9

Fundamental Toxicological Sciences (Fund. Toxicol. Sci.)
Vol.2, No.1, 9-17, 2015

Original Article

Effects of sub-chronic exposure to deltamethrin on
shuttle-box avoidance and contents of amino acid
neurotransmitters in hippocampus of mice
Cao Pei, Ma Ning, Gao Peng, Feng Yong-quan, Wang Xiao-dan and Xu Hai-bin
China National Center for Food Safety Risk Assessment,
No 2 Building in Guangqu road 37# in Chaoyang District in Beijing, 100021, Beijing, PR China
(Received December 10, 2014; Accepted December 17, 2014)

ABSTRACT — The purpose of this study was to evaluate the effects of sub-chronic exposure to deltamethrin in lower doses on the acquisition of a two-way avoidance task and the levels of amino acid neurotransmitters in hippocampus of mice measured using shuttle-box and LC-MS/MS system. Deltamethrin was given to mice respectively at doses of 0.46, 0.92, 1.80 mg/kg BW daily for 60 days by gavage.
Deltamethrin was found to decrease the number of avoidance responses, increase response latency, and
increase glutamate levels in the 0.92 and 1.80 mg/kg BW-dose group. As revealed by electron microscopy, in 0.92 and 1.8 mg/kg-dose group mice, morphology of cells were changed and degeneration and
necrosis morphological characteristics obviously were appeared. Collectively, results from this study suggest that deltamethrin may have cumulative effects in mice following repeated dosing of deltamethrin
using moderately effective doses, beside Na+ and Ca2+ channels as well as Na+ and Ca2+-dependent glutamate release, may be involved with neurotoxic action of deltamethrin.
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INTRODUCTION
Pyrethroids are insecticides that are extensively used
in agriculture, public health and veterinary applications
on both farm animals and pets for the prevention and control of ectoparasites (Casida et al., 1983; Llewellyn et al.,
1996; Tayebati et al., 2009). They are commonly divided
into two classes, namely type I (e.g. allethrin, pyrethrin,
permethrin) and Type II derivatives (e.g. deltamethrin,
fenvalerate, cyhalothrin) (Miyamoto et al.,1995; Gassner
et al., 1997). Type I pyrethroids have no cyano-group
at the carboxyl α position (α-carboxyl) whereas type II
pyrethroids contain this cyano-group (Verschoyle and
Aldridge, 1980). The type I compounds cause T syndrome
that is characterized by hyperexcitation, incoordination,
and whole body tremor. The type II, cyano compounds,
cause CS syndrome that is characterized by profuse salivation, coarse tremor progressing to choreoathetosis
and paralysis (Narahashi, 1985; Vijverberg and Van den
Bercken, 1990). In spite of such differences in the symptoms of poisoning, the primary target site for type I and
type II pyrethroids is sodium channel (Bloomquist, 1996;

Narahashi, 1992, 1996). Electrophysiological studies
found that neuroactive pyrethroids interacted with sodium
channels in excitable tissue and prolonged sodium current
evoked by membrane depolarization (Narahashi, 1992,
1996). Many target sites other than the sodium channel
maybe relevant to pyrethroid action (Soderlund et al.,
2002). For example, voltage-gated calcium channels and
chloride channels are also involved with acute neurotoxic
effects of some pyrethroids (Soderlund et al., 2002; Burr
and Ray, 2004; Forshaw et al., 1993; Shafer and Meyer,
2004). A few studies found that deltamethrin enhanced
Ca2+-dependent neurotransmitter release in the isolated
presynaptic nerve terminal (Symington et al., 2007) and
prolonged Ca2+-mediated action potential and depolarized
the membrane of paramecium, which lack voltage-gated
sodium channels (Symington et al., 1999).
Deltamethrin, α-cyano-group containing type II synthetic pyrethroid, is a potent neurotoxin for both insects
and mammals. It is reported that deltamethrin has a high
affinity for the central and peripheral nervous system
(Anadon et al., 1996; Rickard and Brodie, 1985). Central nervous system is the major neurotoxicity target of
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deltamethrin. The acute effects of deltamethrin on learning and memory have been examined in a few of studies
(Bloom et al., 1983; Husain et al., 1996; MacPhail et al.,
1981; Stein et al., 1987). Rats orally exposured to a commercial formulation of deltamethrin at the concentration of
7 mg/kg/day (15 days) could cause a 30% decrease in a
re-learning index for an avoidance response based on visual discrimination in a 24 hr Y-maze after the last treatment with deltamethrin (Husain et al., 1996). Other data
indicated that 20 min after treatment with deltamethrin,
operant behavior response rates were decreased (Stein
et al., 1987). Few studies, however, have addressed the
problem of whether sub-chronic exposure to deltamethrin at a lower dose can affect the function of learning and
memory in mammals.
A few studies have been conducted on the action
of deltamethrin on the central neurotransmitter system (Aldridge et al., 1978; Eells and Dubocovich, 1988;
Hossain et al., 2004, 2006). For example, deltamethrin treatment resulted in a dose-dependently increase in
the extracellular acetylcholine release in the hippocampus of freely moving rat brain (Hossain et al., 2004).
In addition, rats were treated i.p. with deltamethrin
(10, 20, 60 mg/kg) increased the extracellular dopamine
levels in the striatum (Hossain et al., 2006).
Amino acid neurotransmitters are major neurotransmitters in the brain which primarily include glutamate, gamma amino butyric acid (GABA) and aspartic acid
(Asp), etc. Hossain et al. (2008) reported that intraperitoneal injection of deltamethrin (10, 20, 60 mg/kg) could
dose-dependently increased extracellular glutamate level
to about 190-275% of baseline while decreasing the level of GABA in the hippocampus of rats. Niu et al. (1999)
found that intraperitoneal injection of deltamethrin at the
dose of 20 mg/kg increased the contents of glutamate and
Asp in the cerebral cortex, hippocampus, cerebellum of
rats. Neuropharmacological study of deltamethrin showed
that deltamethrin administration (orally, 150 mg/kg,
1 day) decreased the GABA levels significantly in the cerebellum of rats (Manna et al., 2006). The literature describing the effects of sub-chronic deltamethrin administration
on amino acid neurotransmitters events are spare.
Most of the toxicological and physiological investigations concerning the mechanical effects of deltamethrin had been performed on rat using injection. The main
sources of general population exposure to deltamethrin are contaminated food and water, and deltamethrin is
readily absorbed by the oral route (Barlow et al., 2001).
So the present study is therefore designed to assess the
orally sub-chronic effect of deltamethrin on the acquisition of a complex learning task and cellular contents of
Vol. 2 No. 1

amino acid neurotransmitters in mice. In our study, deltamethrin is administered orally in order to simulate main
way of human exposure to deltamethrin and the effects
of sub-chronic deltamethrin administration on hippocampal microstructure in mice are investigated with electron
microscopy.
MATERIALS AND METHODS
Chemicals and reagents
All reagents used were analytical grade. Deltamethrin
was donated by Institute for the Control of Agrochemicals,
Ministry of Agriculture (ICAMA, Beijing, China). GABA
(purity 99.0%) was from Acros Organics (Morris Plains,
NJ, USA) and glutamate (purity 99.0%) was from National
Institute for the Control of Pharmaceutical and Biological Products (NICPBP, Beijing, China). HPLC grade
methanol and acetonitrile were supplied by Fisher
Scientific (Waltham, MA, USA). Ultrapure water was filtered through a Milli-Q system Millipore (Bedford, MA,
USA). Formic acid (FA) and ammonium acetate were
purchased from Dikma (Lake Forest, CA, USA).
Animals
A total of 60 female Kunming mice, with body weight
of 20-23 g at arrival, were obtained from the animal facilities of NICPBP. The animals were housed five per cage
in a temperature (22 ± 2°C) and humidity (55-60%) controlled room with 12:12 hr dark-light cycle (lights on at
08:00 am). Free access to food and water was allowed
throughout the experiment. The animals were kept in these
conditions at least 7 days prior to initiation of experiment.
Experimental groups and treatments
At the beginning of the experiment, the 60 mice were
randomly divided into four experimental groups: control,
low-dose, middle-dose and high-dose (n = 15 each group).
The mice were selected in such a way that the average
weights of these groups were similar. Deltamethrin was
dissolved in corn oil and administered to mice by gavage
once daily for 60 days. Based on the LD50 of 14.7 mg/kg bw
calculated using the Horn’s method. According to the
document about the sub-chronic effect of deltamethrin in
rats, deltamethrin caused impaired mobility, gait, postural
changes and mortality at 800 ppm dietary level (Nemec,
1998). In order to avoid death and obvious poisoning syndromes in mice in the experiment, the 1/8, 1/16, 1/32 of
the oral LD50 were selected as the doses based on the
results of preliminary experiment. Treated mice were given deltamethrin at doses of 0.46, 0.92, 1.80 mg/kg BW
daily for a period of 60 days by gavage. Deltamethrin was
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dissolved in corn oil and gavage volume was 5 mL/kg bw.
The corn oil only was administered as control.
Active avoidance responses
Starting from one day after the 60-day DM treatment, the animals were given one session of two-way
active avoidance conditioning daily for four consecutive days. Immediately prior to the first session, the mice
were allowed to freely ambulate in the shuttle-box for
3 min in order to become familiar with the training box. A
shuttle-box consists of two chambers of equal size divided by a stainless steel partition with a gate providing
access to the adjacent compartment (28 × 15.5 × 16 cm)
(SLY-SRC, Sun Instruments Co. Ltd., Beijing, China) and
was placed in a sound-attenuating room to avoid noise
disturbance to the animals during tests. The gate in the
partition was kept open. The warning stimulus, which
functioned as a conditioning stimulus (CS), consisted
of the cue light and sound presented simultaneously for
10 sec. After the CS, the aversive stimulus unconditioning
stimulus (US) was applied. The US was an electric shock
(0.5 mA for 10 sec) applied to the grid floor. If the animal avoided the US by running into the other chamber
within 10 sec after the onset of the CS, the microprocessor recorder unit of the shuttle box recorded an avoidance response, the CS and US were terminated, and the
inter-trial interval (ITI) was initiated. The ITI averaged
20 sec and ranged from 15 to 25 sec. If the mouse did not
cross into the non-illuminated chamber during the CS and
US, the US was stopped and the ITI began. During the
ITI, the mouse could move freely between the two chambers. Each animal was given 30 trials daily for 4 days.
The parameters recorded were: number of avoidance (the
mouse crossing the barrier during CS) and response latency (latency to avoid or escape).
The measures recorded were: number of avoidance (the
mouse crossing the barrier during CS) and response latency (latency to avoid or escape) (Matthew et al., 2003).
Chemical analysis
Sample preparation
A certain amount of cortex, hippocampus and cerebellum samples of mice were accurately weighed and transferred into a 2.5 mL centrifuge tube. Tissues were homogenized in 10 times volume (v/w) of 0.1 mol/L hydrochloric
acid. The homogenates (0.05 mL) were removed and
diluted 800 times in two steps with ultrapure water, and
then centrifuged at 10,000 rpm for 10 min. Supernatants
(10 μL) were used for analysis.

MS/MS optimization
Glutamate, Asp and GABA gave prorogated parent ion
[M+H]+ at m/z 148.4, m/z 134.3 and m/z 104.1, respectively. The fragment ions of the most significant intensity were observed at m/z 84.2 for glutamate, m/z 88.1
for Asp and m/z 84.1 for GABA, respectively. The mass
transitions thus chosen accordingly for quantitation were
m/z 148.4→84.2 for glutamate, m/z 134.3→88.1 for Asp
and m/z 104.1→84.1 for GABA. The high-flow gas flow
parameters were optimized by making successive flow
injections while introducing mobile phase into the ionization source, and the instrument setting was adjusted to
maximize the response for the analytes.
LC-MS/MS analysis
Samples were applied on the LC-MS/MS system consisting of an HPLC system (Perkin Elmer Series 200),
a micro-pump (Perkin Elmer, Waltham, MA, USA), an
API 4000 triple quadrupole mass spectrometer (Applied
Biosystems, Foster, CA, USA) equipped with electrospray
ionization (ESI) source. Chromatographic separations were
carried out on an Agilent Zorbax SB-C18, and column was
75 mm × 4.6 mm, 3.5 μm (Agilent Technologies, Little Falls,
DE, USA). Column temperature was maintained at 25°C.
The injected sample volume was 10 μL. The flow rate was
300 μL/min. Mobile phases A and B were water with
0.1% formic acid in water, 10 mM/L ammonium acetate
solution and acetonitrile respectively. A gradient elution
was made using gradient of LC as follows: the percentage
of solvent B was linearly increased from 10% at time 0 to
100% at 12 min, remained at 100% for 1.5 min, and linearly decreased to 10% solvent B at 13.5 min. The column
was then equilibrated at 10% for 4.5 min prior to the next
injection. Mass spectrometric analysis was performed in
positive ion mode and set-up in multiple reaction-monitoring (MRM) mode. Nitrogen serves as nebulizer (GS1),
auxiliary (GS2), curtain (CRU) and collision gas (CAD)
in the API 4000. Date processing was performed on ANALYST 1.4.2 version software.
Quality control
The precision and accuracy of the method was evaluated by analyzing Quality control (QC) samples, prepared separately from calibration standards at a glutamate concentration of 30, 175, 375 ng/mL, and 75, 437.5,
937.5 ng/mL for GABA, respectively. Six replicates of
QC samples at each concentration were measured within one day or for consecutive five days. Recovery rates
were calculated by comparing the peak areas of glutamate
and GABA standards with those obtained in mobile phase
solution with QC samples containing equal amounts of
Vol. 2 No. 1
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amino acids. The intra-and inter day precision and accuracy for glutamate and GABA were determined by analyzing the concentrations of QC samples with six replicates
on the same day and on separate days. Results indicated
that the values were within the acceptable range and the
method developed was sufficiently accurate and precise.
The limit of detection (LOD) was 10 ng/mL for glutamate
and 25 ng/mL for GABA, respectively.
Transmission electron microscopy analysis
At the end of the active avoidance test, six mice were
selected randomly. The hippocampus was removed rapidly on the ice when the mice were anesthetized. Hippocampal tissues were cut into pieces (1 mm × 1 mm ×
1 mm) and fixed in 2% paraformaldehyde containing
2.5% glutaraldehyde at 4°C for 2 hr. Hippocampal tissues
were washed three times with dimethyl sodium arsenate
buffer and fixed inosmium tetroxide at 4°C for 2 hr. Hippocampal tissues were washed three times with double
distilled water. The samples were embedded in Epson812
and stained with azure-methylene blue, cut on an ELB
ultramicrotome and finally examined on the HITACHIH7650 transmission electron microscope.
Statistical analysis
Data were presented as mean ± S.E.M. A mixed
repeated measurement ANOVA was used for the active
avoidance task analysis with day of training considered
as a within-factor, and dose (deltamethrin) as major factor. Contents of glutamate, ASP and GABA from the hippocampus were analyzed using one-way ANOVA with
Tukey HSD tests for Post-hoc test. In constructing ANOVA model, interaction between factors was considered
when interaction was significant, else interaction was
not considered. Statistical significance was defined as
P < 0.05.

Fig. 1.

The mean weekly body weights of mice during 60-day
experiment. (mean ± S.E.M., n = 15).

Effect of deltamethrin exposure on the
acquisition of an active avoidance task
Number of avoidance response
The avoidance data were analyzed with a 4 × 4 (Dose
× Day) repeated measurement ANOVA. The 4 levels of
concentration were 0, 0.46, 0.92, 1.80 mg/kg BW, and
the days 1-4 served as the repeated measure. For number
of avoidance, there was a significant main effect of day
[F = 33.087, P < 0.001], and a significant main effect of
dose [F = 13.257, P < 0.001]. However, these two main
effects were of little interest on the basis of the significant two-way interaction (Dose × Day) obtained for the
number of avoidance response [F = 6.948, P < 0.001].
The interaction term showed a significant difference
in the slopes of the avoidance curves across groups,
with 0.92 and 1.8 mg/kg-dose group achieving lower levels of avoidance response than solvent group and
0.46 mg/kg-dose group (Fig. 2A). Post-hoc tests indicated
that both 0.92 and 1.8 mg/kg-dose group had less avoidance responses than the solvent group (P < 0.01), and
1.8 mg/kg-dose group had less avoidance responses than
0.46 mg/kg-dose group (P < 0.01).

RESULTS
General appearance and body weight
All mice were visually inspected daily and weighted twice a week. Mice in each experimental group were
generally in good condition. No animals died during the
experiment. No signs of deltamethrin poisoning or gross
behavioral abnormalities were observed throughout the
experimental period except for the 0.92 and 1.80 mg/kgdose group mice showing some excitability. The body
weight of mice in each experimental group (including the
control group) had no statistically significant differences
[F = 1.249, P > 0.05]. (Fig.1)
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Response latency
A 4 × 4 (Dose × Day) repeated measurement ANOVA
revealed that the main effect of day was significant
[F = 79.273, P < 0.001], and a significant main effect
of dose [F = 50.523, P < 0.001]. A two-way interaction (Dose × Day) for response latency was significant
[F = 8.516, P < 0.001]. Post-hoc tests showed that
1.80 mg/kg -dose group mice displayed longer response
latency than control, 0.46 mg/kg-dose and 0.92 mg/kgdose group mice (P < 0.05). 0.46 and 0.92 mg/kg-dose
group mice had extended response latency than the control (P < 0.05). (Fig. 2B)
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A

Fig. 2.

B

Effect of 60-day deltamethrin administration on shuttle-box avoidance in mice. (A) The average active avoidance response
of mice after the 60-day deltamethrin administration. (B) The average response latency of mice after the 60-day deltamethrin administration. Each value presented is the mean ± S.E.M. (n = 15). *significantly different from control values
(P < 0.05). #, + significantly different from 0.46 mg/kg BW or 0.92 mg/kg BW respectively (P < 0.05) .

Contents of amino acid neurotransmitters in
hippocampus of mice
The contents of glutamate, Asp and GABA was respectively analyzed with the one-way ANOVA [F = 5.7925,
P < 0.01; F = 1.274, P > 0.05; F = 2.081, P > 0.05]. Posthoc tests showed that compared to corn oil-treated (control) mice, the content of Glutamate was increased in
the 0.92 mg/kg BW-dose and 1.8 mg/kg BW-dose group
mice (P < 0.01). Meanwhile, compared to the 0.46 mg/kg
BW-dose group mice, the content of glutamate was
also increased in the 1.8 mg/kg BW-dose group mice
(P < 0.05). (Fig. 3)
Histopathology
As revealed by electron microscopy, a large number of
hippocampal neurons and astrocytes showed intact cell
structure in the control and 0.46 mg/kg-dose group mice.
The morphology of hippocampal neuron was round and
oval, morphology of astrocyte was irregular. The intact
cells had nucleus, homogeneous cytoplasmic matrix, and
complete cell membrane. In 0.92 and 1.8 mg/kg-dose
group mice, morphology of cells were changed; degeneration and necrosis morphological characteristics obviously were appeared, such as pyknosis, karyorrhexis, breakup
and lysis of nuclear membrane. (Fig. 4)
DISCUSSION
Shuttle-box avoidance test can quantitatively measure the ability of animal to avoid an aversive event, and
this method is the usual behavior measurement used in

Fig. 3.

The average contents of amino acid neurotransmitters
in hippocampus of mice. Each value presented is the
mean ± S.E.M. (n = 8). *significantly different from
control values (P < 0.05). # significantly different from
0.46 mg/kg BW (P < 0.05) .

assessment of rodent’s associative learning and memory
(Grauer et al., 2009; Samardzic et al., 2012). In the twoway active avoidance program, animals are required to
run from one compartment of the apparatus to another in
order to avoid a foot-shock (Podhorna et al., 2002). We
measured not only the number of avoidance response but
also the escape latency. The results of present study shown
that sub-chronic exposure to deltamethrin at the dose of
0.92, 1.8 mg/kg/day decreased the number of avoidance
responses and increased response latency, which supported that sub-chronic exposure to deltamethrin at the dose
of 0.92 mg/kg/day caused acquisition deficits in active
Vol. 2 No. 1
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Fig. 4.

Photomicrographs of the hippocampal neuron and astrocyte in hippocampaus of mice. (A) Normal hippocampal neurons.
(B)-(C) Normal astrocyte. (D)-(F) Degeneration and necrosis morphological characteristics in hippocampal neuron and astrocyte in 0.92, 1.8mg/kg-dose group of mice. The samples were stained with uranyl acetate/lead citrate × 12,000.

avoidance task. Noteworthy, there was a significant interaction effect between dose and day, indicating the acquisitions of the treatment mice were slowed. This suggests
a learning mechanism.
Analogous results were obtained in a positive reinforcement paradigm by Bloom et al. (1983), who utilized the schedule-controlled operant response approach
with adult rats. Intraperitoneal injection of deltamethrin
at the dose of 2 mg/kg could produce significant decreases in response rate. Y-maze by Husain et al. (1996), who
reported that rats repeated oral exposed to a commercial
formulation of deltamethrin at the dose of 7 mg/kg for
15 days could cause a 30% decrease in a re-learning index
for an avoidance response based on visual discrimination.
On the contrary in the study of Glowa (1986), no evident
change in the deltamethrin (3 mg/kg)-induced decrease in
responding rates was observed after repeated (once daily)
administration for 10 days in mice. This is consistent with
Crofton and Reiter (1984)’s the study, which found that
there was no cumulative effects after repeated exposure
to deltamethrin in rat using motor activity as an endpoint.
However, toxicokinetics of deltamethrin and its metabVol. 2 No. 1

olite after single doses of 26 mg/kg (oral) or 1.2 mg/kg
(intravenous) of deltamethrin in rat found that deltamethrin was rapidly but partially absorbed after oral administration, relatively high concentrations were obtained
in various brain regions, and its metabolism and disposition may be cause the deltamethrin-induced neurotoxicity (Anadon et al., 1996). In our experiment, deltamethrin administration at the dose of 0.92 mg/kg/day for
60 days in mice caused acquisition deficits in active
avoidance task. Our result suggested that deltamethrin
may have cumulative effects in mice following repeated oral dosing of deltamethrin using moderately effective
doses once a day for 60 days. In addition, differences in
experimental conditions, route of exposure, animal species and end of point maybe another reason to produce
the disparity of these effective dose ranges.
The strong evidence implicated that the voltage-sensitive sodium channel was the principal site of action
of deltamethrin. Voltage-sensitive sodium chancels are
important to the function of most excitable cells, which is
responsible for the generation of the Na+ influx and action
potential in most cells (Marban et al., 1998; Conley and
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Brammar, 1999; Soderlund et al., 2002). It is reported that deltamethrin slow the activation and inactivation
gates of Na+ channels, resulting in prolonged opening of
channels. Neurons depolarization can cause the nervous
system excited, and the excited state cause the damage in
the neurons (Soderlund et al., 2002). In addition to voltage-sensitive sodium channel, voltage-sensitive calcium
channels have been proposed as a target of deltamethrin
(Symington and Clark, 2005; Symington et al., 2007;
Hossain et al., 2008). Deltamethrin administration at the
low dose on extracellular glutamate in the hippocampus in
rats was blocked by tetrodotoxin, and at dose of 60 mg/kg
deltamethrin on extracellular glutamate was prevented by L-type calcium channel blocker (Hossain et al.,
2008). This result suggested that deltamethrin may act
on both Na+ and Ca2+ channels to increase extracellular
glutamate in the hippocampus. In addition, biochemical
researches findings have validated the evidence that deltamethrin, with the typical CS-syndrome pyrethroid, acts
at isolated presynaptic nerve terminals synaptosomes by
increasing Ca2+ influx and subsequently enhancing endogenous glutamate release under depolarizing conditions
(Symington and Clark, 2005; Symington et al., 1999; Lei
et al., 1992). The results of our present experiments found
that the levels of glutamate were increased in hippocampus of 0.92 and 1.8 mg/kg BW-dose groups after treating with deltamethrin for 60 days in mice. Taken together,
the results of our experiment and other finds mentioned
above suggested that orally 60-day exposure of deltamethrin may act on Na+ and Ca2+ channels in mice producing
Na+ and Ca2+-dependent glutamate release.
It is reported that a large proportion of the septohippocampal projection is GABAergic and the septal
GABAergic afferents terminate exclusively on hippocampal interneurous (Amaral and Kurz, 1985; Baisden
et al., 1984; Freund, 1989; Freund and Buzsaki, 1996).
The findings in Hossain et al. (2008)’s study suggested
that the effects of deltamethrin on hippocampal release
of glutamate may involve direct effects on glutamatergic neurons and indirect effects on GABAergic and other neurons. Now, in our experiment we found that, compared to corn oil-treated mice, the levels of glutamate
were increased in hippocampus of 0.92 and 1.8 mg/kg
BW-dose groups. This result suggested that deltamethrin may preferential affect sodium channels on glutamatergic neurons within glutamatergic to GABAergic projections, thus increasing release of glutamate. However,
in our study, deltamethrin had no effects on the levels of
GABA in the hippocampus of mice. In the hippocampal
network of glutamatergic terminals and inhibitory neurons
(Freund, 1989; Freund and Buzsaki, 1996), deltamethrin

may have affected the glutamatergic terminals preferentially at low doses (0.92 and 1.8 mg/kg BW), whereas the
doses of 0.92 and 1.8 mg/kg BW deltamethrin were not
large enough to act on the inhibitory neurons.
Several published studies have indicated that exposure to deltamethrin has the potential to produce neuronal
death (Ray and Fry, 2006). Intravenous injection of deltamethrin at the dose of 12.5 mg/kg produced severe neuronal loss in the hippocampus and in cortical areas of rats,
and this neuronal death involved both necrosis and activation of markers of apoptotic death (Wu and Liu, 2000). It
was also reported that orally treatment with deltamethrin
at a dose of 7.0 mg/kg/BW produced neuropathological
damage in brains in rats (Husain et al., 1994). In the morphology results, degeneration and necrosis morphological
characteristics obviously were appeared in hippocampal
neurons and astrocytes in 0.92 and 1.8 mg/kg-dose group
mice, such as pyknosis, karyorrhexis, breakup and lysis
of nuclear membrane. Astrocytes are the most numerous
cell types in the central nervous system. They provide
structural, trophic, and metabolic support to neurons and
modulate synaptic activity (Allen and Barres, 2009; Caito
et al., 2014). As the functions of astrocyte, which include
glutamate uptake, glutamate release, water transport and
nitric oxide (Chen and Swanson, 2003). The degeneration
and necrosis of astrocytes maybe related to the neurotoxicity of the excessive glutamate neurotransmitter.
In conclusion, the results from this study indicated
that sub-chronic exposure to deltamethrin at the dose of
0.92 and 1.80 mg/kg/day could affect the acquisition in
the active avoidance task and increase the glutamate level
in the hippocampus of mice. These findings may provide
some insights into mechanisms of deltamethrin neurotoxicity and might implicate deltamethrin as a risk factor leading to the cumulative effects. However, we still do
not know the complete mechanism of deltamethrin neurotoxicity. Therefore, the potential mechanisms of deltamethrin neurotoxicity in mammals are considered to further
research about other neurochemistry indicators and channels that maybe involve in neurotoxicity.
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