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ABSTRACT

Background: Diazinon is one of the most common pesticides in the world playing
a similar role to radiation and it could cause DNA breaks and genetic effects.

Objective: In this study, radiosensitivity of a lymphoblastic cell line pretreated
by Diazinon was investigated.

Material and Methods: In this case-control study, the human lymphoblastic
T-cell line was divided into 6 groups based on receiving radiation or/and Diazinon.
After that, the DNA damage, in all of the groups, were counted by cytokinesis-block
micronuclei assay using different indices.

Results: The mean frequency of micronuclei, nuclear bridges and nuclear buds
in cell groups exposed by both Diazinon and radiation were remarkably higher than
the other groups which just received radiation or Diazinon alone. The interaction
between radiation and Diazinon treatment was statistically significant for NBUDS
index.

Conclusion: The results indicated that the Diazinon contamination could affect
the radiosensitivity index of cancerous cells while further molecular and in-vivo stud-
ies are needed to investigate genetic and toxic effects of Diazinon on DNA and its
repair system.
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Introduction

iazinon (O, O-diethyl-O-[2-isopropyl-6-methyl-4-pyrimidinyl]

phosphorothioate), is an organophosphate pesticide which ex-

tensively is used in agriculture and household insect control [1].
Pesticides uses are aimed to control pests, weeds, and plant diseases.
They cause chromosomal alteration and DNA damage and also are as-
sociated with various cancers [2]. One type of cancers that is in direct
relevance with pesticides such as Diazinon use is Lymphoma (Hodgkin,
non-Hodgkin and multiple myelomas), especially non-Hodgkin form

[3].
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The incidence in some types of lymphoma,
in western countries, has been doubled during
recent years [4] and Non-Hodgkin lymphoma
is the sixth common cancer in Australia. There
are still unknown factors which can cause ma-
lignant lymphoma, but there are a lot of risk
factors such as immune deficiency, some spe-
cific infections and occupational exposures
[5]. There are a lot of studies in the field of
carcinogenesis of chemicals and pesticides
[6].

The radiosensitivity, which is a biological
response, is dissimilar in different patients [7].
Various factors such as tumor hypoxia, intrin-
sic radiosensitivity, expressing some genes
like p53 and Rb are involved in sensitivity to
radiation [7, 8]. Many efforts had been done
to modify the radiosensitivity to decrease the
total dose, fraction size or total time of treat-
ment. Moreover, different techniques were ex-
amined to reduce the exposure to surrounding
organs which may cause a reduction in tumor
local control [9]. Some chemicals also were
used as a radioprotector in this way to reduce
the effect of radiation on normal cells [10-12].
It has been shown that high dose radiation in
lymphoma treatment, in early stages, are in-
volved with radiation toxicity, like dysphagia
and mucositis [9].

DNA is the main target of radiation damage.
Breakages in DNA cause apoptosis and other
internal signals [13]. Cytokinesis-block micro-
nucleus assay (CBMN) is a technique to moni-
tor the genetic risks of exposures to radiation.
Micronuclei (MN), Nuclear bridges (NPBs)
and nuclear buds (NBUDs) are the indices to
determine the intensity of lesions in cell lines
[14]. Diazinon plays a similar role to radiation
and it causes DNA breaks and creates genetic
effects [15, 16]. Furthermore, It has shown
that UV irradiation can magnify the effect of
pesticides in Daphnia Magna [17, 18].

In this study, radiosensitivity of a lympho-
blastic cell line pretreated by Diazinon was
investigated to assess the effects of Diazinon
contamination on DNA break counts and its

association with radiosensitivity by using
CBMN assay.

Material and Methods

In this case-control study, the human lym-
phoblastic T-cell line (Jurkat) was obtained
from the Pasteur Institute of Iran. They were
treated differently in 6 groups. A control group
received neither radiation nor Diazinon, the
second group is just irradiated with 2 Gy gam-
ma radiation and group 3 received just 0.0 1mg/
ml Diazinon without irradiation. Group 4 re-
ceived 0.01 mg/ml Diazinon before 2 Gy radi-
ation, group 5 received just 40mg/ml Diazinon
without radiation and finally Group 6 received
40mg/ml Diazinon before 2 Gy radiation. The
Jurkat cells were cultured in RPMI-1640 me-
dium and complemented with 10% fetal bo-
vine serum, penicillin-streptomycin (100 U/
ml penicillin, 100pg/ml streptomycin), and 2
mM glutamine. Cells were grown at the 37°C
incubator with 5% CO, in a humidified atmo-
sphere. The medium was refreshed every two
days.

Treatment with Diazinon

Cells were seeded at 2x10° cells/ml in T-25
vented flasks and cell number was adjusted
after incubating overnight in fresh medium to
ensure the growth condition. To determine the
DNA breaks induced by Diazinon, the cells
were treated with 0, 0.01 and 40 pg/ml for 1
hour; next, the cells were washed once with
RPMI-1640 and then with cell culture medi-
um. After each washing, they were centrifuged
at 2000xg for 5 minutes, then the supernatant
was discarded. Subsequently, the cells were
resuspended in the medium and incubated for
4 hours.

Irradiation

We used a Coblat-60 source of a teletherapy
(Theratron Phoenix) for 2 Gy gamma irradia-
tion. The dose rate was 56.05 cGy/min and
source-skin distance was 80 cm. All of the cell
lines underwent a transmission to the cell cul-
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ture laboratory for CBMN assay; irradiation of
cells treated with Diazinon was done after 4
hours incubation.

CBMN (cytokinesis-blocked micro-
nuclei assay)

After treatment with diazinon, irradiation
process, and 4 hours incubation, CBMN assay
was performed in all exposed, non-exposed
and control groups. For this procedure, 6pug/
ml cytochalasin B was added to each culture.
After 28 hours, cells were harvested and then
centrifuged for 5 minutes at 2000 rpm. The
supernatant was discarded and fixed in -20 C
methanol for 2h, then washed with Sorenson
buffer and PBS for 5 minutes. Afterward, the
cells were stained by 5% Giemsa (diluting 2.5
ml Giemsa in 47.5 ml dH,O, for 20 minutes)
before dropping on slides. The slides were
rinsed in dH,O and dried in air.

We observed the slides blindly, under a light
microscope by 40x magnification. According
to the suggestion of Fenech, all the micronu-
clei were scored in 1000 binucleated cells [19].

Besides the ratio of MN, the NPBs and
NUBDs were also scored in 1000 binucleated
cells. The quantity of these two items in ex-
posed to non-exposed cell groups was counted
as others radiosensitivity indices. More micro-
nuclei, bridges, and buds occur if a cell was
more radiosensitive.

The one and two-way ANOVA and t-test
were done between the different cell groups
using the graph pad prism software, v6. The p-
value under 0.05 was considered statistically
significant and error bars represent the 95%
confidence interval. The study was approved
by Babol University of Medical Sciences ethi-
cal committee.

Results

The averages of the MN frequency for the
study groups were shown in Figure 1. The mi-
cronuclei frequency in cell groups exposed by
both radiation and Diazinon is significantly
higher than groups exposed just by radiation
and Diazinon and control group. It is also im-
plying that DNA breaks are associated with
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Figure 1: Micronuclei (MN) count in different situations, including different concentrations of
Diazinon in the present of 0 and 2 Gy radiation. This figure shows the increase rate of MN after
exposing to 2 Gy irradiation and increasing the Diazinon concentration. Error bars represent the

95% confidence interval.
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both radiation and Diazinon and also the rate
of MN after exposing to radiation or Diazinon
in all groups increased. However, it is more
impressive in irradiated cells. As the Figure 1
showed, by increasing the Diazinon concen-
tration, the rate of MNs will increase signifi-
cantly.

DNA breaks and its misrepair, telomere and
fusion lead to NPB and NBUDS. The fre-
quency of NPB and NBUDS were shown in
Figures 2 and 3. The overall behavior of them
toward indices is alike with the MN index and
they are associated with both radiation and Di-
azinon and the rate of them, after exposing to
radiation or Diazinon in all groups, increased.
As the Figures 2 and 3 showed, by increasing
the Diazinon concentration and radiation dose,
the rate of NPB and NBUDS will increase sig-
nificantly.

As both the Figures 2 and 3 showed, the ef-
fects of two radiation and treatment with Di-

azinon on NPB and NBUDS are significant
but only the interaction between radiation and
Diazinon treatment is significant for NBUDS
index.

Discussion

The CBMN assay is a standard technique for
evaluation of chemical materials and ionizing
radiation effects on the DNA. In-vitro CBMN
assay was used for measuring the differences
in radiosensitivity and DNA damage in differ-
ent studies [20-22]. In this assay, DNA dam-
age could be scored by different indices, in-
cluding micronuclei, nucleoplasmic bridges,
and nuclear buds within binucleated cells [23].
NPBs and NBUDs are anomalies and reported
as a biomarker of genotoxic events. CBMN
assay is a way to measure the damage and can
be used for inter-individual differences in ra-
diosensitivity index [14].

Our data clearly indicate that the mean fre-
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Figure 2: Nuclear bridges (NPB) are counted in different situations, including different concen-
trations of Diazinon in the present of 0 and 2 Gy radiation. This figure shows the increase rate
of NPB after exposing to 2 Gy irradiation and increasing the Diazinon concentration. Error bars

represent the 95% confidence interval.
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Source of Variation % of total variation P value
Interaction 4.973 0.0034
Treatment Factor 70.04 <0.0001
Radiation Factor 16.78 <0.0001
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Figure 3: Nuclear buds (NBUD) are counted in different situations, including different concen-
trations of Diazinon in the present of 0 and 2 Gy radiation. This figure shows the increase rate of
NPB after exposing to 2 Gy irradiation and increasing the Diazinon concentration. The interac-
tion between radiation and Diazinon treatment is statistically significant. Error bars represent

the 95% confidence interval.

quencies of NPBs and NBUDs in cell line
groups exposed to both Diazinon and ra-
diation are remarkably higher than the other
groups receiving radiation or Diazinon, alone.
The higher index of DNA damage in Diazi-
non group, as a pesticide, is in agreement with
Adad et al. study, which showed that farm-
workers who are often exposed to pesticides
are at more risk of DNA damage and nuclear
fragmentations [3]. There are some reports
about the association between occupational
exposure and chromosomal aberration which
are somewhat different in magnitude [2, 24,
25] and also the relation between some cer-
tain tumors and pesticides are reported [26].
Fritschi et al. have stated that workers deal-
ing with pesticides such as Diazinon are at risk
of lymphoma cancer especially non-Hodgkin
[5]. The effects of radiation on CBMN assay
scores were also proved by many studies [6].
Our data also showed that the mean fre-

quency of MN in cell groups exposed by both
Diazinon and radiation is remarkably higher
than the other groups that just received radia-
tion or Diazinon. Previous studies performed
by Beketov et al. and Ribeiro et al. showed
that some kinds of radiation like Ultraviolet
can increase the sensitivity to radiation [17,
18]. Colovic et al. showed that incidence of
micronuclei will increase by inducing more
concentrations of Diazinon [27]. Zakerinia
et al. reported that among different work cat-
egories, farmers are more exposed to different
kinds of organophosphate or use and by this
reason lymphoma malignancies especially
non-Hodgkin form are more common in them
[4]. But there are many other reports about
the radioadaptive response after receiving an
adaptive low dose which is not in agreement
with our results [22, 28, 29]. Monfared et al.
reported a radioadaptive response following
thyroid scan [30] and some studies reported

J Biomed Phys Eng 2020; 10(2)
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an adaptation to radiation after receiving low
doses of other factors other than radiation.

In addition, the effects of both radiation and
Diazinon on MN, NPB and NBUD were sta-
tistically significant; the interaction between
radiation and Diazinon treatment was signifi-
cant for NBUDS index. This may imply that
for the patients with lymphoma cancer, which
undergo radiation therapy, the presence of Di-
azinon may affect their radiosensitivity. The
most important adverse effect of radiotherapy
in these patients which appears during years
after radiotherapy is the heart disease. The
most important risk-increasing factor which is
involved in this issue is the cumulative total
radiation dose [31]. The prescribed dose of ra-
diotherapy in malignancies is restricted by the
tolerance of normal tissues [32]. The DNA of
non-tumoral tissues receives radiation inevita-
bly and it may lead to side effects. Some pa-
tients exhibit hypersensitivity to the standard
dose of radiation and if we can predict the in-
dividual risk of adverse effect before radiation
therapy, it would be a great benefit to optimize
the treatment strategy.

There is no report dealing with the associa-
tion of pesticides contamination and radio-
sensitivity until now [33]. Some results of
the current study point to the probability of
association between pesticides contamination
and radiosensitivity and this study addresses
needs for more in-vitro and in-vivo studies.
Further molecular studies are needed to inves-
tigate more genetically and toxically effects
of Diazinon on DNA and its repair system. If
future research could prove our finding, his-
tory of contaminating with Diazinon could be
used as a radiosensitivity index to revise the
prescribing dose to lymphoma cancer patients
and reduce the adverse effects of normal tis-
sues against exposure to ionization radiation.

Conclusion

The effects of Diazinon and radiation on
DNA damage and their interaction were in-
vestigated in the lymphoma cancer cell line.

Some results of the current study point to the
probability of association between pesticides
contamination and radiosensitivity and this
study addresses the needs for more in-vitro
and in-vivo studies.
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