
Asian Biomedicine  Vol. 1 No. 2  August  2007

Original article

Contractile property of skeletal muscle after dicrotophos
exposure in rats
Chucheep Praputpittayaa, Acharaporn Duangjaia,Werawan Ruangyuttikarnb

aDepartment of Physiology, bDepartment of Forensic Medicine, Faculty of Medicine, Chiang Mai
University, Chiang Mai 50200, Thailand

Background: Dicrotophos is an organophosphate pesticide whose residue has been detected in most vegetables
even in organic samples. Though this pesticide is classified as a highly hazardous Ib organophosphate, it is not
banned in many countries including Thailand. Improper use of this chemical exposes the people to it through
consumption of contaminated food and water. Some people develop signs of cholinergic syndrome following
exposure and some suffer for days from paralysis of respiratory and limb muscles. However, there is no direct
evidence indicating muscle weakness through decreased contractile property. All studies in humans thus far
were clinically investigated and reported using information from subjective verbal histories.
Objective: To investigate the contractile characteristics of skeletal muscles after dicrotophos exposure.
Methods: A preliminary study was performed to determine the effective dose of dicrotophos that causes at least
30 % reduction in red blood cell cholinesterase activity.  The rats were injected with dicrotophos daily at LD6.25,
LD12.5 and LD25 doses for 5 weeks. It was found that the LD12.5 dose caused the effect, starting at the 4th week of
injection.  Therefore, this dose was injected into the rats before examining the isometric twitch characteristics of
gastrocnemius muscle and cholinesterase activity in red blood cells and muscle homogenates.
Results: Significant decreases in peak tension and time to peak tension were observed in rats exposed to this
dose of dicrotophos. These decreases agreed with cholinesterase activity in RBC and muscle homogenates.
Conclusion: Dicrotophos exposure in rats caused decreased contractile activity providing direct evidence
implying the muscle weakness often found in humans.
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At present, new technologies for enhancing food
production, including the use of insecticides
in agriculture, have caused numerous health
and environmental problems. This is partly due to
inappropriate use of insecticides. It has been
established that most of the people who suffer from
exposure to the organophosphate (OP) group do so
through consumption of contaminated water and
vegetables. Workers can be exposed to OP while
handling, mixing, or applying the chemicals.

Patients exposed to OP insecticides may show
observable signs of cholinergic syndrome 2-24 hrs
after the exposure [1]. After that, some may show
signs of intermediate syndrome within 1-4 days [2]
with paralysis of respiratory and proximal limb
muscles for days. A rather systematic approach to

investigating the relationships of the intermediate
syndrome to cholinesterase inhibition and
electromyographic findings was performed, but
consistent positive relationships were not suggested,
even though the syndrome was expected to result
from combined pre- and post-synaptic dysfunction of
neuromuscular transmission. Biopsy results could not
explain the severe muscle weakness observed in the
syndrome [3].

Chronic effects of OP exposure have not been
studied systematically. All studies reported so far were
obtained from subjective verbal histories, so the results
are not conclusive [4]. In contrast, the effects of OP
exposure in animals have been investigated in several
species, including rats [5-8].

Disturbances in neural function were observed
in studies showing the effects of OP on the electrical
activity of muscles [9, 10]. In addition, OP was
observed to affect slow twitch muscles more than
fast twitch muscles [11]. It was noted that slow twitch
muscle fibers from the soleus muscle were more
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sensitive to OP than fast twitch fibers from the
extensor digitorum longus muscle. OP was also shown
to affect the muscles, suggesting that an increased
acetylcholinesterase (ACh) concentration at the motor
end plate could damage the muscle fibers [12].
Exposure to OP caused persistent desensitization of
the post-synaptic nicotinic receptor, leading to muscle
weakness [13]. Recently, one OP, metylparathion, was
studied at Chiang Mai University. It was injected into
rats for 4 weeks and decreased red blood cell levels
of Acetylcholinesterase (AChE) activity correlated with
AChE activity sustained at the motor end plate [14].

The purpose of the present study was to study
effects of dicrotophos, an OP that acts as a systemic
pesticide, on contractile activity of skeletal muscles
in rats. The present study was also aimed at
emphasizing the hazardous effects of dicrotophos since
this chemical is not banned in many countries, including
Thailand, but is detectable in most fresh vegetable
samples, even in those that are allegedly chemical-
free [15, 16]. It was hypothesized that dicrotophos
can be shown to directly, not just clinically, affect
contractile activity of skeletal muscle. The findings
might be useful in explaining clinically observed muscle
weakness in patients who have been exposed to the
organophosphate.

Materials and methods

Chemicals
The dicrotophos used in the present study was

Canose 33® [C8H16NO5P, 33% W/V SL dimethyl (E)-
1-methyl-2-(dimethylcarbamoyl)-vinylphosphate]
purchased from Superior Chemical Industry
(Thailand) Ltd.  The dicrotophos was diluted in 0.9%
saline for intraperitoneal injection.

Animals
Male Wistar rats (200-250 g) were purchased

from the National Laboratory Animal Center, Mahidol
University, Bangkok, Thailand. They were housed
individually in controlled environmental conditions of
25 + 1°C temperature, 50 +10 % humidity and 12/12
hrs lighting cycle. Water and food were given ad
libitum.  Body weight and food intake were checked
throughout the experiment. The experimental protocol,
including the preliminary study was approved by the
Ethical Committee of the Faculty of Medicine, Chiang
Mai University, Thailand.

Preliminary study: Selection of the effective dose
of dicrotophos

The animals were divided into three groups and
were intraperitoneally injected with dicrotophos daily
at LD6.25, LD12..5 and LD25 doses [17] for 5 weeks.
AChE activity was examined in blood collected from
tails once a week. This part of the experiment was
done in order to determine the effective dose that
causes at least 30% reduction in red blood cell AChE
activity. This dose was used in the remainder of the
experiment.

Treatment of animals with the effective dose of
dicrotophos

The daily dose and duration of dicrotophos (LD12.5,
3.75 mg/kg BW for 4 weeks) were chosen for further
study based on the preliminary results.  Saline injection
was given as a control. After the injection protocol
was complete, the animals were allowed to rest
for 24 hours before the contractile property of
the gastrocnemius muscle was studied. The AChE
activity in red blood cell and gastrocnemius muscle
homogenate was determined thereafter.

Study of the contractile property of gastrocnemius
muscle

The animals were anesthetized with pentobarbital
sodium, 30 mg/kg body weight, by intraperitoneal
injection. One lower limb of the animal was
immobilized and the sciatic nerve was carefully
exposed and severed. The distal nerve was placed on
a stainless steel bipolar stimulating electrode
connected to an electronic stimulator. The Achilles
tendon of the gastrocnemius muscle was isolated,
detached from its insertion and then tied and connected
to a force-displacement transducer for monitoring its
contractile property on a PowerLab� computer via a
bridge amplifier.

After completing the tendon and nerve
preparation, the animal was left to rest for at least 30
minutes prior to the study of the contractile property
of the underlying gastrocnemius muscle.  The exposed
sciatic nerve was thereafter stimulated with a single
square wave pulse of 0.2 ms duration (Grass
Instruments S48 Stimulator). The intensity of current
was initially 5 volts increased in 1-volt steps until the
maximal response was obtained.  The muscle length
was then adjusted to obtain its optimal length. The
isometric contraction was initiated by a single
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stimulation at a supramaximal voltage and the
myogram of the muscle twitch was recorded using
Chart� program set at 100 mm/sec sampling rate.
The peak twitch tension (PT), time to peak tension
(TPT) and one-half relaxation time (RT1/2) were
determined from the myogram using the cursor
marker (Fig. 1). The PT amplitude and TPT duration
were defined from the point at which the tension rose
from the basal line to the point whose tension was
highest. The RT1/2 was defined as the duration from
the point that the PT was obtained to the point that
the muscle relaxed to a half of its tension.

At the end of the experiment, a blood sample
was collected and the gastrocnemius muscle was
immediately excised, blotted dry, weighed with an
electronic balance and kept frozen in liquid nitrogen
for further determination of AChE activity.

Determination of AChE activity by biochemical
assay

The AChE activity in red blood cells and muscle
homogenates was determined following the method
described by Ellman et al [18]. Briefly, enzyme
activity was determined by measuring the yellow
color produced when thiocholine reacts with
dithiobisnitrobenzoate ion, and absorbance of
the solution was measured at 405 nm using a
spectrophotometer. AChE activity levels in red blood
cells were calculated and reported in U/L while those
in muscle homogenates were calculated and reported
in U/L/g tissue.

Statistical analysis
All values of AChE activity were expressed as

means + SE. The significance of differences among
experimental groups was determined using the Mann-
Whitney U-test. A level of p< 0.05 was considered
as a significant difference.

Results

Preliminary study
After daily injection of 3 different doses of

dicrotophos (LD6.25, LD12.5 and LD25) into rats for 5
weeks, all animals receiving the LD25 dose of drug
died and were discarded while those of the other
groups survived with different effects on red blood
cell AChE activity levels. As shown in Table 1, the
LD6.25 dose likely affected red blood cell AChE
activity by not more than 20 %.  The residual AChE
activity seemed to be at least 80 % of the pre-injection
activity level throughout the experiment.  In contrast,
the LD12.5 dose gradually caused accumulating effects
and more than 40 % reduction in AChE activity was
noted from the 4th week of injection. Therefore, the
LD12.5 dose was chosen for the study.

Effects of daily injection of dicrotophos at LD12.5
dose for 4 weeks

Several effects were observed in the rats injected
with a LD12.5 (3.75 mg/kg BW) dose of dicrotophos
daily.  There was fasciculation observed about 20
minutes after the injection which lasted up to 3 hours.
The animals were moving around but remained
quiet with reduced exploratory behaviors. In addition,
increased lacrimation and salivation were also
observed. However, they all survived throughout the
experiments.

The body weight of the animals in both the saline-
injected control group and the dicrotophos-injected
group increased, though those of the dicrotophos-
injected group did so at a significantly lower rate than
the saline-injected group from the 4th day of the
injection protocol (Fig. 2). There was a lower rate of
food intake from the 2nd day for the dicrotophos
injection group (Fig. 3).

TPT  RT1/2

Tension (PT) 100%

50%

Fig. 1 Myogram of gastrocnemius muscle contraction showing tension or peak twitch tension (PT), time to peak tension
(TPT) and one-half relaxation time (RT1/2).
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Table 1. Effects of daily injection of 2 different doses (LD6.25, 1.87 mg/kg BW and LD12.5, 3.75 mg/kg BW)
of dicrotophos on red blood cell AChE activity (U/L).

                                                                                     Red blood cell AChE activity (U/L)
Weeks of                       LD6.25dose LD12.5 dose
injection         (1.87 mg/kg BW, n=6)                                 (3.75 mg/kg BW, n=6)

0 2250.0 + 113.6 (100.0 %) 2137.0 + 19.1 (100.0 %)
1 2451.4 + 235.8 (108.9 %) 2262.0 + 29.1 (105.7 %)
2 2451.4 + 525.1 (108.9 %) 2384.0 + 72.3 (111.5 %)
3 2305.9 + 293.3 (102.4 %) 1872.0 + 65.2 (87.6 %)
4 2208.5 + 182.6 (98.1 %) 1274.0 + 182.0 (59.6 %)
5 1813.4 + 63.4 (80.5 %) 1066.0 + 52.0 (49.9 %)

Values are presented as means + SE.

Fig. 2 Effects of multiple doses of dicrotophos on body weight in rats. Values are expressed as means+SE.
*significantly different from saline group (p < 0.05).

Fig. 3 Effects of multiple doses of dicrotophos on food intake in rats. Values are expressed as means + SE.
*significantly different from saline group (p<0.05).
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Isometric contractile property
The data from the isometric twitch characteristics

(PT, TPT, RT1/2) of the gastrocnemius muscle are
presented in Table 2. Multiple doses of dicrotophos
injection caused a significant decrease in PT and TPT
but not RT1/2, compared to the saline-injected control
group.

Acetylcholinesterase activity
The AChE activities in red blood cells and

gastrocnemius muscle homogenates after dicrotophos
injection are shown. Multiple injections of dicrotophos
for 4 weeks significantly decreased AChE activity
in both red blood cells and gastrocnemius muscle
homogenates compared to the saline control group.
The residual AChE activities were decreased to nearly
the same levels, about 63-65 % of the saline-injected
groups (Table 3).

Discussion
At present, it is established that there are two

isoenzymes of cholinesterase in humans. The first of
these enzymes is acetylcholinesterase or true
cholinesterase found principally in nerve tissue, muscle
and red blood cells. This enzyme exhibits specific
hydrolytic activity towards the neuro-transmitter
acetylcholine [19], but the functions of the enzyme in
red blood cells are unknown. The second enzyme,

butyrylcholinesterase or BuChE, also known as
pseudocholinesterase or plasma cholinesterase, is
found principally in plasma and the liver. It has been
suggested that this enzyme catalyses hydrolysis in a
wide variety of choline and non-choline esters [20],
but its exact physiological role is unknown. In the
present study, red blood cell AChE activity was used
as the index of dicrotophos toxicity, since plasma
AChE in rats was reported with inconsistent
results [21]. Besides, red blood cell AChE activity was
reported to have a slower recovery rate than plasma
and brain AChE activity [22]. Therefore, it could be a
good index of chronic exposure to any cholinesterase
inhibitor after cessation of the exposure.

Dicrotophos is an organophosphate widely used
as a pesticide. It inhibits AChE and is therefore
acutely toxic due to the increased activation of
nicotonic and muscarinic receptors [23]. Delayed
toxicity may also occur several days after the acute
symptoms which is sometimes called intermediate
syndrome [2]. Symptoms may include paralysis of
proximal limb muscles, neck flexors and respiratory
muscles. Repeated exposure to high organophosphate
doses can also lead to long term effects, occasionally
affecting behavior as well as mental and visual
functions [24]. Based on accumulated data, it is
concluded that the mechanism of dicrotophos toxicity
in mammals is through inhibition of AChE activity in

                                       Groups of animals
    Variables         Saline-injected                Dicrotophos-injected

               (n=10)                               (n=8)

PT (g/g tissue)                 62.77 + 5.80                                        44.90 + 3.75**

TPT (ms)                 49.33 + 1.47                                        44.17 + 0.83*

RT1/2 (ms)                 18.00 + 1.24                                        20.00 + 0.89

Values are presented as means + SE; *significantly different from saline-injected group (p < 0.05); **significantly different
from saline-injected group (p<0.01).

              Groups                 AChE activity in                              AChE activity in muscle
             red blood cell (U/L)                            homogenate (U/L/g tissue)

Table 3. Effects of daily injection of saline or dicrotophos for 4 weeks on AChE activity in red blood cell and
gastrocnemius muscle homogenates.

Saline-injected (n=10)         2514.4 + 104.1 (100.0 %)                                637.1 + 41.5 (100.0 %)
Dicrotophos-injected (n=8)         1637.4 + 91.0 ** (65.1%)                             405.8 + 26.9 ** (63.6 %)

Values are expressed as means+SE; **significantly different from saline-injected group (p<0.01).

Table 2. Effects of daily injection of saline or dicrotophos for 4 weeks on isometric contractile properties of gastrocnemius
muscle. PT = peak tension,  TPT = time to peak tension, RT1/2 = one-half relaxation time.
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nerve tissue. Therefore, the inhibition of AChE in the
brain is identified as the most sensitive index of the
toxic effect of dicrotophos in animals.  However, in
human studies, since brain AChE levels cannot be
examined, red blood cell AChE levels are used instead
to assess the health risk of the exposure in humans
[25].

In humans, signs and symptoms of organophos-
phate exposure result from the inhibition of the AChE
enzyme in both the central and peripheral nervous
systems [26].  Typical cholinergic symptoms include
flaccid skeletal muscle of paralysis, total inhibition of
plasma and red blood cell AChE activity [6]. In
animals, brain AChE may be inhibited, even though
neuropathological examination may not show any
abnormalities [27, 28].

A long term toxicity test in animals showed that
high-dose exposure to dicrotophos affected mean
body weight and food intake. Those effects occurred
in both male and female animals.  However, by gross
examination, no changes in absolute and relative organ
weights were found. Increased white blood cell count
was noted in addition to other cholinergic signs [28].
In the present study, body weight gain and food intake
in rats exposed to multiple injection of dicrotophos
were significantly retarded compared to the
corresponding saline-injected animals. Both were
affected at or during nearly the same period of
dicrotophos injection. These results agree with those
obtained from both short term and long term toxicity
tests in animals.  In rats, most of the studies showed
that dicrotophos exposure caused decreases in body
weight gain and food intake in both sexes. The animals
showed tremors and decreases in red blood cell AChE,
plasma AChE and brain AChE, though there were no
dose-related changes in internal organ weights [27-
29]. However, there are few studies with no effect
on body weight from dicrotophos drug treatment.
Notably those studies with no changes used dermal
exposure [21].

The present study showed that daily injections
of dicrotophos for 4 weeks caused a marked and
significant decrease of AChE activity in RBC. The
same level of AChE decrease was observed from
AChE activity in gastrocnemius muscle homogenates
from rats treated with dicrotophos. The results
indicate that dicrotophos might cause motor end
plate damage and thus loss of AChE activity, which
has apparently never been reported before. This
finding agrees with a study in which another OP,

metylparathion, was injected into rats for 4 weeks. It
was observed that the drug decreased the red blood
cell level of AChE activity, and the levels correlated
with motor end plate sustained AChE activity [14].

The characteristics of skeletal muscle activity
depend on neurotransmitter ACh release and
muscle electrochemical activity [30]. The changes
in neuromuscular activity may lead to alteration
in muscle metabolism, contractile properties and
neuromuscular transmitters. The results from the
present study demonstrated that after multiple injection
of dicrotophos for 4 weeks, there were significant
decreases in both PT and TPT but not in RT1/2 which
was likely increased though not statistically significant.
The results indicate that the 4-week prolonged
dicrotophos exposure might cause a decrease of Ca2+

release from SR and hence the muscle twitch tension.
Generally, the twitch characteristics of PT, TPT and
RT1/2 are indicative of Ca2+ handling by the muscle.
TPT is the amount of time it takes the muscle to
develop PT and is generally indicative of Ca2+ release
by the sarcoplasmic reticulum. The RT1/2 is the time it
takes for PT to return to half of the force generated
during the peak isometric twitch after removal of the
stimulus. This RT1/2 value is generally thought to be
indicative of Ca2+ uptake by the sarcoplasmic
reticulum [31]. The reduced twitch characteristics
could result from deleterious effects producing a
reduced Ca2+ release from the sarcoplasmic reticulum,
changes in the regulatory proteins, and/or direct
effects acting at the cross bridge [32]. As previously
shown, the decrease of myoplasmic Ca2+ level due to
an impairment of Ca2+ release was considered as one
of the major causes of the decline in force [33].
Therefore, the decreases in PT after multiple
dicrotophos exposure in the present study might be
due to a decrease in Ca2+ release from the
sarcoplasmic reticulum.  Supporting this assumption
are the findings that a progressive reduction in
myoplasmic Ca2+ concentration accompanied the loss
of muscle tension and the twitch duration is dependent
on the time course of the increase in intracellular Ca2+

[34]. The previous study of Panenic et al [35] in which
fatigability of muscle after AChE inhibition in rats was
reported, and the findings that nerve agents caused
muscle weakness [36] also support the assumption.

In many cases of neuropathic organophosphate
poisonings, the residual effects on hand strength
were found with muscle weakness which may last
for several months or years [37-39]. The muscle
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weakness cannot be explained on the basis of nervous
tissue AChE inhibition alone and various possible
causes have been proposed. These include necrotizing
myopathy and neuromuscular block [2, 3, 12, 40, 41],
damage to the peripheral nerves [42], and desen-
sitization and down regulation of ACh receptors [13,
43, 44]. Excessive calcium in nerve endings leading
to localized muscle injury is another possible
contributor to muscle weakness caused by action of
the organophosphate [45]. In the absence of further
study to elucidate the exact mechanisms, the decrease
in peak tension observed in the present study after
prolonged dicrotophos exposure might be due to any
of the aforementioned causes, each having the same
degree of possibility.

In conclusion, prolonged exposure to dicrotophos
affected skeletal muscle contractile characteristics
and a decrease in peak tension was observed. The
results confirmed the muscle weakness in humans
resulting from organophosphate exposure.
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