that work by squelching
free radicals. They have a reputation for guarding
against the harm that free radicals and other
oxidizing agents can do to cells. As a result,
they are often referred to as ROS sweepers or

scavengers (Halliwell and Gutteridge, 1989).

Resveratrol's anti-inflammatory, antioxidant,
estrogenic, and hypolipemic qualities have been
linked to its neuroprotective abilities against
ischemia, seizures, and Parkinson's disease
(Benecke et al, 1993; Tredici et al, 1999; Robb
and Stuart, 2010; Price et al., 2011). It has made a
positive significant impact on
Alzheimer's disease (Karuppagounder et al., 2009;
Lietal, 2012).

tremendous

A large decrease in the accumulation of heavy
metals like copper and iron is one of the many
favourable impacts of vitamin E's ability to quickly
enter the brain (Midaoui and Champlain, 2002). It
has been claimed to benefit patients suffering
from Alzheimer's disease and other types of
memory loss caused by trauma or a cerebral
vascular accident (Munch et al, 2010). Alpha-
Lipoic Acid has been associated with the decline in
the severity of disorders of Central Nervous
System by decreasing oxidative damage in the CNS
(Packer et al., 1995; Lynch, 2001).

The current study's main objective was to
assess and evaluate the different qualitative and
quantitative distribution of neurotransmitters in
different brain regions under the influence of
harmful exogenous agents like endosulfan and to
determine whether certain beneficial agents, like
resveratrol, alpha-lipoic acid, and vitamin E, can
shield the brain from exogenous influences. The
biomarker considered are Gamma-Aminobutyric
Acid (GABA) and serotonin. Gamma-Aminobutyric
Acid is the predominant inhibitory
neurotransmitter in the mammalian CNS (Central
Nervous System), it acts like a brake to the
excitatory neurotransmitters that lead to anxiety
(Lydiard, 2003). It has been reported to boost
mental alertness by elevating the production of

most

alpha waves associated with relaxation. Serotonin,
a neurotransmitter, involved in the transmission
of nerve impulses is known to play a distinct role
in brain function and mental health, mood,
emotion, blood pressure, body temperature,
neuroendocrine regulation, sleep, sexual activity,
and appetite and thus is implicated in the control
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of numerous behavioural and physiological
functions, personality traits, mood, aggression etc.

(Takano et al, 2007; Frokjaer et al., 2008).
Materials and Methods

Swiss albino adult healthy male mice (728 weeks,
28+7 g) were chosen as the study's test animals.
For the current experiment, endosulfan at a dose
of 2.45 mg/kg body weight was used after
conducting pilot experiments. Administration of
antioxidants APA (alpha- lipoic acid), resveratrol,
and vitamin E were determined in accordance
with their recommended daily dietary intake.
Endosulfan was administered after one hour of
antioxidants administration.

Endosulfan of 99% purity, vitamin E, alpha-
lipoic acid, Stilbene trans-resveratrol and Gamma-

aminobutyric acid were procured in their
standard forms from reputed and trusted
suppliers.

Antioxidant administration was as follows:

e Resveratrol (5 kg/kg body weight)

e Alpha- Lipoic Acid (20 mg/kg body
weight)

e Vitamin E (50 mg/kg body weight)

Antioxidants and endosulfan were all provided
orally and in accordance with individual's body
weight after being prepared by dissolving them in
olive oil.

Experimental Groups:

The mice were divided into 10 groups and treated
as follow:

Group 1: Control (served only the vehicle)
Group 2: Endosulfan

Group 3: Resveratrol

Group 4: Endosulfan + Resveratrol

Group 5: Alpha- lipoic acid

Group 6: Endosulfan+ Alpha- lipoic acid
Group 7: Vitamin E

Group 8: Endosulfan+ Vitamin E

Group 9: Resveratrol+ Alpha-lipoic acid+ Vitamin
E

Group 10: Endosulfan+ Resveratrol+ Alpha-lipoic
acid + Vitamin E

Estimation of gamma amino butyric acid:

Estimation of GABA was conducted by
chromatographic technique. The original method
developed by Sadasivudu and Murthy (1978) was

adapted with some modifications.
Estimation of serotonin:

Estimation of serotonin was conducted by direct
precipitation method which is developed by
Weissbach et al. (1958).

Statistical analysis:

Values were expressed as mean = SEM (n=6). The
values of GABA are in mmoles/g weight wet tissue.
The results with
experiments were subjected to statistical analysis
by using one way ANOVA (analysis of variance) to
evaluate the significance difference if any among
the groups and P<0.05, P<0.01, was considered as
significant.

obtained biochemical

Results

In the present study, a significant decrease in the
GABA level was observed in endosulfan treated
group as compared to group and
antioxidant (trans-resveratrol, alpha-lipoic acid,
and vitamin E) treated groups. Changes in GABA in
whole brain of variously treated groups was found
significant at 1% CD (P<0.01) (Table 1, Fig. 1). In
group 2 (endosulfan treated group), a clear
significant decrease (28.411+ 1.53961; p < 0.01)
was noted with respect to control (50.113 =*
1.53961) and the observed decrease
significantly (p <0.01) elevated by pre-
administration of antioxidants as observed in
group 4, 6, 8 and 10. The best protection was
rendered by combination of antioxidants (group
10; 48.74167 + 0.59824) followed by resveratrol
(group 4; 45.008 * 1.53961), lipoic acid (group 6;
43.62667+ 1.53961) and vitamin E (group 8;
40.15% 1.53961). GABA levels were maximum in
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Table 1: Effect of endosulfan and antioxidants (trans-resveratrol, alpha lipoic acid, and vitamin E) on GABA and

serotonin levels in the brain of Swiss albino mice)

Concentration of GABA (in Concentration of
S. No. Groups . . .
mmoles/g weight wet tissue) Serotonin (in pg)
1 Control 50.113 £ 1.53961 32.66 +1.0328
2 Endosulfan 28.411 + 1.53961 &~ 27.33 +0.5164 2"
3 Resveratrol 57.668 + 1.53961 2™ 41.66 £0.5164 =
4 Resveratrol + Endosulfan 45.008 £ 1.53961 ™ b** 34.66 +0.5164 2 b™
5 Alpha-Lipoic Acid 57.375 + 1.53961 &~ 39.66 +0.8165 @™
6 Alpha-Lipoic Acid + Endosulfan 43.62667 + 1.53961 a"b™ 30.33 +0.5164 &b
7 Vitamin E 53.69833 + 1.53961 &~ 36.5 £0.5477 a*
8 Vitamin E Acid + Endosulfan 40.15 + 1.53961 a*b™ 32.66 + 0.5164 a*b*
9 Resveratrol + Alpha-Lipoic Acid + 64.56333 + 0.90159 * 48.33 +0.5164
Vitamin E
10 Resveratrol + Alpha-Lipoic Acid + 48.74167 £ 0.59824 " b™ 36.88 + 0.4083 a**b™
Vitamin E +Endosulfan

Results are expressed as mean # SD; ** = significant at 1 % (i.e., p < 0.01); * = significant at 5 % (i.e., p < 0.05; a
= as compared to control (group 1); b = as compared to endosulfan (group 2)
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Fig. 1: GABA levels in the brain of mice induced by endosulfan and antioxidants treated groups.

groups administered combination of antioxidants
(group 9) followed by resveratrol (group 3),
alpha- lipoic acid (group 5) and vitamin E (group
7) at 64.5633 + 0.9014, 57.6683 + 0.9840, 57.3750
+ 0.7478 and 53.6983 + 0.2308, respectively.
These variations in the GABA levels suggest that
antioxidants under investigation ameliorate the

endosulfan induced toxicity in the brain of mice.
The overall levels of GABA in descending order of
groups are as follows; Group 9 > Group 3 > Group5
> Group 7 > Group 1 > Group 10 > Group 4 >
Group 6 > Group 7 > Group 2.

The content of serotonin in the brain was
calculated by plotting standard curve. The values
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Fig. 2: Serotonin levels in the brain of mice induced by endosulfan and antioxidants treated groups.

of serotonin are expressed in micrograms. Results
are expressed as mean * SEM from 6 animals.
Biochemical estimation of serotonin in the brain of
mice revealed significant variations among all the
groups (Table 1, Fig. 2). The serotonin content
significantly declined (p< 0.01) after endosulfan
treatment (group 2; 27.33 £0.5164) as compared
to control (group 1; 32.66 = 1.032). However, in
the antioxidant pre-treated groups a significant
increase was observed among which combination
of antioxidants (group 10) rendered Dbest
protection (36.88 * 0.4083) followed by
resveratrol (group 4) (34.66 * 0.5164) followed by
vitamin E (group 8) (32.66 +0.5164) and alpha-
lipoic acid (group 6) (30.33 = 0.5164). Serotonin
levels were maximum in groups administered
antioxidants in combination or solitarily.
Maximum serotonin concentration among these
groups were observed in combined antioxidant
treated group (group 9; 48.33%x0.5164, p<0.01)
followed by resveratrol (group 3; 41.66+0.5164,
p<0.01) alpha- lipoic acid (group 5; 39.66 +0.8165,
p<0.01) and vitamin E (group 7; 36.5 * 0.5477,
p<0.01). The variations in the serotonin content of
brain on endosulfan exposure suggest its
neurotoxic potential while the administration of
antioxidants revealed a significant elevation in
serotonin levels quite similar to the control group.

The overall levels of serotonin in descending
order of groups are as follows: Group 9 > Group 3>

Group 5 > Group 10> Group 7 > Group 4> Group 1
and 8 >Group 6 > Group 2.

Discussion

In the current study, an effort was made to assess
the effectiveness of antioxidants trans-resveratrol,
alpha-lipoic acid, and vitamin E in protecting
Swiss albino mice's brains against the neurotoxic
effects of endosulfan. Estimation of GABA served
as a biomarker to study its toxic effects on the
brain.

Gamma-aminobutyric acid (GABA) is a key
inhibitory neurotransmitter in the central nervous
system of mammals (Baxter, 1972; Puts and
Edden, 2012). Dysfunction of the GABAergic
system has been linked with Parkinson’s disease,
temporal lobe epilepsy, schizophrenia, cerebral
stroke, Huntington’s disease, and anxiety
disorders etc. (Pascual et al., 1998; Kleppner and
Tobin, 2001; Lydiard, 2003; Babu et al, 2011;
Teixeira et al, 2012). GABA receptors may have a
role in endosulfan-induced neurotoxicity,
according to several earlier investigations (Abalis
et al, 1986; Cole and Casida, 1986; Ozoe and
Matsumura, 1986; Markey et al, 2007).
Endosulfan acted as a noncompetitive Gamma-
Aminobutyric Acid (GABA) antagonist at the
chloride channel within the GABA receptor in
brain synaptosomes in a series of in vitro studies
using 3H-dihydropicrotoxinin (Abalis et al., 1986;
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Cole and Casida 1986; Ozoe and Matsumura, 1986;
Gant et al., 1987). Similarly, Ansari et al. (1987),
after witnessing convulsions, tremors, and
hyperactivity in rats exposed to endosulfan,
hypothesised that alterations in neurotransmitter
(particularly, serotonin, GABA, and
dopamine) in the brain could be caused by

levels

endosulfan's neurotoxicity.

A study conducted by Pomes et al. (1994)
reported that a-endosulfan is endorsed with the
capacity to block the chloride uptake induced by
GABA in primary cultures of cortical neurons from
15-day old mice fetuses by interacting with the t-
butylbicyclophosphorothionate (a GABA
antagonist) binding site. Cabaleiro et al. (2008)
detected reduced levels of GABA in the offspring of
female rats who were fed endosulfan during
pregnancy. Endosulfan reduces the levels and
metabolism of norepinephrine, serotonin, and
dopamine, which suppresses the striatal aminergic
systems in rats (adult male) (Lafuente and Pereiro,
2013). Depending on the type of diet (low or high
fat) taken, endosulfan sulphate treatment during
fetal development affects mice glucose
homeostasis, hepatic lipid metabolism, and the
microbes in their gut (Yan et al,, 2021). Evidences
from available literature correlates with the
findings of present study where endosulfan
administration caused a significant decline in
GABA levels in the brain of mice. This fall in the
concentration of GABA is a consequence of
inhibition of glutamic acid decarboxylase and
formation of 2-keto-4-pentenoic acid (Bist and
Bhatt, 2009). In the present study augmentation in
GABA levels was also observed in pre-treated
antioxidant groups along with
supplementation. These observations are in

endosulfan

concurrence with the above-mentioned studies.

The mesencephalon, and medulla
oblongata all contain serotonin neurons, which are
mostly found in the Dorsal Raphe Nucleus (DRN)

or Nucleus Supra Trochlearis (Olszewski and

pons,

Baxter, 1982). The substantia nigra, numerous
thalamic centres, nucleus caudatus putamen,
nucleus accumbens, cortex, and hippocampus are

innervated by efferent fibres. Previous studies
have suggested that serotonergic systems may be
involved in the neurotoxicity of endosulfan.
According to studies by Agrawal et al. (1983) and
Zaidi et al. (1985), serotonin has been linked to an
increase in aggressive behaviour (foot-shock-
induced fighting) in rats after several exposures to
endosulfan. In albino rats, endosulfan treatment
resulted in the maximum number of dopamine
binding sites as well as an increase in serotonin
receptor sites without any change in binding
affinity (Batra et al., 2018).

In the present investigation, a significant
decrease in serotonin content in the brain of mice
was observed which are in concurrence with the
studies demonstrating the role of this
neurotransmitter in endosulfan-induced
neurotoxic effects. Anand et al, (1985) reported a
marked reduction in the serotonin content of
brain in rats fed with endosulfan 3 mg/kg for 10
subsequent days. Gopal et al. (1985) also noticed
a marked decline in the brain serotonin levels in
Channa punctatus exposed to sublethal and lethal
concentrations of endosulfan. As organochlorine
pesticides inhibit the conversion of tryptophan
into serotonin, low levels of serotonin may be
observed (Xu et al, 2012). Serotonin is involved in
cognitive deficits therefore any variations in 5-HT
levels elicit changes in emotional states, appetite,
and sleep patterns and any perturbations in this
system cause errors in the brain architecture
(Aldridge et al, 2005; Slotkin et al, 2006).
Endosulfan has also been previously reported to
cause fluctuations in the serotonin levels of brain
(Kutluhan et al,, 2003; Koca et al., 2006).

In adult rats, Agrawal et al. (1983) found that a
single intraperitoneal dose of 3 mg/kg of
endosulfan administered daily for 30 days
significantly increased the 3H-serotonin binding
affinity and  foot-shock-induced  fighting.
Endosulfan was administered intravenously to rat
pups for 25 days, and the rats' frontal cortical 3H-
serotonin binding and foot-shock-induced fighting
behaviour both significantly increased (Zaidi et al.,

1985). While endosulfan-treated rats showed an
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increase in dopamine (DA) concentration and a
decrease in serotonin (5-HT) in amygdaloid,
septal, and nigral brain-lesioned rats, Anand et al.
(1985, 1986) reported that endosulfan-induced
inhibition of 3H-5-hydroxytryptamine uptake in
platelets. Serotonergic receptor sensitivity was
altered in rats subjected to repeated high doses of
endosulfan, and this was accompanied by an
increase in aggressive behaviour (Seth et al,
1986).

Repeated exposure to endosulfan can lead to
changes in the balance of neurochemicals,
decreased activity of Na*/K*, Ca2* and Mg?*-
ATPase enzymes, increased acetylcholinesterase
activity, elevated ammonia levels, and increased
oxidative/nitrosative stress in the brain of rats
(Oyovwi et al., 2021). Endosulfan isomers and the
sulfate metabolite both caused germ cell cycle
arrest (Du et al, 2015). Lakshmana and Raju
(1994) reported small but significant changes in
the levels of noradrenaline, dopamine, and
serotonin in the developing brain of rat when rat
was fed endosulfan. In another study with
endosulfan, Wistar rat pups were dosed by gastric
intubation with 6 mg/kg of endosulfan from
postnatal days 2-25 and increase in serotonin
levels was observed (Anguilar,2004). Paul et al.
(1994) observed a correlation between the
increase in serotonin and inhibition of a learning
paradigm on endosulfan exposure in rats. They
showed increased serotonin levels in the
cerebrum and midbrain regions. Cabaleiro et al.
(2008)  reported
concentration in the prefrontal cortex of male
offspring rats exposed to endosulfan to a dose of
0.61 mg or 6.12 mg endosulfan/kg/ day. In the
present study, an increase in serotonin content
may be to
depression due to oxidative damage caused by
endosulfan. Endosulfan inhibited AChE and BChE
in various nuclei and fiber tracts of various brain
regions involved in learning, perception of pain,
muscle stretch, intelligence, organizational skills,
tactile responses, memory, thought processing and
perception, interpretation of sensory impulses,
language

increase in serotonin

counterbalance the increased

motor function, planning, emotion,

comprehension, coordination, eye movements,
and regulation of other normal bodily functions
(Bano, 2020). Administration of antioxidants in
endosulfan groups considerably
augmented the levels of serotonin in mice. Our
results are in concurrence with above studies.

treated

Conclusion

It can be concluded from the above studies that
antioxidants possess neuroprotective properties
and when they are given in combination are more
beneficial in preventing neurological disorders.

Acknowledgements

The authors would like to acknowledge Shree
Pesticides, Udaipur for providing Endosulfan.
Pushkar Kumawat acknowledges CSIR for JRF.

References

Abalis IM, Eldefrawi ME and Eldefrawi AT. (1986)
Effects of insecticides on GABA-induced chloride
influx into rat brain microsacs. | Toxicol Environ
Hlth. 18:13-23.

Agrawal AK, Anand M and Zaidi NF. (1983) Involvement
of  serotonergic receptors in  endosulfan
neurotoxicity. Biochem Pharmacol. 32: 3591-3593.

Aguilar C. (2004) Pesticides and pesticide combinations
on brain neurochemistry. Doctoral dissertation,
Virginia Tech.

Aldridge JE, Levin ED, Seidler F] and Slotkin TA. (2005a)
Developmental exposure of rats to chlorpyrifos
leads to behavioral alterations in adulthood,
involving serotonergic mechanisms and resembling

animal models of depression. Environ Hlth Perspect.
113:527-531.

Anand M, Gopal K and Agrawal C. (1986) Endosulfan
induced inhibition of 3H 5-hydroxytryptamine
uptake in platelets. Toxicol Lett. 32: 203-208.

Anand M, Mehrotraa S, Gopala K, Sura RN and Chandraa
SV. (1985) Role of neurotransmitters in endosulfan-
induced aggressive behaviour in normal and
lesioned rats. Toxicol Lett. 24(1): 79-84.

Ansari RA, Husain K and Gupta PK. (1987) Endosulfan
toxicity influence on biogenic amines of rat brain. ]
Environ Biol. 8: 229-236.

Babu CS, Kesavanarayanan KS, Kalaivani P, Ranju V and
Ramanathan M. (2011) A simple densitometric
method for the quantification of inhibitory
neurotransmitter gamma-aminobutyric acid (GABA)
in rat brain tissue. Chromatography Res Int. 2011:

642



732400.

Bano H. (2020) Amelioration of endosulfan induced
neurotoxicity in the cerebrum of Swiss mice by
resveratrol, lipoic acid and vitamin E. Int ] Innov Res
Multidiscipl Field 6(11): 132-144.

Batra ], Kumar S and Seth P. (2018) Endosulfan and its
toxicity on GABA, 5-HT, and dopamine in the Albino
rat brain. Eurasian | Med Inv. 2(2): 76-79.

Baxter CF. (1972) Assay of G-aminobutyric acid and
enzymes involved in its metabolism. Methods
Neurochem. 3: 1-73.

Benecke R, Strumper P and Weiss H. (1993) Electron
transfer complexes I and IV of platelets are
abnormal in Parkinson's disease but normal in
Parkinson-plus syndromes. Brain 116 (6): 1451-
1463.

Bist R and Bhatt DK. (2009) Augmentation of
cholinesterases and ATPase activities in the
cerebellum and pons-medulla oblongata, by a
combination of antioxidants (resveratrol, ascorbic
acid, alpha-lipoic acid and vitamin E), in acutely
lindane intoxicated mice. ] Neurological Sci. 296:
83-87.

Cabaleiro T, Caride A, Romero A and Lafuente A. (2008)
Effects of in utero and lactational exposure to
endosulfan in prefrontal cortex of male rats. Toxicol
Lett. 176: 58-67.

Carreno ], Rivas A, Granada A, Lopez-Espinosa M],
Mariscal M, Olea N and Olea-Serrano FE. (2007)
Exposure of young men to organochlorine pesticides
in Southern Spain. Environ Res. 103: 55-61.

Chan MPL, Morisawa S, Nakayama A, Kawamoto Y and
Yoneda M. (2006) Development of an in vitro
bloodBbrain barrier model to study the effects of
endosulfan on the permeability of tight junctions
and a comparative study of the cytotoxic effects of
endosulfan on rat and human glial and neuronal cell
cultures. Environ Toxicol. 21: 223-235.

Cole LM and Casida JE. (1986) Polychlorocycloalkane
insecticide-induced convulsions in mice in relation
to disruption of the GABA-regulated chloride
ionophore. Life Sci. 39: 1855-1862.

Du H, Wang M, Dai H, Hong W, Wang M, Wang ], Weng N,
Nie Y and Xu A. (2015) Endosulfan isomers and
sulfate metabolite induced reproductive toxicity in
Caenorhabditis elegans involves genotoxic response
genes. Environ Sci Technol. 49(4): 2460-2468.

Ely TS, Macfarlane JW and Galen WP. (1967)
Convulsions in thiodan workers. A preliminary
report. ] Occup Med. 9: 35-37.

Frokjaer VG, Mortensen EL, Nielsen FA, Haugbol S,
Pinborg LH, Adams KH and Knudsen GM. (2008)

Frontolimbic serotonin 2A receptor binding in
healthy subjects is associated with personality risk
factors for affective disorder. Biological Psychiatry
63(6): 569.

Gant DB, Eldefrawi ME and Eldefrawi AT. (1987)
Cyclodiene insecticides inhibit GABA receptor-
regulated chloride transport. Toxicol Appl
Pharmacol. 88: 313-321.

Ghorbani M, Mohammadi P, Keshavarzi M, Saghi
MH, Mohammadi M, Shams A and
Aghamohammadhasan M. (2021) Simultaneous
determination of organophosphorus pesticides
residues in vegetable, fruit juice, and milk samples
with magnetic dispersive micro solid-phase
extraction and chromatographic method;
recruitment of simplex lattice mixture design for
optimization of novel sorbent composites. Analytica
Chimica Acta 1178: 338802.

Halliwell B and Gutteridge JMC. (1989) Free radicals in
Biology and Medicine. Clarendon Press, Oxford, pp.
543.

Jia Z and Misra NH. (2007) Exposure to mixtures of
endosulfan and zineb induces apoptotic and necrotic
cell death in SH-SY5Y neuroblastoma cells, in vitro. ]
Appl Toxicol. 27(5): 434-446.

Joshi S. (2001) A curse called endosulfan: a Kerala
village blames aerial spraying of the pesticide
endosulfan for unusual diseases. Down Earth 9(19):
28-35.

Karuppagoundera SS, Pintob JT, Xua H, Chena HL, Bealc
MF and Gibsona GE. (2009) Dietary
supplementation with resveratrol reduces plaque
pathology in a transgenic model of Alzheimer's
disease. Neurochem Int. 54 (2): 111-118.

Kaushik CP, Sharma HR and Kaushik A. (2012)
Organochlorine pesticide residues in drinking water
in the rural areas of Haryana, India. Environ Monit
Assess. 184: 103-112.

Kleppner SR and Tobin A]. (2001) GABA signaling:
therapeutic targets for epilepsy, Parkinson’ s
disease and Huntington’ s disease. Opinion
Therapeut Targets 5: 219-239.

Koca U, Olguner C, Hepaguslar H, Ozkardesler S and
Gunerli A. (2006) Antioxidant treatment with n-
acetylcysteine in endosulfan intoxication: Report of
two cases. Internet ] Anesthesiol. 11(1).
https://ispub.com/I1JA/11/1/12984.

Kutluhan S, Akhan G, Gultekin F and Kurdoglu E. (2003)
Three cases of recurrent epileptic seizures caused
by endosulfan. Neurology India 51 (1): 102-103.

Lafuente A and Pereiro N. (2013) Neurotoxic effects
induced by endosulfan exposure during pregnancy

643



and lactation in female and male rat

striatum. Toxicology 311(1-2): 35-40.

Lakshmana MK and Raju TR. (1994) Endosulfan
induces small but significant changes in the levels of
noradrenaline, dopamine and serotonin in the
developing rat brain and deficits in the operant
learning performance. Toxicology 91(2): 139-150.

Lazaro R, Herrera A and Conchello MP. (1999) Levels of
selected polychlorinated biphenyl congeners in total
diet samples from Aragon. Spain ] Food Protect 62:
1054-1058.

Li H, Xia N and Forstermann U. (2012) Cardiovascular
effects and molecular targets of resveratrol. Nitric
Oxide 26(2): 102-110.

Lydiard RB. (2003) The role of GABA in anxiety
disorders. J Clin Psychiatry 64(3): 21-27.

Lynch MA. (2001) Lipoic acid confers protection against
oxidative injury in non-neuronal and neuronal
tissue. Nutr Neurosci. 4: 419-438.

Markey KL, Baird AH, Humphrey C and Negri AP. (2007)
Insecticides and a fungicide affect multiple coral life
stages. Mar Ecol Prog Ser. 330:127-137.

Menezes RG, Qadir TF, Moin A, Fatima H, Hussain SA,
Madadin M, Pasha SB, Al Rubaish FA and
Senthilkumaran S. (2017) Endosulfan poisoning: An
overview. ] Forensic Leg Med. 51: 27-33.

Mezcua M, Repeti M, Aguera A, Ferrer C, Garcia-Reyes ]
and Fernandez-Alba A. (2007) Determination of
pesticides in milk-based infant formulas by
pressurized liquid extraction followed by gas
chromatography tandem mass spectrometry. Anal
Bioanal Chem. 55(26): 10548-10556.

Midaoui A and Champlain J. (2002) Prevention of
hypertension, insulin resistance, and oxidative
stress by alpha-lipoic acid. Hypertension 39(2): 303-
307.

Mukherjee I and Gopal M. (1996) Insecticide residues in
baby food, animal feed, and vegetables by gas liquid
chromatography. Bull Environ Contam Toxicol.
56(3): 381-388.

Munch G, Shinto L and Maczurek A. (2010) Lipoic acid
for Alzheimer’ s disease. Med Today 11(11): 62-64.

Olszewski, ] and Baxter D. (1982) Cytoarchitecture of
the human brain stem. 2n edn, Basel, Karger.

Oyovwi MO, Ben-Azu B, Tesi EP, Oyeleke AA, Uruaka CI,
Rotu RA and Aya-Ebi EO. (2021) Repeated
endosulfan  exposure induces changes in
neurochemicals, decreases ATPase transmembrane
ionic-pumps, and increased oxidative/nitrosative
stress in the brains of rats: Reversal by quercetin.
Pesticide Biochem Physiol. 175: 104833.

Ozoe Y and Matsumura F (1986) Structural
requirements for bridged bicyclic compounds acting
on picrotoxinin receptor. ] Agric Food Chem. 34:
126-134.

Packer L, Witt EH and Tritschler HJ. (1995) Alpha-lipoic
acid as a biological antioxidant. Free Radic Biol Med.
19: 227-250.

Pascual JM, Carceller F, Roda JM and Cerdan S. (1998)
Glutamate, glutamine, and GABA as substrates for
theneuronal and glial compartments after focal
cerebral ischemia in rats. Stroke 29(5): 1048-1057.

Paul V, Balasubramaniam E and Kazi M. (1994) The
neurobehavioural toxicity of endosulfan in rats: a
serotonergic involvement in learning impairment.
European | Pharmacol. 270(1): 1-7.

Pomes A, Rodriguez-Farre E and Sunol C. (1994)
Disruption of GABA-dependent chloride flux by
cyclodienes and hexachlorocyclohexanes in primary

cultures of cortical neurons. ] Pharmacol Exp Ther.
271(3): 1616-1623.

Price NL, Gomes AP, Ling AJY, Duarte FV, Martin-
Montalvo A, North BJ, Agarwal B, Ye L, Ramadori G,
Teodoro JS, Hubbard BP, Varela AT, Davis ]G,
Varamini B, Hafner A, Moaddel R, Rolo AP, Coppari R,
Palmeira CM, Cabo R, Baur JA and Sinclair DA.
(2012) SIRT1 is required for AMPK activation and
the beneficial effects of resveratrol on mitochondrial
function. Cell Metabolism 15: 675-690.

Puts NA] and Edden RAE. (2012) In vivo magnetic
resonance spectroscopy of GABA: A methodological
review. Prog Nuclear Magnetic Resonance Spectrosc.
60: 29-41.

Robb EL and Stuart JA. (2010) Trans-resveratrol as a
neuroprotectant. Molecules 15(3): 1196-1212.

Sathishkumar P, Mohan K, Ganesan AR, Govarthanan M,
Yusoff ARM and Gu FL. (2021) Persistence,
toxicological effect and ecological issues of
endosulfan@A review. | Hazardous Materials 416:
125779.

Seth PK, Saidi NF and Agrawal AK. (1986) Neurotoxicity
of endosulfan in young and adult rats.
Neurotoxicology 7: 623-635.

Slotkin TA, Tate CA, Ryde IT, Levin ED and Seidler FJ.
(2006) Organophosphate insecticides target the
serotonergic system in developing rat brain regions:
disparate effects of diazinon and parathion at doses
spanning the threshold for cholinesterase inhibition.
Environ Hlth Perspect. 114(10): 1542-1546.

Song C, Charli A, Luo ], Riaz Z, Jin H, Anantharam YV,
Kanthasamy A and Kanthasamy AG. (2019)

Mechanistic interplay between autophagy and
apoptotic  signaling in  endosulfan-induced
dopaminergic neurotoxicity: Relevance to the

644



adverse outcome pathway in pesticide neurotoxicity.
Toxicol Sci. 169(2): 333-352.

Strandberg B and Hites R. (2001) Concentration
of organochlorines pesticides in wine corks.
Chemosphere 44: 729-735.

Takano A, Arakawa R, Hayashi M, Takahashi H, Ito H and
Suhara T. (2007) Relationship between neuroticism
personality trait and serotonin transporter binding.
Biological Psychiatry 62(6): 588-592.

Teixeira AL, Fontenelle LF Lauterbach EC and
Starkstein S. (2012) Neuropsychiatry of Parkinson's
disease. Parkinsons Dis. 2012: 908943.

Tredici G, Miloso M, Nicolini G, Galbiati S, Cavaletti G
and Bertelli A. (1999): Resveratrol, MAP kinases and
neuronal cells: Might wine be a neuroprotectant?
Drugs under Exp Clin Res 25(2-3): 99-103.

Weissbach H, Waalkes TP and Udenfriend S. (1958) A
simplified method for measuring serotonin in
tissues; simultaneous assay of both serotonin and
histamine. ] Biol Chem. 230: 865-871.

Xu L, Tian H, Wang W and Ru S. (2012) Effects of
monocrotophos pesticide on serotonin metabolism
during early development in the sea wurchin,
Hemicentrotus  pulcherrimus. Environ Toxicol
Pharmacol, 34(2): 537-547.

Yan ], Wang D, Meng Z, Yan S, Teng, M,, Jia, M,, Li R, Tian
S, Weiss Carsten, Zhou, Z and Zhu W. (2021) Effects
of incremental endosulfan sulfate exposure and high
fat diet on lipid metabolism, glucose homeostasis
and gut microbiota in mice. Environ Poll.268:
115697.

Zaidi NF, Agrawal AK and Anand M. (1985) Neonatal
endosulfan neurotoxicity: Behavioral and
biochemical changes in rat pups. Neurobehav
Toxicol Teratol. 7: 439-442.

645



