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Association Between Age Gain, Parkinsonism
and Pesticides: A Public Health Problem?

ABSTRACT

As life expectancy increases worldwide, so does the time available for prolonged exposure
to toxic materials in the environment that have the potential to exert gradual pressure,
facilitating the onset of aging in the body.

Neural/behavioral alterations are linked to age gain, making the understanding of the aging
process more complex considering the high complexity of the neural system and, although
neuropsychological, pathological and neuroimaging criteria have been established to
differentiate between normal and pathological aging, diagnosing the mild cognitive problems
of each elderly individual remains a challenge.

Parkinson's disease is recognized as one of the most common neurological disorders in the
elderly, whose intrinsic cause is still unknown, but its main molecular basis is the decrease in
dopamine produced in the substantia nigra. Studies have suggested that exposure to
organophosphate, the glyphosate class, in different organisms, are capable of promoting
bodily malformations, neurotoxicity, hepatotoxicity, genotoxicity, metabolic disorders, among
others. The effects of pesticides on the environment, associated with their exacerbated
permanence in the environment, indicate that more and more people may suffer their
deleterious action, which may be the cause of some neurodegenerative disorders. The main
objective of this study was to use specific data from the literature on Parkinsonism,
correlating it with aging and contamination by pesticides.

In fact, the health risks inherent in the use of pesticides are greater the greater the intensity
of exposure to them and, considering the widespread use of pesticides today, the number of
poisoning of the human population and animals will increase. Therefore, in terms of literary
data, contamination with pesticides may be associated with a public health problem and,
therefore, a possible increase in dementia processes, thus Parkinsonism.
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1. INTRODUCTION
1.1 Age Gain, the Neural System and Parkinsonism

It has'been known for some years that the increase in the proportion of elderly in the
population is a global phenomenon [1], with a negative population growth rate happening
nowadays as in South Korea [2]. In Brazil, according to the Brazilian Institute of Geography
and Statistics [3], the number of inhabitants aged sixty years or older was 22.34 million in
2012, representing 11.3% of the entire resident population; however, the portion of people
over sixty years old reached 14.7% of the total population in the year 2021, surpassing the
mark of 31.23 million; this increase of 8.89 million elderly over a period of nine years
corresponds to the growth of 39.8% of this age group that has become increasingly
representative in Brazil.




Given the increase in population aging, Brazil is ranked as the sixth country in the world with
the largest number of elderly people, with the perspective that in 2060 the number will
exceed 58 million in the country, representing 25.5% of the total Brazilian population [3].
According to the World Health Organization (WHO, 2015), the world population has shown
an accelerated rate of aging, however, it is estimated that in 2060 there will be two billion
people over sixty years old worldwide.

In this sense, in terms of public health, there is a concern focused on healthy age gain over
aging associated with pathological states (senility) [4,5]. Considering age gain as a time-
dependent chronic-degenerative process modulated by genetic and environmental
parameters in which the population is destined to suffer [6], and, to date is irreversible, by
virtue of the ability of cells to evolve differentiated and irreplaceable [7], the prevention of
pathological processes and understanding of healthy aging become the basis for.a healthy
life in advanced ages, making it essential to seek care and good habits throughout life [8].
According to Lipsky and King [9] aging is a natural process of wear and.tear on.the body,
which is significantly dependent on lifestyle and uneven, because organs, tissues, cells, and
subcellular structures show differentiated wear and tear over time, that.is, when comparing
from birth to death, organic functions decline in most organs, in particular, there is a
reduction in the renal flow, cardiac output, glucose tolerance, ‘vital capacity of the lungs,
body mass, and cellular immunity [10,11].

However, paying attention to biological factors alone, such as genetics, metabolic rate, and
caloric intake, may not be enough for a healthy longevity, as the link between healthy age
gain and psychological factors is associated with a‘longer. and better survival, such as
satisfying affective attachments, stress tolerance, spontaneity, optimism, and well-being [12].
In physiological terms, it is known that thefragility of reparative and regenerative
mechanisms propitiates aging [11], thus, the“inherent irregularities of biological systems,
such as the modifications by which cells undergo when transforming renewable cells into
non-renewable ones, added to the decrease . in cell regeneration capacity, are responsible
for characterizing the aging of tissues [13], being able to cause a series of alterations in
organic and mental functions that result in changes in homeostatic balance and physiological
functions due to age gain [14,15]

Other aspects to be considered as a consequence of age gain and cellular changes in
tissues are reduced weight and volume in most organs, uneven and disharmonic atrophy,
loss of bone density, nutritional and: vitamin deficiencies, decreased capillary vascularity,
increased body fat and subsequent infiltration of adipose tissue into the liver and muscles,
which may correlate with insulin resistance and glucose intolerance, and decreased body
water content in the body, leading to dehydration and consequent physical, psychomotor,
oculomotor, and‘cagnitive changes in the aging body [16,17,18].

Logically speaking, the incidence of diseases associated with aging becomes more common
as a result of the increase in the average lifespan of the population [19], however, not all
people of advanced age become senile, although changes occur in the neural system, one
cannot, assume ‘that senility is a normal consequence of the aging process [8,20],
notwithstanding the fact that some dementias are associated with aging, such as
Alzheimer's and Parkinson's disease [21,22].

Moreover, a recent study questioned the relationship of aging theories with the disastrous
consequences proposed by them in relation to the Alzheimer's disease [5], showing the
need for more detailed and practical studies with the elderly population so that the
understanding of the consequences of aging gain, better understood, provide more comfort
to this growing slice of the population [23,24].

Neural/behavioral changes are linked to age gain, making understanding the aging process
more complex considering the high complexity of the neural system [25,26], since the central
nervous system plays an important role in processing complex information from the
environment, being the main mechanism in decoding the aging process, whose anatomical
and molecular changes are observed via imaging technologies [27,28,29].



The cortex is the main structure of the neural system with regard to sensory, motor and
associative functions [30] and, it is assumed to be responsible for neural mechanisms
related to thinking, memory, language, attention, perception and voluntary movements [31].
Since the beginning of the 20th century, several studies have emerged with the intention of
clarifying the various questions about the origin, evolution and function of the cortex,
however, many questions are still misunderstood [32].

Cortical areas have relatively defined boundaries and functions, differing in cytoarchitectural
features and specialized patterns of afferent-efferent connectivity [32,33]. Modifications in
brain structures, such as a decreased cortical thickness, are associated with an increasing
age, and are a promising marker to investigate changes in gray matter during normal aging,
nevertheless, variations in the cortical surface area are also closely linked to behavioral
changes and pathologies [34,35].

Non-pathological aging may be accompanied by mental changes analogous to those of
incipient dementia, and although there are several studies aimed at unraveling the
pathophysiology of the Alzheimer's disease, little attention has been paid to the cognitive
deficits that arise during normal aging, leading to the problems of differential-diagnoses.
Although neuropsychological, pathological, and neuroimaging criteria for: differentiating
between normal and pathological aging have been established in‘eonsensus; diagnosing the
mild cognitive problems of individual elderly individuals is an ongoing challenge [36,37].

Age gain can result in two different processes, called "senescence” and "senility” [9]. Aging
is characterized as senescence which results from a complex interaction between genetic,
hormonal, metabolic, immunological, and structural factors, acting on histological, molecular,
cellular, and organic levels, i.e., it covers all the changes that occur in the human body
without the affliction of diseases; it is characterized by the biological effects of aging when
there is a decrease in the biological repair capacity,[38,39]. In turn, senility is a process that
refers to the pathophysiological changes, .including weakness or deterioration of the body
and/or mind in the course of life, reflecting .in the gradual reduction of morphofunctional
capabilities of the elderly [39,40].

Parkinson's disease is recognized as one of the most incident neurological disorders in old
age, affecting 2-3% of the population aged 65 years and older [41], and it affects mainly the
motor system, whose intrinsic cause is still unknown, but which has the decrease of
dopamine produced in the substantia nigra as the main molecular basis, leading to insights
of specific age-related- factors that predispose some individuals to develop such
neurodegenerative pathology [42,43].

Studies conducted -about the damage caused as a result of advancing age found an
acceleration of the brain atrophy process, with a dilation of sulci and ventricles, a loss of
neurons, deposits:.of R-amyloid protein, a granulovacuolar degeneration, a presence of
neuritic plaques and neurofibrillary tangles; the authors concluded that the initial phase of
Parkinson's disease occurs with an involvement of the lower brainstem, specifically in the
dorsal motor nucleus of the glossopharyngeal and vagus nerve and the anterior olfactory
nucleus, evolving in six neuropathological stages and spreading throughout the neocortex,
leading to multiple motor, sensitive-sensory, autonomic, affective, cognitive, behavioral, and
sleep alterations [44,45,46,47].

In a joint analysis of the associations of aging gain with neural functions, it is necessary to
discern between the differential effects of senescence and senility, so that aging is not
diagnosed and treated as a disease or that pathologies derived from aging gain do not fail to
receive a proper treatment [48], making it necessary to understand some intervening factors
in the complex process of aging and its consequences on the brain [19,49].

There are processes that seem to be an indication of normal aging, such as slowness of
perception, memory and reasoning [48], however, there is evidence that shows how
continuous and moderate physical exercise and cognitive training are effective in achieving
beneficial effects on cognition, increasing neuroplasticity, thus preventing a cognitive decline
and a delaying some of the dysfunctions common in the old age [50].



The population aging process that has occurred in modern Western societies has generated
a social problem, since the affliction of chronic diseases and functional disabilities in the
elderly have been increasingly difficult to prevent [39,49]. It is also emphasized that, the care
of the elderly population represents a challenge for the health system and the State, which
need to adopt a continuous and multidisciplinary organization capable of strengthening
healthy aging, since the occurrence of chronic and disabling diseases is more present in old
age compared to other age groups [36,50].

Parkinsonism (PK) is the second most common neurodegenerative disorder among the
elderly, second only to the Alzheimer's disease, according to a report by the Parkinson's
Foundation [52]. According to Ou, Pan,Tang, Duan, Yu, Nong et al. [53], through a study
using data from the Global Burden of Disease 2019, provided a comprehensive overview of
the burden of Parkinson's disease (PD) and its trends in the incidence and prevalence at
global, regional, and national levels during 1990-2019. Globally, it was observed that the
number of PD incidents was nearly 1.1 million, increasing by about 159.73% since.1990 with
an annual incidence rate of 14 cases per 100,000 population, while the global prevalent
number increased by 155.50% from 1990 reaching an average of 8.5 million in 2019 with an
annual prevalence rate of 107 cases per 100,000 population.

The Parkinson's disease was discovered in 1817 by James Parkinson; who defined it as a
“"chronic progressive disease of the Neural System beginning in middle age" [54]. It is an
agitating paralysis that primarily affects the motor system, with a-higher prevalence in elderly
males over the age of fifty [55]. It is characterized by movement changes such as stiffness
tremor, bradykinesia (slowness of movement), hypokinesia (reduced range of motion),
akinesia (absence of movement), postural changes, and “freezing" phenomena (periods
when the patient stands still with his feet literally planted on the ground) [41,55].

PD is a disorder of the extrapyramidal system, formed by the thalamus, the cerebellum, and
the motor structures of the basal ganglia, and is‘characterized by the loss of dopaminergic
function and a consequent decreased motor function. The process of degeneration of
dopaminergic neurons of the substantia nigra results in decreased levels of dopamine in the
corpus striatum, resulting in characteristic motor changes and determining the appearance
of the main signs and symptoms.of Parkinson's disease, given that the substantia nigra is an
important modulator of the motor circuitry {42,56,57,58].

In this respect, a set of abnormal firing, oscillatory neuronal activity and the loss of sensitivity
of the motor circuit are considered to be important factors that cause the onset of involuntary
movements. The initial manifestation in PD is a unilateral rest tremor that affects mostly the
hands, seen initially-in one extremity (sometimes involving only one finger or the thumb). The
tremor is slower than a/classical essential tremor, but is gross when the limb is in a resting
posture, and tends to.diminish or stop when the affected part is used for some activity
[55,56,57,59].

The Parkinson's. disease is a complex neurodegenerative disease that has a number of
molecular pathways, all of which may be implicated in the neurophysiology of the disease.
Age gain also favors the onset of PD, as the conduction velocity of neural impulses is
reduced with,aging, in addition to quantitative changes in neurotransmitters. Deficits in the
central (CNS) and peripheral nervous systems (PNS), even in normal aging, affect more
complex: and higher motor, cognitive, and language abilities, and can lead to
neurodegenerative disorders [56,60,61].

For some patients, the classic parkinsonian tremor is the only manifestation of the disease,
however, there are other symptoms that should be noted. A cognitive impairment is often
observed and, when associated with motor disturbances, leads to a disability comparable to
that seen in the severe cerebral vascular disease [62,63]. Furthermore, imbalance, gait
alteration, and postural abnormalities are frequent in Parkinson's disease [64], signifying an
impairment in the systems responsible for proprioception and balance functions [65].

There are two main sensory systems that complement each other to guide a proper balance:
the vestibular system, located in the inner ear, and the proprioceptive system; while one



monitors the gravitational forces, the other tracks the speed and force of the muscle
movement, respectively. The vestibular activity modifies the neuronal bioelectrical conditions
in the cerebellum, which in turn influence the motor neurons and interneurons in the
brainstem and spinal cord, also the neurons in the superior colliculus and the cerebral
cortex, to initiate the muscle contractions and the reflex responses [65,66,67,68].

The vestibular system acts on the movements, the somatosensory sensation, the digestion,
the balance, and the mental state. Its absence or decreased vestibular responses in patients
with Parkinson's disease is associated with symptoms of postural instability and an
increased risk of falls, having a substantial impact on the quality of life [69,70]. With aging,
dizziness and imbalance become common in the elderly. Dizziness interferes with the daily
activities for 30% of people over the age of 70 and, the most common causes have been
sensory deficits, such as the bilateral vestibular hypofunction, which is the loss of function on
both sides of the inner ear, popularly called the labyrinth [51,70].

Regarding etiology, parkinsonism can be divided into 3 categories: primary or. idiopathic
Parkinson's disease (PDD); secondary or drug-induced parkinsonism® (DIP); and
Parkinsonism-Plus or atypical syndrome [71].

DIP is one of the most commonly found movement disorders in the elderlies, representing up
to 70% of patients seen in specialized clinics worldwide. Its“eause. remains undefined,
however, several studies assume that genetic and environmental exposures are risk factors
and play vital roles in the pathogenesis and progression of the disease, such as oxidative
stress, mitochondrial defects, neuroinflammation, apoptosis, and ecotoxicity [72,73,74,75].
Most individuals are diagnosed over the age of 45, with only a small percentage (10%) of
cases considered early onset (under the age of 45). The primary means of identifying the
disorder require that two of the four main signs of the:.disease are present, typically
presenting with an asymmetric onset, in addition to.the patient history. Among the motor
signs bradykinesia, rest tremor, rigidity, and postural instability are included and, related to
the non-motor symptoms, a decreased gastrointestinal motility, a loss of olfactory function,
sleep disturbance, intense fatigue, weight loss, complaints of depression, and cognitive or
behavioral changes are comprised) [71,76,77].

In drug-induced (DIP) or secondary parkinsonism, it is possible to identify its cause, that is,
its onset is not idiopathic. It correspends to the second most common among them, second
only to the idiopathic Parkinson's disease (IPD) as a cause of parkinsonism. Generally, the
disease arises from the use of drugs:that interfere with the levels of dopamine in the brain.
The most common are“antipsychotics, some calcium channel blockers, stimulants such as
amphetamines and-cocaine, infections, hexogen poisoning (manganese, cyanide, carbon
monoxide, pesticides),/expansive processes of the Central Neural System, encephalitis,
traumata and tumaors, metabolic and endocrine disorders [78,79,80].

Clinical features of DIP include bilateral symmetrical parkinsonism, rigidity, and bradykinesia
that are more severe than in patients with IPD. Although classic rest tremor is often absent,
chin tremor may ‘be observed in some patients. However, these features are not fully
diagnostic of DIP; as many patients may present asymmetric symptoms and rest tremor like
patients ‘with, IPD, leading to difficulties in making a correct diagnosis based on clinical
findings alone. One of the commonly used clinical criteria for diagnoses for DIP include the
presence of typical clinical symptoms of parkinsonism with onset after the use of an
offending drug along with the absence of previous history of parkinsonism [71,79].
Secondary parkinsonism can also be associated with cerebrovascular diseases, called
vascular parkinsonism (PV). It occurs from ischemic or hemorrhagic lesions of the basal
ganglia, mesencephalon or their connections with the frontal cortex, triggering tremors and
rigidity. According to different investigations, various forms of cerebrovascular disease cause
1% to 15% of parkinsonism cases, however, vascular lesions usually do not produce
parkinsonian symptoms immediately after the stroke onset, and it may take weeks to years
for the neurodegenerative disorder to develop. Gait abnormalities in PV are characterized by
a reduced step speed, length, and height [71,81].



Atypical parkinsonism, also called Parkinson-plus syndrome, occurs when a patient has
parkinsonism and additionally has more other features, in other words, it refers to a group of
degenerative diseases expressed as kinetic-rigid syndromes associated with other
neurological disorders commonly not found in IPD. Clinically, symptoms of atypical
parkinsonism, particularly in the early stages of the disease, mimic those of IPD, so it is of
great interest to distinguish these different entities early in order to provide appropriate
diagnoses and therapies. There are certain features or "warning signs" that help to
distinguish atypical parkinsonian syndromes from IPD, such as a rapid disease progression,
an early gait instability and falls, absence or scarcity of tremors, or early
dementia/hallucination [82,83,84].

Among the most common causes for the atypical parkinsonism are progressive the
supranuclear palsy (PSP), the multisystem atrophy (MSA), and the Lewy body:dementia,
however, a similarity between the neurodegenerative disorders is the presence of abnormal
protein deposits of a-synuclein, ubiquitin, tau, and B-amyloid in the pathological-brain tissue
[71,83,85].

The progressive supranuclear palsy (PSP) is the most common form _of atypical
parkinsonism, comprising about 5% to 6% of patients presenting parkinsonism, with men
and women being equally affected. The estimated prevalence and.annual incidence of PSP
is about 5 per 100,000 in individuals aged 50 to 99 years. The mean age of onset is typically
in their sixties (mean age 63 to 66 years), and the mean survival since the diagnosis is
reported to be between 5 and 8 years. Characteristics of the disease include a prominent
and early postural instability, unexplained falls, a“vertical supranuclear palsy, and a
progressive dementia [83,86].

The clinical manifestations of PSP are diverse, ‘the most ecommon (about 40%) being the
Richardson's syndrome, with rigid-kinetic symptoms that affect the axial muscles, cause a
paresis of the vertical gaze, an early postural instability, and a tendency to fall backwards
early in the course of the disease. Another syndrome also present is the frontal lobe
syndrome and include apathy, impaired executive functions, and a positive "clap signal,”
meaning the patient is unable to stop clapping [83,86].

The pathophysiological hallmarks of PSP are neuronal loss, star-shaped tufted astrocytes
containing abnormal Tau protein aggregates and neurofibrillary tangles.

The Hyperphosphorylation of Tau reduces the ability of Tau protein to stabilize the
microtubules, this leads to aggregate formations and a blockage of the intracellular protein
traffic, resulting in a loss or decline in the axonal or dendritic transport in neurons, therefore,
the accumulation affects mostly the basal ganglia, the diencephalon, and the brainstem,
degenerating the substantia nigra, the subthalamic nucleus, the mesencephalon, the dentate
nucleus, the superior cerebellar and the middle cerebellar peduncles [71,87,88].

The multisystemic atrophy (MSA) is a sporadic degenerative disease of the central neural
system that generates a dysfunction in the autonomic nervous system providing a range of
symptoms. that can vary from urinary incontinence, erectile dysfunction, difficulty breathing,
motor.impairment, among others. In terms of prevalence and incidence, they are
approximately 3-5% and range from 0.1-2.4 cases per 100,000 population, respectively. The
average age of onset is 58 years, younger than PSP and with a faster progression than in
IPD, moreover, the average survival is approximately 6-9 years, considering that the
neurodegeneration is more widespread [71,84].

In terms of etiology, inclusions containing the protein a-synuclein accumulated in the
cytoplasm of oligodendrocytes added to a neuronal loss involving substantia nigra, the
inferior olivary nucleus, and the cerebellum are believed to be largely responsible for MSA,
being associated with an oxidative stress and a protein degradation dysfunction. Based on
the combination of symptoms, MSA is divided into two subtypes, a classification that follows
the occurrence of a predominant clinical abnormality, being MAS-P with a predominant
parkinsonism, representing 60% of cases and characterized by an absence of tremors, and



MAS-C with predominant cerebellar symptoms, such as ataxia and postural instability, which
reach about 40% of the cases [85,86,87,88].

The Lewy body dementia (LBD) consists of a progressive loss of the mental function,
characterized by the development of Lewy bodies in nerve cells, specifically, in the cerebral
neocortex, limbic cortex, subcortical nuclei, and brainstem. Its prevalence in the population
over the age of 65 is approximately 0.4% and the onset of symptoms usually occurs
between the ages of 50 and 80 [83,86].

In addition to the impairment of the dopaminergic system, patients show a characteristic
pattern of hypometabolic areas, mainly involving the occipital regions of the primary visual
cortex and the visual association cortex, therefore, the initial clinical manifestations are
associated with an early cognitive decline with oscillating episodes between poor and better
cognitive performances, deficits in executive functions, visuospatial abilities; -and visual
realistic hallucinations. Moreover, LBD is strongly associated with the rapid.geye movement
behavioral sleep disorder, with a prevalence ranging from 44-55%, negatively affecting the
patients' quality of life and safety [71,86,87].

There are no treatments for the aforementioned atypical parkinsonian syndromes whose
efficacy could be comparable to levodopa, in IPD. The use of dopaminergic medications,
such as levodopa, is unfeasible for these atypical syndromes, because the patient with the
Parkinson-plus syndrome presents parkinsonism added to other features, whereas, certain
medications can improve the parkinsonian symptoms in the.same proportion that worsens
the other symptoms. Symptomatic support measures, inaddition to a physiotherapeutic care
should be performed [83,86].

1.2 pesticides

Due to the enormous economic development and rapid growth in many fields, such as
agriculture and industry, the environmenthas, constantly become more polluted by
environmental toxics, among them heavy metals and pesticides [88,90]. The successive
growth of global agriculture, currently;.is due to the challenges and risks faced to meet the
demands of agricultural products and manage to feed the planet [91], since the global
demand for food will double by 2050, according to the population growth [92] and, due to
climate change scenarios and an increasing competition for land, water, labor and energy
[93,94].

The current need to increase the.food production maintains pressure on the intensive use of
pesticides and fertilizers “and, therefore, agriculture has been the largest source of
environmental contamination by pesticides [90,95]; pesticides are ubiquitous, being found in
waters and soils even‘after long years of their application, and in the atmosphere, causing
adverse effects on biodiversity, natural habitats, and human health [96,97,98].

Although the. use of pesticides appears to be a viable option for feeding the growing
populationand protecting thousands of people from malaria and other insect-borne diseases
[99], they are nevertheless a concern for the environmental sustainability and the global
stability [100]: The abuse in the use of pesticides and their potentially serious threats have
led to.a change in the attitude of organized society and environmental advocacy bodies by
some governments to contribute to changes in the actual performance of the purchasing
practices and use of these pesticides in order to avoid environmental damages and provide
a greater food security [101, 102].

The dichotomy (1) feeding humanity and (2) preserving the planet requires, at least at the
present moment, a balance that provides for survival and, if it is not possible to zero the
environmental damage, to let it be the least [103]; because the society is dependent on a
multitude of services provided by ecosystems, including the production of drinking water, the
creation of fertile soils and the support of other species that provide food, crop pollination,
timber and medicines [104], so it is essential to adopt means that ensure the health of the
biosphere.



Pesticides encompass all the compounds that are applied to destroy or regulate pests,
describing numerous groups of insecticides (insects), herbicides (weeds) and fungicides
(fungi). Currently, there are several classes of pesticides with different active ingredients,
forms of biological action and elimination in the environment, so it is important to categorize
them based on three commonly recommended approaches, which are (1) as to the mode of
entry, (2) as to the chemical structure and (3) as to the toxicity of the pesticide and the
organisms they kill [105,106,107].

As for the mode of entry, pesticides can enter the human body by direct chemical contact
(dermal route), by ingesting food, especially contaminated fruits, vegetables and water, or by
inhaling dust, mist or smoke from pesticides and polluted air; as for chemical toxicity, they
can be classified as acute intoxication, arising from exposure in short periods, or. chronic
intoxication, when adverse effects result from a long period of exposure, both depending on
the nature of the toxicant, routes of exposure, dosages and organisms [105,106,107].
Pesticide poisonings have become ever-increasing, as they have increased worldwide on
farms dramatically since the last global assessments made 30 years ago, a recent study by
BMC Public Heath revealed that global acute pesticide poisonings have increased from 25
million cases in 1990 to the 385 million mark of cases happening annually worldwide,
meaning 44% of farmers if considering only the world's agricultural.populations [108].
According to the United Nations report, pesticide poisoning inflicts:substantial costs on
governments and has catastrophic impacts on the environment,-human health, and society;
pesticides are a human rights concern because people ¢an be exposed to dangerous levels
of pesticides in a variety of ways, from farmers using them-on their crops to babies drinking
their mothers' contaminated breast milk, furthermore, the report revealed that pesticides
were responsible for about 200,000 deaths from_acute poisoning each year [109].

According to the report by Pesticide Action Network, (PAN-UK), civil society organizations
advocating for stricter pesticide rules, hundreds of millions of small farmers and their families
in low- and middle-income countries are poisoned by pesticides every year, and an
estimated 14 to 16 million people worldwide have.died from pesticide ingestion over the past
50 years [110]; all the findings on poisoning data on a global scale highlight an emergency
global health issue.

As for the chemical structure ‘of pesticides, they include the classes of organochlorines,
organophosphates, carbamates, pyrethroids, dithiocarbamates, organotins, dicarboximides,
bipyridyls, dinitrophenols,ceach of which has distinct toxicity classifications, being determined
based on oral, dermal and inhalation toxicity studies, and the duration of exposure [105,107].
Organochlorine (OC) pesticides are synthetic chlorinated compounds widely used worldwide
and, belong to the class of persistent organic pollutants (POPs) with a high bioaccumulation
and bioamplification potential [111]. They are considered the most hazardous class because
they possess metabolites that cause toxicity in higher organisms, and although several of
the chlorinated-based formulations have been banned or restricted in several countries over
the past 50 years[112], they remain in the environment for decades due to their long half-
life, and can biomagnify throughout the food chain and cause high concentrations in top
predators, including humans [113,114], often leading to poisoning of children due to the
exposure to pesticide residues found in the breast milk [115].

Amonguthe most commonly used organochlorines, dichlorodiphenyltrichloroethane (DDT)
and its main metabolite dichlorodiphenyldichloroethylene (DDE) have been extensively
studied in relation to the incidence of the damage caused beyond those found in the
ecosystem [116]. They were widely used in the mid-20th century to control insect
populations, however, due to growing environmental and wildlife concerns, their use steadily
declined until their ban in 1972 when DDT was found to compromise the nervous system
[117]. There is limited evidence about organochlorine exposure being related to an impaired
cognitive function in general populations, studies showed that elderly people with high DDT
had about 3 times higher risks of low cognition and elderly people with high DDE had 2 times
a higher low cognition [118].



Some epidemiological evidence shown in several studies suggests that human and animal
exposure to organochlorine pesticides can cause potentially harmful effects on the life of the
organism [115,119]. Recent studies on the effect of pesticides on animals have shown
multiple toxic effects on members of almost all phyla, altering various physiologies of the
animal, including nervous, circulatory, and reproductive systems, leading many species to
extinction [117,120].

In humans, a recent research has shown that organochlorines adversely affect the uterine
development, leading to teratogenic effects, premature labor, and shortened lactation
[113,121]. In addition, organochlorine pesticides can damage the central nervous system,
causing a hyperexcitable state in the brain, convulsions, tremors, and ataxia, and
compromising the other organs such as liver, kidneys, and bladder [115]. Furthermore,
environmental exposures to organochlorine in humans have been associated with
endocrine, respiratory, immunological, reproductive dysfunctions [122,123], .and the risk of
developing neurodegenerative disorders, in addition to chronic diseases such-as cancer
[118,124].

Another class of pesticides commonly used in the environment are. organophosphates,
which emerged as an alternative to organochlorines due to their easy degradability [125],
however, although they are comparatively easier to be degraded.than other organic
pesticides, studies have shown the presence of organophosphate residues in agricultural
land, soil, groundwater, surface water bodies such as rivers, ponds, lakes, and even in
snow, fog, and rainwater [126,127] due to their widespread. unregulated use practice,
generating concerns among environmentalists and governmental agencies [128].

The main mechanism of toxicity of organophosphate pesticides is the inhibition of the
enzyme acetylcholinesterase (AChE) and the development of a cholinergic crisis. When
inhibited, AChE is prevented from catalyzing acetylcholine, leading to an accumulation of the
neurotransmitter at synapses and neuromuscular junctions, and as a consequence, a
cholinergic hyperstimulation occurs. This excessive stimulation of acetylcholine receptors,
the nicotinic and muscarinic ones, are responsible for causing an altered mental status,
convulsions, muscle weakness, ~ spasms, and an excessive secretory activity
[129,130,131,132].

Among the different organophosphate pesticides, glyphosate is the most widely used
worldwide with the most common'use in soybean, coffee, sugarcane, citrus and rice crops
[132,133,134]. It is considered a systemic, non-selective, post-emergent herbicide. From the
systemic point of view, itis one that when absorbed, translocate through all the plant tissues
of the plant, non-selective means having a broad spectrum of action, being able to kill or
damage all the plants.and post-emergent is when the herbicide acts on plants at a stage
where it is already:developed [135,136].

Since the commercialization in 1974, its agricultural uses have increased considerably
following the.development of genetically modified crops resistant to the effects of glyphosate
[137]. Currently, awvariety of glyphosate-containing formulations are produced in the United
States; Europe, Asia, and South America [138] and registered in more than 100 countries,
marketed under different names [139], but all chemical forms present the same mechanism
of action, regardless of the salts present, whether they are isopropylamine salt, ammonium
salt, diammonium salt, dimethylammonium salt, and potassium salt [136,140].

In 2022, the Food and Agriculture Organization of the United Nations (FAO), offered
statistics and reports on the agricultural consumption of pesticides in the world, the global
consumption of herbicides reached almost 1.4 million tons, while the consumption of
fungicides and bactericides was around 606 and 471 thousand tons, respectively [141]. In
the same year, glyphosate (and its salts) was the most sold agrochemical in Brazil, with the
sales of this herbicide totalizing more than 246,000 tons in the country [142].

To form glyphosate-based herbicides that will be used for the Roundup formulation, the
active ingredients in the formulations are mixed with other inert ingredients (coformulants),
i.e., those that have the function of diluting the active ingredient and facilitating its dispersion



or penetration into the target organism. Roundup formulations usually contain about 40%
glyphosate and the rest corresponds to the coformulants [141,143,144].

Some studies show that the coformulants of Roundup herbicides are much more toxic than
the active ingredient itself, glyphosate, alone. However, because the added coformulants
differ between countries and manufacturers, they are confidential, not publicly available, and
are not target ingredients in ecotoxicological studies, often the active ingredient alone and
the formulation are treated as the same substance, leading to concerns about toxicity
misclassifications [143,145,146,147].

Glyphosate in its acid form is less soluble than in its salt form, so the glyphosate-based
herbicides, Roundup, feature glyphosate in salt form, with the isopropylamine salt being the
most widely used in agriculture. These characteristics allow glyphosate, under environmental
conditions, to be highly soluble in water and insoluble in apolar organic solvents such as
acetone, ethanol and xylene. Glyphosate exhibits a zwiterionic behavior in water, they are
polyelectrolytes that have the overall neutral charge and both ionic states within. the same
molecule, i.e., depending on pH, glyphosate is able to form cationic and anionic sites within
its structure [136,148,149,150,151,152].

Due to the zwitterionic character of glyphosate in the environment, it forms complexes with
trivalent and quadrivalent metals, thus the glyphosate-metal junction allows glyphosate to
accumulate in waters with high mineral content. These complexes increase the half-life of
the herbicide from 90 days to 22 years, as they reduce the bioavailability of glyphosate for
microorganisms to degrade; however, all this persistence in the environment represents a
major exposure risk factor for the human population [136,153].

The mechanism of action of glyphosate consists in"the inhibition of the enzyme 5-
enolpyruvylshikimate-3-phosphate synthase (EPSPS) of the:shikimic acid pathway, which is
one of the main biosynthesis pathways in higher plants and is involved in the biosynthesis of
aromatic amino acids essential for the plant survival, as phenylalanine, tyrosine, and
tryptophan and, consequently, phenolic .compounds, lignins, tannins, and other
phenylpropanols in plants, bacteria, @algae, and/fungi (Fig. 1). The physiological stress
caused by glyphosate induces the production of ethylene, a simple hydrocarbon that is
naturally produced in response to’environmental stresses, in senescent or maturing organs,
possessing an inhibitory effect on the cell'expansion. With this, increased ethylene can lead
to the membrane destruction, chlorophyll inhibition, and a reduced stomatal closure
[154,155,156,157,158]; however, EPSPS is absent in animals [159].
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Fig. 1. Mechanism of action of glyphosate.




Source: Adapted from Leino, Tall, Helander, Saloniemi, Saikkonen, Ruuskanen et al
[232].

Because the EPSPS enzyme is not found in animals, glyphosate was considered
environmentally benign, non-toxic, and safe for use near wildlife and humans [151]. In the
year 2015, the World Health Organization and the International Agency for Research on
Cancer classified glyphosate as category 2A, as probably carcinogenic in humans [152],
while the European Food Safety Authority (EFSA) reported there is no evidence of
carcinogenic risk to humans and being safe when used properly [153154]; moreover, the
United States Environmental Protection Agency in 2016 also reviewed the carcinogenic
potential and concluded it was not likely for humans [155].

However, the classification of glyphosate for its toxicity in humans is carried out by
institutions with different objectives, while IARC is closely linked to WHO, questioning the
latest findings with a focus on the health protection, EPA and other agencies have
registration purposes and can have strong economic bias, creating a division between the
agribusiness industry, which opposes IARC's classification, and those. other experts who
support it [140,156].

The indiscriminate use of glyphosate brings concerns._-about . the* environmental
contamination and how it can be harmful to biodiversity, habitats and.human health [157],
because like organochlorines, it is also persistent in the environment, as it has been
detected in groundwater and surface water [158,159)¢ The extensive application of this
pesticide can make pests able to resist against other ‘non-selective herbicides [160], with a
consequent reduction of microorganisms in the soil that perform many important functions,
such as nutrient cycling, maintenance of the-soil structure, carbon transformation, and
regulation of pests and diseases [161,162].

Although the acute toxicity of glyphosate is«in category IV, with | being the most toxic and IV
being the least toxic [143], studies suggest that glyphosate can cause chronic malformations
in some species of animals, such as'chickens, frogs, and mammals [114]. Exposures to
organophosphate, glyphosate class, in different organisms show its toxic potential, being
able to promote body malformations, neurotoxicity, hepatotoxicity, genotoxicity, metabolic
disorders, among others [163,164,165].

Researches indicate that its persistence in the environment is underestimated and its toxicity
may be more harmful to-animals and humans than expected [166]. Studies examining low
doses of glyphosate-based herbicides, in the range of what is now generally considered
"safe" for humans, show that these compounds impact human health [167]. Symptoms of
acute toxicity of glyphosate-based herbicides in humans include abdominal pain, vomiting,
excess fluid in:the:lungs, headaches, loss of consciousness, destruction of red blood cells,
heart palpitations, facial numbness, itching, tingling [168,169,170].

Studies suggest that.exposures to neurotoxicants occurring during neurodevelopment trigger
a number..of neurological disorders, among them the inhibition of acetylcholinesterase
(important..for the neuronal growth and differentiation) [171,172]. Pre- and postnatal
exposures to, different doses of glyphosate promote impairments in maternal behavior
associated with brain neurotransmission systems, occurring behavioral changes including
apathy,irepetitive movements, tremors, a reduced social interaction [173,174,175].

Some authors have demonstrated that the herbicide exposure may be associated with
menstrual cycle disorders, a reduced fertility, a prolonged time to pregnancy, an increased
incidence of spontaneous abortions, stillbirths and developmental defects in animals and
humans when administered in high doses and for a prolonged period [176,177,178,179],
becoming potentially toxic considering the bioaccumulation in the body [138]. Studies in
rodent models showed evidence of a glyphosate and glyphosate-based herbicides
bioaccumulation [180] related to osteoporosis and a thyroid dysfunction [181], behavioral
and cognitive abnormalities [182], growth problems [181], dysplasia in the digestive tract
[183].



The effects of pesticides on the environment associated with their exacerbated permanence
indicate that more and more people may suffer their deleterious action [89]. Studies show
that the exposures to these herbicides can lead to a silent damage, deleterious effects and a
decrease in genes expressed in different brain regions [184]; moreover, a chronic exposure
to glyphosate and its oral exposure caused the decrease in serotonin, norepinephrine and
dopamine levels in brain structures such as the prefrontal cortex, the hypothalamus and the
hippocampus in rodents [185,186], which can cause an impairment to learning and memory
processes [182].

Changes on complex organ systems, such as the neural system, may be the cause of some
neurodegenerative disorders, such as Parkinsonism and Alzheimer's disease [187].
Although the causes and origins of neurodegenerative diseases, such as Parkinson's and
Alzheimer's still do not have a clear explanation for such phenomena, the environment is
believed to have an influence on the onset of neurodegenerative disorders throughout life,
since there is evidence of the harm caused by prenatal and postnatal exposures to
environmental factors) [174,188]. With this, epigenetic mechanisms by the maternal nutrient
complementation as well as the exposure to metals and pesticides have been proposed to
elevate a phenotypic diversity and susceptibility to neurodegenerative diseases [189].
Considering the wide use of pesticides nowadays, even more with.the current governmental
policy in Brazil to release their indiscriminate use, an increase in the poisoning of the human
and animal population may occur [90,190] and, as Brazil has been 'among the world's largest
agricultural producers and consumers since 2008, marketing highly-toxic chemicals that are
banned in many countries [191], the worsening of environmental contamination indicates the
need for studies and evaluation of the effects of these substances on the human and animal
health [192]. The study of a method of elimination/inactivationffiltration of glyphosate can
minimize the toxic actions of pesticides via physical-chemical associations [192,193].
Therefore, the general objective of this study was to use specific data from the literature on
Parkinsonism, correlating it with aging “and. with" pesticide contamination, to relate the
pesticide contamination with the prevalence of Parkinsonism in the Human population; to
indicate by logical-scientific means that the indiscriminate use of pesticides may increase the
prevalence of neurodegenerative diseases focusing on Parkinsonism; to alert health
professionals about a prophylactic care to be developed in order to avoid parkinsonism and
related diseases, since no cure exists or is not satisfactorily effective.

2. MATERIAL AND METHODS

For the purpose of this review, articles from 2013 containing the subject’s population growth;
aging theories; elderly care; longevity and healthy aging; aging, neuroscience and
pathologies linked‘to aging; fundamentals of neuroscience; pesticides and pesticide toxicity;
pesticides, . pesticide toxicity and neurotoxicity; aging and changes associated to aging;
neurodegenerative diseases and Parkinson’'s disease, and some about norms and
regulations., They were searched on the CAPES journal platform that contains the Web of
Science, Scopus, and MedLine bases; and on the Google Scholar platform, from August
2020 to January 2023, to form the epidemiological basis of the review for a total of 1.
285,440 atrticles.

Of these, the articles considered most suitable to the objective of the present review were
used, i.e., those whose theme was associated with the effects of pesticides, especially
Glyphosate, on dementias, in particular Alzheimer's disease and, especially, Parkinsonism.
The basis of scrutiny for choosing articles that dealt with similar subjects was the relevance
of the subject.

From this analysis and considering the themes closer to the objective of this work, the
exclusion criteria were duplicates within the subjects.



3. RESULTS

From the 1,285,440 articles refined with the exclusion criteria and the inclusion made with
the subjects most pertinent to the objectives of this work, 1,285,197 articles were excluded,
leaving 243 articles.

The subject in the references, after the exclusion criteria, were 2 about the population
growth; 5 about the aging theories; 6 about the elderly care; 10 about the longevity and
healthy aging; 12 about the aging, neuroscience and pathologies linked to aging; 19 versa
about the fundamentals of neuroscience; 90 versa on the pesticides and pesticide toxicity;
21 about the pesticides, pesticide toxicity and neurotoxicity; 30 were about the aging and
changes associated to aging; 40 of them were about the neurodegenerative diseases and
Parkinson’s disease, and 9 were about norms and regulations, totalizing 243 texts used in
this review (Fig. 2).
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Figure 2: number of references associated to subjects. Source: authors

4. DISCUSSION

Aging is a natural and inevitable process dependent on the interaction between genetic and
environmental factors [194]. The various genetic changes that occur from the birth contribute
to aging [195], in addition, the low mortality rates at younger ages added to the increase in
life expectancy and the decline in fertility rates, lead to a rapid population aging worldwide
[196,197] However, aging is a process that varies according to several aspects of each
human being [198], being associated with a greater or lesser loss of health depending on the
adopted lifestyle, considering the predecessor phases, such as eating behavior, inadequate
habits of alcoholism, sedentary lifestyle, among others) [199,200].



The term frailty commonly relates to the transitional phase between a successful aging and
the decline in the functional capacity of every system of the human body [201]; it is
characterized by declines associated with imbalances in homeostasis, leading to an
increased vulnerability to adverse outcomes [202]. So, if we add the weaknesses arising
from aging that weaken the body's defense systems, and tissues in general, especially the
kidneys, a contact with a contaminant such as a pesticide through water, food, or air, can
logically-deductively increase the prevalence of dementias [164,188].

In fact, the health risks inherent in the use of pesticides are greater the greater the intensity
of exposure to them, which is increased during the period of their preparation and
application, often associated with an occupational exposure [117]. In this case, the pesticide
contamination occurs repeatedly in farmers, pesticide industry workers, and household pest
exterminators [303], as they are routinely exposed to high levels of pesticides, usually. much
higher than those of consumers [203]. In the case of elderly farmers, one study showed that
73% of them were less likely to read labels, propitiating in potential .risks of pesticide
handling [204], often underestimated.

The most complex structure of the organism is the neural system, thus; madifications in the
intricate network formed by neurons can generate changes in cognitive, motor and sensory
functions [205]. In this aspect, in the elderly, who have fewer:neurens and these more
debilitated, the environmental contamination will be more severe and, considering
parkinsonism, its manifestation becomes prominent due to .oxidative stresses in CNS
neurons and damage to dopaminergic neurons [194,206]. Epidemiological studies have
found increased a PD risk associated with the exposure to.environmental toxicants, such as
pesticides, solvents, metals, and other pollutants [207,208,209].

A population-based case-control study proposed’by Narayan, Liew, Paul, Lee, Sinsheimer
and Bronstein et al [210], revealed that a frequent use. of any household pesticide increased
the odds of PD by 47%, showing that even-a familial exposure can lead to an increased risk
of developing PD. Another recent epidemiological study by Kim, Kim I, Sung and Song [211]
showed the relationship between the insecticide exposure in a tomato greenhouse and PD.
In this study, the diagnosis of occupational PD was confirmed after the patient worked in
contact with the pesticide for/12. yearssand 5 months. Therefore, considering the
vulnerability, elderly people should net be close to pesticide application regions and should
not reside in this vicinity.

In secondary parkinsonism, pesticides are one of the causes [212], but other diseases with
clinical features similar‘to parkinsonism can be generated by an intoxication of the neural
system, such as a multisystem atrophy caused by changes in the cerebellum [213].
Furthermore, a largesnumber of neurotoxins have been associated with secondary
parkinsonism, -including metals, organic solvents, and illicit drugs [214]. Epidemiological
studies have' shown that the abuse of illegal stimulants can elevate the levels of reactive
oxygen species;. leading to a toxicity and death of dopaminergic neurons [215]. Another
study associated the use of amphetamines, especially methamphetamine, with clinical signs
of parkinsenism [216].

Although: PD,is characterized by 4 motor symptoms (resting tremor, rigidity, bradykinesia,
and postural instability), PD patients have a variety of non-motor symptoms, which may even
appear:before the motor features and progress in severity as the disease progresses, and
include neuropsychiatric problems, cognitive impairments, sleep disturbances, and
autonomic dysfunctions [217,218]. The patient with parkinsonism may not accept the
disease and the tremor can create suffering as symptoms begin to interfere with the patient's
daily activities and quality of life [219]. Psychological distresses, including anxiety and
depression, are common and often comorbid, with a significant impact on health [220];
psychological distress is estimated to have a prevalence of 40% to 50% of Parkinson's
disease cases [221].

As there is no effective treatment for parkinsonism, prophylaxis is the best choice [86], and if
you consider the environmental contamination factor, this may not depend on the patient, but



on the healthcare and the governmental system to prevent the syndromes [222]. The biggest
challenge of this century will be caring for a large population of elderly people, most with low
socioeconomic and educational levels and a high prevalence of chronic and disabling
diseases [223]. Recently, Cieza, Causey, Kamenov, Hanson, Chatterji and Vos [224] have
produced a global estimate of the need for rehabilitation services using data from the Global
Burden of Diseases 2019. Globally, in 2019, 2.41 billion individuals had conditions that
would benefit from rehabilitation, contributing to 310 million of the years of life lived with
disability, increasing by about 63% from 1990 to 2019.

Under these circumstances, the health care system will face an increasing demand for
diagnostic and therapeutic procedures for chronic non-communicable diseases, especially
cardiovascular and neurodegenerative diseases, and an even a greater demand for physical
and mental rehabilitation services [225,226]. The multidisciplinary team will be meost directly
responsible for maintaining the individual's health [227], through a psychosocial support, to
discuss the caregiver's role with the patient and family, and the psychotherapeutic.support,
such as a cognitive-behavioral therapy and a strength perspective  therapy; both
interventions intended to improve care outcomes, such as function, independence, activities
of daily living, dietary control, and mental health [228].

In this sense, a caloric restriction (CR), without malnutrition, appears to protect the Central
Neural System, proving to be the single most consistent non-genetic and non-
pharmacological intervention that prolongs useful longevity [229], from yeast to mammals
[230]. It is characterized by a delaying functional decline and. preventing age-related
diseases [231], as it can decrease the oxidative status and damage in lipids, proteins, and
especially mitochondrial DNA, and can also decrease mutations in DNA, in addition to
inducing an anti-inflammatory mechanism, prometing a synaptic plasticity and a white matter
integrity, resulting in the beneficial effect during aging.[229,232,233].

Epidemiological studies in aged mice demonstrated that the caloric restriction increased the
animal's life expectancy, leading to a ‘preserved energy production, a brain structural
integrity, and a long-term memory [234]. Recently, Singh, Singh AK, Garg and Rizvi [235]
evaluated the potential of fisetin, a caloric restriction mimetic, for neuroprotection in rat
models of accelerated aging. It was shown that fisetin benefited aging brains by enhancing a
mitochondrial membrane depolarization and an apoptotic cell death, as well as causing a
decreased expression of inflammatory genes. Thus, fisetin, a substance found in
strawberries, tomatoes, onions, apples, and grapes, showed a great potential for stimulating
the brain mechanisms that, in the long term, improve memory.

Calorie restriction can involve different feeding regimens, such as an intermittent fasting or
eating every other day; and it refers to reducing the total calorie intake by 20-50% without
malnutrition [236]:.However, studies in various organisms have concluded that a protein
restriction, rather than a calorie restriction, appears to have the greatest effect in slowing
aging. Mattison,.Colman, Beasley, Allison, Kemnitz et al. [237] assessed that monkeys that
weighed less and ate less were healthier until later in life; Paoli, Wakeling, Wright and Ford
[238] demonstrated that a restriction of the essential amino acids can increase life
expectancy in honeybees; Solon-Biet, McMahon, Ballard, Ruohonen, Wu, Cogger et al.
[239]. concluded that low-protein, high-carbohydrate diets are associated with a longer life
expectancy in mice.

Data in humans indicate that a reduced protein intake may become an important component
of anti-cancer and anti-aging dietary interventions [240], so a medium to high carbohydrate
and a low but a sufficient protein intake or a normal protein intake but a high legume intake
contribute to an increase in life expectancy [241,242]. A recent study based on data provided
by the Global Burden of Disease 2019, provided evidence in the support of the longevity
diet. A sustained shift from the typical Western diet to an ideal diet rich in vegetables, whole
grains and nuts with reduced red and processed meats is associated with an increase in life
expectancy of 10.7 years in women and 13 years in men if started at age 20, and over 8
years of an increased life expectancy when started at age 60 [243].



It is evident that healthy aging will decrease adverse effects, such as contaminations and
any type of activity that influences the deleterious effects of age gain [8,50], because
dementias can have their origin in normal aging processes [21,22], and considering the
possibility of increased contaminations, the number of people with dementias in general will
increase [198]. This argument indicates that any factor that increases the possibility of
acquiring dementia should be avoided.

In the case of the objective of this article, it is the study of the effects of glyphosate, as it is
the most widely used pesticide in the world [134], it will be the pesticide, in general terms,
with the greatest impact on the contamination of people [136] and, even within the range of
lower toxicity, it causes direct neural alterations associated with adjuvants [166,167].
Obviously, more toxic pesticides will generate a greater toxicity, but as glyphosate
bioaccumulates, the most widely used in the world becomes the most concerning.[189],
hence, it acts as a deleterious agent to the neural system and therefore it«triggers neural
pathologies such as dementias [89].

The care of the elderly population will represent a challenge for the health [223,227], since
there is a higher occurrence of chronic and disabling diseases in this.age group compared to
the others [19], especially with the indiscriminate use of pesticides andia decreased
government control [90,190]. Therefore, in terms of literary data, pesticide contamination
seems to be a public health problem and a possible driver of dementia:and parkinsonism.

5. CONCLUSIONS

Based on the current understanding of the underlying mechanisms involved, it has been
hypothesized that there may be a correlation between age gain and environmental stressors
associated with the development of neurodegenerative disorders, particularly parkinsonism;
however, despite the understanding of the necessary components of the etiology of aging
and Parkinson's disease, much remains unclear.

In terms of the prevalence of Parkinson's disease, it is known that aging is associated with
the susceptibility of dopaminergic neurons to undergo the cell death, which would lead to an
exponential increase in the disease; nonetheless, there are elderly people who do not show
any senility, so one cannot assume-that aging means disease, therefore, factors other than
aging, such as the environment, should be taken into consideration as major enhancers to
develop the pathology, thus, understanding the events and the pathways that drive the onset
and the progression of parkinsonism will shed light on potential therapeutic targets for the
disease modification.

Several findings have provided evidence of an epidemiological link between a cognitive
decline and a_pesticide exposure, suggesting the existence of a relationship between aging,
genetic susceptibility, and environmental factors. Because pesticides are a tool for modern
agriculture and continue to be constantly used, it is important that there are strategies to
reduce their,impact, such as integrated pest management programs to decrease the number
of applications, leading to less pesticide use, and the use of personal protective equipment
so,that the farmers' exposure to pesticides is reduced, as well as seeking to adopt more
advanced and less harmful technologies such as natural enemies and permaculture.

As aging is the main contributor to a wide spectrum of chronic disorders, all associated with
a lower quality of life in the elderly, one of the main issues facing public health will be the
global trend of an increasingly aging society, yet some elderly people have a few health
problems, a characteristic that should be extended to the general population. With this, the
best anti-aging strategy is to intervene in environmental factors, aiming to reduce the
incidence of risk factors for poor health.

The changes resulting from aging can be mitigated and decreased with the practice of a
regular and well-guided physical activity, which helps to reduce the degenerations and
transformations of the body, also a nutrition control improves the living conditions making
aging less drastic for the individual, since several studies have shown that a dietary



intervention started at the early stage can benefit the cognitive and the mental reserve in
aging.

A public health response that guides stakeholders globally is needed. The governmental
system needs environmental controls that oversee the purchasing practices and the use of
pesticides, in order to reduce their indiscriminate use and to avoid the environmental
damage and provide a greater food safety, given its deleterious effects. It is important that
the state offer specific policies that ensure survival and quality of life, and that if it is not
possible to zero out the environmental damage, or at least to reduce it. Finally, the society
needs to become aware of the consequences of the abusive use of pesticides in order to
obtain a healthier food production.
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