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Evaluation of toxicological and behavioral symptoms
on deltamethrin treated albino rats

Abstract

Background: Pesticides are one of the most alarming toxic substances that are deliberately
added to our environment. Deltamethrin, a Type-II synthetic pyrethroid used to control a
variety of insects in agriculture and domestic environments. Its extensive commercial use
has lead to inescapable concern over the potential adverse effects on the human health. The
present study investigated the deleterious effects on behavior in albino rats, including motor
coordination abilities and overall activity.

Methods: Deltamethrin was administered intraperitoneal in adult wistar albino rats (250-
270 gm), in the dose of 0.5 mg/kg/ body weight for a month. All rats were observed
for behavioral and toxicological symptoms. Body weight and rectal temperature were
measured. The open field behavior, social interaction test, landing foot splay, and forelimb
and hindlimb grip test for neuromuscular function were done.

Result: Experimental rats showed sign of mild to moderate variety of behavior and
toxicological symptoms characterized by decreased food intake and salivation, motor
incoordination, looping, weaving etc. Deltamethrin treated rats showed statistical
significant decrease in body weight. There was decreased locomotor and rearing frequency
but increased duration of immobility. The social interaction was decreased and large foot
angle was seen in treated rats. Delayed onset of reflexes was also observed.

Conclusion: The present study, thus, shows a great deal of variability in the toxicity and
motor coordination in deltamethrin exposed rats.
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Introduction

Deltamethrin, a type-II synthetic pyrethroid with potential
insecticidal property is extensively used as used as an ectoparasiticide
in crop protection and public health programme.! Extensive studies on
animals revealed that deltamethrin are particularly toxic to neurons,
acting directly on the axon by interference with sodium channel
gating mechanism that underlines the generation and conduction of
nerve impulses.?

Recently, toxicity has been reported in experiments on mice, rat,
rabbit and guinea pig via dermal, oral and inhalational routes. These
were in form of, excessive salivation, impaired limb function, ataxia,
loss of righting reflex, lethality, paraesthesias, choreoathetosis, tremors,
rarely paralysis and convulsions.>® Deltamethrin administered during
period of major organogenesis reduced the average weight of the
live fetuses.” A few occupational hazards in human beings during
manufacturing and handling are transient cutaneous and mucous
membrane irritation, itching, dizziness, abnormal facial sensations
and allergic reactions.®

The indiscriminate and injudicious use of pesticides poses threat
to human health. As pesticide residue concentration enter food chain
and exceeds the maximum limit, ill effects are produced.” Humans are
increasingly exposed to pesticides at all stages of life due to changed
lifestyle but there is dearth of studies on the behavior changes caused
by deltamethrin exposure. Hence the objective of this study was to
determine deleterious effects on behavior in albino rat, including
motor/coordination abilities and overall activity due to deltamethrin
exposure.

Materials and methods
Animals

The rats were procured from the animal house of University
College of Medical Sciences (UCMS) and Guru Teg Bhadur (G.T.B)
Hospital, Delhi. Male and female albino rats, weighing 250-270
gm, and about 90 days old were used. The animals were housed in
propylene cages (32 X 40 X 18 cm) under controlled temperature (22-
24°C), in a 12-hour light; 12-hour dark schedule, with free access to
food and water. The experiments were carried out according to the
national regulations and rules for animal welfare and guidelines of
Institutional Animal Ethical Committee (IAEC), UCMS and G.T.B.
Hospital, Delhi. The rats were acclimatized for one week before
starting the treatment.
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Experimental design

All animals were provided with normal feed and water ad libitum
during the study period. The animals were divided into two groups (I
and II) as control and experimental respectively. Each group contains
10 animals. In the present study, deltamethrin was administered
intraperitoneal (i.p.), in the dose of 0.5 mg/kg/ body weight for a
month in adult wistar albino rats. Adequate dilutions were made with
peanut oil to achieve test concentrations. The test concentrations were
calculated from the percentage of active ingredients of commercial
formulations. Control rats also received the similar amount of peanut
oil (without any pesticide) through intraperitoneal injection. Body
weights of all animals were recorded at an interval of 10 days.

Toxicological symptoms

All the rats (control and experimental) were observed closely
during the study period for appearance of behavioral changes and
toxic symptoms. The nature, degree, and time of occurrence of toxic
symptoms were carefully recorded.

Behavioral changes

Physical parameters of general behavior were assessed daily.
Traditional analyses of drug induced behavior start off with a ready
list of arbitrarily defined behavioral acts (such as sniffing, head down,
nose-poking, or rearing). The objective of those analyses is to discover
the frequency, duration, and sequence of the acts during the course of
the drugs action.'®!!

Open field studies

The open field apparatus was based on that described by
Broadhurst.”” The device is round arena (96 cm in diameter)
surrounded by a 25 cm high wall, painted white, and subdivided
into 25 parts by black stripes. During the experiments, 40 Watt white
bulb placed 72 cm above the floor provided continuous illumination
of the arena. Handheld counters and stopwatches were employed to
score locomotion (number of floor units entered), rearing frequency
(number of times an animal stood on its hind paws) and immobility
(total time without spontaneous movements). Rats were individually
places in the center of the open-field arena and behavioral parameters
were observed for 3 minutes. To minimize the possible influences of
circadian changes on open field behavior, control and experimental
animals were alternated. The device was cleaned with a 5% alcohol/
water solution before placing the animals in it to eliminate the possible
bias caused by odors left by the previous rats. Control and experimental
rats were intermixed, and the tests were conducted between 8:00 AM
and 12:00 PM. The animals were previously maintained for at least 90
minutes in access rooms under the same conditions as the test room.

Social interaction test

The social interaction test was performed in the open field
apparatus. Two days before the test, each rat was individually
subjected to 10 min familiarization sessions in the test arena. On the
next day, the rats were paired by weight (i.e., no more than 10 gms
difference), and social interaction was observed for 10 min. Two
hours after the administration of deltamethrin (experimental rat) or
peanut oil (control rat), the paired rats were placed in the center of the
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test arena to evaluate social interaction. The total time (in seconds)
spent by the test pairs in active social interaction (i.e., sniffing,
following, grooming, kicking, boxing, biting, and crawling under or
over the partner) was recorded for 7.5 min. The apparatus was washed
with a 5% ethanol solution prior to each behavioral test. Control and
experimental rat pairs were intermixed, and the tests were conducted
between 8:00 AM and 12:00 PM.

Rectal temperature

Rectal temperature was measured with a thermometer (Rat Rectal
Temperature Probe) connected to a metallic material sensor lubricated
with Vaseline. The first measurement was taken prior to and 120 min
after the respective treatments, at the deltamethrin peak of effects
on open field behaviors. The thermometer was cleaned with a 5%
ethanol solution prior to each temperature measurement. Control and
experimental rats were intermixed, and the measurements were taken
between 8:00 AM and 12:00 PM to prevent interference caused by
circadian variations.

Landing foot splay

Gait is measured with the footprint test which indicating peripheral
nerve damage (neuropathy). The animal is released from a height, and
the distance between the hind feet as the animal lands is recorded.
Splay (spread of limbs out and apart) values were generally measured
in millimeters (mm). Foot splay was apparently not related to body
weight, since the values did not increase over time in spite of the
increasing weights of the rats.!>!

Forelimb and hindlimb grip test for neuromuscular
function

The animal’s ability to hang with forelimb, the length of time
it does hang, and its activity while hanging was observed. Muscle
strength was also measured using the grip strength meter (Columbus
Instruments International Company, USA). It is employed in assessing
neuromuscular function by sensing the peak amount of force an animal
applies in grasping specially designed pull bar assemblies. Metering is
performed with precision force gauges in such a manner as to retain
the peak force applied on digital display.'

Statistical studies

Quantitative observations in all the rats were done in both the
groups and the data was tabulated and statistically analyzed by
independent sample “t” test. But body weight in the experimental
and control rats was tabulated and statistically analyzed by Tukey’s
test. Statistical analysis was performed using SPSS 11.5 software. P <
0.001 was considered as a significant level.

Results

All the control rats were normal, healthy and active during the
treatment period. However, rats treated with dose of deltamethrin
appeared weak and less active. Animals included in the study
survived well throughout the period of thirty days. The rats treated
with deltamethrin showed decrease body weight gain as compared
to control rats. The mean body weight of the animals in control
group was 178.5 0+£7.47gms before the onset of the experiment and
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182.50+8.57gms on the last day (Table 1). Whereas the mean body
weight of the animals in experimental group at the beginning of the
experiment was 181.50+6.25gms while on the last day the weight was
166.00+8.09gms. The decrease in the body weight in the experimental

Table 1 Comparison of body weight (gm) in control and experimental rats
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rats after administration of deltamethrin was found to be statistically
significant (p<0.001) by Tukey’s test when compared with the control
animals (Table 1).

Mean

p-value (one

. Iy ) O,
Group ) S.D way ANOVA) Significance (Tukey’s test at 5% level)

Before the Control 178.5 747 *

) >0.001 i -
experiment The groups were not statistically significant
Experimental 181.5 6.25
Last day of Control 182 8.57 <0.001* Experimental group was statistically
experiment Experimental 166 8.09 significantly different control groups

*p value<0.001 means data are statistically significant

u, mean; S.D, standard deviation; gm, grams

In this study, Control rats were more active as compared to
treated rats. It was observed that physical parameters were affected
in deltamethrin treated rats as compared to control rats. Seemingly
unrelated acts as the sniffing, keeping head down, jumping, circling,
rotating, looping (somersaulting from the cage top) and weaving
(pacing to and fro over the same point, with frequent rears when
turning) during the course of experiment.

During the course of the experiment, after receiving the first
dose of deltamethrin the rats became hyperactive which was likely
represented by sneezing, shivering, groaning, and excessive salivation
which lasted for half an hour. On subsequent days, the animals
appeared sluggish; there was a loss of appetite associated with loose
faeces and occasional vomiting.

The open field test showed that the experimental rats decreased
locomotor frequency in the 120 minutes session compared with the
Control group. Results suggested that locomotor activity decreased
with regard to locomotor frequency. Also the test showed decreased
rearing frequency in the 120 minutes session in the deltamethrin treated
animal compared with the control group of rat. Interestingly, With
regard to the duration of immobility, significant effects were found.
The decreased locomotor and rearing frequencies were followed by
an increased duration of immobility. There were no differences in the
amount of time spent in the center between control and treated groups,
indicating that both treatment groups were aware of the bounds of the
chamber and could see the surrounding area.

The social interaction was decreased in experimental group
compared with the control group (Student t test, p < 0.001).
Deltamethrin treatment did not alter the rectal temperature in any of
the groups (32.0-36.2°C).

The Landing foot splay analysis test showed the experimental rat
had a larger foot angle than the control rat. Experimental rats were
more agitated and tended to move slowly down the walkway.

The animal’s ability to hang with forelimb, the length of time
it does hang, and its activity while hanging was observed. There
were significant reductions in male forelimb and hindlimb hanging
time (Seconds) with experimental rat compared to control group.

Delayed onset of certain reflexes was also observed in rats exposed
to deltamethrin.

Discussion

Deltamethrin at a dose of the dose of 0.5 mg/kg/ body weight
produced varying degree of mild to moderate toxic symptoms and
behavior changes in albino rats. It was observed that the rats became
hyperactive immediately after receiving the first dose of deltamethrin.
On subsequent days, the animals appeared sluggish; there was a loss
of appetite associated with loose faeces and occasional vomiting.
Deltamethrin is known to be neuropoisonous acting on the axons in
the peripheral and central system by interacting sodium channels.'®
Chesterman et al.'® observed vomiting, liquid feces, uncoordinated
body movements, tremors and abnormal reflex responses in dogs after
administration of oral deltamethrin dissolved in polyethylene glycol
in gelatin capsules and attributed these symptoms to a dose related
dysfunction of the autonomic nervous system. The signs of toxicity
observed in rats after deltamethrin administration included salivation
and choreoathetosis, a writhing type of toxicity and have been
designated as the choreoathetosis / salivation syndrome toxicity.!”>

Clark & Brooks?' have reported a toxicity of Type-II syndrome,
particularly choreoathetotic writhing and associated it with unusually
high concentration of plasma noradrenaline and adrenaline. Similar
observations were seen by Parkin et al.??; Carbaral et al.”*; Bateman*;
Narahashi’; Soderlund® in rats after administration of deltamethrin.
Wu et al.** administered deltamethrin in corn oil, intraperitoneally
in male Sprague Dawley rats and suggested DNA fragmentation
elicited by deltamethrin induced degeneration and apoptotic cellular
death in rat brain, suggesting an important role played by apoptosis in
neurotoxicity of deltamethrin. However, Sayim et al.> and Mokhtar et
al.* reported that these symptoms have been attributed to a reduced
activity of brain acetyl cholinesterase (AChE) and ischemia of the
brain tissue resulting in such cerebral stroke signs and symptoms.
Whereas Manna et al.”’ explained it to be a result of significantly
low Gamma amino butyric acid (GABA) concentrations in the brain
tissue. Chen et al.?® has suggested mitochondria mediated apoptosis of
the nerve cells in the rat brain to be the cause of these toxic effects.
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There was a statistically significant decrease in the body weight
in deltamethrin treated rats which may have resulted due to the
hyperactivity, excessive salivation, loss of appetite, diarrhea and
the occasional vomiting observed in these animals. This decrease in
body weight in experimental rats is in accordance with the findings
of Kavlock et al.* who reported a twenty percent (20%) reduction
in the body weight in female rats. Madsen et al.*® and Elbetieha et
al.*' also reported a similar reduction in body weight in male Fisher
and Sprague—Dawley rats respectively after oral administration of
deltamethrin. Similar findings were seen when deltamethrin was
administered dissolved in propylene glycol intraperitoneally in Wistar
albino rat by Patro et al.>> However our findings are in contrast with
the observations of Sayim et al.* and Varshneya et al.** who did not
observe a significant change in the body weight of the animals after
administration of a Type-II pyrethroid, cypermethrin. The difference
in observation of the body weight might have resulted due to the
different routes and doses of administration used in our studies.

Locomotion frequency measured as distance travels, immobility or
resting time and rearing in the open field has been used as an index of
both arousal and “emotionality”. The decrease or absence of movement
within the apparatus normally indicates a reduction in arousal or an
increase in the level of emotionality.>*3” Present study showed reduced
locomotors activity but not motor coordination. In this respect, the
most important response to increased emotionality in the open field
is freezing behavior, with a consequent decrease in locomotion
frequency parallel to an increase in immobility. Thus, it is possible
that the decreased locomotion frequency and the increased immobility
observed were consequences of high levels of emotionality induced
by the exposure to the pyrethroid.*® Bhattacharya & Mitra*® reported
that the decreased open field activity after deltamethrin administration
may have been a consequence of increased “anxiety” and not motor
behavior in general. In this respect, decreased locomotors and rearing
frequencies were observed with an increased duration of immobility.
However, the lack of effects on motor coordination supports the
hypothesis that deltamethrin does not interfere with motor function
but interferes with emotional parameters.

In the social interaction test, deltamethrin reduced the time spent
engaged in social interaction. These results suggest that deltamethrin
induces anxiety like behavior. This conclusion is based on the results
with anxiolytic and anxiogenic drugs used in the social interaction
test, i.e., a reduction in the time engaged in social interaction indicates
an anxiogenic effect of the drug, whereas an increase in this parameter
indicates an anxiolytic effect.**

Thermoregulation in rats is an important factor for evaluating the
toxic effects of pyrethroids. One of the effects of Type-I pyrethroid
exposure is hyperthermia, possibly attributable to extensive muscular
activity.* In contrast, Type-II pyrethroids, such as deltamethrin,
can produce hypothermia.** There was no modification in rectal
temperature, suggesting that the present doses do not induce severe
toxicity.

The Landing foot splay analysis test was the test done to measure
coordination. The experimental rat had a larger foot angle than the
control rat. This could indicate that control rat is not as stressed
during the test and walked normally. Experimental rats were more
agitated and tended to move slowly down the walkway. As a result,
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foot placement may be abnormal and an increased foot angle could
indicate slower and unnatural movement.*

It was observed that control rats had taken more time for hanging
as compared to experimental rats and their grip became sharp on
alternate days but experimental rats took more days for sharp hanging
grip. It was also observed that control rats had sharp negative geotaxis
and palmer grasp as compared to treated rats.*® Deltamethrin treated
rats exhibited significant deficits in motor abilities, coordination,
and overall activity, as measured by footprint analysis and open field
indicate that exposure to deltamethrin can have long-lasting motor
and cognitive consequences.

Conclusion

Even though all these above-reported findings and the available
bulk of literature seem to be sometimes and somewhere controversial,
integrated approaches combining biochemical markers in combination
with neurophysiological and behavioral assays could represent a
valuable methodological approach by which human neurotoxicity
assessment may become more focused and understanding the cellular
mechanisms and the behavioral outcomes of deltamethrin will help
reduce the morbidity and dysfunction associated with deltamethrin
exposure by creating avenues of prevention and treatment.
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