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Abstract

Pesticides are an integral part of our daily life, used in agricultural fields, store rooms, residences and educational institutions to kill
or repel pests. Several chemical subtypes of these compounds are available, of which organophosphate (OP) is major one. These are
broad spectrum pesticides used to kill insect pests. OPs are useful but indeed they are most frequent reasons of pesticide poisoning
across the globe. OP inhibits acetylcholinesterase activities that results in continuous hyper-excitable state of nicotinic and muscarinic
receptors at neuromuscular junctions. Intentional or unintentional exposure to OPs causes abdominal pain, diarrhea, vomiting,
muscular weakness, dementia, Central Nervous System (CNS) dysfunction and even death. Besides acetylcholinesterase inhibition,
OPs are also known to trigger ROS generation within the cellular machinery which results in Oxidative Stress (0S). Free Radicals
(FRs) are neutralized by antioxidant-defense system of the body. Vitamin C and vitamin E are the major exogenous antioxidants that
scavenge a large amount of free radicals by donating their own electrons to FRs. This phenomenon reduces ROS and hence, OS is
prevented. Therefore, vitamin C and E can be considered for daily dietary intake which might be providing prophylactic advantage

against OP induced OS and pathophysiology in human beings.
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1. Introduction

Our environment is full of various ubiquitous stressors such
as UV radiation, pathogens, allergens, and different chemical
pollutants. Pesticides are among the major chemical pollutants
that have become an integral part of the ecosystem and affect
mammals along with other non-target organisms. These are
formulated to kill or repel pests to reduce economic loss".
These chemicals are in one way beneficial in increasing crop
production through crop protection and reduction in need
for man-power in farms and store houses. But, increasing rate
of pesticide resistance due to frequent usage creates an open
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competition among the manufacturers to synthesize more
effective and potent pesticides which might have greater side
effects on human and other living creatures. Pesticide exposure
has emerged as a global public health issue because of their
wide-spread application, unintentional exposure, and release
into environment*. Such chemicals are known to cause
environmental pollution that exerts human health-issues
resulting from acute and chronic exposure. Approximately
among the 3 million cases of pesticide poisoning reported
every year across the world, more than 250,000 deaths occur
as per reports of World Health Organization®. The high rate
of pesticide poisoning might be due to irrational use, little or
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no knowledge about the side effects and, most importantly
lack of adequate safety information on the pesticide packages®.
Despite of such a high number of death cases, there is still a
huge demand of these chemicals around the world.

Majority of pesticides belongs to four categories such as
organochlorine, Organophosphates (OPs), pyrethroids, and
carbamates. Organochlorine pesticides (OCPs) are synthetic
organic compounds widely used all over the world. These
agents are categorized under Persistent Organic Pollutants
(POPs) and composed of carbon, hydrogen, and chlorine
atoms. OCPs bind to neuronal sodium channels to increase
their permeability for sodium ions. This increased permeability
facilitates uncoordinated discharge of neurons which harms
central nervous system of target pests. Common OCPs used in
India and other developing countries like China, Pakistan, Sri
Lanka, and Bangladesh include Aldrin, Dieldrin, Chlordane,
DDT, Diazion, Endosulfan, Lindane, and Methoxychlor.
OCPs are used to control soil insects such as termites, rice
water weevil, wireworms, corn rootworm, and grasshoppers.
OP Pesticides are synthetic pesticides actively released into
environment. These compounds are esters of phosphoric acid
or thiophosphoric acid and works by inhibiting Acetylcholine
Esterase (AChE) in synaptic sites of central and peripheral
nervous system. This leads to accumulation of acetylcholine
at synaptic junctions of neurons resulting in hyperexcitability
of nerve fibers followed by paralysis and death of target pests.
Acephate, Chlorpyrifos, Parathion, Malathion, Dichlorvos,
Diazinon, and Tetrachlorvinphos are popular OP pesticides in
developing countries of South Asia. OP pesticides are applied
to control pests like fire ants, saw flies, caterpillars, termites,
aphids, and leaf miners. Pyrethroids are organic compounds
similar to the natural insecticide Pyrethrin produced from
the flowers of pyrethrums (Chrysanthemum cinerariaefolium
and C. coccineum). Pyrethroids prevent closure of the voltage
gated sodium channels in the axonal membranes. This leads
to permanent depolarization of axonal membrane and
paralysis of the target animal. Common Pyrethroids include
Cypermethrin, Permethrin, Deltamethrin, and Bifenthrin.
These pesticides are used to control cockroaches, fleas,
and termites in houses and other buildings. Carbamates
are the N-methyl Carbamates derived from Carbamic acid
(NH,COOH). They cause carbamylation of AChE at neuronal
synapses and neuromuscular junctions. Carbamates reversibly
bind with AChE at synaptic region leading to paralysis and
death of the target pests Aldicarb, Methomyl, Carbofuran,
Trimethacarb, Carbaryl, Oxamyl, Ethienocarb, Propoxur,
and Fenobucarb are common agents under this category.
Carbamates are effective against aphids, thrips, lygus, mites,
nematodes, fleahoppers, leafminers, and spiders.
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OPsare commonly used pesticidesas wellas phosphoricacid
derivatives of amides, esters, or thiol groups. These chemicals
are extensively used in horticulture, agriculture, veterinary-
medicine, forestry, and also for the control of some vector-borne
diseases. OPs like malathion is frequently used to control
ticks and mites’. In agricultural-sector, OPs are extensively
implicated in eradication of pests including locusts, aphids,
leaf-miners, fire-ants, thrips, and caterpillars. These pesticides
augment both quantity and quality of agricultural-products®.
OPs  namely  tris-(2-chloro,1-methyl-ethyl)-phosphate,
tris-(2-chloroethyl)-phosphate, tri-n-butylphosphate,
tri-iso-butylphosphate,  triphenylphosphate ~ and  tris-
(butoxyethyl)-phosphate are admired flame-retardants
and plasticisers at public places’. Due to massive use of OP
chemicals, their residues have been detected in drinking-
water, grains, vegetables, fruits, soft-drinks, and other food
items and hence, it provokes a global health concern'’. OPs
are cholinesterase inhibitors and known to amplify free radical
generation and therefore sub-cellular Oxidative Stress (OS). OS
is involved in onset of a number of diseases like atherosclerosis,
inflammatory diseases, cardiovascular maladies, neurological
disorders, and others. Therefore, the community should work
to minimize the usage of harmful pesticides including OPs, at
the same time their side effects to restrict adverse impacts on
human health.

Vitamin C (ascorbic acid) and vitamin E (alpha-tocopherol)
are the major exogenous antioxidants that scavenge a large
amount of free radicals by donating their own electrons to
FRs''. This phenomenon reduces Reactive Oxygen Species
(ROS) and hence, OS is prevented. Therefore, vitamin C and
E can be considered for daily dietary intake which might be
providing prophylactic advantage against OP induced OS and
pathophysiology in human beings.

The present literature aims to present the OP induced health
hazards in human and other animals along with a discussion
on protective potential of vitamin C and vitamin E in it.

2. OP Pesticides

OP pesticides were introduced by German scientists in
1938 and have been used as nerve poisons and chemical
weapon during World War II'%. At present, they are available
commercially worldwide for domestic and industrial use'>'.
Nearly half of all insecticides used in the world belong to
OP category and hence they pose a greater risk of threat on
health of humans®. Human may be exposed to OP pesticides
through inhalation, ingestion or skin contact'. OP toxicity is a
major cause of morbidity and mortality in most of developing
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countries due to poor monitoring, lack of sufficient literacy,

and unavailability of proper infrastructure and technology'”*®.

3. OP Poisoning and Clinical Impacts

3.1 Acute Effects of OP Poisoning

Clinical manifestations of OP poisoning are due to irreversible
inhibition of acetyl cholinesterase activity resulting in
accumulation of acetylcholine at the synaptic junction'?.
Excessive AChE causes disruption in nerve impulse flow
in CNS, parasympathetic nerves, sympathetic nerves
and neuromuscular junctions. OP poisoning has been
demonstrated to exert acute cholinergic crisis**2. Symptoms
of acute toxicity occur within 1-12h following ingestion,
inhalation or cutaneous absorption of OP. Gastrointestinal
symptoms include abdominal pain, intestinal hypermotility,
diarrhea, excessive salivation, and vomiting. Moreover, muscle
tremors, drowsiness, headache, and confusion are also evident.
Acute exposure to OP compounds over-stimulates sweat glands
within the sympathetic nervous system to cause profound
sweating.
include broncho-constriction which may lead to respiratory
failure and even death. The nicotinic effects of acetylcholine
are exerted through irregular and uncontrolled muscle
contractions. Study of 71 elderly patients with OP poisoning
were reported with acute cholinergic crisis with symptoms of
respiratory failure (52.1%), aspiration pneumonia (50.7%),
acute kidney injury (43.7%), severe consciousness disturbance
(25.4%), shock (14.1%), and seizures (4.2%)>.

The muscarinic effects of excess acetylcholine

3.2 Chronic Effects of OP Poisoning

Chronic exposure to OP causes a neurodegenerative disorder
called OP-Induced Delayed Polyneuropathy (OPIDP),
characterized by manifestation of symptoms of ataxia and
upper motor neurone spasticity”’. The cytoskeletal proteins
comprising microtubules and neurofilaments are destabilized
due to hyperphosphorylation which perhaps results in irregular
aggregation of denatured proteinsinaxonsthat might contribute
to neuronal degeneration*. Symptoms include weakness,
numbness, cramping, and tingling sensation in lower limbs and
may progress to paralysis. Chronic exposure to a large number
of OP compounds causes OP-Induced Chronic Neurotoxicity
(OPICN). Irregularities in neurological and neurobehavioural
patterns are considered as other clinical signs. Parallel damages
in peripheral and central nervous systems take place. Various
parts of brain such as hippocampus, cortex, and cerebellum
show neuropathological lesions due to increased neuronal
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death?’. Neurological and neurobehavioural irregularities are
intensified by simultaneous exposure to chemicals/agents that
cause OS or neuronal cell death. In a cross-sectional study
involving fifty-five agricultural workers exposed to OP, it was
revealed that, onset of peripheral polyneuropathy is 3.6 times
higher in workers intoxicated with OP other than non-exposed
workers®”. Moreover, lung dysfunction characterized by low
Forced vital capacity in farmers is another outcome of low-
level exposure to OP*. Midtling et al.,”” studied cauliflower
workers exposed to residues of OP insecticides like mevinphos
and phosphamidon. They detected blurred vision, headache,
weakness or anorexia in exposed individuals. In addition
erythrocyte activity was significantly low in these workers.

4. ROS and OS

ROS are the intermediate oxygen carrying metabolites
having unpaired electron which make them highly reactive to
biological macromolecules such as lipids, proteins, and nucleic
acids. They readily oxidize vital biomolecules that result in
altered biochemical and physiological status of organisms.
Major forms of ROS include superoxide anions (O ), hydroxyl
radicals (OH"), peroxyradicals (ROO "), alkoxy radicals (RO"),
and singlet oxygen ('O,). ROS are spontaneously generated
within the body through mitochondrial-electron transport
system and peroxisomal [-oxidation of fatty acids®.
Mitochondria-based metabolism of xenobiotics like certain
drugs, pesticides etc. also produce free radicals within the
cells. OPs are known to amplify generation of ROS within the
exposed organisms and as a consequence OS occurs’’. OS is
the disruption of pro-oxidant and antioxidant balance within
the body leading to potential health hazards*. OS has been

considered as a leading cause of neurodegenerative diseases
33,34

and cancer

5. OP-Induced OS and Health
Hazards on Human and Animal
Models

5.1 Effects of OPs on Human Health

Exposure to OP cytochrome p450-based
detoxification system of the body. The reaction mechanism
of cytochrome p450 proceeds through the reduction of
cytochrome-bound oxygen and generation of highly reactive
species®. Several studies have confirmed that, OP pesticides
generate ROS and triggers OS production in exposed

activates
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organism. Ogut et al.** conducted experiments to explore the
effect of acute OP toxicity on certain biomarkers of OS in OP
exposed patients. They found increased level of MDA (end
product of OS-induced lipid peroxidation) and reduced levels
of catalase and glutathione in patients suggesting towards OP
induced OS. Another evident on OP induced OS in human was
provided in a study where agricultural workers exposed to OP
manifested significantly higher level of MDA and reduced level
of glutathione in their blood plasma*. A study was conducted
by Vidyasagar et al*® in eighty-four OP poisoned patients.
They reported nearly doubled levels of MDA in OP poisoned
patients. Lipid peroxidation has also been reported in human

erythrocytes.

5.2 Effects of OPs on Animal Models

Exposure to subacute diazinon has been reported to
increase serum levels of aspartate aminotransferase, alanine
aminotransferase, alkaline phosphatase, y-glutamyl transferase,
cholesterol, and triglycerides indicating towards improper
functioning of liver in male Wistar albino rats*’. In parallel,
SOD levels were also much higher. Lipid peroxidation was also
obvious in rat brain*’. Exposure to chlorfenvinphos, another OP
has also been linked to generation of ROS and lipid peroxides
in rat liver*!. Moreover, OP like Diazinon induces apoptosis
of secondary and graffian follicles in rat ovary*. Sivaperumal
and Sankar®® documented that exposure to methyl parathion
enhances activities of endogenous antioxidants (including
Catalase, Glutathione-s-Transferase, SOD, and MDA) by
several folds in fish model. Yu et al.** demonstrated OP
induced increased apoptosis, enhanced lipid peroxidation, and
DNA damage in retina of mice administered with chlorpyrifos.
Singh and Drewes,* studied the effect of low-level (1.0 mg/
kg.day) chronic acephate exposure in rats. They observed
reduced GABA, dopamine, and tyrosine levels and glutamic
acid decarboxylase activity in brains of treated rats. Moreover,
plasma cholinesterase and RBC acetylcholinesterase activities
were also inhibited. In another study, exposure to malathion
induced histopathologic and ultrastructural changes in liver,
kidneys, heart, and lungs*°. Rats exposed to malathion at a dose
of 100 mg/kg/day had elevated levels of MDA and 8-OHdG,
whereas reduced levels of glutathione. In addition, superoxide
dismutase, acetylcholinesterase, and catalase activities were
low in blood, heart, liver, brain, and kidney tissues*’. Selmi et
al.*® studied effect of malathion exposure in liver and kidney
of prepubertal male mice. They observed histopathological
lesions in the liver and kidney tissues along with depleted
antioxidant enzyme activities. Parathion administered at doses
of 20mg/kg and 60 mg/kg of intravenous parathion revealed
depression of acetylcholinesterase after 3 h of poisoning*. OP
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poisoning has potential to alter reproductive fitness in non-
target organisms. For instance, exposure to dichlorvos reduces
body and testis weights, FSH, LH, and testosterone levels as
well as sperm morphology in treated male rats®’. Monoamine
oxidase, norepinephrine, and dopamine levels are targeted
during co-exposure to dichlorvos and monocrotophos®!. Ethion
and Fenitrothion are pulmonotoxic in nature as they induce
OS and histomorphological alterations in lung as evidenced
by increased pulmonary inflammation and small as well as
discrete foci in mouse and rat models®***. Subacute diazinon
exposure in aged male rats is associated with decreased RBC,
Hb, and Htc levels®*.

6. Antioxidants

Organisms have a number of protective mechanisms to
counteract deleterious consequences of excess free radicals
within the body. Among them, antioxidants are the important
ones that neutralize free radicals by donating or accepting
electron(s) to eliminate unpaired state/configuration of
radicals. They terminate redox chain reactions triggered by
different chemical stressors such as OP based pesticides. Free
radicals are maintained at low level by both non-enzymatic
and enzymatic antioxidant defense machinery. Enzymatic
antioxidants are usually endogenous and provide first line
of defense against ROS. These include Catalase, Glutathione
peroxidase, and Superoxide dismutase. Second line of defense
against free radicals and OS is provided by non-enzymatic
antioxidants from exogenous sources. Some vitamins and
other substances like Flavonoids, Selenium, Zinc etc. belong
to this category. Vitamins are inexpensive and readily available
in market in both natural and synthetic forms. We need to
fulfill the daily requirement of vitamins from fruits, vegetables
or dietary supplements. Vitamins scavenge free radicals and
in the process vitamins themself transform into less active
free radicals that are less dangerous, with longer half-life in
comparison to those radicals that have been neutralized.
Interestingly vitamin C and vitamin E have been documented
to scavenge free radicals during OP exposure.

6.1 Vitamin C (Ascorbic Acid)

Vitamin C or ascorbic acid is a natural water-soluble vitamin
abundant in citrus fruit. In living organisms, it is required for a
variety of metabolic processes such as anti-bacterial activities,
detoxifying reactions and collagen formation in fibrous tissues,
teeth, skin, and capillaries.

Additionally, vitamin C functions as a cofactor for
enzymes relevant in several biosynthetic reactions that occur
during synthesis of amino acid-derived macromolecules,
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neurotransmitters, and neuropeptide hormones. It also acts as of the animals are able to synthesize vitamin C from glucose
a cofactor for various hydroxylases that play integral part in endogenously but primates have lost their ability to synthesize
regulation of gene transcription and epigenetic mechanisms™. it, since, one of the enzymes (L-gulonolactone oxidase),
Ascorbic acid from external sources is essential in trace important for synthesis of ascorbic acid was lost by mutation
amount for normal functioning of our body. Plants and most during primate evolution.
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Figure 1. Antioxidant activity of vitamin C. Vitamin C undergoes de-protonation and release electrons to neutralize free radicals
like O,", *OH, LO", LOO" etc. Intermediate compounds like Ascorbate, Ascorbate radicals, *Asc” and dehydroascorbate are
produced during the scavenging reactions.
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6.1.1 Sources for Human

Fruits like guava, kiwi, green peppers, orange, strawberries,
papaya, broccoli, grape fruits, and pineapple are rich sources of
vitamin C. Low-priced synthetic forms are also available under
different brand names.

6.1.2 Mechanism of Action as Antioxidant

Vitamin C is a mild reducing agent and an antioxidant that
participate in neutralizing hydroxyl, alkoxyl, and lipid peroxyl
(LOO-) radicals by converting them into stable products such as
H, 0, alcohol, and lipid hydroperoxides respectively. Vitamin C
typically neutralizes various ROS, most importantly -OH by the
transfer of single electron and in the process it alters itself into
a resonance-stabilized radical, called semi-dehydroascorbate.
Semi-dehydroascorbate with loss of another electron changes
into more stable radical form, dehydroascorbate (Asce) (Figure
1). With the help of NADH or NADPH dependent reductases,
vitamin C itself is known to be readily regenerated from Asce®.
Vitamin C also neutralizes radical forms of other antioxidants
like glutathione radical and vitamin E radical and regenerates
these antioxidants.

6.1.3 Protective Potentials of Vitamin C against OP
Induced OS and Injuries

Several studies around the globe have confirmed the protective
potentials of ascorbic acid against OP induced OS and toxicity.
Ambali and Ayo” demonstrated that vitamin C successfully
Chlopyrifos-induced sensory motor
dysfunction and cognitive changes in Wistar rats. Vitamin
C is beneficial against OP induced retinal damage in rats™.

ameliorates acute

Moreover, vitamin C has been found to significantly reduce the
symptoms of chlorpyrifos-induced OS in mice liver*. Diazinon
induced renal injuries were significantly reduced following
ascorbic acid co-administration®. Further, Ascorbic acid is
beneficial in reducing acephate induced OS and subsequent
injuries in Drosophila melanogaster®®'. In a study, erythrocytes
treated with 1, 10, and 100 puM concentrations of diclorvos
manifested increased lipid peroxidation and OS which were
mitigated partially after treatment with vitamin C at 10 uM
concentration®. Similar results were also noticed in rats orally
exposed to methidathion at a dose of 8 mg/kg bw for 24 h.
Elevated lipid peroxidation and OS markers were detected in
treated individuals. Rats supplemented with vitamin C (200
mg/kg body weight, i.p.) showed reduced lipid peroxidation
and OS®. Exposure to OPs such as chlorpyrifos, profenofos,
diazinon, and malathion induces hepatic malfunction in rats
which is characterized by altered levels of serum Aspartate
Aminotransferase (AST), Alanine Transaminase (ALT),
Alkaline Phosphatase (ALP), and Lactate Dehydrogenase
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(LDH). All these altered parameters become normal upon
combinational therapy with vitamin C®. MiloSevi¢ et al.®
investigated the protective impacts of vitamin C on fenitrothion
induced toxicity in rat liver. They found that, vitamin C has
potentials to reduce oxidative stress and normalize ALT, ALP,
LDH, and GGT levels. Moreover, treatment with vitamin C
(ascorbic acid) at a dose of 200 mg kg b.w. reduces MDA
level and increases GSH level in malathion treated rats®.
Rats treated with dichlorvos manifested endometrial damage
and apoptosis which were ameliorated upon treatment with
vitamin E¥.

6.2 Vitamin E (a-Tocopherol)

Vitamin E is a set of eight related isomers namely a-, B-, y-
and §-tocopherols as well as tocotrienols (4 Tocopherols and 4
Tocotrienols). These isomers belong to fat soluble vitamins®*®.
Among them, a-tocopherol has been studied extensively as
it is abundant in nature. Cell utilizes it as a major membrane
bound antioxidant. It protects the cytomembranes from lipid
peroxidation. Vitamin E scavenges free radicals through a
mechanism of electron transfer to yield a Vitamin E cation
radical, which through fast de-protonation produces a less
reactive and relatively stable vitamin E radical. Vitamin E
radical can be transformed to its reduced form by other
antioxidants such as ascorbate or retinol.

6.2.1 Sources for Human

Good sources of vitamin E include almonds, spinach, sweet
potato, sunflower seeds, palm oil, and butternut squash.
Similar to vitamin C, synthetic forms are also available under
different brand names.

6.2.2 Mechanism of Action as Antioxidant

Vitamin E acts as a ‘chain breaker’ during lipid peroxidation
in cell membranes. It terminates lipid peroxidation chain
reactions by neutralizing lipid alkoxy radical (LO") or lipid
peroxyl radicals (LOO") (Figure 2). The resultant tocopheroxyl
radical is relatively stable and lack sufficient potency to initiate
lipid peroxidation by itself, which is important for a good
antioxidant’®’!. Tocopheroxyl radical can be converted back to
its reduced form by some antioxidants like ascorbate or retinol
(Figure 3). Vitamin E alone is not so efficient in scavenging
*OH and alkoxyl radicals (*OR) in vivo™.

6.2.3 Protective Potential of Vitamin E against OP
Induced Toxicity and OS

Ambali and Aliyu” showed that vitamin E could mitigate the
changes in sensory motor functioning and cognitive responses

Journal of Ecophysiology and Occupational Health
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Figure 2. Vitamin E as a chain breaker during lipid peroxidation. Free radical like *OH attacks polyunsaturated fatty acids (PUFA) of
biological membranes and generates lipid alkoxy radical (LO") or lipid peroxyl radicals (LOO") which initiate a chain reaction
that damages adjacent membrane-bound PUFA. Vitamin E neutralizes LO* and LOO" thereby terminating the chain reaction.

oM CH,
0,
o 0
HO
+ CHJ
o
H,C Ci6Hs;
=0 on CH,
Ascorbate radical Vitamin E radical
CH; OH on
O,
HO © o . o
-e
HO HO
o+ —
H,C © CyHss . ~
CH, (8] o o 5
Vitamin E "Asc Dehydroascorbate

(stable)

Figure 3. Regeneration of vitamin E (a-Tocopherol). Ascorbate through de-protonation converts vitamin E radical into its more stable
configuration i.e., a-tocopherol. Upon loss of one electron, *Asc” changes into dehydroascorbate which is stable.
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Vitamin C and vitamin E, as quenchers of OP-induced ROS within cellular environment. OP exposure activates Cytochrome

p450 (CYP450) based detoxification system (Phase I) within the body. The reaction mechanism of CYP450 proceeds through
the reduction of cytochrome-bound oxygen and generation of reactive superoxide anions (O,"). SOD catalyzes dismutation of

superoxide anions to produce H,O,

which in turn decomposes to water and oxygen by catalase. In presence of Fe**, H O, can

be converted into *OH ion that oxidizes polyunsaturated fatty acids of biological membranes to generate lipid alkoxy radical
(LO") or lipid peroxyl radicals (LOO*). These reactive radical in turn can damage several cellular components such as plasma

membrane, DNA and mitochondria leading to cell death.

induced by short-term acute exposure to Chlopyrifos (CPF)
in Wistar rats. Probably the antioxidant property along with
acetyl cholinesterase restoration ability plays significant role
behind the protective/prophylactic/ameliorative potential
of vitamin E. This can be further validated through the fact
that supplementation with vitamin E successfully ameliorated
CPF-induced haematological and biochemical alterations’”.
Vitamin E has been demonstrated to reduce Diazinon induced
apoptosis in secondary and graafian follicles in rat ovary*.
John et al’® demonstrated that vitamin E has the potential
to ameliorate dimethoate and malathion-induced OS in rat
erythrocytes. Therefore, like other chemicals, OPs contribute
to OS and subsequent pathologies that can be ameliorated to
some extent by vitamin E”7-*" (Table 1). Eroglu et al.®> human
erythrocytes treated with 1, 10, and 100 pM concentrations
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of diclorvos. They observed increased lipid peroxidation
and OS which were mitigated partially after treatment with
vitamin E at 30 uM concentration. In another study, vitamin
E ameliorated OS in rats treated with methidathion orally at
a dose of 8 mg/kg bw for 24 h*. Vitamins E supplementation
in rats has potential to lower lipid peroxidation and normalize
endogenous antioxidant activities in rats orally treated with
diazinon at a dose of 335 mg/kg b.w.*® OP pesticides like
ethion has tendency to disturb activity of membrane bound
ATPases and Ca®* homeostasis. Vitamin E (50 mg/kg b.w.)
supplementation in rats orally exposed to ethion at a dose of
2.7 mg/kg b.wt. for 7-28 days partially restored activities of
membrane bound ATPases and Ca** homeostasis®. Dichlorvos
induced endometrial damage and apoptosis was reduced upon
treatment with vitamin E in rats®.
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Table 1. OP toxicity and protective effects of Vitamin C and Vitamin E

Name of OP Name of Vitamin Exposure duration Cell line / model Observations Reference
pesticide(s) and and the dose/ organism
dose/concentration | concentration used
used for the study
Diclorvos (1, 10,100 | Vitamin C (10 uM) Not mentioned Human erythrocytes Vitamin 62
uM) and Vitamin E (30 supplementation
uM) reduces Lipid
peroxidation (LPO)
and oxidative stress.
Methidathion (8 mg/ | Vitamin C (200 mg/ 24h Rat Vitamin 63
kg MD body; oral) | kgbody weight, i.p.) supplementation
and Vitamin E (150 reduces Lipid
mg/kg body weight, peroxidation (LPO)
im.) and oxidative stress.
Chlorpyrifos Vitamin C (200 mg 24 days Rat Combination 64
(Img kg b.wt.); kg™ b.wt.) therapy with
Profenofos (0.3mg Vitamin C restored
kg b.wt.); Diazinon the normal range
(0.06mg kg™ b.wt.); of serum Aspartate
Malathion (29mg kg™ aminotransferase
b.wt.) (AST), Alanine
Transaminase (ALT),
Alkaline phosphatase
(ALP) and Lactate
dehydrogenase
(LDH); reduced liver
damage.
Fenitrothion (20 mg | Vitamin C (100 mg 30 days Rat Vitamin C exhibited 65
kg-1 b.wt.) kg™ b.wt.) hepatoprotective
role by reducing
oxidative stress and
normalizing AST,
ALT, ALP, LDH and
GGT levels.
Malathion (50 mg/ Ascorbic acid (200 6 Weeks Rat Vitamin 66
kg b.wt.) mg kg b.wt.) supplementation
reduced MDA level
and increased the
GSH level.
Diazinon (335 mg/kg | Vitamin C (200 mg/ 24h Rat Vitamin 88
b.wt.; oral exposure) | kg body weight, i.p.) supplementation
and Vitamin E (150 reduced lipid
mg/kg body weight, peroxidation in rat
ip.) myocardium
Methidathion (5 Vitamin C (20 mg/ 4 weeks Rat Vitamin 89
mg/kg b.wt.; oral kg body weight) and supplementation
exposure) Vitamin E (50 mg/kg partially restored
body weight) Cholinesterase
acitivity and
malondialdehyde

levels in treated rats.
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Chlorpyrifos (10.6
mg/kg b.wt.)

Vitamin C (100 mg/
kg body weight)

17 weeks

Rat Vitamin C alleviated 90
chlorpyrifos
induced deleterious
alterations of lipid
profiles ( increased
levels of TC, LDL-c
and MDA )

First to third instar
larvae

Acephate (5 ug/mL) | L-ascorbic acid (25,

50, 100 pg/mL)

Co-administration 31
with L-ascorbic acid
reduced oxidative
stress by normalizing
oxidative stress
markers such as
Catalase, SOD,
protein carbonyl
contents and Lipid
peroxidation.

Drosophila
melanogaster

Diazinon (335 mg/kg
b.wt.; oral exposure)

Vitamin C (200 mg/ 24h

kg body weight i.p.)

and Vitamin E (150

mg/kg body weight
ip.)

Rat Treatment with 88
vitamins E and C
together reduced

LPO and the
activities of GSH-Px
and SOD compared

with the diazinon

group.

Dichlorvos (4 mg/kg
b.wt.)

Vitamin C (20 mg/kg

body weight i.p.) and

Vitamin E (50 mg/kg
body weight i.p.)

5 days a week for 4
weeks

Rat Vitamin 67
supplementation
decreased MDA

production; reduced

the histopathological
changes and the
extent of apoptosis.

Ethion (2.7 mg/kg
b.wt.; oral exposure)

Vitamin E (50 mg/
kg body weight; oral
exposure)

7,14, 21, 28 days

Rat Vitamin E
supplimentation
decreased lipid
peroxidation;
partially restored
activities of
membrane bound
ATPases and Ca**
homeostasis.

91,92

7. Conclusion

Non-targets organisms undergo unintentional continuous
exposure to OP pesticides through consumption of
OP-contaminated fruits and vegetable. OP exerts its toxic
effects by AChE inhibition and triggers ROS generation inside
the body. ROS in excess amount initiates a cascade of events
that targets essential biomolecules such as lipids, proteins, and
nucleic acids. Endogenous antioxidants through the process
of deprotonation strive to stabilize free radicals. But under
OP exposure, endogenous antioxidants cannot satisfactorily
neutralize the reactive radicals. In these cases, exogenous

- 150 | Vol 22 (3) | September 2022 | http://www.informaticsjournals.com/index.php/JEOH/index

antioxidants might be supportive to work synergistically with
endogenous antioxidants and enhance the overall antioxidant
capacity of the body. Several studies around the globe have
suggested that, vitamin C and vitamin E having potentials
to efficiently scavenge ROS can reduce OS in humans and
other organisms (Figure 4). Hence, readily available and
affordable vitamin C and vitamin E seems to have protective
or prophylactic activities against health hazards originating
from OP-induced OS. Therefore, these cost-effective vitamins
might be considered in diet to ameliorate toxic effects exerted
by OPs and other xenobiotics.
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