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INTRODUCTION

• Organophosphate (OP) compounds are one of the major 
components of pesticides.

• Excessive use of OPs is a concerning issue for human health.

• In the Gaza Strip, OPs are the most common insecticides 
used among farmworkers.

• During the past 3 years, the most extensively used OPs in 
the Gaza Strip were Nemacur E.C. (400 g/L fenamiphos), 
Rogor E.C. (400 g/L dimethoate), and Dursban E.C. (480 g/L 
chlorpyrifos) according to the report of the Palestinian 
Ministry of Agriculture.
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INTRODUCTION

• Although several studies confirmed the genotoxic effect of 
fenamiphos and dimethoate in vitro, no previous studies 
investigated their effect on the induction of aneuploidy 
either in vitro or in vivo.

• In the case of chlorpyrifos, there are a limited number of 
studies that reported the induction of aneuploidy after 
exposing cultured human lymphocytes to this pesticide.
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• To investigate the potential effect of applying
organophosphate pesticides, which are extensively used in the
Gaza Strip, on the frequency of aneuploidy in human
peripheral blood lymphocyte cultures.

• Finding an association between exposure to OP pesticides and
the induction of aneuploidy in human PBL cultures may
contribute to the interpretation of the increasing incidence
of birth defects in the Gaza Strip that result from
chromosomal abnormalities.
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The general objective of the study



Research Methodology
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Study location
At the Genetics Diagnosis 

Lab and the cell culture lab 
of the Islamic University of 

Gaza, Palestine.
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MATERIALS AND METHODS

• Ethical approvals from the Helsinki ethical committee and the
ethical research committee at the Islamic University of Gaza
were obtained.

• Informed consent was taken from the blood donor.

• The selected concentrations of Nemacur, Rogor, and Dursban
are based on previous studies.

• The cytotoxicity of the selected concentrations on human PB
lymphocyte cultures using the MTT assay to assure that the
concentrations of commercial formulations of these pesticides
do not impose excessive cytotoxicity that may cause
subsequent chromosome damage
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TABLE 1: 
Concentrations 
of chemicals 
used for in vitro 
treatments of 
PBL cultures
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MATERIALS AND METHODS

• Human PBL separation

• PBMCs were separated by centrifugation through a density 
gradient using Leucoprep™ lymphocyte separation medium.

• Cells were resuspended in complete Dulbecco's Modified 
Eagle's Medium (DMEM).

• The cells were counted using Trypan blue solution (0.5%) and 
a hemocytometer.

• MTT assay

• either immediately (zero time incubation) or 

• after 18 h of incubation
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Investigating aneuploidy-inducing effect of
Nemacur, Rogor, and Dursban in human PBL cultures
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MATERIALS AND METHODS

• Analysis of FISH signals was carried out on the Olympus
Bx51 fluorescent microscope, under 1000x magnification.

• At least 400 interphase cells were scored per slide. The
frequency of aneuploidy was determined by counting the
number of aneuploid interphase cells that contain one probe
signal (chromosome loss) of the relevant autosomal
chromosome, or more than two probe signals (chromosome
gain).
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Assessment of the aneuploidy-inducing capacity  of the 3 types 
of OPs in human PBL cultures using multicolor fluorescence in 
situ hybridization (FISH) analysis
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Data analysis

• Statistical Package for Social Sciences (SPSS Inc., US) 23.0
software.

• Results of the MTT assay were presented as mean ± SD and
the independent samples t-test was performed to compare
the mean of each concentration used with the mean of
solvent control (DMSO).

• For FISH analysis, values of aneuploidy, chromosome loss,
and chromosome gain per each concentration were compared
to respective solvent control values by χ2 test to assess the
significance of difference toward solvent control.

• All results were accepted as significant when p-value <.05.
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Results of the Study
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TABLE 2:
Cell viability (%) of 
human peripheral 
blood lymphocytes
after exposure to 
Taxol, 0.50% (v/v) 

DMSO, and 
different

concentrations of 
Nemacur, Rogor, 

and Dursban after 0 
and 18 h of
incubation
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TABLE 3: Frequencies of aneuploidy, chromosome loss, and chromosome gain 
of chromosome 21 in negative control PB lymphocyte cultures and in DMSO, 
Taxol, and Nemacur-treated cultures as detected by FISH analysis
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TABLE 4: Frequencies of aneuploidy, chromosome loss, and chromosome gain of 
chromosome 16 in negative control PB lymphocyte cultures and in DMSO, Rogor, and 
Dursban-treated cultures as detected by FISH analysis
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DISCUSSION

• The results showed that three types of OP pesticide,
regardless of their concentrations led to increase in
frequencies of aneuploidy when compared to the solvent
control cultures.

• These results correspond to the results of previous studies
that have investigated the ability of OP pesticides to induce
aneuploidy in human cell lines or cultured human lymphocytes
(Mattiuzzo et al., 2006; Sultana Shaik et al., 2016).

• In a previous study, exposure of human PBLs to low levels of
chlorpyrifos elicited a significant induction of chromosome
loss (Mužinic et al., 2019).

• This finding is similar to what we observed in our study.

• These observations suggest that aneuploidy may arise from a
particular mechanism(s) of loss rather than a mitotic
nondisjunctional event(s).
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DISCUSSION

• The increased frequency of chromosome loss in our tested
chromosomes (21 and 16) was previously seen by
investigators who studied frequencies of acquired aneuploidy
in the nuclei of interphase cells using the FISH methodology.

• Micronucleus (MN) formation (Jackson- Cook, 2011), "due to
concomitant delays in the separation of centromere".

• This corresponds to the findings of several studies that
showed an increased frequency of MN after exposure to OP
pesticides (Ayed-Boussema et al., 2012; Mattiuzzo et al.,
2006; Omari, 2011).
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DISCUSSION
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DISCUSSION
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Fluorescent micrographs of DAPI staining cells with 
micronuclei next to macronuclei

• In the present study, we observed an increase in the induction
of micronucleus (MN) in Nemacur and Rogor treated cultures
compared to their respective solvent control cultures.



DISCUSSION

• The increased frequency of chromosome loss observed in this
study may also be attributed to the limitations of the FISH
technique such as signals overlap and hybridization failure
(Mantikou et al., 2012).

22



• All the three types of the applied OP pesticides elicited an
increase in the frequencies of aneuploidy as compared to the
solvent control cultures.

• The induction of chromosome loss was present at higher
frequencies than chromosome gain for each examined
concentration.

• Further investigations on larger number of samples are
needed to confirm the association between exposure to OPs
and induction of aneuploidy and other chromosomal
abnormalities.
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Conclusion and recommendations


