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CLINICAL STUDY

The genotoxicity and cytotoxicity among patients diagnosed
with organophosphate poisoning*
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Abstract: The genotoxicity and cytotoxicity were investigated in 40 patients (20 females aged 21.57±1.42 and
20 males aged 29.35±3.59) diagnosed at the Emergency Department with organophosphate poisoning. Chromosome aberrations (CAs), sister chromatid exchanges (SCEs), micronucleus (MN), mitotic index (MI), replication index (RI) and nuclear division index (NDI) were evaluated in peripheral bloods of patients. The blood
samples were collected from the patients on admission to the emergency department before treatment and
after treatment before being discharged from the intensive care unit. The CA, MI and NDI values were increased before the discharge when compared to the levels measured on admission. However, there are no
differences in mean SCE, frequency of MN and RI (Tab. 2, Ref. 42). Full Text (Free, PDF) www.bmj.sk.
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The extensive use of pesticides results in environmental pollution. Pesticides have been used extensively in Cukurova region located in the South Eastern region of Turkey along the
Mediterranean coast, which is the most important agricultural
region in Turkey (1). The pesticides used in this region cause
intoxication during spraying of fields by oral, dermal and respiratory routes (2).
Around the world, acute pesticide poisoning has become a
major public health problem with more than 300,000 deaths each
year (3). The easy availability of highly toxic pesticides in the
homes of farming communities has made pesticides a preferred
choice for suicide with extremely high case fatality. Similarly,
the extensive use of pesticides exposes the community to both
long-term and acute occupational health problems such as mutations (48), cancer and birth defects (916) as well as cause
perinatal mortality in women occupationally exposed to organophosphates and other pesticides (17).
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An estimated amount of 12,198,917 kg of pesticides was used
in Cukurova region of Turkey in 2002 (18). Organophosphates
were the most extensively used pesticides. Organophosphate
pesticides may cause genotoxicity by inducing CAs, SCEs and
MN frequency in human peripheral lymphocytes and in bone
marrow cells in rats (19, 20, 21) as well as in humans occupationally or accidentally exposed to organophosphate pesticides
(22, 23, 24). Organophosphates also cause mutations in other
organisms (25, 26). Genotoxic and cytotoxic effects of pesticides
in humans have been evaluated mostly for chronic exposures.
There are only a few studies on acute intoxication (2, 3, 4).
In the present study, the CA, SCE, MN, MI, RI and NDI
values were investigated in peripheral blood of patients who were
diagnosed with organophosphate poisoning on admission to the
emergency department.
Material and methods
This prospective study was performed at a university-based
emergency department between June 2007 and November 2008.
Inclusion criteria were as follows: documented exposure to organophosphate compound, signs and symptoms of cholinergic
syndrome and decreased plasma cholinesterase activity. Exclusion criteria were as follows: the history of organophosphate ingestion without signs of cholinergic syndrome, previous treatment for organophosphate ingestion and follow-up at other institutions, history of chronic illness and any other known chromosomal abnormalities that can affect the method of the study.
The ethic committee approval was obtained for the study. The
first blood samples were collected from the patients diagnosed
with organophosphate poisoning on admission (untreated) and
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Tab. 1. The CA, SCE, MN, MI, RI and NDI value in peripheral
lymphocytes.
Admission to the Emergency
Department (untreated)
CA Female
CA Male
SCE Female
SCE Male
MN Female
MN Male
MI Female
MI Male
RI Female
RI Male
NDI Female
NDI Male
a
b

0.014 ± 0.003
0.015 ± 0.005
1.854 ± 0.322
1.566 ± 0.371
9.061 ± 2.178
8.611 ± 2.298
0.0320 ± 0.006
0.021 ± 0.006
1.291 ± 0.176
1.085 ± 0.189
0.181 ± 0.043
0.106 ± 0.041

Discharged from the
Hospital (treated)
0.022 ±0.008a1
0.026 ±0.005a1
2.248 ± 0.445
1.737 ± 0.409
13.315 ± 2.251
12.764 ±2.532b1
0.0533 ±0.014a2
0.052 ±0.009a3
1.466 ± 0.117
1.140 ±0.198b1
0.286 ±0.051a1
0.137 ±0.049b2

 significant between untreated-treated females and untreated-treated males,
 significant between females and males, a1b1  p≤0.05; a2b2  p≤0.01; a3b3  p≤0.001.

the second samples were collected before the discharge of the
patients (treated). Patients were treated immediately following
the admission with nasogastric lavage, activated charcoal (1 g/
kg), atropine, pralidoxime, and intravenous fluid administration.
Pralidoxime 1 to 2 g and atropine ad libitum were administered
until bronchial secretions were scant to absent.
The methods of Evans (27), Perry, and Thompson (28) were
followed in preparation of CA and SCE tests with minor modifications. This study was conducted according to IPCS guidelines (29).
The first and the second whole blood samples (0.2 ml) were
added to 2.5 ml of chromosome medium B (Biochrom, F5023)
supplemented with 10 µg/ml of bromodeoxyuridine (Sigma,
B5002). The cultures were incubated at 37 °C for 6072 h. The
cells were exposed to colchicine (0.06 µg/ml, Sigma C9754) 2 h
before harvesting. The cells were harvested by 0.4 % KCl as
hypotonic solution and methanol: glacial acetic acid (3:1) as fixative. The staining of air-dried slides were performed following
the standard methods using 5 % Giemsa stain for CA and modified fluorescence plus Giemsa method for SCE34. The slides
were irradiated with 30 W, 254 nm UV lamb at 15 cm distance in
Sorensen buffer, then incubated with 1xSSC (standard saline citrate) at 60 °C for 4560 min and stained with 5 % Giemsa prepared with Sorensen buffer.
The number of CA was obtained by calculating the percentage of metaphases from each patient who showed structural and/
or numerical alterations. CA was classified according to ISCN
(International System for Human Cytogenetic Nomenclature)
(24). Chromosome aberrations were evaluated in 100 well-spread
metaphases per patient. The scoring of SCE was carried out according to IPCS guidelines (29). In order to score SCE, 25 second-division metaphases per patient were analyzed. The results
were used to determine the mean number of SCE (SCE/cell). In
addition, a total of 100 cells for each patient were scored for
replication index (RI). The mitotic index (MI) was also determined by scoring 3000 cells from each donor. Gaps were not
evaluated as CA according to Mace et al (30).

Tab. 2. The CA, SCE, MN, MI, RI and NDI value in peripheral
lymphocytes.
Admission to the Emergency
Department (untreated)
CA
SCE
MN
MI
RI
NDI

0.014 ± 0.002
1.718 ± 0.242
8.786 ± 1.537
0.027 ± 0.004
1.193 ± 0.128
0.144 ± 0.030

Discharged from the
Hospital (treated)
0.024 ±0.005*
2.006 ± 0.303
13.039 ±1.844*
0.052 ±0.008*
1.311 ± 0.114
0.216 ±0.037*

p
0.004
0.242
0.050
0.000
0.366
0.026

For the analysis of micronucleus in binucleated lymphocytes,
0.2 ml of fresh blood from treated and untreated patients were
used to establish cultures. Cytochalasin B (Sigma, C6762) was
added after 44 h of incubation to the final concentration of 6 µg/ml
to block cytokinesis. After the additional 24-hour incubation at
37 °C, cells were harvested by centrifugation and processed for
micronucleus test in peripheral lymphocytes. In all subjects, 2000
binucleated lymphocytes were scored from each patient. Total
1000 viable cells were scored to determine the frequency of cells
with 1, 2, 3 or 4 nuclei and to calculate the NDI (nuclear division index) for cytotoxicity of agents using the formula: NDI =
(M1)+(2xM2)+(3xM3)+(4xM4)/N; where M1M4 represent
the number of cells with one to four nuclei and N is the total
number of viable cells scored (31).
The t-test was used for the statistical significance for the percentage of structural CA, mean SCE, MN, MI, RI, NDI.
Results
During the study period, a total of 62 patients were admitted
to emergency department with the diagnosis of organophosphate
poisoning. Twenty-two of the patients were excluded from the
study because of prior treatment (12 patients), existence of chronic
illness (5 patients), lack of cholinergic signs (3 patients), or lack
of informed consent (2 patients). A total of 40 patients enrolled,
of which 20 were males and 20 were females. All of the patients
had taken organophosphates intentionally for suicidal purpose.
The mean age of 20 females was 21.57±1.42 and that of 20 male
was 29.35 ± 3.59. The mean duration of hospitalization was
5.4±1.3 days (range: 48 days).
Table 1 compares the CAs, SCEs, MN, RI, and MI between
the admission and discharge as well as female and male parameters evaluated in the present study.
The CAs were induced in treated female patients when compared to results obtained from untreated females patients on admission to the Emergency Department. The same results were
obtained for male patients. However, there are no differences in
mean SCE, frequency of MN and RI for both male and female
patients. MI and NDI were increased in treated female and male
patients when compared to untreated patients. The plasma AchE
enzyme level was also increased in treated patients when compared to untreated patients (Tab. 1). There are no differences for
CAs, SCEs, MN, MI, RI, NDI and AchE between untreated fe477
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male and male patients. However, the frequencies of MN, RI,
NDI and AchE enzyme level were increased in treated females
when compared to treated male patients.
Table 2 shows the results of CA, SCE, MN, MI, RI, NDI
values and AchE enzyme levels in untreated and treated patients
(females and males). All parameters were increased in treated
patients when compared to untreated patients except for mean
SCE and RI values. Mean SCE and RI were not significantly
increased in treated patients when compared to untreated patients.
Discussion
There exists an interrelation among populations exposed to
organophosphate (OP), acute OP toxicity, neurobehavioral effects, depression, suicide, and fatality. A potential risk of depression or suicide certainly exists from OP toxicity, largely depending on the epidemiology or sociodemographics of these disorders (32). Organophosphate-induced neurobehavioral effects
result in depression. A potential risk of depression and suicide
exists in farm workers exposed to Ops (32, 33). Intentional insecticide intoxication was found in adolescents (44 %) and in
adults (56 %) mostly due to failing at school, matrimonial impediment and financial depression (2).
In the present study, the CA, MI, NDI values and AchE enzyme levels were increased in treated female patients when compared to untreated female patients as well as in treated male patients when compared to untreated male patients. However, there
are no differences in mean SCE, frequency of MN and RI for
both male and female patients. All the parameters were increased
in treated patients (female and male) when compared to untreated
patients (female and male) except for mean SCE and RI values.
Prabhavathy-Das et al (21) reported that the OP insecticide
profenofos induced the chromosomal aberration in metaphase
analyzing and caused DNA single-strand breaks by comet-assay
in human lymphocytes. Karabay and Oguz (19) reported that OP
pesticides imidacloprid and methamidophos were genotoxic in
rats when orally administered. OP also induced the CA in patients occupationally or accidentally exposed (2, 22, 23, 24). OP
had a mutagenic effect in Ames test (25) and in Drosophila wing
spot test (26).
OP had significant clastogenic effects however no aneugenic
effect. OP also induced the DNA single strand and double strand
breaks as well as caused chrosomal aberrations and micronucleus
frequencies. Results can be concluded that OPs most probably
bear a genotoxic risk. Not all of parameters discussed in the
present study were induced in untreated patients; however, the
abnormalities were induced in treated patients whose blood
samples were collected after their treatment had been completed.
These results indicate that it takes a few days to show the
genotoxicity and cytotoxicity of OPs by inducing CA and MN.
OPs metabolized to oxon in liver microsomes are covalently
bound to egasyn, which is one of carboxylesterase isozymes in
liver, and cause cleavage of egasy-glucuronidase complex as well
as serious toxicity in both acute and chronic exposures (34).
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OP had a cytotoxic effect via decreasing the mitotic index
(MI) and nuclear division index (NDI) in untreated patients when
compared to treated patients. Epel (35), Jain and Andsorbhoy
(36) found that the decrease in MI or the inhibition of DNA synthesis might be caused by the decrease in ATP level and pressure
from the functioning of energy production center. It was reported
that the chemical substances caused cytotoxicity by inducing the
chromosomal abnormalities and DNA double-strand breaks (37
41). In this study, OPs most probably had a cytotoxic effect by
inducing the structural CA. In addition, Madle et al (42) reported
mitotic selection of cells that had chromosome abnormalities
capable to decrease the MI.
Recommendations for exposure reduction include the acceleration of the already existent process of declining the use of
pesticides in general, and organophosphates in particular; promotion of the shift from more to less toxic organophosphates
and other pesticides; and introduction of rigid performance specifications for closed systems in loading and mixing at end-user
sites. Preventing environmental OP exposure and increasing the
awareness of pesticide toxicity would reduce acute OP poisoning and protect human health.
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