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Abstract

Keywords

Background and aims: Recently, the growing concerns of the scientific
community has been focused on the threat to health caused by environmental Chlorpyrifos
pollutants, including pesticides such as Chlorpyrifos (CPF). Therefore, finding

Liver
effective ways to treat and prevent the unfavorable health effects of being
exposed to such pllutants is needed. Particularly, promising for CPFE, and thus Hepatotoxicity
arousing the greatest interest, is the possibility of using various ingredients that Psliesive i

are present in plants, including mainly polyphenol compounds. As the liver
is one of the organs that protects us against this pesticide, any disturbance in
the proper functioning of this organ could lead to serious consequences for Antioxidants
health. Thus, the aim of the present review was to discuss the possibility of

using polyphenol-rich food products as a strategy for the protection against

this xenobiotic hepatotoxicity and treatment of this pesticide-induced liver

damage.

Oxidative stress

Methods: A comprehensive search was performed in various databases,
using specific keywords such as ‘"biologically active compounds",
"antioxidants", "Chlorpyrifos/CPF", "environmental exposure", "health effects",
"hepatotoxicity”, "liver damage", "mechanisms of Chlorpyrifos/CPF action”,
"oxidative stress", "preventive strategies", "polyphenols risk for

health", and "treatment".
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Results and Conclusions: Due to the ability and the strong antioxidative Accepted : 2020/02/3

potential of polyphenols, as well as their abundance in dietary products, it
seems to be of high importance to consider the possibility of using polyphenols,
as potential preventive and therapeutic agents against CPF hepatotoxicity,
determined by its strong pro-oxidative properties. Although most of the data on
the effectiveness of polyphenols, comes from animal testing, the fact that some
of them are derived from experimental models reflecting human exposure to
this pesticide, allows us to assume that some polyphenol food products may
have promising protective effects against CPF hepatotoxicity in humans.
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EXTENDED ABSTRACT

Introduction

Organophosphate pesticides, are the major class of
agricultural chemicals, commonly used in controlling
a wide range of pests in the field crops, fruits, and
vegetables. Chlorpyrifos (CPF; O, O-diethyl O-3,
5, 6-trichloropyridin-2-yl phosphorothioate), is a
colorless to white crystalline solid organophosphate
insecticide. Due to the risks posed by chlorpyrifos to
human health, the US environmental protection agency
in the year 2000 placed restrictions on its domestic
applications. In spite of that, chlorpyrifos is still widely
used as an insecticide in agricultural practices. In fact,
chlorpyrifos is currently used for the maintenance of
public recreational areas. Exposure to chlorpyrifos
is known to produce numerous detrimental effects,
such as neurotoxicity, genotoxicity, teratogenicity, and
endocrine disruption in both humans and animals.
Recently, the growing attention of the scientific
community has been focused on the threat to health
caused by the environmental pollutants, including
pesticides such as chlorpyrifos, and the need to find
effective ways to treat and prevent unfavorable health
effects of exposure to them. Particularly, promising for
chlorpyrifos, and thus arousing the greatest interest,
is the possibility of using various ingredients that
are present in plants, including mainly polyphenol
compounds. The available data from epidemiological
studies, provide increasing evidence on the close
connection between human health status and the

quality of diet, as well as chemical pollution of the
natural and occupational environments. These
data, together with reports on the unavoidable and
increasing lifetime exposure of the general population
in industrialized countries to numerous substances
hazardous to health, have attracted growing attention,
that has now been focused not only on recognizing the
main environmental risk factors for human health, but
also on effective ways of preventing the unfavorable
effects of exposure to them, or at least to ameliorating
these effects. It is particularly important in regard to
organs and systems at the highest risk of damage, such
as the liver. The liver is one of the largest organs in
the human body. This organ is particularly exposed
to various noxious substances and poisonous products
of their biotransformation, including the Free
Radicals (FR) and Reactive Oxygen Species (ROS).
Moreover, many xenobiotics, such as chlorpyrifos,
are characterized by their ability to accumulate in the
liver. Figure 1, illustrates the etiological factors of the
liver injury. In mammals, a sophisticated antioxidant
system has been developed to maintain the redox
homeostasis in the liver (Figure 2). As the liver is one
of the organs for the elimination of this pesticide from
the body, and disturbances in the proper functioning
of this organ has serious consequences for health,
the aim of the present review was to discuss the
possibility of using polyphenol-rich food products as
the strategy for the protection against this xenobiotic
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hepatotoxicity and treatment of this pesticide-induced
liver damages.

Methods

As it is necessary to obtain information about
the mechanism of the liver damage caused by CPE
the pathways of this damage and useful antioxidants
to reduce the effects, are presented in this article. In
preparing this review, we searched for data in the
bibliographic databases, such as Web of Science,
ScienceDirect, Medline, Scopus, and PubMed. using
keywords such as biologically active compounds,
antioxidants,  Chlorpyrifos/CPF,  environmental
exposure, health effects, hepatotoxicity, liver damage,
mechanisms of Chlorpyrifos/CPF action, oxidative
stress, preventive strategies, polyphenols, protection,
risk for health, and treatment. Research papers
published in English and Persian from 1960 to 2020 in
these databases were used, and items such as editorials,
letters to the editor, papers presented at conferences,
and reports were excluded from the study. Keywords
were selected based on the PICO principle. Then, the
review process, screening and removal of duplicate and
irrelevant information was performed. In addition,
the resources were retrieved, and after preparing the
full text of the input articles, the data was extracted.

Results

Searchers found a total of 502 studies. Based on
the inclusion and exclusion criteria, a total of 158
articles were finally included in this systematic review.
Studies were published from 1960 to 2020. Most of the
studies, focused on the effects of the chlorpyrifos and
the damages this toxin has on the liver, kidney;, testis,
lungs, and brain tissue. Studies of the mechanism of
chlorpyrifos toxicity on the liver tissue, as well as the
study of antioxidant substances in order to protect

y

people against liver damages caused by chlorpyrifos
was investigated (Table 1). Experimental data have
shown that polyphenol-rich food ingredients such
as lycopene and beta-carotene, can be used for the
protection against chlorpyrifos-induced toxicities.
Carotenoids, are a family of fat-soluble pigments,
found in many fruits and vegetables. Numerous
studies have shown that carotenoids can be used
to reduce oxidative stress. Lycopene, is a natural
carotenoid and one of the most effective antioxidants
in the carotenoids family. Cactus ingredients, green
tea, and curcumin, appear to be effective in preventing
and treating the liver damage. While honey, quercetin,
fennel, and ziziphora oil extracts can be useful in the
treatment of the damages caused by chlorpyrifos. In
addition, the ingredients in curcumin and cocoa are
able to improve the liver function, prior to exposure
to chlorpyrifos toxin. All of the substances that were
studied, as well as their effective constituents, directly
protect people against liver damages, and can reduce
the accumulation of this toxin in the liver.

Conclusion

Since occupational and environmental exposure
to chlorpyrifos is still a serious health problem,
particularly in industrialized and developing
countries, it is important to have an effective strategy
to be protected and treat the adverse effects of
chlorpyrifos. Since the liver is a major organ in the
metabolism of toxins, it is important to investigate
the ways to prevent oxidative stress in this organ. It is
very important to notice that polyphenols are effective
in offering protection against chlorpyrifos toxicity
to other organs and tissues, including the kidneys,
brain, and lungs, indicating the beneficial effects of
these compounds on the whole organism. Moreover,
polyphenoliccompoundsare known to protecttheliver
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Table 1. Changes in the morphological structure of the liver caused by acute and subacute intoxication with CPF

Type of Dosage / duration of Exposure Animal Morphological changes in the liver
exposure exposure pathway species
Acute 2.25,4.5and 6.75 oral Salmon Hyperplasia and degeneration of liver
micrograms per liter / 24 tissue
hours
51 micrograms per liter / 24 oral goldfish Lipid peroxidation, Changes in the
hours level of activity of antioxidant enzymes
Subacute 1,2,4,8 and 10 Micrograms oral Chicken Damage and excessive size of the liver
per gram / 14 days
10 milligram per oral Female rats Decreased GSH' and GST? activity
Kilogram/ 7 days
15 and 75 Micrograms per oral Nile tilapia Liver damage and changes in
gram / 14 days antioxidant enzyme levels, Decreased
GSH, Increased MDA, Damage to the
epithelial lining, And increase
interstitial space.
5 milligram per oral Male rats Increased levels of IL-f1°, NO* and
Kilogram / 14 days TNEF-a® and inflammation of the liver
20 milligram per oral Male mouse Increase ALP®, AST7 and ALT? levels
Kilogram / 15 days
¥/) and 6.2 milligram per oral Male rats Changes in the liver parenchyma
Kilogram / 28 days
1,0.1 and 0.01 micrograms oral Salmon Induction of oxidative stress and
milligram changes in CAT® and SOD' enzyme
per liter / 25 days levels
50, 100 and 200 milligram oral Male rats The decrease in Superoxide dismutase,
per catalase and glutathione peroxidase
Kilogram / 3 days enzymes, increase in Malondialdehyde
levels in the liver
50 and 100 milligram per Intra Male rats Genetic toxicity and DNA damage
Kilogram / 3 days Protaneal
(IP)
12 and 24 micrograms per Intramuscula  tilapia Increase CAT and decrease SOD
liter / 96 hours r injection
(IM)
3.1 and 6.2 milligram per oral Male rats Cell nucleus damage, inflammation,
Kilogram / 28 days and changes in the structure of liver
tissue and swelling of the cytoplasm
! Glutathione

2 Glutathione S-transferases
3 Interleukin-1 8

4 Nitric Oxide

5 Tumor Necrosis Factor alpha
¢ Alkaline phosphatase

7 Aspartate transaminase

8 Alanine transaminase

? Catalase

19 Superoxide dismutase
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from the hepatotoxic action of other xenobiotics such
as diethylnitrosamine, diazinon, and deltamethrin. It
should be underlined that the beneficial properties of
these compounds are widely used in the prevention
and therapy of numerous diseases in humans, such
as obesity, diabetes, cardiovascular diseases, and
cancer. The epidemiological investigations, confirm
the favorable impact of polyphenols on the liver in
people with various diseases of this organ, as well as
in healthy individuals. Nevertheless, further studies
on this subject are needed to fully elucidate and
confirm the potential prophylactic and therapeutic
effects of the consumption of products rich in
polyphenolic compounds, on the liver of individuals
that are environmentally and occupationally exposed
to chlorpyrifos. Future investigations, should focus
on exploring the connection between the intake of
polyphenols and these compounds, as well as the
concentrations of their metabolites in the blood
and urine, and the chlorpyrifos concentration in
these biological fluids in relation to the liver status,
evaluated based on the measurement of biomarkers
of this organ damages. Experimental studies

A Review on Antioxidant-rich Products as Protective ...

show, that the polyphenol-rich dietary products,
may be effective factors in the protection against
chlorpyrifos-induced liver injuries. Due to the lack
of specific therapy for chlorpyrifos poisonings,
polyphenolic compounds are promising agents that
may be used not only in the prevention but also in the
treatment of this pesticide intoxication in humans.
Thus, it is necessary to evaluate the relation between
the liver status and consumption of polyphenols
by humans and to find the most effective and safe
method to counteract the negative effects of being
exposed to this toxic. Although, further studies need
to be done on this subject, based on the results of
the experimental investigations, including our own
experimental findings, which were discussed in the
present review, it can be concluded that, the use of
polyphenol-rich products may be a good strategy for
prevention and treatment of liver damages in humans
exposed to chlorpyrifos.
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