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Abstract

The effects of a single or repeated dermal administration
of methyl parathion on motor function, learning and
memory were investigated in adult female rats and cor-
related with blood cholinesterase activity. Exposure to a
single dose of 50 mg/kg methyl parathion (75% of the
dermal LDsp) resulted in an 88% inhibition of blood cho-
linesterase activity and was associated with severe acute
toxicity. Spontaneous locomotor activity and neuromus-
cular coordination were alsc depressed. Rats treated
with a lower dose of methyl parathion, i.e. 6.25 or
12.5 mg/kg, displayed minimal signs of acute toxicity.
Blood cholinesterase activity and motor function, how-
ever, were depressed initially but recovered fully within
1-3 weeks. There were no delayed effects of a single
dose of methyl parathion on learning acquisition or
memory as assessed by a step-down inhibitory avoid-
ance learning task. Repeated treatment with 1 mg/kg/day
methyl parathion resulted in a 50% inhibition of blood
cholinesterase activity. A decrease in locomotor activity

and impairment of memory were also observed after 28
days of repeated treatment. Thus, a single dermal expo-
sure of rats to doses of methyl parathion which are lower
than those that elicit acute toxicity can cause decrements
in both cholinesterase activity and motor function which
are reversible. In contrast, repeated low-dose dermal
treatment results in a sustained inhibition of cholinester-
ase activity and impairment of both motor function and
memory.

Copyright © 2001 National Science Council, ROC and S. Karger AG, Basel

Introduction

Organophosphorous insecticides produce their toxicity
through inhibition of acetylcholinesterase, thereby caus-
ing accumulation of acetylcholine at peripheral and cen-
tral cholinergic synapses and resulting in overstimulation
of the cholinergic system [40]. Acute exposure to a high
dose of an organophosphorous compound can cause ab-
dominal cramps, nausea, vomiting, diarrhea, increased
salivation, sweating, miosis, muscle twitching, convul-
sion, respiratory failure and death [39, 40]. In addition to
these somatic signs and symptoms, high-level acute or
repeated exposure to organophosphorous compounds can
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induce behavioral changes in humans, including difficulty
in concentrating, decreased cognition, muscular weak-
ness, confusion, anxiety and memory impairment [14,
23]. Changes in motor function and deficits in the perfor-
mance of learning tasks have also been observed in experi-
mental animals [7-9, 19, 22, 24, 26, 36].

Methyl parathion (O-O-dimethyl-O-p-nitrophenyl
phosphorothioate), an organophosphorous compound
that may only be used lawfully as an insecticide on agri-
cultural crops, has received attention recently as a conse-
quence of its illegal use as a pesticide in private homes and
other buildings in several states of the USA [1, 17]. This
compound can be absorbed through the skin as well as
through both the respiratory system and gastrointestinal
tract, although dermal absorption tends to be slow com-
pared to absorption by other routes [12, 15, 38]. Decon-
tamination of skin by common soap/water washing proce-
dures is difficult, so skin absorption may be prolonged
after initial exposure [12, 25]. High temperatures increase
skin absorption, as does the presence of dermatitis [25].
Dermal absorption has been identified as the primary
route of methyl parathion intake as a consequence of
occupational exposure [29, 42, 43]. Lack of immediate
recognition of exposure to methyl parathion, coupled with
poor decontamination, is characteristic of recent wide-
spread human exposure to illegal methyl parathion spray;
also, transdermal absorption of methyl parathion may
have been a significant feature of these exposures [1, 17].
However, there are limited data documenting the health
impact of dermal exposure to methyl parathion that has
occurred as a result of illegal domestic spraying or occupa-
tional exposure. In the present study, the effects of a single
or repeated dermal exposure to methyl parathion on rat
spontaneous locomotor activity, neuromuscular coordi-
nation, learning and memory were investigated. The ex-
amination of motor function was selected because the
results of epidemiological studies provide evidence for a
link between exposure to organophosphorous insecticides
and Parkinson’s disease [22]. It has been shown that cho-
linesterase inhibitors can induce Parkinson’s-like motor
dysfunction, and parkinsonian symptoms can be exacer-
bated by cholinergic stimulation [10, 30, 32]. The behav-
ioral tests were also correlated with changes in blood cho-
linesterase activity. Such changes have proven to be useful
in the clinical diagnosis of organophosphorous compound
intoxication and in estimating the changes in brain cho-
linesterase activity following exposure to organophospho-
rous compounds [34].
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Materials and Methods

Animals and Chemicals

Female Sprague-Dawley rats (175-200 g) were purchased from
Harlan Sprague Dawley Inc. (Indianapolis, Ind., USA). Rats were
housed in groups of 3 before treatment and individually after the
onset of treatment. Animals were housed in a room maintained at 21
+ 1°C with an automatic 12-hour light and dark cycle and free
access to food and tap water. Methyl parathion was purchased from
Chem Service (West Chester, Pa., USA). Other chemicals were
obtained from Sigma Chemicals Co. (St. Louis, Mo., USA).

Administration of Methyl Parathion

Rats were lightly anesthetized with halothane, and an area of the
back between the scapulae was shaved. Methyl parathion was applied
to the shaven area in 100 ul of ethanol. For a single dermal exposure,
rats were treated with a single dose of 6.25, 12.5 or 50 mg/kg methyl
parathion. Control animals were treated with an equal volume of eth-
anol only. Blood samples were collected before and 2, 7, 14, 21 and
28 days following methyl parathion administration. For repeated
dermal exposure, rats received 0.1 or 1 mg/kg/day methyl parathion
for 28 days. Blood samples were collected before and 1, 7, 14, 21 and
28 days after the onset of treatment.

Behavioral Tests

For rats given a single dose of methyl parathion, motor function
was tested before and 2, 7, 14, 21 and 28 days following methyl para-
thion administration. Performance of a learning task was evaluated
28 days after treatment. For rats dosed repeatedly with methyl para-
thion, behavioral tests were performed 28 days after methyl para-
thion administration. All the behavioral tests were performed be-
tween 9.00 and 12.00 a.m.

To test the effect of methyl parathion on spontaneous locomotor
activity, an open field test was performed in a cardboard box (50 x
50 x 46 cm high) with clear Plexiglas on the inner surface. The floor
of the box was divided into 25 equal squares. An animal was placed
in the box and allowed to walk freely for 3 min. Then, the number of
squares crossed with all paws during the next 2 min was recorded. A
90% alcohol solution and soapy water were used to clean the inner
surface of the box between trials to remove interfering odors left by
the previous animal.

Neuromuscular coordination was assessed using a rota-rod. Each
animal was placed on a rota-rod treadmill (Rotamex V-EE/85,
Columbus Instruments, Columbus, Ohio, USA), and the speed was
accelerated from 0 to 80 rpm over a period of 4 min. The maximum
speed obtained before an animal slipped from the treadmill was
recorded. Rats were trained for 2 days before data recording and
were considered trained when the standard deviation of the mean of
3 measurements was not more than 10 rpm.

The effects of methyl parathion on learning and memory were
tested using a step-down inhibitory avoidance learning task. The
apparatus used wasa 40 x 25 x 25 ¢cm acrylic chamber consisting of
a floor made of parallel 2-mm-caliber stainless steel bars spaced 1 cm
apart. An electric shock was administered through the floor bars. A
2.5-cm-high, 8 x 25 cm wooden platform was placed on the left
extreme of the chamber. Each animal was gently placed on the plat-
form. Upon stepping down, the animal immediately received a single
80-volt footshock. If the animal did not return to the platform, the
footshock was repeated every S s. An animal was considered to have
learned the avoidance task if it remained on the platform for more
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than 2 min. The number of footshocks was recorded as an index of
learning acquisition. To assess memory, the animal was again placed
gently on the platform after 24 h. The time an animal remained on
the platform was recorded as an index of memory retention. Staying
on the platform for 2 min was counted as maximum memory reten-
tion (ceiling response).

Blood Cholinesterase Assay

Blood samples (50 pl) were obtained from the tail vein and
diluted in an equal volume of ice-cold heparinized (20 units/ml)
saline. Total cholinesterase activity was measured using a modified
version [31] of the traditional spectrophotometric assay described by
Ellman et al. [16]. Blood samples were diluted in cold (0-4°C)
20 mM Na,PO, buffer (pH 8.0) and incubated with 0.27 mAf 5,5'-
dithio-bis(2-nitrobenzoic acid) in 0.1 M Na,;POy, pH 7.0, containing
1.5 mg/ml NaHCOs. Incubations were allowed to proceed at room
temperature in 96-well microtiter plates for 10 min. Then, acetylthio-
choline iodide (0.83 mAM in 0.1 M Na,PO, buffer, pH 8.0) was added
to each well, and absorbance at 405 nm was measured continuously
for 30 min. Cholinesterase activity was calculated on the basis of a
standard curve generated using increasing concentrations of gluta-
thione and expressed as nanomoles of acetylthiocholine iodide hy-
drolyzed per minute after normalization to blood hemoglobin con-
tent. The hemoglobin concentration was determined as described by
van Kampen and Zijlstra [41].

Statistical Analysis

One-way repeated-measures analysis of variance was used to ana-
lyze the effects of methyl parathion on blood cholinesterase activity
and body weight. Friedman repeated-measures analysis of variance
on ranks or the Mann-Whitney rank sum test was used to analyze the
open field test results. The data from the rota-rod test were analyzed
by one-way repeated-measures analysis of variance or t test. The data
from the step-down avoidance learning task were analyzed by Krus-
kal-Wallis one-way analysis of variance on ranks, one-way analysis of
variance or t test. Differences were deemed significant at p < 0.05.

Results

General Toxicity of a Single or Repeated Dermal

Administration of Methyl Parathion

Animals exposed to a single dose of 50 mg/kg methyl
parathion showed severe signs of acute toxicity (e.g. trem-
ors, purposeless chewing and lacrimation) within 24 h of
dosing and died within 72 h. Body weight declined about
17% during the 48 h after dosing (fig. 1a). Animals which
were treated with a lower dose of methyl parathion, i.e.
6.25 or 12.5 mg/kg, showed little or no signs of toxicity.
However, animals that received 12.5 mg/kg methyl para-
thion lost 9.6% of their body weight, a loss which was
recovered 1 week following treatment. The body weights
of animals treated with 6.25 mg/kg methyl parathion or
vehicle were not affected.

Animals dosed repeatedly with 0.1 or 1 mg/kg methyl
parathion showed little or no signs of acute toxicity.

Effects of Methyl Parathion on Behavior
and Cholinesterase in Rats
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Fig. 1. Effects of a single (a) or repeated (b) dermal treatment with
methyl parathion (MP) on rat body weight. The body weight was
measured every 7 days. Each symbol represents the mean £ SEM of
6-8 animals. ** p < 0.01 compared to the body weight at 0 days (one-
way repeated-measures analysis of variance).

Repeated dermal administration of 1 mg/kg methyl para-
thion, however, caused a slight transient decrease in body
weight 7 days after treatment, after which, body weight
returned to control levels over the next 21 days (fig. 1b).

Behavioral Effects of Methyl Parathion

Animals treated with a single dose of 50 mg/kg methyl
parathion showed a total loss of spontaneous locomotor
activity as assessed by the open field test (fig. 2a). Neuro-
muscular coordination (rota-rod test) was also reduced by
90% (fig. 3). Spontaneous locomotor activity (fig. 2b) and
neuromuscular coordination (fig. 3) of rats treated with
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12.5 mg/kg methyl parathion were significantly decreased
2 days after dosing and recovered by day 7. Neither loco-
motor activity nor neuromuscular coordination was af-
fected by treatment with 6.25 mg/kg methyl parathion.
A single dermal administration of 6.25 or 12.5 mg/kg
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Fig. 3. Effects of a single dermal exposure to methyl parathion (MP)
on neuromuscular coordination (rota-rod test). The rota-rod test was
performed before and 2, 7, 14, 21 and 28 days after methyl parathion
exposure as described in Materials and Methods. Data are expressed
as the speed at which the animals fell from the rota-rod. Each symbol
represents the mean = SEM of 6-8 rats. ** p < 0.01, *** p < 0.001
compared to the maximum speed at 0 days in the rats exposed to 12.5
mg/kg methyl parathion (one-way repeated-measures analysis of
variance).

Fig. 2. Effects of a single (a, b) or repeated (¢) dermal exposure to
methyl parathion (MP) on spontaneous locomotor activity (open
field test), expressed as the number of squares the rats crossed within
2 min. For rats that received a single dose of methyl parathion, the
open field tests were performed before and 2, 7, 14, 21 and 28 days
after the exposure. For rats that received repeated exposures, the
open field tests were performed 28 days after treatment. Each symbol
represents the median, quartile (25 and 75%), maximum and mini-
mum of 6-8 rats. * p< 0.05, ** p<0.01 compared to the spentaneous
locomotor activity at 0 days (Friedman repeated-measures analysis
of variance on ranks followed by Dunnett’s multiple comparisons or
the Mann-Whitney rank sum test).

methyl parathion had no effect on learning acquisition
or memory assessed 28 days after treatment (data not
shown).

Repeated administration of methyl parathion (1 mg/
kg/day) decreased spontancous locomotor activity
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Fig. 4. Effects of repeated dermal exposure to methyl parathion
(MP) on learning and memory. The step-down inhibitory avoidance
learning task was performed 28 days after exposure. a Results of
learning acquisition tests. Data are expressed as the number of foot-
shocks required before each rat learned to remain on the platform for
longer than 2 min. Each symbol represents the median, quartile (25
and 75%), maximum and minimum of 7-8 rats. There were no sig-
nificant differences between the two groups (Mann-Whitney rank
sum test). b Results of memory rctention tests. The latency to step
down by placing four paws on the grid was measured 24 h after the
training. Staying on the platform for 2 min was regarded as the ceil-
ing effect. Data are expressed as mean = SEM of 7-8 rats. The rats
exposed to 1 mg/kg methyl parathion showed a significant decrease
in latency compared to those exposed to 0.1 mg/kg methyl parathion
(* p<0.05, t test).

(fig. 2¢) and impaired memory (decrease in latency;
fig. 4b) in comparison to animals treated with 0.1 mg/kg/
day methyl parathion. There were no differences in ncu-
romuscular coordination (data not shown) or learning
acquisition (fig. 4a) between the two groups.

Effects of Methyl Parathion on Behavior
and Cholinesterase in Rats

Fig. 5. Effects of a single (a) or repeated (b) dermal treatment with
methyl parathion (MP) on blood cholinesterase activity. The blood
cholinesterase activity was measurcd as described in Materials and
Methods. Each symbol represents the mean = SEM of 6-8 animals.
** 5 < 0.01,** p<0.001 compared to the blood cholinesterase activ-
ity measured before trcatment in the same animal (one-way re-
peated-measures analysis of variance).

Effects of a Single or Repeated Dermal Administration

of Methyl Parathion on Blood Cholinesterase Activity

Inhibition of blood cholinesterase activity by a single
dermal administration of methyl parathion was dose-
dependent (fig. Sa). Forty-eight hours following treat-
ment, cholinesterase activity was inhibited by 51 and
77%, respectively, by 6.25 and 12.5 mg/kg methyl para-
thion. Similarly, cholinesterase activity was decreased by
88% with a methyl parathion dose of 50 mg/kg. In ani-
mals treated with lower doses of methyl parathion, i.e.
6.25 or 12.5 mg/kg, cholinesterase activity recovered fully
by day 14-21.
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The effects of repeated dermal methyl parathion treat-
ment on blood cholinesterase activity are shown in fig-
ure 5b. Cholinesterase activity in rats treated with 1 mg/
kg/day methyl parathion for 28 days was reduced by 50%
within the first 7 days, and inhibition was sustained over
the course of treatment. In contrast, there was no signifi-
cant reduction in cholinesterase activity in rats treated
with 0.1 mg/kg methyl parathion.

Discussion

The difference between the effects of a single and
repeated dermal exposure to methyl parathion on motor
function, learning and memory were investigated in adult
female rats and related to changes in blood cholinesterase
activity. Inhibition of blood cholinesterase activity by a
single dermal treatment with 6.25 or 12.5 mg/kg methyl
parathion (corresponding to about 10 and 20% of the der-
mal LDsg, respectively [18]) reversed completely within
21 days. The cholinesterase activity showed a rapid recov-
ery during the first 7 days following exposure and a slower
phase of recovery during the next 14 days. However, the
high dose of methyl parathion (50 mg/kg, 75% of the
LDsg) resulted in an 88% inhibition of cholinesterase
activity that had not changed within 48 h, and all of the
treated animals were dead within 3 days following this
methyl parathion treatment. These results indicate that
cholinesterase activity is not irreversibly inhibited by
acute exposure to lower doses of methyl parathion. Rath-
er, normal enzyme activity may be restored after a single
dermal exposure to a low dose of methyl parathion. The
early rapid recovery phase could be due to simple hydro-
lysis of the inhibitor-acetylcholinesterase complex [35].
Synthesis of new enzyme may contribute to the late phase
of recovery [4, 13]. At high doses (i.e. 50 mg/kg), methyl
parathion may form a depot on or in the epidermis, which
can prolong both its presence and the resulting inhibition
of acetylcholinesterase. Pope et al. [34] reported a more
rapid recovery of brain and plasma cholinesterase in rats
exposed to a single subcutaneous injection of methyl para-
thion (18 mg/kg) than that observed following exposure to
parathion or chlorpyrifos. The more rapid recovery could
be due to the more rapid hydrolysis of dimethylphos-
phorylated cholinesterase relative to the diethylphos-
phorylated enzyme [34]. Since the recovery of brain cho-
linesterase activity is correlated with recovery of plasma
cholinesterase [34], the change in brain cholinesterase
activity after methyl parathion treatment could be esti-
mated by the change in blood cholinesterase activity.
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In contrast, daily dermal exposure to a low dose of
methyl parathion, i.e. 1 mg/kg, which corresponds to
1.5% of the dermal LDsg, resulted in a sustained inhibi-
tion (50%) of blood cholinesterase activity that persisted
throughout the 28-day treatment period. Continued der-
mal exposure to methyl parathion and sustained forma-
tion of the active paraoxon may favor aging or nearly irre-
versible inhibition of the enzyme [5, 6, 21].

Methyl parathion-induced inhibition of cholinesterase
activity is accompanied by behavioral changes. However,
the enzyme inhibition did not correlate linearly with func-
tional changes. The 88% inhibition of cholinesterase ac-
tivity produced by a single dose of 50 mg/kg methyl para-
thion was accompanied by severe signs of acute toxicity,
total loss of spontaneous locomotor activity and a 90%
loss of neuromuscular coordination. However, the rats
treated with 12.5 mg/kg methyl parathion (77% inhibi-
tion) showed little or no signs of acute toxicity, only a 50%
decrease in locomotor activity and a 30% loss of neuro-
muscular coordination. No signs of acute toxicity and no
changes in motor activity were seen in the rats treated
with 6.25 mg/kg methyl parathion, whereas the cholines-
terase activity was reduced to 50% of control values. The
rats treated daily with 1 mg/kg methyl parathion dis-
played little or no signs of cholinergic toxicity, but blood
cholinesterase activity was decreased by 50% in this
group of animals. In the study by Nemec et al. [29] of der-
mal exposure to methyl parathion in humans, no notice-
able toxic symptoms were observed when blood cholines-
terase activity dropped to 60% of preexposure levels.
However, rats receiving 5 mg/kg methyl parathion orally
showed signs of cholinergic toxicity 7 min after dosing,
with convulsions beginning within 16 min [44]. The plas-
ma cholinesterase activity was reduced to 43.6% of con-
trol levels in these animals. These data indicate that rapid
absorption of methyl parathion through oral administra-
tion results in a rapid decline in cholinesterase activity
that is accompanied by signs of toxicity, while slow
absorption from the skin may cause a gradual decline in
the enzyme activity. These results agree with the specula-
tion that a sudden loss in cholinesterase activity is more
important than the absolute amount of the loss in the
manifestation of cholinergic signs [27]. In this study, the
full recovery of blood cholinesterase activity was accom-
panied by a full recovery of motor function as assessed by
the open field and rota-rod test. Thus, there is no delayed
effect on rat motor function after a single dose of methyl
parathion.

Memory deficiency has been reported in workers after
acute or chronic exposure to organophosphorous com-
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pounds [14, 23]. Impairment of learning acquisition, as-
sessed by the Hebbs-Williams maze, has also been ob-
served in rats 3 weeks following a single oral exposure to a
near-lethal dose of methyl parathion [19]. In the present
study, the delayed effects of a single dermal treatment
with methyl parathion on learning and memory were
examined using a step-down inhibitory avoidance learn-
ing task. No significant deficiency in either learning
acquisition or memory retention was detected 28 days
after a single dose of methyl parathion. Thus, a single der-
mal dose of methyl parathion has no delayed effects on
learning and memory retention. However, impairment of
memory retention was observed in the rats that were
treated with 1 mg/kg/day methyl parathion dermally for
28 days. These data suggest that daily dermal exposure to
low doses of methyl parathion, as might occur in domestic
and occupational settings, can induce memory impair-
ment without noticeable signs of cholinergic toxicity. The
decreased latency observed in the memory retention test
was considered not to be due to the change in spontancous
motor function, as motor slowing should tend to prolong
rather than shorten the latency. The central cholinergic
system has been linked to synaptic plasticity, learning and

memory processes by many studies [2, 3, 33, 37, 45]. It is
believed that organophosphorous compounds play a role
in memory loss by producing cholinergic dysfunction at
the level of the synapse [9]. Overstimulation followed by
depression of cholinergic receptors, downregulation of
muscarinic receptors [ 11, 20] or decreased white matter of
the brain [28] following repeated treatment may be in-
volved in the impairment of memory processes after sub-
acute dermal methyl parathion exposure.

In summary, a single dermal exposure to doses of
methyl parathion lower than those that elicit acute toxic
symptoms can cause both blood cholinesterase inhibition
and motor function changes that are reversible in rats. In
contrast, repeated low-dose dermal exposure results in
sustained inhibition of cholinesterase activity and causes
impairment of both motor function and memory reten-
tion.
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