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Abstract

Entomopathogenic nematodes are commonly used in various applications of insect control. Otherwise, the genotoxicity effects of
this promising technology should be studied to understand its genetic virulence. This research aimed to investigate the potential
genotoxicity of different concentration of Steinernema scaptersici nematodes (0-50 IJs/uL) on the brain cells of insects using
alkaline comet assay. The level of DNA damaged was significantly higher in insects treated with 10-50 IJs/puL comparing to that
from the negative and positive control one with the fold of 0.25 and 0.75 for 50, and 40 [JN/pL at 24 h Pland 1.6, 1.5, 1.6, 1.7, 2.3
-x fold for 10-50 IJN/pL at 48 h PI of S. scaptersici. A strong positive correlation occurred between concentration of S. scaptersici
nematodes and all comet assay parameters were occurred with linear prediction equations. The possible deleterious impacts of
S. scaptersici nematodes on the Locusta migratoria were discussed. Also, the potential using of comet assay as an accurate and
cost-effective monitoring tool of genotoxicity application of entomopathogenic nematodes was proposed. These findings will

consider as an essential part for future perspective in pests controlling process using eco-friendly biological technology.
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Abbreviation: ROS: Reactive Oxygen Species; SCGE:
Single Cell Gel Electrophoresis Assay.

Introduction

The environmental pollutants are considered as a big
challenge nowadays Abdelfattah [1], one of the most
deleterious sources on human and environmental health is
the using of traditional pesticides [2-4]. So, the using of eco-
friendly pesticides is so essential step to deviate the negative

impacts of traditional pesticides on the ecosystem structure
and function [5].

Nematodes are considered as a promising alternative
biocontrol agent. Where entomopathogenic nematodes
live naturally in soil environments and it could recognize
their host as a response to carbon dioxide, vibration and
other chemical cues [6]. Additionally, the two families
(Heterorhabditidae and Steinernematidae) have been
effectively used as biocontrol agents in pest management
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programs[7].Theonlyfree-livingstage of entomopathogenic
nematodes is the infective juvenile. Nematodes could
penetrate the host body through the natural openings of the
insects as mouth, anus and spiracles, then it goes into the
insect hemocoel [8]. Both Heterorhabditis and Steinernema
nematodes have symbiotic  bacteria of the
genera Photorhabdus and Xenorhabdus [9]. The juvenile
stage releases its bacteria into the hemocoel. The bacteria
reproduce in the insect, feed on the host tissues the infected
host usually dies within 24 to 48 hours. After the death of
the host, nematodes continue to feed on the host tissue,
mature and reproduce. The progeny nematodes develop
through four juvenile stages to the adult, and many infective
juveniles are released into environment to infect other
hosts. [6].

In this context, nematodes can increase the production of
reactive oxygen species (ROS) in organisms [4]. When ROS
increased than normal level, and lead to oxidative stress
causing macromolecules damage, including DNA damage,
protein carbonylation, lipid peroxidation, and enzyme
inactivation [4,5,10-15]. DNA damage involves the bases
removing process thatleads to strand breaks [2]. Single strand
breaks of DNA damage can be measured using alkaline comet
assay. This method is considered as one of the simplest, most
selective method for detecting DNA strands breakages. The
top secrets feature of comet assay allows early detection of
the stressor deleterious. Recently, the comet assay became
as a genotoxicity tool in different living organisms, especially
insects [1,2].

Locusta migratory is considered as an agricultural pest;
having a daylight phytophagous behavior and a widespread
appearance especially in terrestrial ecosystems. However,
the role of grasshoppers in biomonitoring environmental
pollution, it has a deleterious economic effect on wide range
plants especially in intense climate change effects.

Hence, the aim of the study was to evaluate the damage level
of DNA, using alkaline comet assay in the brain cells of Locusta
migratoria, which injected by different concentrations of S.
scaptersici nematodes (0-50 IJs/uL) after 24 and 48 hours
postinjection.

Materials and Methods

The grasshoppers (nymphs and adults) were fed on Alfalfa
leaves according to 5% stage nymphs were used while, the
nematode species S. scaptersici were provided from Prof. El-
Sadawy laboratory, National Research Centre, Dokki, Giza,
Egypt. Entomopathogenic nematodes were propagated on in
vitro solid culture according to El-Sadawy, et al. [16].

Experimental Study

Susceptibility of L. migratoriai infected with the nematodes
S. scaptersici, in the form of DNA strand breaks. Different
5% nymphal instars of L. migratoriai were injected with (0
(positive control), 10, 20, 30, 40, and 50 IJs / 1 pL distilled
water) beside control groups (non-injected, negative
control). Briefly, the naive insect behaves as negative
control while the saline-injected insects considered as a
positive control. Injection was carried out using a sterile
micro-syringe (30-gauge needle); the needle was carefully
inserted through the intersegmental membrane of the hind
leg. Plastic cups (5x4 cm?) were used for insect grouping.
Each cup contained five individuals of L. migratoria, 5%
instar with alfalfa leaves for feeding. The accumulative
mortality percentage was recorded at 12, and 24 h post-
injections. Control group (positive) were injected with 1pL
distilled water. Each treatment replicated thrice, 5 larvae
for each replicate, incubated at 25 + 2°C; 50 - 60 % RH
(12:12; D:L). After treatment, insects were dissected to
isolate brain tissues for further analysis and were stored at
-20 °C until use.

The Single Cell Gel Electrophoresis assay (SCGE), known as
the Comet assay was used to assess the DNA strand breaks
according to Duroudier et al. [17]. The analysis of DNA
damage was performed using OPTIKA B-350 fluorescent
microscope (OPTIKA, Ponteranica, Italy), with a CCD camera.
The image analysis system (Comet IV software) was used
to quantify the single strand breaks of DNA by different
parameters. Statistical analysis was performed using IBM
SPSS Statistics for Windows (Version 17.0. Armonk, NY:
IBM Corp). A non-parametric test was carried out using
the k independent Kruskal-Wallis test to compare between
the effects of different concentration of AgNPs on comet
parameters.

Results and Discussion

In the present study, the alkaline comet assay was used to
evaluate the genotoxicity of promising entomopathogenic
nematode application (Figures 1, 2; Table 1).

The use of comet assay parameters as a biomonitoring of
pesticides applications were studied in various studies
[18,19]. However, the genotoxicity effect of entomopathogenic
nematodes S. scaptersici on the L. migratoria is considered
as a novel application. As a result of several exogenous
and endogenous factors, the levels of ROS production are
increased and lead to macromolecules damaged especially
for DNA single strands breaks.
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Comet parameters % DNA in tail % of severed cells
Time PI (h) 24 48 24 48
E“tﬁé?,‘i‘éﬁilr’:ﬁf,ﬁiﬁ?s‘}“;fﬁ°de Med. SD | Med. SD | Med. | SD | Med. | SD
Positive control 0.005 0.001 0.007 0.0001 10a 2 15a 1
Negative control 0.006 0.002 0.005 0.0001 11a 1 14a 2
10 0.007 0.001 0.011 0.0002 25b 3 29 5
20 0.004a 0.001 0.061a 0.0002 26b 5 31 7
30 0.003 0.002 0.062a 0.0001 40 7 41 8
40 0.004a 0.001 0.004 0.0002 50 8 49 9
50 0.004a 0.001 0.003 0.0003 54 10 50 14

Table 1: % of severed cells and % of DNA in tail comet parameters of brain cells of Locusta migratoria treated with different
concentration of Steinernema scaptersici nematodes (0-50 [Js/uL) Median values marked with different small letters significantly
different (Kruskal-Wallis test, P < 0.05).

Figure 1 showed that the different concentration of
entomopathogenic nematodes S. scaptersici lead to increase

the level of stand breaks of DNA inform of comet length, tail
length, and comet height (Figures 1 A-1C).

Figure 1: Alkaline comet assay of brain cells of Locusta migratoria treated with different concentration of Steinernema
scaptersici nematodes (0-50 IJs/uL).
Median values marked with different small letters significantly different (Kruskal-Wallis test, P<0.05).

Our results met the explanation of Fridovich [20] study; which
approved that when nematodes enter the insect’s body, their
symbiotic bacteria such as Heterohabdus and Xenorhabdus
are elevated the ROS levels [21]. The accumulation of ROS
causes oxidative stress in the host insect cells, and case
macromolecules damage. The damage of macromolecules
includeslipids peroxidation [4,22,23], proteins carbonylation
(Gutierrez-Correa, et al.; Costa et al.; Abdelfattah) [13,24,25],

and DNA single strand breaks [2]. This analysis was done
according to previous accepted literature [1,2]. The results
revealed a significant increase of DNA damage in brain cells
of treated insect with different concentration of S. scaptersici
compared to the positive controls and negative control
insects especially in the tail mean intensity, tail moment, and
olive moment of brain cells of L. migratoriai (Figures 2A-2C).
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nematodes (0-50 IJs/uL).

Figure 2: DNA damage of brain cells of Locusta migratoria treated with different concentration of Steinernema scaptersici

Median values marked with different small letters significantly different (Kruskal-Wallis test, P<0.05).

The % of DNA in tail and % of severed cells showed a
significant increase of DNA damage in treated samples
compared with positive and negative control samples (Table
1). The insect brain cells considered as a most sensitive tissue
to any effector. Also, it plays a key role in some essential
activities as a biomonitor agent [1,2].

These results confirm the hypothesis that S. scaptersici
increases the level of oxidative stress in L. migratoria larva.
Also, the study of van Sambeek, et al. [26] showed that the
Heterorhabditis megidis and Steinernema feltiae nematodes
can used against the orthopteran insects. The death rate of
Locusta migratoria and Schistocerca gregaria was positively
correlated with the nematode-inoculated sand percentage.
Also, all these findings suggest that entomopathogenic
nematodes S. scaptersici exposure may induce oxidative
stress, which can be indirectly detected through evaluation

of macromolecules damage or the activity of antioxidant
enzymes. The deleterious damage of DNA may occur as
results of increasing levels of ROS. Besides that, the present
results corroborate with those of Lobo, et al. [27], who
reported that DNA is considered as key target of free radical
attack in the living cells. Abdelfattah, et al. [2] observed
genotoxicity effect of different environmental stressors on
different tissues of males and female grasshopper Aiolopus
thalassinus. The relationship between comet parameters and
different concentration of AgNPs treatment in the present
study showed a unified pattern of a positive correlation.

The endo-symbiotic bacteria of Steinernema scaptersici
nematodes which include Xenorhabdus and Photorhabdus
species can be used widely in insect control field. The
article of Silva, et al. [28] showed various studies focused
on encoding low molecular weight proteins, and secondary
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toxin complexes generating genes with insecticide activities,
and bacterial infection. Also, several species of symbiotic
nematodes bacteria act as a bio-control agent against
mosquitoes. In addition to, the toxicological effects of
Heterorhabditis bacteriophora IJS on 5® nymphs of the desert
locust S. gregaria, showed a dose- and time-dependent
pattern. The susceptibility of locusts to nematode infections
was remarkably high reached up to 80% after 120h, at 400
I[Js/mL nematodes concentration. The results emphasized
that Steinernema nematodes is considered as a useful model
system to study an insect defensive mechanism against
bacterial infection. Also, the ability of using the genotoxicity
response parameters of L.migratoria as an indicator of
entomopathogenic nematodes infection was evaluated.
The parameters were selected according to the generally
accepted knowledge [1,2,11].

Conclusion

This study demonstrates the effect of entomopathogenic
nematode on the oxidative damage parameters especially
DNA damage using alkaline comet assay. This experiment
was done using different concentration of nematodes (0-
50 IJs/uL) on the brain cells of insects. Also, the results
showed that A strong positive correlation occurred between
concentration of S. scaptersici nematodes and all comet assay
parameters were occurred with linear prediction equations.

Acknowledgements

All authors would like to thank Prof. Tahany Ayaad, Professor
at Entomology Department for her guidance and great
support. Also, authors would like to thank all staff member
of Entomology, Faculty of Science, Cairo University, Egypt.

Conflict of Interest

This study has no conflict of interest

References

1. Abdelfattah EA (2022) Evaluation of Silver Nanoparticles
Genotoxicity in Hermetia illucens Using Comet Assay.
Indian Journal of Entomology pp: 1-5.

2. Abdelfattah EA, Augustyniak M, Yousef HA (2017)
Biomonitoring of genotoxicity of industrial fertilizer
pollutants in Aiolopus thalassinus (Orthoptera:
Acrididae) using alkaline comet assay. Chemosphere
182:762-770.

3. Yousef HA, Abdelfattah EA, Augustyniak M (2017)
Evaluation of oxidative stress biomarkers in Aiolopus
thalassinus (Orthoptera: Acrididae) collected from areas
polluted by the fertilizer industry. Ecotoxicology 26(3):

10.

11.

12.

13.

340-350.

Abdelfattah EA, Augustyniak M, Yousef HA (2021) Stage-,
sex-and tissue-related changes in H, O,, glutathione
concentration, and glutathione-dependent enzymes
activity in Aiolopus thalassinus (Orthoptera: Acrididae)
from heavy metal polluted areas. Ecotoxicology 30(3):
478-491.

Abdelfattah EA, Renault D (2021) Effect of different
doses of the catecholamine epinephrine on antioxidant
responses of larvae of the flesh fly Sarcophaga
dux. Environ Sci Pollut Res Int 29(7): 10408-10415.

Kaya HK, Gaugler R (1993) Entomopathogenic
nematodes. Annual Review of Entomology 38: 181-206.

Grewal PS (2012) Entomopathogenic nematodes as
tools in integrated pest management. Integrated Pest
Management: Principles and Practice, Cabi Publishing,
Wallingford, UK; pp: 162-236]

Bedding R, Molyneux A (1982) Penetration of insect
cuticle by infective juveniles of Heterorhabditis spp.
(Heterorhabditidae: Nematoda). Nematologica 28: 354-
359.

Ferreira T, Malan AP (2014)
Xenorhabdus and Photorhabdus, bacterial
symbionts of the entomopathogenic

nematodes Steinernema and Heterorhabditis and their in
vitro liquid mass culture: a review. African Entomology 22:
1-14.

Abdelfattah EA (2016) Biomolecules oxidation and
antioxidant enzymes response as a result of injection of
oxidative stressor into 5% instar of Schistocerca gregaria
(Orthoptera, Acrididae). Entomol Ornithol Herpetol
5(181).

Renault D, Dorrah MA, Mohamed AA, Abdelfattah EA,
Bassal TT (2016) Assessment of oxidative stress and
activities of antioxidant enzymes depicts the negative
systemic effect of iron-containing fertilizers and plant
phenolic compounds in the desert locust. Environmental
Science and Pollution Research 23(21): 21989-22000.

Yousef HA, Abdelfattah EA, Augustyniak M (2019)
Antioxidant enzyme activity in responses to
environmentally induced oxidative stress in the 5th
instar nymphs of Aiolopus thalassinus (Orthoptera:
Acrididae). Environmental Science and Pollution
Research 26(4): 3823-3833.

Abdelfattah EA (2020) Integration Between Monitoring
and Bio-Monitoring Systems to Assessment the Impacts

https://academicstrive.com/CTPCT/

https://academicstrive.com/submit-manuscript.php


https://academicstrive.com/CTPCT/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/CTPCT/
https://www.indianentomology.org/index.php/ije/article/view/176
https://www.indianentomology.org/index.php/ije/article/view/176
https://www.indianentomology.org/index.php/ije/article/view/176
https://pubmed.ncbi.nlm.nih.gov/28535484/
https://pubmed.ncbi.nlm.nih.gov/28535484/
https://pubmed.ncbi.nlm.nih.gov/28535484/
https://pubmed.ncbi.nlm.nih.gov/28535484/
https://pubmed.ncbi.nlm.nih.gov/28535484/
https://link.springer.com/article/10.1007/s10646-017-1767-6
https://link.springer.com/article/10.1007/s10646-017-1767-6
https://link.springer.com/article/10.1007/s10646-017-1767-6
https://link.springer.com/article/10.1007/s10646-017-1767-6
https://link.springer.com/article/10.1007/s10646-017-1767-6
https://pubmed.ncbi.nlm.nih.gov/33582930/
https://pubmed.ncbi.nlm.nih.gov/33582930/
https://pubmed.ncbi.nlm.nih.gov/33582930/
https://pubmed.ncbi.nlm.nih.gov/33582930/
https://pubmed.ncbi.nlm.nih.gov/33582930/
https://pubmed.ncbi.nlm.nih.gov/33582930/
https://pubmed.ncbi.nlm.nih.gov/34523094/
https://pubmed.ncbi.nlm.nih.gov/34523094/
https://pubmed.ncbi.nlm.nih.gov/34523094/
https://pubmed.ncbi.nlm.nih.gov/34523094/
https://www.annualreviews.org/doi/10.1146/annurev.en.38.010193.001145
https://www.annualreviews.org/doi/10.1146/annurev.en.38.010193.001145
https://www.cabi.org/cabebooks/ebook/20123239038
https://www.cabi.org/cabebooks/ebook/20123239038
https://www.cabi.org/cabebooks/ebook/20123239038
https://www.cabi.org/cabebooks/ebook/20123239038
https://brill.com/view/journals/nema/28/3/article-p354_12.xml?language=en
https://brill.com/view/journals/nema/28/3/article-p354_12.xml?language=en
https://brill.com/view/journals/nema/28/3/article-p354_12.xml?language=en
https://brill.com/view/journals/nema/28/3/article-p354_12.xml?language=en
https://bioone.org/journals/african-entomology/volume-22/issue-1/003.022.0115/Xenorhabdus-and-Photorhabdus-Bacterial-Symbionts-of-the-Entomopathogenic-Nematodes-Steinernema/10.4001/003.022.0115.short
https://bioone.org/journals/african-entomology/volume-22/issue-1/003.022.0115/Xenorhabdus-and-Photorhabdus-Bacterial-Symbionts-of-the-Entomopathogenic-Nematodes-Steinernema/10.4001/003.022.0115.short
https://bioone.org/journals/african-entomology/volume-22/issue-1/003.022.0115/Xenorhabdus-and-Photorhabdus-Bacterial-Symbionts-of-the-Entomopathogenic-Nematodes-Steinernema/10.4001/003.022.0115.short
https://bioone.org/journals/african-entomology/volume-22/issue-1/003.022.0115/Xenorhabdus-and-Photorhabdus-Bacterial-Symbionts-of-the-Entomopathogenic-Nematodes-Steinernema/10.4001/003.022.0115.short
https://bioone.org/journals/african-entomology/volume-22/issue-1/003.022.0115/Xenorhabdus-and-Photorhabdus-Bacterial-Symbionts-of-the-Entomopathogenic-Nematodes-Steinernema/10.4001/003.022.0115.short
https://bioone.org/journals/african-entomology/volume-22/issue-1/003.022.0115/Xenorhabdus-and-Photorhabdus-Bacterial-Symbionts-of-the-Entomopathogenic-Nematodes-Steinernema/10.4001/003.022.0115.short
https://www.longdom.org/open-access/biomolecules-oxidation-and-antioxidant-enzymes-response-as-a-result-of-injection-of-oxidative-stressor-into-5supthsup-in-14352.html
https://www.longdom.org/open-access/biomolecules-oxidation-and-antioxidant-enzymes-response-as-a-result-of-injection-of-oxidative-stressor-into-5supthsup-in-14352.html
https://www.longdom.org/open-access/biomolecules-oxidation-and-antioxidant-enzymes-response-as-a-result-of-injection-of-oxidative-stressor-into-5supthsup-in-14352.html
https://www.longdom.org/open-access/biomolecules-oxidation-and-antioxidant-enzymes-response-as-a-result-of-injection-of-oxidative-stressor-into-5supthsup-in-14352.html
https://www.longdom.org/open-access/biomolecules-oxidation-and-antioxidant-enzymes-response-as-a-result-of-injection-of-oxidative-stressor-into-5supthsup-in-14352.html
https://link.springer.com/article/10.1007/s11356-016-7391-9
https://link.springer.com/article/10.1007/s11356-016-7391-9
https://link.springer.com/article/10.1007/s11356-016-7391-9
https://link.springer.com/article/10.1007/s11356-016-7391-9
https://link.springer.com/article/10.1007/s11356-016-7391-9
https://link.springer.com/article/10.1007/s11356-016-7391-9
https://link.springer.com/article/10.1007/s11356-018-3756-6
https://link.springer.com/article/10.1007/s11356-018-3756-6
https://link.springer.com/article/10.1007/s11356-018-3756-6
https://link.springer.com/article/10.1007/s11356-018-3756-6
https://link.springer.com/article/10.1007/s11356-018-3756-6
https://link.springer.com/article/10.1007/s11356-018-3756-6
https://www.longdom.org/open-access/integration-between-monitoring-and-biomonitoring-systems-to-assessment-the-impacts-of-normal-levels-of-environmental-pollutants-52820.html
https://www.longdom.org/open-access/integration-between-monitoring-and-biomonitoring-systems-to-assessment-the-impacts-of-normal-levels-of-environmental-pollutants-52820.html

Current Trends in Pharmacology and Clinical Trials

14.

15.

16.

17.

18.

19.

20.

of Normal Levels of Environmental Pollutants. Entomol
Ornithol Herpetol 9(1): 221-227.

Nassar MI, Monem DHAE, Youssef M, Ibrahim SM,
Mohamed SM, et al. (2020) Bee venom drug potentiality
on the macromolecules damage of the larval gut of
hermetia illucens (1), (diptera: stratiomyidae). Journal
of the Egyptian Society of Parasitology 50(3): 488-493.

Abdelfattah EA, Bassiony GME (2022) Impact of
malathion toxicity on the oxidative stress parameters of
the black soldier fly Hermetia illucens (Linnaeus, 1758)
(Diptera: Stratiomyidae). Scientific Reports 12(1): 1-12.

Sadaw HAE, Hassanan MA, Shairra SA (2017) Virulence
of entomopathgenic nematodes against the intermediate
host of fasciola spp., lymnaea natalensis krauss] Egypt |
Zool 67: 111-120.

Duroudier N, Katsumiti A, Mikolaczyk M, Schafer ], Bilbao
E, etal. (2021) Cell and tissue level responses in mussels
Mytilus galloprovincialis dietarily exposed to PVP/PEI
coated Ag nanoparticles at two seasons. Science of the
Total Environment 750: 141303]

Milic M, Ceppi M, Bruzzone M, Azqueta A, Brunborg G, et
al. (2021) The hCOMET project: International database
comparison of results with the comet assay in human
biomonitoring. Baseline frequency of DNA damage and
effect of main confounders. Mutat Res Rev Mutat Res
787:108371]

Wolejko E, Wydro U, Odziejewicz ]I, Koronkiewicz A,
Trypuc AJ (2022) Biomonitoring of Soil Contaminated
with Herbicides. Water 14(10): 1534.

Fridovich I (1983) Superoxide radical: an endogenous
toxicant. Annu Rev Pharmacol Toxicol 23: 239-257.

21.

22.

23.

24.

25.

26.

27.

28.

Jiravanichpaisal P, Lee BL, Soderhall K (2006) Cell-
mediated immunity in arthropods: hematopoiesis,
coagulation, melanization and opsonization.
Immunobiology 211: 213-236.

Chaudiere | (1994) Some chemical and biochemical
constraints of oxidative stress in living cells. New
Comprehensive Biochemistry 28: 25-66.

Yu WH (1994) Nitric oxide synthase in motor neurons
after axotomy. ] of Histochem Cytochem 42(4): 451-457.

Correa ]G, Stoppani AOM (1997) Inactivation of yeast
glutathione reductase by Fenton systems: effect of metal
chelators, catecholamines and thiol compounds. Free
Rad Res 27(6): 543-555.

Costa V, Quintanilha A, Ferreira PM (2007) Protein
oxidation, repair mechanisms and proteolysis
in Saccharomyces cerevisiae. IUBMB life 59(4-5): 293-
298.

Sambeek ]V, Wiesner A (1999) Successful parasitation
of locusts by entomopathogenic nematodes is correlated
with inhibition of insect phagocytes. Journal of
Invertebrate Pathology 73(2): 154-161.

Lobo V, Patil A, Phatak A, Chandra N (2010) Free radicals,
antioxidants and functional foods: Impact on human
health. Pharmacogn Rev 4(8): 118-126.

Silva FRD, Silva |D, Allgayer MDC, Simon CF, Dias JF, et
al. (2012) Genotoxic biomonitoring of tobacco farmers:
biomarkers of exposure, of early biological effects and of
susceptibility. Journal of hazardous materials 225: 81-
90.

https://academicstrive.com/CTPCT/

https://academicstrive.com/submit-manuscript.php


https://academicstrive.com/CTPCT/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/CTPCT/
https://www.longdom.org/open-access/integration-between-monitoring-and-biomonitoring-systems-to-assessment-the-impacts-of-normal-levels-of-environmental-pollutants-52820.html
https://www.longdom.org/open-access/integration-between-monitoring-and-biomonitoring-systems-to-assessment-the-impacts-of-normal-levels-of-environmental-pollutants-52820.html
https://jesp.journals.ekb.eg/article_131070.html
https://jesp.journals.ekb.eg/article_131070.html
https://jesp.journals.ekb.eg/article_131070.html
https://jesp.journals.ekb.eg/article_131070.html
https://jesp.journals.ekb.eg/article_131070.html
https://www.nature.com/articles/s41598-022-08564-8
https://www.nature.com/articles/s41598-022-08564-8
https://www.nature.com/articles/s41598-022-08564-8
https://www.nature.com/articles/s41598-022-08564-8
https://ejz.journals.ekb.eg/article_23066.html
https://ejz.journals.ekb.eg/article_23066.html
https://ejz.journals.ekb.eg/article_23066.html
https://ejz.journals.ekb.eg/article_23066.html
https://www.sciencedirect.com/science/article/pii/S0048969720348324
https://www.sciencedirect.com/science/article/pii/S0048969720348324
https://www.sciencedirect.com/science/article/pii/S0048969720348324
https://www.sciencedirect.com/science/article/pii/S0048969720348324
https://www.sciencedirect.com/science/article/pii/S0048969720348324
https://pubmed.ncbi.nlm.nih.gov/34083035/
https://pubmed.ncbi.nlm.nih.gov/34083035/
https://pubmed.ncbi.nlm.nih.gov/34083035/
https://pubmed.ncbi.nlm.nih.gov/34083035/
https://pubmed.ncbi.nlm.nih.gov/34083035/
https://pubmed.ncbi.nlm.nih.gov/34083035/
https://www.mdpi.com/2073-4441/14/10/1534
https://www.mdpi.com/2073-4441/14/10/1534
https://www.mdpi.com/2073-4441/14/10/1534
https://pubmed.ncbi.nlm.nih.gov/6307121/
https://pubmed.ncbi.nlm.nih.gov/6307121/
https://www.sciencedirect.com/science/article/abs/pii/S0171298506000271
https://www.sciencedirect.com/science/article/abs/pii/S0171298506000271
https://www.sciencedirect.com/science/article/abs/pii/S0171298506000271
https://www.sciencedirect.com/science/article/abs/pii/S0171298506000271
https://www.sciencedirect.com/science/article/abs/pii/S016773060860438X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S016773060860438X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S016773060860438X?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/7510317/
https://pubmed.ncbi.nlm.nih.gov/7510317/
https://pubmed.ncbi.nlm.nih.gov/9455690/
https://pubmed.ncbi.nlm.nih.gov/9455690/
https://pubmed.ncbi.nlm.nih.gov/9455690/
https://pubmed.ncbi.nlm.nih.gov/9455690/
https://pubmed.ncbi.nlm.nih.gov/17505968/
https://pubmed.ncbi.nlm.nih.gov/17505968/
https://pubmed.ncbi.nlm.nih.gov/17505968/
https://pubmed.ncbi.nlm.nih.gov/17505968/
https://www.sciencedirect.com/science/article/abs/pii/S0022201198948236
https://www.sciencedirect.com/science/article/abs/pii/S0022201198948236
https://www.sciencedirect.com/science/article/abs/pii/S0022201198948236
https://www.sciencedirect.com/science/article/abs/pii/S0022201198948236
https://pubmed.ncbi.nlm.nih.gov/22228951/
https://pubmed.ncbi.nlm.nih.gov/22228951/
https://pubmed.ncbi.nlm.nih.gov/22228951/
https://www.sciencedirect.com/science/article/abs/pii/S0304389412004773
https://www.sciencedirect.com/science/article/abs/pii/S0304389412004773
https://www.sciencedirect.com/science/article/abs/pii/S0304389412004773
https://www.sciencedirect.com/science/article/abs/pii/S0304389412004773
https://www.sciencedirect.com/science/article/abs/pii/S0304389412004773

	_GoBack
	_Hlk490059377
	Abstract
	Introduction
	Materials and Methods
	Experimental Study

	Results and Discussion
	Conclusion 
	Acknowledgements
	Conflict of Interest 
	References

