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Abstract: Dimethoate is an organophosphorus insecticide with contact and systemic action. It was introduced
in 1956 and is produced in many countries. It is a general-use chemical for use against a broad range of insects
in agriculture and also for the control of the housefly. This study was designed to evaluate and assess the
possible embryo toxic potentials and neurodevelopmental impairment of Dimethoate on the intrauterine growth
of mouse embryos. Fifty female mice (CD1) were given Dimethoate at sublethal doses of 9, 13, 18 and 33 mg/kg
body weight /day respectively, by oral gavage, from zero day of gestation (GD0) up to 20  day of gestationth

(GD20). Body weights were recorded daily and at the end of the experiment mice were sacrificed, uteri were
removed and dissected to evaluate the intrauterine growth retardations as well as skeletal malformation. The
Student's “t”-distribution were adopted for assessment of significant changes occurring between the groups.
Results revealed that Dimethoate induced reduction in the maternal and foetal body weight, reduction in
number with asymmetrical distribution of implantation sites, increase in both mortality and resorption rates.
Dimethoate induced decrease in the embryonic crown rump values, decreases in male anogenital distance and
skewed sex ratio toward females and induced severe skeletal anomalies. These alterations were statistically
significant (P  0.01).In conclusion. this study shed more light on the potentials of embryo toxicity of
Dimethoate as of one of the most common organophosphorus compounds. It also sends an alarm to mankind
to exert more efforts at national and international levels to overcome the problem of food contaminated with the
organophosphorus compounds to save ourselves and our offspring from the serious harmful effects of such
compounds.
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INTRODUCTION pecans, safflower, sorghum, soybeans, tangerines,

Recently, the increased usage of organophosphorus vegetables [2,3]. It is also used as residual wall spray in
pesticides in agriculture resulted in environmental and farm buildings for houseflies. Dimethoate has been
hence, food and water contamination which may threaten demonstrated to be useful in livestock for the control of
the reproductive health of humans and wildlife. botflies [4]. In Egypt, women in villages work on farms
Dimethoate (O,O-dimethyl S-methylcarbamoylmethyl beside their husbands to improve their families’ life since
phosphorodithio-ate; 2-dimethoxyphosphinothioylthio-N- the poverty level in Egypt is higher than 40% of the
methylacetamide) is an organophosphorus insecticide population [5] and sometimes those women become
with a contact and systemic action [1]. pregnant which represents a major socioeconomic

It is widely used against a broad range of insects problem.
including aphids, thrips, plant hoppers and whiteflies in Dimethoate was found in 358 of 6391 food samples
ornamental plants, alfalfa, apples, corn, cottons, analyzed in the USA; 96% of the samples had levels at or
grapefruits, grapes, lemons, melons, oranges, pears, below  2  mg/kg  [6].  IPCS on  1989 has estimated a total

tobacco, tomatoes, watermelons, wheat and several
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daily intake from food of 0.001 ìg/kg of body weight [7]. with respect to neurodevelopmental effects [30]. The
The toxicity of Dimethoate, however, is attributed to its inhibition of AChE results in the accumulation of
biotransformation to Omethoate, which is a more toxic acetylcholine that over- stimulates cholinergic receptors,
pesticide and plays a dominant role in the toxicity of this which in turn stimulates neurological activity[31]. Indeed,
compound in insects and mammals [8]. a number of studies utilizing neural cell lines or micromass

Several investigators worldwide studied the cultures have clearly demonstrated direct effects of
teratogenic potentials of the organophosphorus organophosphates on neurodevelopment[32- 40].
insecticide[9 -15]. Repeated exposure of rats at dose levels Dimethoate caused adverse reproductive effects on
of 7 and 28 mg/kg/day to dimethoate, as a neurotoxicant, mating success, survival of pups and growth of surviving
on gestation days (GD) 5-15 considerably altered the pups in male and female mice after exposure to 60 mg/l for
functioning of the central nervous system [16,17]. 30 days before mating; however, no teratogenic effects

Groups of pregnant female rats received 0, 3, 6, 10, 18, were observed [41]. No fetotoxic effects were observed in
20 and 40 mg Dimethoate / kg bw.  by  gavage  from  day rats treated with Dimethoate for doses up to 15 mg/kg
6-15 and 7-19 of gestation. Salivation and hair loss was through GD 6-20 [42]. At doses up to 20 mg/kg/day,
observed in females at all dose levels. Females of the Dimethoate did not produce fetotoxicity, fetal lethality, or
highest dose group also had brown facial staining, small malformations in the mice [43]. 
rounded feces,  hypersensitivity,  body  tremors  and Although Dimethoate still remains one of the most
unsteady gait. Body weight gain and food consumption widely used insecticides in the world, there is limited
were significantly reduced. No malformations were found. information regarding the developmental toxicity of this
There was no obvious indication of an adverse effect of compound [17,42]. Earlier studies in animals exposed to
Dimethoate treatment on mean incidences of both visceral Dimethoate during gestation are limited and scant or
and skeletal anomalies, although at all dosages an insufficient. Therefore, the present investigation was
unspecific increase was observed relative to control undertaken to assess the possible maternal-foetal toxicity
values [9]. potentials of Dimethoate on the intrauterine growth of

Organophosphorus insecticides (OPIs) are one of the mouse embryos at GD20 .
most widely used ones and consequently their tendency
to produce developmental neurotoxicity remains a major MATERIALS AND METHODS
concern [18 - 21]. Pregnant women could be exposed to
OPIs under circumstances that do not elicit outward signs Chemicals: Dimethoate was obtained from the Pesticide
of intoxication [22,23] and in light of recent findings such Center Institute, Dokki, Cairo. Dimethoate was of
exposures can produce long term cognitive impairment in commercial grade of (35% E.C.) with the common name: O,
their children [24,25], the mechanisms and consequences O dimethyl S-(N-methyl carbamoyl-methyl)
of OPIs developmental neurotoxicity remain a major phosphorodithioate.
environmental concern.

The OPIs are known to affect the nervous system by Animals, Mating and Condition: This study was carried
inhibiting acetyl cholinesterase (AChE), the enzyme that out using sexually mature male and female mice (CD1), 2
modulates the amount of the neurotransmitter months old, from the central farm for experimental animals
acetylcholine [26]. of Vaccera, Giza, Egypt. All mice were examined for health

Unfortunately, many pregnant women are often status and acclimated to the laboratory environment for 2
exposed to different OPIs in different dosages at different weeks before use. Temperature and relative humidity were
or overlapping times. However, the developing embryos maintained at 23±2°C and approximately 50% respectively,
remain more vulnerable than adults due to chronic with a 12 hr : 12 hr light : dark photoperiod. They were
cholinergic intoxication by OPIs. These agents affect the housed in stainless steel cages and given a standard diet
process of neural development itself, leading to and water ad libitum throughout the study and fed a
permanent deficits in the architecture of the nervous standard rodent pellet diet to acclimate for two  weeks.
system. Despite the increasing recognition of the need to The   proestrous   females   cohabited  in  a  ration of
evaluate developmental neurotoxicity in safety (male / two females). On the next morning sperm-positive
assessments [27 -29], only very few of the mixtures of females and females with a vaginal semen plug were
commercial chemicals in current use have been examined considered to be in Day 0 of pregnancy [44,45].

th
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Experimental Groups: Fifty bred females (29 - 35 g) were Maternal Body and Organ Weights: Maternal body
divided into five treatment groups (10 pregnant mice / change and organ weights are presented in Table 1. The
group) according to approximately equal mean body data showed that pregnant female mice treated with
weight. Corn oil served as the vehicle for the control Dimethoate exhibited remarkable reduction in body and
group, while the other four groups were treated with organ weights when compared to control and these
Dimethoate at sublethal doses of 9, 13, 18 and 33 mg/kg reductions were dose dependent and statistically
body weight respectively. significant.

Maternal-Foetal Investigation: Maternal-Fetal Fetal Observations: Developmental parameters and fetal
investigations were conducted according to the US weights are summarized in Table 2 and Plat. 1. The number
Environmental  Protection   Agency   (EPA)     TSCA of the implants per litter was significantly altered in the
(Toxic Substances  Control  Act)  Test  Guidelines  [46]. Dimethoate treated groups with approximately (-39.60 %)
All animals were observed twice daily for mortality and preimplantation loss compared to (- 8.18 %) in the control
toxicological effects. Body weight and feed consumption group. Dimethoate produced a significant increase in
values were recorded during treatment. Post exposure embryo lethality in the treated groups with approximately
observations were performed approximately a half hour (- 44.26 %) postimplantation loss compared to (- 3.96 %)
after exposure. On (GD 21 ), all females were euthanized in the control group. Total resorption of litters wasst

via carbon dioxide inhalation and a cesarean section and significantly increased in the treated groups which
a macroscopic postmortem examination were performed on approximately reached (+ 8.19 %) compared to the control
each. During the macroscopic postmortem examination, group. A significant decrease was observed in the number
uteri, ovaries, liver, kidneys, adrenal, spleen, lungs and of live fetuses as noted from the results of live birth index
heart weights were recorded. The uteri of apparently non which showed maximum reduction reached ( - 44.26%). 
pregnant mice were stained with 10% sodium sulfide [47] Although significant reduction was observed in the
and examined for evidence of implantation sites. Fetuses crown rump values of fetuses from treated groups as
were removed from uteri, weighed, sexed and examined for shown in Table 3. Mean fetal weight was decreased
external malformations, measured for crown rump values significantly as compared with control. Referring to
and anogenital distance. Implantation sites, live, dead, teratogenic potentials of Dimethoate the obtained data
resorbed fetuses indices were calculated. After recording after examining mouse fetuses revealed that Dimethoate
all measurements and parameters, fetuses were divided significantly induced decrease in male anogenital distance
into two groups. The first group was fixed in Bouin’s as compared with control and skewed the sex ratio of male
solution [48], while the second  group   was   placed in toward female which approximately reached (65.52%) in
acetone to dissolve the body fats, then transferred to female.
potassium hydroxide (1%) to clear the skeletons and
applying Alizarin red S to stain the ossified skeletal bones Assessment of Bone Calcification and Anomalies:
[49,50]. After staining, the fetuses were examined for Examining alizarin red S stained skeletal bones using
skeletal anomalies. Skeletal alterations were evaluated dissecting microscope revealed that Dimethoate induced
according to the atlas of skeletal anomalies [51]. reduction in the ossification of the skull bones and these

Statistical Procedure: Data were expressed as mean ± affected bones were skull, Clavical and scapular,
standard error of mean (S.E). Student’s t-test was applied ossification reached (34.52 %, 22.51 % and 35.14 %) in
to determine the significance of differences between these bones respectively. Referring to ribs Dimethoate
treated and control means[52]. induced several abnormalities of ribs of mouse embryos

RESULTS shortness of ribs (maximum ~ 29.75 %) and rib fusion

The Data obtained from this study revealed that there Bones of Sternebrae were observed completely
were no deaths or abortions during the course of the ossified in control group. While examination of embryos
treatment. Signs of cholinergic toxicity including tremors, from treated groups revealed that, the percentage of fused
diarrhea, weakness and salivation were noted in dams at sternebrae reached (maximum ~ 39.16 %) the missed
18 and 33 mg/kg/day Dimethoate compared to the control sternebrae its percentage in the treated groups reached
and the other treated groups. (maximum  ~ 37.81 %). Vertebral centra of embryos from all

reductions were dose and time dependent. The most

represented by missing of some ribs (maximum ~ 23.89 %),

(maximum ~ 34.63 %) as seen in Table (4) and Plate (2). 
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Table 1: Effect of Dimethoate on body and organ weight in pregnant mice.
Groups of Pregnant Mice
-------------------------------------------------------------------------------------------------------------------------------------

Groups GI GII GIII GIV GV
Relative Dose (mg/kg) Control 9 mg/kg 13 mg/kg 18 mg/kg 33 mg/kg
Weight/100g Body Weight 43.12 + 1.77 37.19* + 1.12 35.23* ± 1.27 32.82* ± 1.19 29.28* ± 1.61
BW Liver (g) 4.34 ± 0.52 4.16 ± 0.13 3.89  ± 0.24 3.22  ± 0.14 3.02* ± 0.19* *

Ovaries (mg) 28.41 ± 0.51 26.06  ± 0.11 23.22  ± 0.71 19.77  ± 0.52 18.05* ± 0.81* * *

Uterus (mg) 489.30 ± 7.52 473.42  ± 8.16 461.33  ± 7.62 453.38  ± 6.35 444.23 ± 7.25* * *

Kidneys (mg) 1.89 ± 0.14 1.73  ± 0.14 1.38  ± 0.31 0.92  ± 0.01 0.87 ± 0.03* * *

Adrenal (mg) 31.81 ± 0.81 30.76  ± 0.83 29.77  ± 0.51 27.47  ± 0.62 25.44 ± 0.88* * *

Spleen (mg) 405.4 ± 2.21 400.6  ± 5.03 397.5  ± 4.34 382.2  ± 5.13 375.4 ± 4.11* * *

Thymus (mg) 87.02 ± 0.21 83.20  ± 1.02 79.13  ± 1.11 62.81  ± 1.51 57.22 ± 1.30* * *

Thyroid (mg) 15.24 ± 0.02 14.96  ± 0.12 14.65  ± 0.03 13.69  ± 0.01 13.15 ± 0.02* * *

Data expressed as mean ± SD. * = Significant. 

Table 2: In utero exposure of mouse embryos to Dimethoate
Groups of Pregnant Mice
------------------------------------------------------------------------------------------------------------------------------------------------------------

Groups GI GII GIII GIV GV
Dose (mg/kg) Control 9 mg/kg 13 mg/kg 18 mg/kg 33 mg/kg
Implantation Sites (101) 10.10 ± 1.03 (91) 9.90  ± 1.12 (79) 7.91  ± 1.30 (68) 6.80  ± 0.98 (61) 6.10  ± 1.17* * * *

Corpora Lutea (110) 11.00 ± 0.10 (108)10.80 ± 0.33 (105) 10.50 ± 0.41 (103) 10.30 ± 0.11 (101) 10.10 ± 0.32
Pre implantation Loss - 8.18 % - 15.74% - 24.76 % - 33.98 % - 39.60 %
Implantation Index 91.81 % 84.25 % 75.23 % 60.01 % 50.39 %
Live Birth Index (97) 96.03 % (70) 76.92 % (53) 67.08 % (37) 54.41 % (29) 47.54 %
Postimplantation Loss (4) 3.96 % (18) 19.78 % (21) 26.58 % (26) 35.29 % (27) 44.26 %
Resorption Index 0.00 (3) 3.29 % (5) 6.32 % (5) 7.35 % (5) 8.19 %
Data expressed as mean ± SD. * = Significant 

Table 3: Fetal dimensions and Sex ratio of mouse embryos exposed to Dimethoate In Utero.
Gestation Days (GD0 to GD 20)
----------------------------------------------------------------------------------------------------------------------------------------------

Groups GI GII GIII GIV GV
Dose (mg/kg) Control 9 mg/kg 13 mg/kg 18 mg/kg 33 mg/kg
Crown-rump (cm) 2.51 ± 0.01 2.37  ± 0.05 1.05  ± 0.01 0.97  ± 0.02 0.85  ± 0.01* * * *

Body Weight (gm) 2.68 ± 0.21 2.48  ± 0.07 2.26  ± 0.11 1.97  ± 0.05 1.48  ± 0.02* * * *

Sex Ratio (M/F) 55/42 37/33 25/28 18/19 10/19
% of Males 56.71 % 52.85 % 47.16 % 48.64 % 34.48 %
% of Females 43.29 % 47.15 % 52.84 % 51.36 % 65.52 %
Male Anogenital Distance (mm) 2.66 ± 0.04 2.51  ± 0.07 1.99  ± 0.01 1.79  ± 0.06 1.62  ± 0.05* * * *

Data expressed as mean ± SD. * = Significant.

Table 4: Percentage of Ossification of Skeletal System of Mouse Embryos Exposed to Dimethoate In Utero.
Skeletal System Parts GII GIII GIV GVI
Skull Ossification 71.13 53.29 41.94 34.52
Clavical Ossification 45.29 37.20 33.10 22.51
Scapular Ossification 71.30 53.61 43.82 35.14
Missed Ribs 14.11 18.35 21.16 23.89
Short Ribs 17.27 20.32 26.91 29.75
Fused Ribs 21.12 24.82 29.83 34.63
Missed Sternebrae 22.39 26.25 31.75 37.81
Fused Sternebrae 18.29 26.71 34.29 39.16
Fused Vertebral Centra 10.91 15.21 21.18 26.63
Missed Vertebral Centra 36.81 41.19 49.73 54.19
Humeral Ossification 47.28 42.58 36.64 32.21
Ulnar Ossification 51. 82 46.74 41.46 38.29
Radial Ossification 42.68 36.95 34.91 31.20
Femoral Ossification 45.13 41.69 38.10 34.33
Tibial Ossification 47.32 43.91 39.00 32.91
Fibular Ossification 46.46 43.21 38.55 32.16
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Plate (1): Effect of Dimethoate on pregnancy status of female mice 

Plate. (2): (A) A photograph of isolated uteri. (B) A treatment of the pregnant mice with Dimethoate from GD
photograph showing fetus's size. (C) A 0-20 produces maternal and fetal toxicity manifested in
photograph showing a lateral view of fetus's reduction of body and organs weight. These results are in
skeleton obtained from control and treated accordance with those obtained bymany authors [52-60]
pregnant mice after 20 days of gestation. for dimethoate insecticide. Reductions in body weight

treated groups were found to be less ossified than those substances[61]. Moreover, the reduction of body weight
in control as seen in Table (4). Some of cervical, thoracic, gain of pregnant rats treated with ethylenethiourea might
lumbar and caudal vertebrae were missing. The most be due to the effect of the compound on the thyroid gland
common abnormalities were manifested in missing of [56].
central discs (maximum ~ 54.19 %) as well as fused Regarding to developmental toxicity and
(maximum ~ 26.63 %) of vertebral columns. teratogenicity of Dimethoate the data of the present

The bones of both fore- and hind limbs were investigation showed significant decrease in the crown
completely ossified in control rat embryos. Fore  and  hind rump values and fetal weight as compared with control.
limb bones examined in embryos from Dimethoate-treated Also, decrease in male anogenital distance skewed the in
groups showed reduction in ossification of Humerus the sex ratio of male toward female as well as several
(maximum ~ 32.21 %), ulna (maximum ~ 38.29 %) and skeletal malformation. These effects are in agreement with
radius (maximum ~ 31.20 %). Also, sever reduction in those obtained previously [43,55, 62- 65]. 

ossification of femur (34.33 %), tibia (32.91 %) and fibula
(32.16 %). Finally, Dimethoate doses induced incomplete
ossification in the proximal bones in both fore-and hind
limbs as carpals, metacarpals, fore phalanges, tarsal,
metatarsal and hind phalanges. In addition, all bones of
the treated fetuses showed retardation in their length and
size when compared with those of control.

DISCUSSION

In the present developmental toxicity study,

were sensitive indices of toxicity after exposure to toxic
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