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Recent studies have suggested that environmental factors have a crucial role in
triggering and/ or propagating the pathological changes in Parkinson’s disease (PD). Although
many studies have been and being performed by utilizing MPTP like chemicals to study the
effectiveness of new extracts and compounds in PD, a little focus was made on the role of
pesticides. Since agricultural fields account for 37.7% of land area worldwide and the use of
pesticides is an important risk factor in neurodegeneration, there is a crucial need to focus
on the association between pesticides and PD. Benomyl, a benzimidazole fungicide is being
widely used in India in cultivation of tropical crops. Studies prove the chronic exposure of
benomyl leads to aldehyde dehydrogenase inhibition caused DOPAL toxicity, subsequently
leading to dopamine degradation and Parkinson’s disease. Till date, there is no remedy for
pesticide induced Parkinson’s disease. This review provides an insight of the pathophysiological
aspects of pesticide induced Parkinson’s disease and also enlightens the importance of aldehyde
dehydrogenase enzyme in neuroprotection.

Keywords: Alda 1, Aldehyde dehydrogenase, Benomyl, DOPAL Toxicity,

Vol. 12(3), p. 1417-1424

Parkinson’s disease, Pesticide induced PD.

Parkinson’s disease (PD) is a chronic
progressive, neurological disease linked to
decreased dopamine production in the substantia
nigra. As dopamine holds an important play in
muscle tone maintenance, here in PD its depletion
is well depicted with marked resting muscle
tremor, rigidity, slowness of movement, impaired
balance, and a shuffling gait.! The direct and
indirect pathways of dopamine experience a critical
breakdown in PD. In familial PD, pathogenic
mutations in Parkin, PINK] and ATP13A42 genes
are directly linked to mitochondrial dysfunction.?
n consideration with the environmental factors
like chemicals, pesticides, toxic inhalants, etc.

leading to the dopamine degradation, several
epidemiological studies shows pesticides had a
good association with PD.?

The axiom “if little is good, a lot more
will be better” would be implicated in the dual role
of pesticides to humans and other living systems.
The use and abuse of pesticides has come into light
as pesticides are not only lethal to pests, but also
to non-target species like man.* The production
workers, formulators, sprayers and agricultural
farm workers fall under the high risk group exposed
to pesticides. Acute and chronic neurological
toxicities such as headache, vomiting,dysfunctional
lipid, protein, and carbohydrate metabolism are
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fabricatedupon pesticide exposure.’ Barbeau et al.in
1987 illuminated the association between pesticide
usage leads to degeneration of dopamine neurons
by mitochondrial dysfunction, oxidative stress,
protein aggregation, impairment of ubiquitin-
proteasome process and autophagy in PD.® The
main pathological finding in pesticide associated
PD is depletion of aldehyde dehydrogenase enzyme
(ALDH).”#

Certain pesticides like maneb, ziram,
triflumizole, captan, etc. inhibit the aldehyde
dehydrogenase-2enzyme(ALDH?2), which plays a
critical role in 3,4-dihydroxyphenylacetaldehyde
(DOPAL) intoxication.’ Initially, Wey and his
colleagues in 2012 deigned a hypothesis to explain
the decreased ALDHs (ALDH1 an ALDH2) either
due to reduced aldehyde expression and or due
to environmental toxins play a very prominent
role in PD pathogenesis.'” According to the
study performed by Fitzmaurice GA et al. in
2014,exposure to an ALDH-inhibiting pesticide
(ex.benomyl) at both workplace and residential
addresses was associated with a 65% increase
in PD risk.'"JALDH?2 is widely expressed in
the frontal and temporal cortex, hippocampus,
mid-brain, basal ganglia and cerebellum, glial
cells and in neurons with a securing role in the
brain and the spinal cord.'> Among the 19 ALDH
enzymes, ALDH?2 in the mitochondrial matrix
holds an important role in the metabolism of
ethanol,acetaldehyde, propionaldehyde,4-HNE
(4-hydroxynonenal), DOPAL and DOPEGEL
B(Figure 1). Both clinical and pre-clinical studies
have shown the ALDH inhibition as one of the main
pathological role in PD. Benomyl administration
in mouse striatum and in vitro to PC12 cells
and human cultured fibroblasts lead to DOPAL
accumulation followed by ALDH inhibition,
similar to rotenone." Six weeks treatment in
rodents with Paraquat (herbicide) and maneb
(fungicide)leads to a rise in 4-NHE protein that
plays a major role in ALDH inhibition. MPTP and
daizin administration in PC12 cells causes aldehyde
load i.e., raise in 4-HNE and MDA and DOPAL
concentration and causes protein modification via
the inhibition of ALDH." Florang et al.employed
the recombinant ALDH2 and ALDH2 extracts
from rat brain mitochondrial fraction with 4-NHE
even at low doses to explore the inhibition of
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DOPAL oxidation to DOPAC (3,4dihydroxyphenyl
aceticacid).'

Michel TM et al. in 2014 have conducted
a study in the clinical neurochemistry laboratory,
University hospital Wurzburg to explain the role
of ALDH?2 in sporadic PD.I'"'They have collected
9 brain specimens of PD patient and 12 control
specimens from the patients with no psychiatric
illness. All the control and PD patients are
matched for post-mortem time, age, gender and
non-alcoholics. The frozen left hemisphere of all
the brain issues were isolated and homogenized
at 1000 rpm and the sediment was examined for
protein quantification ad mitochondrial ALDH2
activities. An elevation in the ALDH?2 activity was
observed in PD patient brain tissues.
Role of Benomyl in Parkinson’s disease

Benomyl, a fungicide used for food crops
and ornamental plantswas shown to be a potent
and rapid ALDH inhibitor, thereby associated
with PD incidence in epidemiological studies.
Benomyl (methyl 1-[(butylamino) carbonyl]-1H-
benzimidazol-2-ylcarbamate) gets metabolized to
carbendazim (methyl-2-benzimidazole carbamate),
both acts by inhibiting microtubule assembly
in fungi and has minimal effect on plant and
mammalian microtubules.'® A report “Benomyl
RED facts” published by U.S. Environmental
Protection Agency in 2001 says benomyl as
a human carcinogenand opted for a voluntary
cancellation of this pesticide.” Chronic benomyl
exposure holds serious adverse effects on the
male reproductive systems, causing decreased
sperm counts and fertility in the rats; whereas,
in female rats it was shown to induce aromatase
activity in a human ovarian granulose-like tumor
cell line. When studied in vitro in rat embryo
cultures, it was also responsible to developmental
toxicities like development of malformations in
xenopus embryo’s neural tissue and decreases
in yolk sac diameter.In areport published by
California Environmental Protection Agency in
1999, benomyl was shown to cause hepatocellular
adenomas and carcinomas in several strains of
mice; hepatotoxicity and nephrotoxicity as well.?

When the living systems are exposed to
benomyl, it gets dissociated to carbendazim and
butyl isocyanate (BIC). BIC gets converted to
S-methyl N-butylthiocarbamate (MBT) and further
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to MBT sulfoxide (MBT-SO) by cytochrome
P450 enzymes. BIC, MBT and MBT-SO inhibit
ALDH, among which MBT-SO serves as a potent
ALDH inhibitor?! (Figure 2).This was confirmed
by exposing the of ex vivo suspensions of nigral
neurons to benomyl for 30 min exhibits a ALDH
inhibition which was further reversed/minimizedby
pargyline — a MAO inhibitor; while, there was no
significant change in 4-Synuclein levels in TH+
neurons exposed to benomyl.?> Benomyl exposed
zebra fish shows a deficit swimming behavior in
2 weeks.Transgenic zebrafish (Danio rerio) cell
lines were employed to study the neurotoxicity of
benomyl in vertebrate system by exposing to 1 iM

Table 1. Plants with Aldehyde dehydrogenase
(ALDL) genes

Plant Species Number of
ALDL genes
Arabidopsis thaliana 16
Oryza sativa 20
Vitis vinifera 25
Vitis carteri 7
Zea mays 22
Clamydomonas reinhardtii 9
Physcomitrella patens 21
Physcomitrella trichocarpa 26
Selaginella moellendorffii 24
Setaria italica 22
Homo sapiens 19
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benomyl 5 h -120 h postfertilization and found a
reduction in the VMAT2+ (vesicular monoamine
transporter) neuronal counts.?
Aldehyde dehydrogenase Promoters in
Parkinson’s disease

Alda-1 was identified as a pharmacological
chaperone to activate the human ALDH2*1 and
ALDH2*2 by binding above the inhibitory site (the
exact site for diazin, a potent ALDH2 inhibitor)
and thus increase the efficiency of acyl-enzyme
hydrolysis for smaller aliphatic substrates in
ALDH2*1 and provides structural stability to the
ALDH2*2 enzyme.** This ALDH promoting role
of alda 1 was studied in a pre-clinical model of
PD by injecting DOPAL in the substantia nigra
with the ALDH activator alda-1 to one group of
rats and disulfiram (ALDH inhibitor) to 2 group
and vehicle to the control group rats.”> All the
group animals were subjected to behavioral studies
followed by isolating the brain samples to evaluate
the levels of 4HNE ALDH and alpha-synuclein
aggregates.The alda 1 treated group shows a
beneficial rise in ALDH levels with a decline in the
4NHE and synuclein aggregation. This study even
proves that MPTP does not have any influence on
ALDH levels, although it declines dopamine levels
and increases the DOPAL, 4NHE concentrations.

Alda 1 treatment in the male C57BL/6
mice has shown a positive improvement in the
intestinal injuries in intestinal ischemia.? As
Alda-1 treatment suppressed the serum levels of
TNF-4, IL-14 and IL-6, a remarkable decrease
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Fig. 1. Aldehyde dehydrogenase enzyme in Parkinson’s disease
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Fig. 2. Role of Benomyl in Dopamine metabolism

in the morphological damage in the lung and
intestinewas seen.In a rat model of myocardial
infarction, alda 1 treatment shows a decline in
the number of TNF-a-positive cells and NO.*”
These studies have shown the promising positive
role of alda 1 in cellular damage, but there is no
documental evidence on the trials which enlightens
its application in Parkinson’s disease.
Phytoconstituents with aldehyde dehydrogenase
promoting activity

Herbal medicine or phytomedicine is the
use of plants for medicinal and therapeutic purpose
for curing of diseases and improve human health.?
Although Parkinson’s disease is being treated with
a number of synthetic compounds effectively, till
date there is no synthetic drug except alda 1 to
treat ALDH deficient PD. Alda 1 has been utilized
in the pre-clinical studies of DOPAL induced
PD and delineated a positive role in promoting
ALDH levels, but still was not been employed
in human trails. So far, Pesticide induction in PD
was treated with MAO inhibitors like seligiline,
pargyline i.e., drugs acting by inhibiting the
DOPAL synthesis and concentrations.?’ Some
studies shows the protective role of Coenzyme Q10

W lipid J
= peroxidation

in rotenone and paraquat-induced Parkinsonian rat
models,***? Ginkgo biloba extract paraquat-induced
apoptosis in vitro** and acetyl-L-carnitine, sodium
butyrate, vildagliptin, Hipercium perforatum, etc.
had neuroprotective effects in rotenone-induced
Parkinsonism in animals.’*** All these studies are
yet to be confirmed for their efficiency in humans
and even none of the above agents were proved
to be treated the ALDH PD model.Hence, we can
inquest the alternatives which play the similar role
of alda 1 in promoting ALDH. Phytochemicals
are active ingredients which possess therapeutic
properties that are considered as a medicine or drug
and can be employed successfully as an alternative
to the synthetic marketed drugs.

Certain plants have aldehyde
dehydrogenase genes and are termed as “ALDH
gene superfamily”’and are mentioned in the table
1.4 Twenty four gene families among different
plant taxa have been identified to encode ALDH.
Aldehyde dehydrogenase enzyme in plants are
meant to carry the homeostasis of aldehydes by
eliminating the toxic aldehydes (DOPAL, 4NHE),
hence termed as “aldehyde scavengers”. “ Among
such plants, Arabidopsis thaliana(Brassicaceae)
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has ALDH genes of 9 families.”** In my project,
the active constituents of this plant were identified
and are to be utilized in studying for the presence
of aldehyde dehydrogenase promoting character.

Insilico docking studies of eight
compounds in Arabidopsis thaliana shows
Rapalexin, Camalexin and Arvelexin has good
interaction with the ALDH receptors, almost
similar values to that of alda 1 (Table 2).

CONCLUSION

We need tocomprehend the importance of
the medicinal plants which are commonly found all
over the country as the synthetic drugs and agents
may contain harmful chemicals leading to various
side effects and drug reactions. Due to minimal
side effects and cost effectiveness, traditional
medicinal plants containing natural sources of
anti-oxidants and neuroprotective effects may be
helpful in the long run. It also provides a novel
insight on a disease pathology which provides
different treatment strategies using natural sources
decreasing the risk of drug interactions or adverse
effects and increasing the quality of life and safety
of patients.
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Summary

Parkinson’s disease is due to several
environmental and genetic factors leading to
neurodegeneration of substania nigra dopaminergic
neurons. Aldehyde dehydrogenase (ALDH) is
one of the important liver enzyme which also
synthesized in mitochondrial matrix of SN neurons
and has a pronounced effect in protecting dopamine
and this ALDH will be depleted by exposure
to pesticides The pathophysiology of aldehyde
dehydrogenase related Parkinson’s disease has
gained much insight in agricultural countries
like India, but still there is a need to identify the
pharmaceutical compound/ phytoconstituent that
act by acting through promotion of this ALDH
enzyme.
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