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Abstract

Background: Physical and chemical factors of workplace, either alone or in combination, contribute to oxida-
tive stress that is harmful to the body. The combined impact of physical and chemical components of the work
environment on oxidative stress was examined in this research.

Methods: Research articles published from 2000 to 2021 on this topic in reliable national and international
databases were collected and analyzed. Based on the preliminary screening, 120 articles were selected for the
first stage. The relevance and quality of 85 suitable papers were found appropriate and evaluated by examining
the purpose of the study in the next phase.

Results: The data collected and presented from the atticles cover simultaneous exposure to physical risk fac-
tors such as noise, radiation, and chemicals such as metal solvents, as well as different types of oxidative stress
parameters like MDA, GHS, LOP, 8-OHdG, SOD, CAT, ROS, and other parameters such as research site, co-
exposure effects, and target organ. Investigating the combined effect of physical and chemical variables on oxi-
dative stress in the target organs, as well as the interaction of multiple effects on each other, was one of the key
goals of the articles (synergistic, reinforcing, additive or antagonistic).

Conclusion: Most of the findings of theses researches generally highlight the synergistic impact of concurrent
exposure to chemical and physical risk factors on oxidative stress.

Keywords: Occupational risk factors; Simultaneous occupational exposure; Combined exposure; Oxidative
stress
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Introduction

Workers in industrial settings are thought of as
one of the main foundations of industries; there-
fore, their absence creates many fundamental is-
sues when putting industrial procedures into
practice. Several physical and chemical risk fac-
tors, including the presence of workers in indus-
trial settings, have a detrimental impact on their
health. Whether intentionally or unintentionally,
workers are exposed to these risk factors in a va-
riety of ways (1). A combination of risk factors at
work might have more detrimental effects on a
person’s health (2). The likelihood of the likeli-
hood of workplace injury is influenced by the
type, quantity, and number of risk variables, as
well as exposure frequency, exposure time, and
working conditions (3). Numerous studies have
related the oxidative stress caused by them to the
damage caused by chemicals (gases and vapors,
solvents, and dust) and physical factors (sound,
vibration, heat, humidity, radiation, etc.) (4-8).
These studies have examined the combined ef-
fects of many physical and chemical components
in some cases and the impact of a single factor in
other cases. Oxidative stress is a condition that
may harm proteins, nucleic acids, and cell mem-
branes when it meets reactive oxygen species
such as the superoxide anion, H202, and hy-
droxyl radicals. Numerous books demonstrate
how reactive oxygen species damage accumulates
over time and causes a variety of diseases (9).

In general, oxidative stress is characterized as a
mismatch between oxidants and antioxidants, and
this mismatch increases the contribution of oxi-
dants to antioxidants, which may lead to damage
(10). Antioxidants are used by the body to coun-
teract the harmful effects of oxidants (4). En-
zymes involved in redox-mediated signaling ac-
tivities and contributing to the maintenance of
redox balance make up the majority of the body's
defensive antioxidant structures (11). Superoxide
dismutase, catalase, peroxiredoxins, glutathione
system, and thioredoxin system are the five pri-
mary groups into which cellular antioxidant en-
zymes are divided (8). In actuality, an antioxidant
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is a chemical with the capacity to prevent or less-
en the oxidation of macromolecules. Protective
structures and pathways of anti-oxidants with
oxidants include reducing the production of sec-
ondary toxic metabolites and inflammatory medi-
ators, suppressing the release of the secondary
oxidant chain, restoring damaged molecules, and
activating and strengthening the protective struc-
ture of endogenous antioxidants (4). Damage to
cells, tissues and organ structures due to oxida-
tive stress is associated with a wide range of se-
vere diseases such as cancer, cardiovascular dis-
eases such as high blood pressure and atheroscle-
rosis, neurodegenerative diseases such as Parkin-
son and Alzheimer's dementia, diabetes, ische-
mia/perfusion injuries, theumatoid arthritis, and
sometimes even the mechanism of aging (11).
When damaging factors are exposed individually
or in combination, antioxidants are suppressed
and oxidants are strengthened, causing oxidative
stress and organ damage. Recently, studies on the
combined effects of harmful factors on oxidative
stress biomarkers have become one of the hot
topics in the field of toxicology. The simultane-
ous effect of noise pollution-CH20 on GCH and
MDH parameters is one of these studies, as are
others that deal with the simultaneous effect of
noise  pollution-dust, smoke-PAHs, PAHs-
phthalates, metals-pesticides, etc. Research and
evaluation have been done on the parameters of
MDA and SOD, 8-OHdG, 8-OHdG, 8-OHdG,
MDA, and SOD (7, 12-15). Each of these stud-
ies—as well as others—has shown some influ-
ence on the aforementioned parameters. There is
a very strong relationship between the parameters
of oxidative stress and concurrent exposure to
physical and chemical factors in the workplace,
and previous studies paid attention to this; how-
ever, there is a need for a thorough study to ana-
lyze the type of harmful factors, the type of target
tissue, the type of antioxidant parameters, and the
effect of Concurrent exposure to physical and
chemical factors and oxidative stress.
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Methods

We developed a review manual and reported the
process of our review and results according to
the PRISMA guideline. PRISMA primarily focus-
es on reporting reviews evaluating the effects of
interventions (106).

Based on data searches in reliable databases
(Google Scholar, Web of Science, ProQuest, Tay-
lor and Francis, WILEY, and PubMed) on physi-
cal and chemical occupational risk factors affect-
ing oxidative stress parameters from 2000 to
2021, this systematic review analysis was carried
out. Using the key terms of physical and chemical
factors, trisk factors, environmental hazards and
oxidative stress, simultaneous exposure, com-
bined exposure, simultaneous occupational expo-
sure, combined occupational exposure, simulta-
neous occupational exposure, and combined oc-
cupational exposure all occur simultaneously. Ei-

ther alone or in combination, it was employed.
Initial keyword searches in the databases pro-
duced 10,400 items, 10,410 of excluded because
they were duplicates. Then, based on their titles
and abstracts, 400 articles were extracted. The
next step the next step involved removing 180
articles due to lack of relevance to the subject and
another 35 due to lack of creativity, lack of con-
tent, or use of language that was out of context.
Opverall, 85 articles were ultimately left for final
evaluation. The final selected articles were exam-
ined for quality assessment by using of strength-
ening the reporting of observational studies in
epidemiology (STROBE) checklist with a score
of 0 to 34 (17). In this review, studies were classi-
fied into three groups according to their obtained
score: poor quality, from 0 to 12; moderate quali-
ty, ranging from 13 to 23; and high quality, rang-
ing from 24 to 34.

» Full-text articles Excluded (n=35)

— Records discovered through databases Additional Records discovered via other
8‘ search (n=10400) references (n=10)
=
=
] v v
g- Records that have been duplicated in more than one
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o Records Screened (n=300) »le  Not original articles
cg e  Full-text not accessible
e Other languages
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sl Full-text articles evaluated for
= eligibility (n=120)
= e Articles without quality
< e Unrelated articles
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5 The studies that were considered
2_ for this review (n=85)
o
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o

Fig.1: The diagram indicates the process of identifying and selecting scientific articles. (PRISMA)
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Results

The search performed for the studies is summa-
rized in Fig. 1. Of 300 potentially relevant studies
reviewed, 85 articles were included in this sys-
tematic review. Thirty-four other articles were

published in other European, American and
Asian countries respectively (Table 1). Overall, 85
articles were published in 10 different peer re-
viewed journals.

Table 1: The country of the first/corresponding authors of articles

Country

Number of arti- Percentage of arti-
cles(n)

cles (%)

China 10
USA

India

Iran

Italy

Brazil
Tunisia
Norway
Switzerland
Thailand
Pakistan
France
Denmark

WAL, AN RAEIUW

27
8.1
13.5
18.9
10.8
8.1
5.4
5.4
10.8
2.7
8.1
10, 8
8.1

The earliest article was published in 2000 and the
last article were published in 2021. There was an
increase in the number of published article on
metal and chemical solvent related to stress oxi-
dative from 2008. For example, in 2009, three
articles, and in 2010, two articles were published.
Eighty-five studies focused on simultaneous ex-
posure to chemical factors and simultaneous ex-
posure to physical-physical factors, including all
metal-metal  (n=21, 24.70%), metal-solvent
(n=18, 21.7%), solvent-solvent (n=14, 16.47%),
metal-pesticide (n=10, 11.76%), drugs & metals
(n=1, 1.1%), and simultaneous exposure to phys-
ical-physical factors (n=18, 21.7%). four studies
were review articles (7.70%) and the remaining
articles were any type of observational studies
(cross-sectional or cohort).

Discussion

This systematic review focused on investigating
oxidative stress parameters, the combined effects
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of physical and chemical occupational factors,
and other occupational risk factors. Most of the
included studies had a cross-sectional design.
These studies provide valid data because field
measurements of chemical factors and other risk
factors were performed. Most of the studies we
identified only examined the combined effects of
risk factors on oxidative stress parameters. An-
other limitation is that in some studies, the mag-
nitude of the combined effects was not clearly
stated. Overall, we assessed the compound risk
level for each risk factor based on study type,
method, data validity, and study population. In
addition, there are many confounding factors in
the study of compound effects in occupational
settings that complicate such studies for years.

According to the review of the literature and the
level of evidence, many physical and chemical
factors can have adverse oxidative effects on
health. These factors include metals (chemical
factors), chemical solvents, chemicals, solvents,
sound, vibration, heat, electromagnetic waves and
metals (chemical factors), and shift work (occu-
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pational factor). Some chemical and physical el-
ements that increase oxidative stress are shown in

Fig. 2.

p to physical-chemical agents ]

. @ [Separate exposure to chemical and physical agents ]
f ;

@ [Simultaneous exposure to physical-physical agents]

Fig. 2: Some physico-chemical factors that stimulate oxidative stress

According to the results of literature review and
general adaptation syndrome (18), simultaneous
exposure to stressors leads to a three-phase phys-
iological response. Thus, by perceiving a stressor
(such as noise), the sympathetic nervous system
is stimulated and the body's resoutrces are mobi-
lized to deal with the danger. Stress is the reac-
tion of the organism's nervous and endocrine
systems to environmental demands or pressures.
The body tries to limit stress if a stressor persists,
the body concentrates resources and resists the
stress and remains in a state of alertness (15, 19,
20). Oxidative stress occurs in cells when there is
an imbalance in the production of oxidants or
reactive oxygen species (ROS) and their ability to
be removed by endogenous antioxidants (21).
The resulting accumulation of oxidative free radi-
cals can directly damage proteins, DNA, and li-
pids and lead to cellular dysfunction.

As a result, for a better understanding of this is-
sue, in this study, each of the ways of exposing to
these risk factors in the workplace is explained.
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Simultaneous exposure to chemical factors
Some of the modes of simultaneous exposure to
chemicals seen in the workplace are below:

Metal — metal

Today, the consumption of heavy metals has in-
creased due to industrial and urban development,
and one of the prominent side effects of heavy
metals is the effects of oxidative stress caused by
them (18). These metals significantly increase li-
pid peroxidation and reduce antioxidant defense
in tissues by interfering with antioxidant enzymes
such as superoxide dismutase (SOD), glutathione
peroxidase (GPX), and catalase (CAT) (19, 20).
Arsenic, lead and mercury are three harmful met-
als that are abundantly used in industries (22). In
the risk assessment, exposure to lead, arsenic and
mercury is raised simultaneously by discovering
these metals in several high-risk places, either
alone or in combination with other metals (23).
These metals are known to cause oxidative stress
with comparable harmful consequences (24). In
this regard, exposure to two harmful metals leads
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to reduced accumulation of toxic metals, indicat-
ing potential antagonistic interactions. In addi-
tion, they showed how simultaneous exposure to
lead, arsenic, and mercury caused a rapid increase
in oxidative stress in the liver and kidney (24-20).

In the review of studies, copper (Cu) and cadmi-
um (Cd) are two other metals that significantly
contribute to environmental degradation. Moreo-
ver, in low doses, the unnecessary chemical cad-
mium is very dangerous to all living organisms
(25, 26). Although copper is a critical element in
many biochemical processes, it may be toxic
when body stores exceed physiological limits
(27). In this regard, research that examined the
histology and biochemistry of fish showed that
exposure to cadmium and copper alone and sim-
ultaneously resulted in obvious damage to lipids
and tissue structure in the gills, liver, and ovaries.
Simultaneous exposure to cadmium and copper
significantly increased the mRNA expression of
most antioxidant genes and led to more severe
lesions in fish tissue than individual exposure to
cadmium and copper. Combined exposure to
cadmium and copper in water may have a syner-
gistic effect (28, 29).

During the review of studies conducted in indus-
trial areas, in short-term exposure to cadmium
(Cd) and lead (Pb) through food, water and air,
cadmium in combination with other metals such
as lead has seriously disturbed the health of local
people (25). In addition, long-term exposure to
metals is linked to a number of diseases, includ-
ing cancer, liver problems, neurological prob-
lems, and osteoporosis (30).

Manganese (Mn) is another metal that, in small
amounts, is considered as an essential element
that plays a role in many important metabolic
processes. However, increasing its concentration
may be dangerous for the nervous system, blood
vessels, heart, lungs and liver. The results of an-
other study regarding the combined exposure to
lead, cadmium and manganese metals showed a
significant increase in the level of malondialde-
hyde (MDA) in the heart and liver of animals. In
general, AST performance and bilirubin concen-
tration in the group of animals exposed to all
three metals increased significantly. There was a
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positive correlation with blood levels of lead,
cadmium and manganese. In this research, cad-
mium, manganese and lead together have a syn-
ergistic effect on increasing cardiac MDA. In
combination, lead and manganese increased
blood alanine aminotransferase (ALT) activity, an
indicator of structural liver damage (28). Moreo-
ver, exposure to cadmium and lead causes a sig-
nificant increase in the level of lipid peroxidation

23).

Metal-chemical solvent

Another factor that workers in various industries
face is the exposure of chemical solvents to met-
als in combination. One of the metals that harms
the body and increases oxidative stress is lead
(31). Lead induces the release of cytochrome c,
which increases intracellular ROS and Ca2+ lev-
els while decreasing mitochondrial potential and
apoptosis (32, 33). According to various studies,
lead and ethanol are among the compounds that
exist both in industrial environments and in peo-
ple's living environments. Exposure to lead and
alcohol together may cause neurological prob-
lems, oxidative stress, and brain apoptosis. Lead
and ethanol act synergistically. Metabolizing en-
zymes may cause liver cells to undergo apoptosis
because of ethanol-induced ROS production. Al-
cohol use may also lead to excessive production
of ROS, which can damage mitochondrial struc-
ture and impair the capacity of mitochondria to
control internal calcium levels (34).

One of the main pathogenic mechanisms for
functional and organ damage caused by heavy
metals and chemicals such as toluene is inflam-
mation, mitochondrial dysfunction, and oxidative
DNA damage (34,(35)). In this regard, a study on
car workers showed that there is a relationship
between exposure to toluene and heavy metals
and increased activity of liver enzymes, lipid pe-
roxidation, oxidative stress, oxidative DNA dam-
age, and a decrease in antioxidants, which indi-
cates an increased risk of hepatotoxicity and car-
cinogenesis of liver cells (34).

Another chemical factor that people face in the
workplace is exposure to metals and pesticides.
In this study, by reviewing the studies that exam-
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ined the consequences of metals and pesticides
simultaneously, we indicated that having two risk
factors have a greater effect on the body than
cither one alone (7, 46). Metals and pesticides
have additive and even opposite effects. Organo-
phosphorus and metal arsenic may have a syner-
gistic effect on ROS, however, they are incom-
patible with TBARS. Arsenic and dichlorvos have
a synergistic effect on liver tissue, but have an
opposite effect on the brain (36). Table 1 (sup-
plementary section) summarizes some studies on
co-exposure to metals and pesticides.

Solvent — Solvent

Polycyclic aromatic hydrocarbons (PAHs) are a
group of solvents that are frequently used in in-
dustrial environments. During the review of stud-
ies related to exposure to PAHs, we demonstrat-
ed that exposure to PAHs, benzene, and toluene
(BTs) in combination is unavoidable due to their
widespread prevalence in the environment (37).
They are associated with aberrant lung processes
and asthmatic infections and may easily penetrate
human lung tissue by inhalation. In young peo-
ple, exposure to high concentrations of PAHs
and BTs is associated with increased oxidative
damage and impaired lung function (15). Similar
to this study, children with asthma may have
higher levels of oxidative lipid and DNA damage
as well as airway inflaimmation after exposure to
PAHs and BTs together (38). During the review
of animal studies, the combination of ethanol and
m-xylene increased lipid peroxidation in micro-
somal and lysosomal membranes, and at the same
time, it decreased sulfhydryl glutathione levels
and GST activity (39). Growing female mice were
more susceptible than males to the deleterious
effects of exposure to xylene and formaldehyde,
as well as their combination, on liver tissue (40).

Simultaneous exposure to physical-physical fac-
tors

Physical harmful factors are one of the factors
that exist in almost all industries, and the effects
of various types of physical factors and their in-
tensity change with the combination of physical
harmful factors. One of the most important ef-
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fects of various physical factors is the harmful
effects of oxidative stress in the body, caused by
the simultaneous exposure of physical compo-
nents to each other. This type of combined expo-
sure often occurs in the workplace (41, 42). Ac-
cording to the review of studies conducted from
2000 to 2021, many studies were not conducted
regarding the combined effects of physical fac-
tors and their effects on oxidative stress parame-
ters, and there are a limited number of animal
studies in this regard. According to the review of
studies that analyze and examine the simultane-
ous effects and specific microwaves and sound
and their effects on seminal fluid parameters and
total antioxidant capacity in adult male rats, com-
pared to the control group, sperm viability and
motility in the group exposed to microwaves and
the group exposed to microwaves plus noise de-
creased significantly (43). Another animal study
conducted using 25 male Wistar rats showed that
after four weeks of exposure, mobile phone elec-
tromagnetic field radiation, vibration, and ring-
tones had a significant effect on anxiety behav-
iors and oxidative stress in young Wistar rats (44).
The results of these studies indicate the cumula-
tive and strengthening effects of exposure to var-
ious physical factors. On the other hand, the lev-
els and intensities of physical factors used to
conduct these studies are similar to the levels that
humans can be exposed to (37). Therefore, in the
future, by conducting more studies in this field,
these effects can be generalized to humans as
well.

Simultaneous exposure to physical-chemical fac-
tors

Another prominent example of combined expo-
sure in the workplace is the simultaneous expo-
sure to physical and chemical factors that occurs
in many industries where workers are expected to
be simultaneously exposed to different types of
both (1). According to the studies that investigat-
ed the effect of physical and chemical factors on
oxidative stress parameters, we showed that long-
term occupational exposure to a number of envi-
ronmental toxins, such as lead and cadmium,
might cause oxidative stress and then act as a
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mechanism for negative effects on body systems
(45). Regarding the physical aspects of the work
environment, each of them, including electro-
magnetic waves and radiation, have the capacity
to cause oxidative stress (44, 46, 47). In general,
oxidative stress is caused by simultaneous expo-
sure to physical and chemical stimuli. There have
been studies in this area, and one that comes to
mind is a study in which 42 adult male Wistar rats
were simultaneously exposed to formaldehyde
and sound. The findings of this study, based on
samples of blood and liver tissue of rats, showed
a greater effect on the improper functioning of
the oxidant/antioxidant system (1). In Sweden,
study on 18 healthy subjects showed that noise
exposure might lead to oxidative DNA damage
(36). Simultaneous exposure to physical and
chemical variables has been investigated very lit-
tle, and noise is one of the physical components
that has received more attention.

Table 1 (supplementary section-Not published)
shows a summary of the simultaneous exposure
to physical factors, chemical factors and physico-
chemical factors and their effect on oxidative
stress.

Conclusion

The current work environment has a variety of
physical and chemical components that are harm-
ful to human health. Because these components
often coexist in many work environments, simul-
taneous exposure to them may exacerbate nega-
tive effects on human health. A large number of
these elements (such as noise and formaldehyde,
UV light and oxygen, PAHs and cigarette smoke,
and manganese and ethanol) can affect oxidative
stress and enhance oxidative and antioxidant pa-
rameters. Many of these factors individually or
collectively affect the type of antioxidant parame-
ters of oxidative stress, depending on the type of
harmful factors and the type of target tissue. The
effect of simultaneous exposure to these factors
also highlights the significance of these factors.
In addition, these elements are related to the
complexity of the risk assessment process in
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workplaces. Most of the researches in Supple-
mentary Table 1 (Not showed. Readers may con-
tact authors if needed) demonstrate the additive
effects of simultaneous exposure to physical,
chemical, and physical-chemical variables on nu-
merous oxidative stress markers. In this in this
regard, a number of laboratory experiments have
investigated the interaction between oxidative
stress and effective physical and chemical varia-
bles.

Future study needs to focus on locating and eval-
uating the more accurate impact of these danger-
ous elements in real work environments, which
will lead to planning and taking necessary
measures to reduce them and provide a safer
work environment. Any failure of them leads to
irreversible impacts on the workforce and loss of
more years for them because of the long-term
effects of chemical and physical components in
the workplace. Based on the existing understand-
ing, research in this area will be prioritized and
constructive measures will be taken to improve
the working environment.

Journalism Ethical considerations

Ethical issues (including plagiarism, informed
consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission,
redundancy, etc.) were completely observed by
the authors.

Acknowledgements

This study is related to the project NO.1400.952
from Student Research Committee, Shahid Be-
heshti University of Medical Sciences, Tehran,
Iran. We also appreciate the “Student Research
Committee” and “Research & Technology Chan-
cellor” in Shahid Beheshti University of Medical
Sciences for their financial support of this study.

Conflict of Interest

The authors have no conflicts of interest to de-
clare.

1136



Iran J Public Health, Vol. 52, No.6, Jun 2023, pp.1129-1139

References

1.

1137

Haghighat M, Khavanin A, Allameh A (2017).
Oxidative stress indices in rats’ lung tissues
following simultaneous exposure to noise and
styrene. Journal of Occupational Health — and
Epideniology, 6:1-8.

Mirmohammadi S, Khanjani N, Nazarkhani F, et
al (2020). The effect of noise and dust
exposure on oxidative stress among livestock
and poultry feed industry workers. Toxicol Ind
Health, 36:908-915.

Lin Y, Li X, Zhang B, et al (2019). CYP1A1
methylation mediates the effect of smoking
and  occupational  polycyclic  aromatic
hydrocarbons  co-exposure on oxidative
DNA damage among Chinese coke-oven
workets. Environ Health, 18:69.

Yu Y, Peng M, Liu Y, et al (2021). Co-exposure
to polycyclic aromatic hydrocarbons and
phthalates and their associations —with
oxidative stress damage in school children
from South China. | Hagard Mater,
401:123390.

Guo B, Zebda R, Drake §J, Sayes CM (2009).
Synergistic effect of co-exposure to carbon
black and Fe 2 O 3 nanoparticles on oxidative
stress in cultured lung epithelial cells. Part
Fibre Toxicol, 6:4.

Li GJ, Zhang LI, Lu I, et al (2004).
Occupational exposure to welding fume
among welders: alterations of manganese,
iron, zinc, copper, and lead in body fluids and
the oxidative stress status. | Ocup Environ Med
,46:241-8.

Kumar A, Ahmad I, Shukla §, et al (2010). Effect
of zinc and paraquat co-exposure on
neurodegeneration: modulation of oxidative
stress and expression of metallothioneins,
toxicant responsive and transporter genes in
rats. Free Radic Res, 44:950-965.

Hollinger MA, Raabe OG, Giri SN, et al (1979).
Effect of the inhalation of zinc and dietary
zinc on paraquat toxicity in the rat. Toxico/
Appl Pharmacol, 49:53-61.

Flora S, Mittal M, Mehta A (2008). Heavy metal
induced oxidative stress & its possible reversal
by chelation therapy. Indian | Med Res,
128:501-23.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Jain A, Agrawal S, Flora §J (2015). Arsenic and
nicotine co-exposure lead to some synergistic
effects on oxidative stress and apoptotic
markers in young rat blood, liver, kidneys and
brain. Toxcicol Rep, 2:1334-1346.

Dwivedi N, Flora § (2011). Concomitant
exposure to arsenic and organophosphates on
tissue oxidative stress in rats. Food Chem
Toxcicol, 49:1152-1159.

Maaroufi K, Had-Aissouni L, Melon C, et al
(2014). Spatial learning, monoamines and
oxidative stress in rats exposed to 900 MHz
electromagnetic field in combination with
iton ovetload. Bebav Brain Res, 258:80-89.

Wang L, Kang Y, Liang S, et al (2018).
Synergistic effect of co-exposure to cadmium
() and 4-n-nonylphenol on growth
inhibition and oxidative stress of Chlorella
sorokiniana. Feotoxicol Environ Saff 154:145-
153.

Ogunsuyt OM, Ogunsuyi Ol, Akanni O, et al
(2020). Alteration of sperm parameters and
reproductive hormones in Swiss mice via
oxidative stress after co-exposure to titanium
dioxide and zinc oxide nanoparticles.
Apndrologia, 52:¢13758.

Tadee A, Mahakunakorn P, Porasuphatana S
(2020). Oxidative stress and genotoxicity of
co-exposure to chlorpyrifos and aflatoxin By
in HepG2 cells. Toxicol Ind Health, 36:336-345.

Page MJ M]J, Bossuyt PM, Boutron I, et al
(2021). The PRISMA 2020 statement: an
updated guideline for reporting systematic
reviews. Syst Rev, 10: 89.

Vandenbroucke JP, Elm E, Altman D, et al
(2007). Strengthening the Reporting of
Observational ~ Studies in  Epidemiology
(STROBE): explanation and elaboration.
PI oS Med, 4(10): €297.

Wu L, Yu Q, Zhang G, et al (2019). Single and
combined exposures of waterborne Cu and
Cd induced oxidative stress responses and
tissue Injury in female rare minnow
(Gobiocyptis rarus). Comp Biochem: Physiol C
Toxcicol Pharmacol, 222:90-99.

Pizzino G, Irrera N, Cucinotta M, et al (2017).
Oxidative stress: harms and benefits for
human health. Oxid Med Cell Longer, 2017:
8416763.

Valko M, Leibfritz D, Moncol ], et al (2007).
Free radicals and antioxidants in normal

Available at:  http://ijph.tums.ac.ir




21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Available at:

Beyrami et al.: Changes in Oxidative Stress Parameters in Terms of Simultaneous ...

physiological functions and human disease.
Int | Biochem Cell Biol, 39:44-84.

Zmyslony M, Pawlaczyk-Yuszczyniska M (2003).
Reactive oxygen species produced by physical
agents. Conments on Toxicology, 9:49-57.

Wongsasuluk P, Chotpantarat S, Siriwong W,
Robson M  (2014). Heavy metal
contamination and human health sk
assessment in drinking water from shallow
groundwater wells in an agricultural area in
Ubon Ratchathani province, Thailand.
Environ Geochern Health, 36:169-182.

Matovi¢ V, Buha A, Puki¢-Cosi¢ D, Bulat Z
(2015). Insight into the oxidative stress
induced by lead and/or cadmium in blood,
liver and kidneys. Food Chemr Toxicol.,78:130-
40.

Nsonwu-Anyanwu A, Nsonwu M, Bebia D, et al
(2021). Chronic Exposure to Toluene and
Heavy Metals and Changes in Indices of
Liver Function, Inflammation and Oxidative
DNA Damage among Automobile Workers.
Asia Pac | Med Toxicol, 10:53-60.

Markiewicz-Goérka I, Januszewska L, Michalak
A, et al (2015). Effects of chronic exposure
to lead ,cadmium, and manganese mixtures
on oxidative stress in rat liver and heart.
Archives of Industrial Hygiene and 'T'oxicology, 66.

Massanyi P, Massanyi M, Madeddu R, Stawarz R,
Lukac N (2020). Effects of cadmium, lead,
and mercury on the structure and function of
reproductive organs. Toxics, 8:94.

Becaria A, Bondy SC, Campbell A (2003).
Aluminum and copper interact in the
promotion of oxidative but not inflammatory
events: implications for Alzheimer's disease. |
Albzbeimers Dis, 5:31-38.

Brzéska MM, Moniuszko-Jakoniuk | (2004).
Low-level exposure to cadmium during the
lifetime increases the risk of osteoporosis and
fractures of the lumbar spine in the elderly:
studies on a rat model of human
environmental exposure. Toxiol S, 82:468-
477.

Rhoads DM, Umbach AL, Subbaiah CC, Siedow
JN (2006). Mitochondrial reactive oxygen
species Contribution to oxidative stress and
interorganellar  signaling.  Plant  Physiol.
141(2):357-66.

Amara S, Abdelmelek H, Garrel C, et al (2006).
Influence of static magnetic field on cadmium

http://ijph.tums.ac.ir

31.

32.

33,

34.

35.

36.

37.

38.

39.

40.

toxicity: study of oxidative stress and DNA
damage in rat tissues. | Trace Eler Med Biol,
20:263-269.

Wang G, Bruce A Fowler (2008). Roles of
biomarkers in evaluating interactions among
mixtures of lead, cadmium and arsenic. Toxzco/
Appl Pharmacol, 233(1):92-9.

Flora §J SG, Mehta A (2007). Reversal of lead-
induced neuronal apoptosis by chelation
treatment in rats: role of reactive oxygen
species and intracellular Ca2+. | Pharmacol
Exp Ther, 322(1):108-16.

Soleimani E GI, Goudarzi I, Abratri K, et al
(2016). Lashkarbolouki T. The combined
effects of developmental lead and ethanol
exposure on hippocampus dependent spatial
learning and memory in rats: Role of
oxidative stress. Food Chemn Toxicol, 96:263-72.

Cederbaum Al (20006). Cytochrome P450 2E1-
dependent oxidant stress and upregulation of
anti-oxidant defense in liver cells. |
Gastroenterol Hepatol, 21:S22-S5.

Kelner MJ, Bagnell R, Montoya M, et al (1995).
Transfecion with  human  copper-zinc
superoxide dismutase induces bidirectional
alterations in other antioxidant enzymes,
proteins, growth factor response, and
paraquat resistance. Free Radic Biol Med,
18:497-506.

Flora S DN, Deb U, Kushwaha P, Lomash V
(2014). Effects of co-exposure to arsenic and
dichlorvos on  glutathione metabolism,
neurological, hepatic variables and tissue
histopathology in rats. Toxzcol Res, 3(1):23-31.

Fernandez MF, Olmos B, Granada A, et al
(2007). Human exposure to endocrine-
disrupting chemicals and prenatal risk factors
for cryptorchidism and hypospadias: a nested
case—control study. Enmviron Health Perspect, 115
Suppl 1(Suppl 1):8-14.

Yang | ZH, Zhang H, Wang W, et al (2017).
Smoking modify the effects of polycyclic
aromatic hydrocarbons exposure on oxidative
damage to DNA in coke oven workers. Int
Arch Occup Environ Health, 90(5):423-31.

Jajte J SJ, Wronska-Nofer T (2003). Combined
exposure to m-xylene and ethanol: oxidative
stress in the rat liver. Int | Occup Med Environ
Health, 16(4):345-50.

Kum C KF, Sekkin S, Seyrek K, Boyacioglu M
(2007). Effects of xylene and formaldehyde

1138



Iran J Public Health, Vol. 52, No.6, Jun 2023, pp.1129-1139

inhalations on oxidative stress in adult and
developing rats livers. Exp Anin, 56(1):35-42.

41. Yilditim I KM, Okur E, Tolun FI, Kilic MA,
Kurutas EB, et al. (2007). The eftects of noise
on hearing and oxidative stress in textile
workers. Ind Health, 45(6):743-9.

42. Wang X ZH, Shao Y, Wang P, et al (2014).
Nephroprotective effect of astaxanthin
against trivalent inorganic arsenic-induced
renal injury in wistar rats. Nuwsr Res Prac,
8(1):46-53.

43. Nadri F KA, Mazaheri Z, Khajehnasiri F (2018).
The effect of noise stress on adult male rat
sperm parameters and the protective effect of
hydroalcoholic Cinnamomum verum extract:
an experimental study. ran Red Crescent Med ],
20(12):e69779.

44. Shehu A MA, Magaji RA, Muhammad MS
(2016). Exposure to mobile phone
electromagnetic field radiation, ringtone and

1139

vibration affects anxiety-like behaviour and
oxidative stress biomarkers in albino wistar
rats. Metab Brain Dis, 31(2):355-62.

45. Valacchi G WS, Luu C, Cross CE, Packer L
(2000). Ozone potentiates vitamin B
depletion by ultraviolet radiation in the
mutine stratum corneum. FEBS L,
4606(1):165-8.

46. Olusegun Kayode A, Abimbola A, Adesola AF,
et al (2019). Catechin Attenuates the Effect of
Combined Arsenic and Deltamethrin Toxicity
by Abrogation of Oxidative Stress and
Inflammation in Wistar Rats. Ady Brocher,
7(2):51-8.

47. Jafari MJ, Dehghani A, Khavanin A, et al (2015).
The impact of noise and formaldehyde
exposure on oxidative stress indices in blood
and liver tissue of rat. Int | Oceup Hyg, 6(2):61-
7.

Available at:  http://ijph.tums.ac.ir




