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persistence in ecosystems, it seems obvious that their resi-
dues are found in living organisms [2] (Fig. 1). In order to 
estimate their effects in the environment, it is important to 
analyze their bioconcentration resulting from the exposure 
to these compounds in the diet [3]. The term “bioconcen-
tration”, commonly used to describe the penetration and 
metabolism of pesticides in living organisms, contains 
three important aspects: physicochemical properties of an 
individual chemical compounds that are active substances 
of pesticides, physiological dispositions of the penetrated 
organism and environmental conditions surrounding the 
body. Pesticides can enter living organisms through various 
pathways, including: absorption through the skin, inhalation 
and through the digestive tract [4]. There are many reports 
confirming the relationship between exposure to pesticides 
and the occurrence of many chronic diseases such as vari-
ous types of cancer, diabetes, neurodegenerative diseases, 
birth defects, endocrine disorders, respiratory problems, 
asthma, cardiovascular diseases, nephropathy, autoimmune 
diseases, chronic fatigue syndrome and aging [5–7]. One of 
the main molecular mechanisms, by which pesticides affect 

Introduction

Pesticides consist a very large and diverse group of chemi-
cal compounds and their mixtures. They are important 
from the environmental protection point of view, because 
they can disturb the natural balance of ecosystems. Prob-
lems with the use of pesticides are often associated with 
agriculture, forestry, and their accumulation as a result of 
spraying weeds growing along roads, railway lines, in gar-
dens, parks and other urban areas [1]. Given their specific 
properties, i.e., the ability to bioaccumulation and the high 

  Agata Jabłońska – Trypuć
a.jablonska@pb.edu.pl

1 Faculty of Civil Engineering and Environmental Sciences, 
Division of Chemistry, Biology and Biotechnology, Bialystok 
University of Technology, Wiejska 45E Street,  
15-351 Białystok, Białystok, Poland

2 Faculty of Civil Engineering and Environmental Sciences, 
Department of Agri-Food Engineering and Environmental 
Management, Bialystok University of Technology, Wiejska 
45E Street, 15-351 Białystok, Białystok, Poland

Abstract
Introduction The relationship between pesticide exposure and the occurrence of many chronic diseases, including cancer, 
is confirmed by literature data.
Methods In this review, through the analysis of more than 70 papers, we explore an increase in oxidative stress level caused 
by exposure to environmental pollutants and the protective effects of plant-origin antioxidants.
Results and discussion One of the molecular mechanisms, by which pesticides affect living organisms is the induction of 
oxidative stress. However, recently many plant-based dietary ingredients with antioxidant properties have been considered 
as a chemopreventive substances due to their ability to remove free radicals. Such a food component must meet several 
conditions: eliminate free radicals, be easily absorbed and function at an appropriate physiological level. Its main function 
is to maintain the redox balance and minimize the cellular damage caused by ROS. Therefore, it should be active in aqueous 
solutions and membrane domains. These properties are characteristic for phenolic compounds and selected plant hormones. 
Phenolic compounds have proven antioxidant properties, while increasing number of compounds from the group of plant 
hormones with a very diverse chemical structure turn out to act as antioxidants, being potential food ingredients that can 
eliminate negative effects of pesticides.

Keywords Pesticides · Oxidative stress · Toxicity · Polyphenols · Cytokinins

Received: 16 February 2021 / Accepted: 9 August 2022 / Published online: 15 September 2022
© The Author(s) 2022

Protective effect of plant compounds in pesticides toxicity

Agata Jabłońska – Trypuć1  · Józefa Wiater2

1 3

http://orcid.org/0000-0002-7711-3017
http://crossmark.crossref.org/dialog/?doi=10.1007/s40201-022-00823-0&domain=pdf&date_stamp=2022-9-14


Journal of Environmental Health Science and Engineering (2022) 20:1035–1045

living organisms influencing their health, is an increase in 
oxidative stress level.

Due to the inevitable exposure of humans to pesticides, 
which are common environmental toxins, there is a need for 
effective methods to reduce, and preferably eliminate, their 
harmful effects. Complementary and alternative solutions 
in the form of dietary antioxidants or functional foods can 
provide a safe way to prevent pesticide toxicity. In recent 
years, many plant derived dietary compounds, especially 
with antioxidative activity attract attention as chemopre-
ventive substances, because of their ability to scavenge free 
radicals generated by environmental contaminants. Popular 
group of plant-derived compounds are flavonoids, which 
comprise a large, heterogenous group with benzopyran in 

their structure. They are present in vegetables, fruits and 
herbs as a secondary plant metabolite. They have free radi-
cal scavenging abilities and exhibit positive health effect, 
especially in cancer treatment and prevention [8]. Many 
compounds from the large group of plant hormones are 
tested for their antioxidative properties in human organism 
likewise. An example of such group of compounds are cyto-
kinins, and well-known compound from this group consid-
ering its influence on oxidative stress parameters is kinetin. 
In human cells it acts as an antioxidant with chemo-protec-
tive properties [9].

The mechanisms, by which pesticides may cause damage 
both on the cellular and tissue level usually involve oxida-
tive stress reactions, especially generation of free radicals, 
lipid peroxides, oxidized proteins and oxidized sugars [10, 
11]. Cellular enzymes, structural proteins, membranes com-
ponents, sugars and nucleic acids are exposed to possible 
damage because of ROS (Reactive Oxygen Species) high 
reactivity [12, 13]. The stimulatory influence of pesticides 
on lipid peroxidation and protein, DNA and sugars oxidation 
processes has been well documented, particularly in vivo 
[14, 15]. However, mechanisms, by which pesticides act on 
the cellular and molecular level are still not fully defined. 
Therefore, it is very important to study this phenomenon 
on a variety of levels and in many possible combinations, 
because the activity of pesticides in cells varies depending 
on their chemical structure, dose and time of exposure.

The objective of this review is to make a state-of-the-art 
overview of food contaminants and beneficial food compo-
nents mechanisms of activity and their mutual interactions. 
For this purpose, a literature review was carried out focus-
ing on new reports in the field of oxidative stress defini-
tion and parameters, pesticides as oxidative stress inductors 
and plant-derived compounds as antioxidants. More than 
70 papers published since 1937 were analyzed with focus-
ing mainly on the last 10 years articles considering mainly 
oxidative stress, the influence of pesticides on oxidative 
stress parameters on the cellular level and possible chemo-
preventive activity of polyphenols and selected plant hor-
mones. This review will discuss the potential benefits of 
polyphenolic compounds and plant hormone compounds in 
alleviating the side effects and toxicity associated with com-
mon environmental toxins such as pesticides, primarily in 
in vitro studies.

The importance of this review is that it mainly aims to 
determine whether polyphenol compounds and cytokinins 
can modulate the toxicity of environmental pollutants, 
thereby affecting health and the possibility of diseases gen-
erated by oxidative stress. The phenomenon of oxidative 
stress and its causes will be explained. Evidence will be 
provided that pesticide pollution increases oxidative stress 

Fig. 1 The links between pesticides origin from various sources (indus-
trial and agricultural), reactive oxygen species and health outcomes
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level and plant-derived antioxidants may play a role in neu-
tralizing or buffering the effects of oxidizing pollutants.

This review summarizes also the most common and 
health-relevant sources of oxidative stress, with an empha-
sis on pesticides and the potential to counter them with sub-
stances of plant origin. Due to extensive scientific data, not 
all studies could be included in this review. The reader is 
referred to the analysis of the references presented in the 
paper (and the references contained therein) in order to 
obtain details on the pro-oxidative action of pesticides and 
the antioxidant action of selected compounds of plant origin.

Selected pesticides influence on oxidative 
stress

Pesticides characteristic

Pesticides constitute a group of compounds widely used all 
over the world in agriculture and many other industries. In 
European Union, only for plant protection, more than 140 
000 tons of pesticides are being used every year. Chemi-
cal compound used as a pesticide should be characterized 
by high toxicity towards pests and simultaneously possibly 
low toxicity towards other organisms, especially human 
and aquatic organisms. They also should be accordingly 
durable, susceptible to biodegradation to such an extent 
that they do not accumulate in the environment [16]. There 
are many categories according to which pesticides can be 
divided, e.g., depending on the organism to be combated, 
they can be divided into zoocides (combating animal pests), 
bacteriocides (against bacteria), herbicides (against weeds) 
and fungicides (against fungi). The division in terms of 
chemical structure can be also applied. Main groups are 
nonorganic pesticides (arsenic and fluoride insecticides) 
and organic pesticides (chloroorganic, phosphoroorganic, 
carbaminianes, phenoxyacetic acid and triazyne deriva-
tives). Increasingly common use of pesticides even in food 
storage is a main reason why people are constantly exposed 
to their residues in food products and potable water. Only a 
part of pesticides used in EU is under the monitoring sys-
tem and almost 50% of fruits, vegetables and crops is con-
taminated with pesticides and their residues [17]. According 
to WHO pesticide residues in food are defined as a sum of 
chemical compounds present in food product as a result of 
pesticide usage (the parent substance and its degradation 
products). In addition to pesticides, smoke, mycotoxins, 
endocrine disrupting chemicals (such as polychlorinated 
biphenyl) and heavy metals (such as arsenic) have been 
listed as the most common human toxins. Toxins are poi-
sons produced in living organisms of plants, animals and 
bacteria. Toxic substances (toxicants) are synthetic, toxic, 

man-made chemicals. These two groups of compounds also 
differ in the processes of production, distribution, heteroge-
neity of composition and increasing ubiquity at homes, in 
human and animal bodies and in the environment. They can 
cause biochemical damage in various ways. While there are 
many types of toxins, they tend to interfere with the normal 
activity of cells, making cells act differently than normal 
[18]. Carcinogens, such as pesticides, cause the multiplica-
tion of various cells to accelerate and cause cancer. Instead 
of disrupting certain processes in the body, many poisons, 
including pesticides, cause them to act differently, often 
with harmful effects. People deal with toxins with antidotes, 
either by building up immunity or by avoiding them. How-
ever, toxic substances such as pesticides exist on a massive 
scale and are associated with everyday economic, industrial 
and regulatory systems. This means that efforts to mitigate 
or eliminate the effects of pesticides must take into account 
these systems and the power dynamics that maintain them. 
One of the main factors connected with the risk that pesti-
cides constitute to human health is their dose of exposure 
[19]. Three categories of pesticide exposure can be distin-
guished: intentional (accidental/suicidal), occupational and 
non-occupational exposure [20]. An intentional exposure 
is usually considered as a possibility to attempt suicide in 
developing countries, because of an easy access to such 
chemicals especially in rural areas in China and South East 
Asian countries [21]. The second kind of pesticide exposure 
– occupational, is mainly considered as connected with pes-
ticides transport and usage in crop protection, food storage 
and food sale. People such as dealers, farmers, applicators 
and sellers of fruit and vegetables are particularly exposed 
to pesticides, especially while mixing, loading, spraying and 
through a direct contact with fruits, vegetables and crops. In 
this case pesticides enter human organism through the respi-
ratory tract and the skin [22]. The third kind of pesticide 
exposure is non-occupational exposure, which is the most 
common way of the exposition. It occurs through the gas-
trointestinal tract with the consumption of fruits, vegetables 
and crops. It is rather difficult to exactly demonstrate the 
detailed cause and effect relationship associated with pesti-
cide exposition and their possible hazardous effect. It should 
be also mentioned that the literature data based on the mam-
malian experimental studies, which connect directly pesti-
cides toxicity and the mechanisms of their action, especially 
oxidative stress, are very scarce.

Oxidative stress definition, sources and 
consequences

Oxidative stress is considered as a kind of phenomenon, 
which is related to the activity of free radicals (FR) and reac-
tive metabolites (RM) in the human organism. Free radicals 
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DNA, proteins, lipids and sugars. In turn, changes in the 
structure of molecules lead to changes in their functioning, 
which is manifested in the impairment of cellular metabo-
lism. DNA stability is a prerequisite for the proper function-
ing of cells because its damage may lead to disturbance of 
cellular metabolism and to the development of many dis-
eases, including cancer. More susceptible for ROS attack is 
rather mitochondrial DNA than nuclear DNA, because of its 
location adjacent to the cellular place where ROS are gener-
ated. Free radicals, especially OH•, very easily react with 
all of the constituents of DNA: purine and pyrimidine bases, 
deoxyribose sugar causing a number of alternations [33]. 
Among others these are damages to single nitrogen bases, 
DNA strand breaks or adduct formation.

Examples of pesticides as oxidative stress inducers

Laboratory studies are focused on clarifying mechanisms 
of pesticides action on the cellular level. A growing body 
of evidence indicates that pesticides’ toxicity may be con-
nected with an induction of oxidative stress. Long-term and 
severe oxidative stress is very harmful for cells because it 
causes metabolic disorders. The overproduction of ROS 

originate from different sources and occur in human cells as 
a product of normal cellular metabolism. They have double 
functions: as beneficial and toxic compounds (Fig. 2) [23, 
24] Low concentration of free radicals exerts beneficial 
effect on human metabolism. It results from their involve-
ment in a variety of physiological functions such as immune 
system activity, cellular signaling pathways, mitogenic 
response and redox regulation [25]. Complete suppression 
of free radicals’ generation is not preferred under physio-
logical conditions, because their certain amount is required 
for proper cell function [26]. However, too high concentra-
tion of FR, both reactive oxygen species (ROS) and reac-
tive nitrogen species (RNS) is a major cause of oxidative 
and nitrosative stress. It subsequently may cause a potential 
damage to important biomolecules such as proteins, lip-
ids, sugars and nucleic acids [27]. In this sense oxidative 
stress is a kind of an imbalance between FR generation and 
antioxidants production, which leads to the damage on the 
cellular and tissue level [28]. Prooxidants are endobiotic or 
xenobiotic compounds that induce oxidative stress by the 
generation of ROS and/or an inhibition of an antioxidant 
system (Fig. 3). However, it should be also mentioned that 
oxidation process never occurs alone, it is always supported 
by reduction process. Therefore, a definitely more precise 
term should be used for the description of this phenomenon 
– “redox stress” [23]. Living organisms have built protec-
tive systems against the excess of free radicals resulting in 
lowering of their toxic activity. The first level of the anti-
oxidant defense is the prevention against FR formation. It 
includes the presence of the inhibitors of enzymes catalyz-
ing generation of FR. An example of such an enzyme can be 
xanthine oxidase. If free radicals have already been formed 
it means that primary protection is insufficient. In that situ-
ation FR scavengers are involved and they convert FR into 
nontoxic compounds. These are antioxidants, which prevent 
the oxidation of biologically important macromolecules 
(Fig. 4). The third level of the defense against FR damage 
is repair system, which plays an important role in the iden-
tification, repair and disposal of damaged molecules. An 
example is the activity of proteinases, which remove dam-
aged proteins; lipases, which remove oxidatively damaged 
lipids and DNA repair system. Actually, a growing body 
of evidence shows that oxidative stress is one of the major 
causes of many acute and chronic human diseases, such as: 
diabetes, neurodegenerative diseases (Alzheimer’s Disease, 
Parkinson’s Disease, Multiple Sclerosis), cardiovascular 
diseases (atherosclerosis, hypertension), cancer, cataracts, 
asthma, rheumatoid arthritis, inflammation, burns, intestinal 
tract diseases, progerias and others [24, 29–32]. Above men-
tioned diseases appear as a result of prolonged or intensified 
oxidative stress, which leads to permanent changes in the 
structure of biologically important macromolecules, such as 

Fig. 3  Classification of prooxidants in human environment

 

Fig. 2  Classification of prooxidants in human environment 
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Caspase 8) (Fig. 5). Tested herbicide also inhibited antioxi-
dative enzymes activity, increased ROS level, lowered GSH 
content and enhanced MDA accumulation. It means that the 
oxidative stress and mitochondrial damage caused by atra-
zine metabolism may play a crucial role in the apoptosis of 
carp neutrophils [39]. Ansari SM et al. examined the effect 
of pendimethalin (PM) - dinitroaniline herbicide exten-
sively applied against the annual grasses and broad-leaved 
weeds, on human primary cells (Fig. 5). They found out that 
PM induces genotoxic and apoptotic changes and influences 
antioxidant enzymes activity in human lymphocytes and rat 
bone-marrow cells [40]. According to Degl’Innocenti D et 
al. oxadiazon, a pre-emergence or early post-emergence her-
bicide, could be considered as a potential cause of the onset 
of neurodegenerative diseases (Fig. 5). Their findings reveal 
that oxadiazon influences activity of the mitochondrial alde-
hyde dehydrogenase 2 (ALDH2) and of the acylphosphatase 
(ACYP). ALDH2 activity is connected with the protection 
of neurons against oxidative stress caused by toxic alde-
hydes. ACYP activity on the other hand is connected with 
cell differentiation, apoptosis and cancer. Both the enzymes 
are important factors considered in neurodegenerative con-
ditions such as Alzheimer’s and Parkinson’s disease [41]. It 
was also confirmed that oxadiazon may induce liver cancer 
and causes adverse effects on reproductive and on endocrine 
functions [42, 43].

Plant origin substances as antioxidants

Nowadays we observe an urgent need to deepen and develop 
our knowledge regarding food contaminants and food ingre-
dients, both in vitro and in vivo. As it was already men-
tioned, pesticides belong to the group of highly undesirable 

may also be caused by the influence of the pesticides on the 
activity of the endoplasmatic reticulum and mitochondrial 
electron transport chains. The other mechanism, which has 
been proposed as an explanation for the toxic activity of 
pesticides, is an increase in ROS generation by pesticides 
entering redox cycles, e.g., autooxidation. According to the 
literature data pesticides may inhibit antioxidant enzymes 
activity and the biosynthesis of selected antioxidants such 
as glutathione [10, 11, 34, 35]. From the group of herbi-
cides, the most widely known and used is paraquat (PQ), 
which causes severe damage in diverse organs including 
lungs, especially in case of ingestion accidentally or inten-
tionally (Fig. 5). In paraquat toxicity ROS generation is 
involved. Kanno S. et al. examined the effect of paraquat 
on two lung epithelial cell lines: A549 and BEAS-2B. They 
found out that PQ toxicity at the cellular level is connected 
with mitochondrial dysfunction due to the cellular accu-
mulation of PQ more than ROS generation [36]. Addition-
ally, Jaroonwitchawan T et al. reported that paraquat is a 
neurotoxic agent, which causes neuronal cell death through 
the induction of oxidative stress level. However, they also 
stated that curcumin is a compound with potentially thera-
peutic properties in case of neurodegenerative diseases 
associated with ROS overproduction induced by pesticides 
[37]. According to Dou T. et al. PQ is a strong inducer of 
oxidative stress in immortalized human embryonic neural 
progenitor cells. It caused significant decrease in the activ-
ity of SOD and CAT but increase in MDA and LDH level. 
Authors also revealed that Nrf2/ARE pathway is involved 
in PQ-induced oxidative stress [38]. Wang S et al. found out 
that atrazine in fish induces apoptosis through the activa-
tion of caspase 3 and through the changes in the expression 
of mitochondrial pathways factors (Bcl-2, Bax, caspase 9) 
and death receptor pathways (TNF-α, TNFR, Fas, FasL, and 

Fig. 5  Selected pesticides exhibiting prooxidative properties in human 
and animals’ organisms consisting threat to human/animals’ health 

 

Fig. 4  Classification of antioxidants occurring in living organisms and 
available from dietary sources
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compounds includes about 8,000 compounds, including: 
flavanols, flavones, isoflavones, tannins, resveratrol, antho-
cyanidins, curcumin, lignans and phenolic acids. Their bio-
availability depends on many different parameters, such as 
digestion, absorption, metabolism [49].

The antioxidant properties of phenolic compounds of nat-
ural origin are the subject of many studies and reports, but 
the molecular mechanism of their action is not fully under-
stood. It is a very complex group of compounds that differ 
in their chemical structure, which also affects their activity 
at the cellular level. The main mechanisms, by which, plant 
phenolic compounds act at the molecular level are primar-
ily their action as so-called " free radicals’ scavengers”, 
their ability to chelate metals and to inhibit various types 
of oxidases (lipoxygenases, cyclooxygenases, etc.) and the 
stimulation of the activity of antioxidant enzymes, such as 
catalase, superoxide dismutase, etc. [50, 51].

The antioxidant activity of phenolic compounds has been 
demonstrated in both in vitro and in vivo tests. Bioactive 
components of green tea extracts, including phenolic com-
pounds such as EGCG (epigallocatechin gallate) reduce 
the level of free radicals in healthy cells in vitro at the con-
centration range from 10 µM to 20 µM (Fig. 6). However, 
in higher concentration (100 µM), they generate ROS in 
neoplastic cells [52]. Literature data show that EGCG has 
the ability to inhibit pesticide-induced apoptosis [53, 54]. 
Kamalden et al. found that green tea phenolic compounds 
reduce the level of lipid peroxidation and rotenone toxicity 
in RGC-5 cells [55]. In addition to in vitro studies, animal 
studies have also confirmed the beneficial effects of green 
tea extracts. These rich in polyphenol mixtures reduce the 
toxic effects of pesticides, including oxidative stress in the 
liver, lungs and nervous system [56, 57]. It was observed that 
under the influence of the tested pesticides changes in the 
parameters of oxidative stress occurred. It was: an increase 
in the activity of enzymes such as SOD, catalase, decrease 
in GSH content, increase in the level of lipid peroxidation, 
which indicated an increased level of oxidative stress. Sup-
plementation with green tea extracts alleviated degenerative 
processes in the liver, reduced hepatocyte necrosis and nor-
malized the levels of antioxidant enzyme activity in rats. 
Kim et al. demonstrated that green tea extracts rich in poly-
phenols significantly reduced pulmonary fibrosis caused 
by pesticide-induced oxidative stress [57]. Components of 
green tea extracts supposedly acted to suppress oxidative 
stress and endothelin-1 expression [57]. On the other hand, 
another compound from the group of phenolic compounds 
- resveratrol - acts in the opposite way to EGCG. At lower 
concentrations, it induces an increase in the number of free 
radicals in cancer cells, while at higher concentrations it 
inhibits their generation. It similarly influences the activ-
ity of antioxidant enzymes, such as superoxide dismutase or 

food contaminants, which cause serious health problems. 
On the other hand, food, especially natural and plant derived 
food, contains a lot of ingredients with very beneficial for 
human health properties, such as polyphenols with proved 
antioxidative capacities or plant hormones – a very diverse 
in terms of chemical structure, group of compounds. Rec-
ognizing the fact that pesticides induce their toxic effects 
via oxidative stress pathways and stimulation of the inflam-
matory response, mainly antioxidants and anti-inflamatories 
have been studied as potential therapeutic strategies. Anti-
oxidants are compounds, which delay or inhibit oxidative 
damage, because they are stable enough to neutralize free 
radicals by donating electrons. In human organism a highly 
complex antioxidant system is developed, and it includes 
both enzymatic and non-enzymatic part. Because of its 
synergistic activity it can protect cells, tissues and organs 
against FR damage. Endogenous antioxidants create a 
widely distributed within the cytoplasm and various organ-
elles network [44]. Natural, food-derived compounds have 
recently received a great attention, because of their ability to 
neutralize free radicals and/or to enhance endogenous activ-
ity of antioxidative system. Food-derived candidate for an 
ideal antioxidant should meet several conditions: it should 
easily eliminate free radicals and be readily absorbed, it 
should have the ability to chelating redox metals and acts 
on at physiologically appropriate level. Its main function is 
maintaining a delicate redox balance and minimizing cel-
lular damage caused by ROS, therefore it should also be 
active in aqueous solutions and membrane domains. Dietary 
antioxidants are required for maintain normal cellular func-
tions when endogenous antioxidative system is insufficient, 
e.g., under conditions, which support oxidative stress.

Amelioration of pesticide induced oxidative stress 
by polyphenols

Polyphenols belong to the group of natural compounds of 
plant origin that are characterized by a variety of biological 
activities. They may react with ROS and therefore terminate 
chain reactions before cell metabolism is seriously affected 
[45]. Polyphenols are present in many different dietary com-
pounds such as fruits (e.g., apples, grapes, pears, cherries 
and berries), vegetables, (beverages (e.g., red wine, tea, cof-
fee), chocolate, cereals, dry legumes, herbs, spices, flow-
ers [46, 47]. Polyphenols content in food is rather higher 
than any other food ingredient with antioxidative proper-
ties. They are plant metabolites with specific properties that 
allow them to act as protection against UV radiation and 
damage caused by pathogens [48]. Their content in plants 
depends on many environmental factors, including the type 
of soil, exposure to light, intensity and frequency of rain-
fall and methods of plant breeding. The group of phenolic 
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and in DNA extracted from human cells. Kinetin biosyn-
thesis is called “free radical sink”, which means that it is 
considered as a route of elimination of harmful products of 
metabolism. In particular these are the products of free radi-
cal reactions; therefore, kinetin constitutes a defense mech-
anism generated in response to oxidative stress [64]. Due 
to its antioxidant properties, kinetin can be considered as a 
compound that minimizes the negative impact of pesticides 
on the human body. Its antioxidant activity has been con-
firmed both in in vitro and in vivo tests. Kinetin is protective 
against cellular macromolecules such as DNA through at 
least two mechanisms. It can both prevent the formation of 
the hydroxyl radical and absorb free radicals before they can 
react with the DNA. The kinetin binds the iron ion required 
in the Fenton reaction, preventing the iron from binding to 
the nucleic acid. Elimination of free radicals with the par-
ticipation of kinetin can also take place in two ways. Free 
radicals can split the hydrogen atom from the carbon atom 
of the amine bond of kinetin or undergo dismutation due to 
the fact that the kinetin in a complex with Cu (II) acts as 
a SOD mimetic [65]. Another cytokinin also initially con-
sidered as a synthetic compound is benzyladenine (Fig. 7). 
However, it has been identified in many plant species, where 
it exhibits a strong anabolic effect [66]. Benzyladenine and 
its derivatives regulate many important cellular processes 
related mainly to cell division, melanogenesis and inflam-
matory reactions, where they influence the activity of phos-
phodiesterases [67–69]. Among the mechanisms proposed 
to explain the biological activity of N6-benzyladenine is 
its ability to bind to protein and influence the activity of 
antioxidant enzymes through competitive or allosteric 
interactions. Among them regulation of signal transduc-
tion; modulation of redox-sensitive transcription factors, 
including Nrf2, NF-κB, and AP-1; glutathione biosynthesis 
and gene expression can be mentioned. N6-benzyladenine 
binds a specific receptor, activates the kinase cascade, and 
consequently causes specific gene activation [70]. In vitro 
studies on the effect of kinetin and N6-benzyladenine on 
human fibroblasts showed the stimulating effect of both 
tested compounds on the activity of antioxidant enzymes, 
as well as on the content of reduced glutathione and thiol 
groups. Cytokinins reduced the peroxidation of membrane 
phospholipids and showed protective properties against 
malonyldialdehyde production. Both N6-benzyladenine and 
kinetin are characterized by complex mechanisms of action 
in fibroblast cells in vitro [9]. Both compounds have anti-
oxidant properties and are potentially potent agents for use 
in the prevention and treatment of many diseases related to 
pesticide-induced oxidative stress.

A particularly interesting compound from the cytoki-
nin group, which so far has not received much attention 
in research, is traumatic acid and its aldehyde derivative 

catalase. Resveratrol has anti-inflammatory and anti-cancer 
effects by modulating oxidative stress and influencing glu-
cose levels in cancer cells. Inhibition of ROS synthesis in 
neoplastic cells may contribute to their death. They are usu-
ally characterized by an increased level of oxidative stress 
in relation to healthy cells. Therefore, resveratrol inhibits 
the growth of neoplasms by inhibiting intracellular ROS 
and suppressing glycolytic metabolism of neoplastic cells 
[58].

Curcumin is a polyphenolic compound, extracted from 
the very popular spice obtained from turmeric (Curcuma 
longa), which also has antioxidant and anti-inflammatory 
properties (Fig. 6). Its anti-cancer effect is also associated 
with the mechanisms of oxidative stress. It induces phase II 
antioxidant enzymes by activating the NRF2 signaling path-
way, activating the p53 suppressor protein and modulating 
inflammatory mediators such as TGF-β and COX2 [59]. 
Probably due to excellent antioxidant properties and strong 
action of eliminating free radicals at the cellular level, phe-
nolic compounds are tested as potential food ingredients 
reducing the toxic effects of pesticides [60–62].

Amelioration of pesticide – induced oxidative stress 
by selected plant hormones

One of the most important group of plant hormones are 
cytokinins, which were identified while searching for fac-
tors responsible for cell division in plant in vitro cultures. 
It is a group of hormones that influence seed germination, 
chloroplast differentiation, flower development, apical dom-
inance, leaf aging and interactions with pathogens. They 
also accelerate regenerative processes and extend the cell 
cycle [63]. In terms of chemical structure, cytokinins are a 
very complex group. The vast majority consists derivatives 
of adenine, in which an aliphatic or aromatic substituent is 
attached to the amino group of the C-6 carbon. An example 
of a cytokinin with an aliphatic substituent is zeatin, and 
with an aromatic substituent - benzyladenine. However, 
the best known cytokinin so far is kinetin, which for long 
time has been considered as a synthetic compound (Fig. 7). 
It has been found in plant cells and even in human urine 

Fig. 6  Selected compounds from the group of polyphenols exhibiting 
antioxidative properties
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pesticides. To analyze the potential effects of selected her-
bicides (MCPA, mesotrione, bifenox and dichlobenil) on 
cancer cells, four pesticide cytotoxicity studies were per-
formed and a combination of TA with herbicides was used 
on three different breast cancer cell lines (MCF-7, ZR-75-1 
and MDA- MB-231) and one healthy cell line MCF-12 A. 
It has been found that in vitro exposure to various herbi-
cides can increase the proliferation of breast cancer cells, 
leading to possible tumor growth and development, and 
TA can attenuate pesticide-induced cell stimulation, and 
it is not toxic to normal cells [76]. However, only clarifi-
cation of the mechanisms of interaction of traumatic acid 
and pesticides will allow us to answer the question whether 
oxidative stress and changes in its parameters are involved 
in the interaction of compounds at the cellular level. The 
research conducted on the ZR-75-1 line on the activity of 
TA in combination with the herbicide - mesotrione, allow to 
conclude that TA contributes to the inhibition of growth and 
development of mesotrione-stimulated ZR-75-1 cells by 
stimulating oxidative stress and apoptosis. This may mean 
that TA is a compound with pro-oxidative and pro-apoptotic 
effects in neoplastic cells whose development and prolifera-
tion are stimulated by the presence of mesotrione [77]. The 
presented results may be helpful in answering the question 
of whether herbicides and their residues present in food may 
pose a potential threat to people with diagnosed cancer and 
whether compounds with proven pro-oxidative effects on 
cancer cells may have potential cytoprotective functions.

Conclusion

The increasing presence of pesticides and their residues 
in food seems to be an inevitable problem that humanity 
will face for many years to come. On the other hand, evi-
dence is emerging that shows a promising protective and 
detoxifying effect of plant-derived compounds such as 
polyphenols and cytokinins on environmental toxins. How-
ever, in many cases, the lack of clinical evidence for the 

- traumatin. Traumatic acid (TA, trans-2-dodecenedioic 
acid) belongs to the derivatives of unsaturated fatty acids 
(Fig. 7). It was first isolated from unripe bean pods (Phase-
olus vulgaris) in 1937–1938 by Bonnier and English. So 
far, its presence has been detected in mesophyll and meri-
stematic tissues of many plant species. Traumatic acid, as 
well as its aldehyde derivative - traumatin are called wound 
healing hormones, because they are present in large amount 
around the damaged area in plants and stimulate cell divi-
sion. Both compounds are found in the highest amount in 
young, intensively growing organs, such as leaves, fruits 
and seeds. It turned out that traumatin, the aldehyde form, is 
a more biologically active compound than traumatic acid in 
plants. TA as a compound of plant origin may be an alterna-
tive to fatty acids of animal origin [71, 72]. So far, there is 
very little literature data on the influence of traumatic acid 
on the parameters of oxidative stress, although the avail-
able information indicate that it is related to a high anti-
oxidant and anticancer potential. The available studies have 
shown that it stimulates the activity of antioxidant enzymes 
and enhances other non-enzymatic parameters of oxida-
tive stress in healthy human cells in vitro, while in tumor 
cell lines it acts the opposite, showing high toxicity. The 
stimulating effect of TA on the basic parameters of oxida-
tive stress, such as the activity of antioxidant enzymes, the 
concentration of reduced glutathione, the content of thiol 
groups and the level of the lipid peroxidation process under 
physiological conditions, is presented. TA caused a decrease 
in peroxidation of membrane phospholipids and showed 
protective properties against ROS production [73]. On the 
other hand, in cancer cells it’s toxicity manifests by induc-
ing oxidative stress and triggering apoptosis. Because of the 
proven relationship between dietary fat consumption and 
breast cancer incidence, the MCF-7 breast cancer cell line 
has been an experimental model. TA caused a decrease in 
cell proliferation and viability, a decrease in the content of 
reduced glutathione, which is the main low-molecular anti-
oxidant in cells, and a decrease in the level of thiol groups. 
At the same time, it increased caspase 7 activity, peroxida-
tion of membrane lipids and ROS content. The pro-apoptotic 
effect of TA can be attributed to the observed decrease in 
GSH levels and an increase in the level of oxidative stress. It 
has been suggested that a high level of GSH in breast cancer 
tissue is necessary to ensure cell proliferation and resistance 
to apoptosis in cancer cells [74]. TA induced a significant 
decrease in cell proliferation and an increase in caspase 
levels, accompanied by a decrease in GSH content and 
an increase in ROS content [75]. The extremely favorable 
properties of traumatic acid, observed in vitro, encourage 
the study of its possible interactions with pesticides. Such 
models of in vitro tests indicate the possibility of using TA 
as a factor eliminating the carcinogenic effects of selected 

Fig. 7 Selected compounds from the group of cytokinins characterized 
by antioxidative properties
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efficacy of selected compounds adds to the need for such 
future research. For example, the development of predic-
tive biomarkers of polyphenol and cytokinin intake in the 
human population will provide a better understanding of the 
interactions between these compounds and endogenous and 
exogenous factors that affect their bioavailability, and help 
determine safe dosages for their consumption. Interactions 
of plant-based dietary ingredients with pesticides and com-
pounds with similar toxin modulating effects may also war-
rant further research.

Most people maintain a stable level of oxidative stress, 
and no matter how much additional antioxidant people 
ingest in their diet, oxidative stress does not decrease fur-
ther. Antioxidants appear to be effective in reducing oxida-
tive stress when its initial level is above normal or above a 
stable regulated level. Thus, additional dietary antioxidants 
can only benefit the body if it was necessary to correct high 
levels of oxidative stress that could not be controlled by 
endogenous antioxidants.

Finally, it should be emphasized that more research needs 
to be done to strengthen the evidence of the use of dietary 
antioxidant components as modulators of adverse effects 
caused by increased exposure to pesticides.
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