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Abstract

with or without swim stress.

Background: Chlorpyrifos (CPF), a commonly used pesticide worldwide, has been reported to produce
neurobehavioural changes. Dermal exposure to CPF is common in industries and agriculture. This study estimates
changes in glial fibrillary acidic protein (GFAP) expression in hippocampal regions and correlates with
histomorphometry of neurons and serum cholinesterase levels following dermal exposure to low doses of CPF

Methods: Male albino mice were separated into control, stress control and four treatment groups (n = 6). CPF was
applied dermally over the tails under occlusive bandage (6 hours/day) at doses of 1/10th (CPF 0.1) and 1/5th
dermal LDy, (CPF 0.2) for seven days. Consequent treatment of swim stress followed by CPF was also applied.
Serum cholinesterase levels were estimated using spectroflurometric methods. Paraffin sections of the left
hippocampal regions were stained with 0.2% thionin followed by the counting of neuronal density. Right
hippocampal sections were treated with Dako Envision GFAP antibodies.

Results: CPF application in 1/10th LDs, did not produce significant changes in serum cholinesterase levels and
neuronal density, but increased GFAP expression significantly (p < 0.001). Swim stress with CPF 0.1 group did not
show increase in astrocytic density compared to CPF 0.1 alone but decreased neuronal density.

Conclusions: Findings suggest GFAP expression is upregulated with dermal exposure to low dose of CPF. Stress
combined with sub-toxic dermal CPF exposure can produce neurotoxicity.

Background

Almost 85% of the 2.6 million metric tonnes of active
components of pesticides manufactured every year is
used in commercial farming [1]. Occupational pesticide
poisoning is an important risk factor for farmers as they
are constantly being exposed to pesticides. It has also
been found that most occupational exposures are der-
mal [2]. CPF (O, O-diethyl O-3, 5, 6-trichloro-2-pyridyl
phosphorothioate) is a broad spectrum organophosphate
pesticide. It inhibits the enzyme cholinesterase by bind-
ing irreversibly to, and phosphorylating its active site.
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A report in 2001 by the United States Environmental
Protection Agency on pesticide use approximates that
50 to 60% of the total 11-16 million pounds of CPF
used in the US was for agriculture [3].

In chronic low-level exposures of CPF, crop workers
recorded a reduced performance in neurobehavioral
tests [4]. Individuals with histories of exposure to low,
sub-clinical levels of chlorpyrifos have also reported
reduced levels of concentration, word finding and short-
term-memory impairment [5]. CPF has also been reported
to produce neurobehavioral and morphological damages
in the nervous systems of animals during embryonic life
through to postnatal development [6,7]. Previous work
by the authors has found that sub-toxic doses (1/5th and
1/2 LDs) of chlorpyrifos applied dermally for 3 weeks can
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produce significant hippocampal neuronal loss, and that
stress can exacerbate this damage [8]. Even the inhibition
of serum cholinesterase which was reduced by 76% with
dermal application of CPF in the dose of 1/5th dermal
LDs for 21 days got exaggerated by addition of swim
stress at 38°C by 19.7%.

The biological efficacy of many toxicants can be exa-
cerbated by exposure to heat stress [9]. Administration
of pyridostigmine, a carbamate AChE inhibitor normally
impermeable to the blood brain barrier (BBB), during
the Persian Gulf War, resulted in an increase in the
occurrences of reported CNS symptoms by more than
threefold, indicating a possible link between stress and
increased BBB permeability [10].

One of the proteins associated with neuronal damage is
glial fibrillary acidic protein (GFAP). GFAP is a cytoplas-
mic intermediate filament protein found in astrocytes.
They maintain the structural integrity of astrocytes, espe-
cially when these cells undergo hypertrophy and hyper-
plasia in response to a non-invasive CNS injury [11]
whereby, expression of GFAP is upregulated [12]. A char-
acteristic feature of gliosis, GFAP upregulation often
occurs in response to injury in the brain [13]. Numerous
neurological studies have associated CNS damage with
increased GFAP expression [12,13]. It has also been sug-
gested that GFAP is a sensitive and early biomarker of
neurotoxicity, its up-regulation preceding anatomically
perceptible damages in the brain [14-16]. Predominantly,
only studies investigating developmental or in utero
exposure to CPF have estimated GFAP expression
[17,18]. The effect of dermal application of CPF on
GFAP expression in the hippocampus has not been
reported.

The aim of this study was to determine the expression of
GFAP in the hippocampal region of adult mice following
consequent exposure of repeated stress and dermal appli-
cation of low dose chlorpyrifos for small duration (7 days),
and to correlate the findings with changes in serum choli-
nesterase and neuronal density of Cornu Ammonis of
hippocampus. The study aimed to look into the changes
in the above parameters with reference to our previous
findings [8] with dermal application of subtoxic doses of
CPF with swim stress for a relatively prolonged period of
21 days.

Methods

Commercial preparations of CPF (O, O-diethyl O-3, 5,
6-trichloro-2-pyridyl phosphorothioate), Zespest, manu-
factured in Kuala Lumpur, Malaysia was used in this
study. This preparation contained 38.7% W/W CPF
diluted in xylene. The mixture was further diluted in
xylene to prepare doses of 1/10th LDsq (20.2 mg/kg
body weight CPF in 1 mL) and 1/5th LDs, (40.4 mg/kg
body weight CPF in 1 mL) CPF solution.
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Male Swiss albino mice (species: ICR), 60 days old (30-
32 g) were used in this study. They were housed in plastic
cages (six in a cage) and were exposed to natural, twelve-
hourly light and dark sequence. Lab chow (pellet feed)
and water were given ad libitum. Animal experiments
adhered to the principles stated in the guide-book of
laboratory animal care and user committee of the Inter-
national Medical University and in accordance with the
declaration of Helsinki. The mice were divided into six
groups (n = 6). Control group was applied with xylene,
CPFO.1 group was applied with 1/10th LD5, of CPF and
CPF0.2 group was applied with 1/5th LD5, of CPF. Swim
stress at 38°C followed by application over the tails with
xylene (Control s), 1/10th LD5o, CPF (CPF 0.1 s) and
1/5th LD5so, CPF (CPF 0.2 s) was also done. All the 6
groups were used in the experiment which lasted 1 week
only.

CPF solution was applied directly to the tail of the mice
under occlusive bandage. Animals were exposed to CPF
daily for 1 week. Absorptive surgical gauze soaked with
either xylene (control) or 1 ml of CPF solution (1/10th or
1/5th LD5) was wrapped around the tail. Aluminium foil
was then wrapped over to prevent vaporisation of the
CPF solution. The foil wrappings were left on the tail for
6 hours. After removal of the wrappings, traces of CPF
solution were removed by dipping the tails of all mice in
clean water.

A plastic container measuring 30 cm x 30 cm x 40 ¢cm
was filled with water to a depth of 30 cm. The water was
heated to a temperature of 38°C. The animals were then
placed in the water for a swim session lasting 6 minutes
[19]. After the session of forced-swimming, the mice
were dried and allowed to rest for approximately 15 min-
utes before the CPF solution was applied to their tails as
previously described.

Body weight was measured at the beginning and end
of both experimental periods. At the end of 7 days, the
animals were anaesthetized with intraperitoneal adminis-
trations of pentobarbitone. Blood samples were collected
for cholinesterase and corticosterone assay. Brain tissues
were collected for histomorphometric studies and GFAP
immunohistochemical staining.

Serum cholinesterase assay

The Amplex Red Acetylcholine/Acetylcholinesterase assay
kit from Molecular probes Inc. USA (Invitrogen detection
technologies, A12217) was used to estimate serum choli-
nesterase activity using a fluorescence microplate reader.
A working solution of 400 uM Amplex Red reagent con-
taining 2 U/mL Horse Radish Peroxidase (HRP), 0.2 U/mL
choline oxidase and 100 pM Acetylcholine (ACh) was
prepared from the stock solutions. The reaction began
when 100 pL of the working solution was added to each
well containing the serum samples and controls diluted to
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40x. Serum samples and controls were tested in dupli-
cates. Fluorescence emitted by the individual samples was
measured in a microplate reader at an excitation of
560 nm and emission detection at 590 nm. Background
fluorescence was eliminated by subtracting values derived
from the negative control. To obtain a standard curve,
cholinesterase concentrations of the standards and their
corresponding fluorescence readings were converted to
logyo values before being plotted against each other. This
was done to facilitate regression analysis of the data. Using
the standard curve, serum concentrations of cholinesterase
from the samples of different groups were then calculated.

Serum corticosterone assay

The corticosterone enzyme immunoassay (EIA) kit from
Cayman Chemicals (No. 10005590) was used. This assay
used a corticosterone tracer which was a corticosterone-
cholinesterase conjugate. The well-plates were coated with
mouse monoclonal anti-rabbit IgG. Corticosterone in the
serum sample and the corticosterone tracer provided in
the kit compete for limited numbers of corticosterone-
specific rabbit anti-serum binding sites. The plates were
washed to remove the unbound reagents and then
Ellman’s reagent was employed to estimate cholinesterase.
The colour produced by this enzymatic reaction measured
in a fluorescence microplate reader at an absorbance of
405 nm was proportional to the amount of corticosterone-
tracer bound to the well. The amount of free corticoster-
one present in the well was inversely proportional to the
amount of emission. The purification of serum samples
was not employed as two dilutions, 20x and 40x, showed
good correlation in the amount of final corticosterone.
The logit (B/By) values were calculated by dividing absor-
bance values of every standard well (B) by the average
value of maximum binding wells (By). To obtain standard
curve, concentration standards were plotted against logit
values. Logit of the data was then employed in Microsoft
Excel to get the serum concentrations of corticosterone by
substitution in the linear regression analysis.

Histomorphometric studies and estimation of GFAP
expression

Perfusion of the brains was carried out using 10% for-
mal saline. The area between the optic chiasma and
infundibulum in which the hippocampus is located was
further dissected followed by paraffin processing. Right
sagittal half was used for GFAP immunohistochemical
staining. Coronal serial sections from the left half of the
hippocampal area, 8 micron thick, were stained with
Nissl stain (0.2% thionin in acetate buffer). Every 10"
section in each animal was selected. Using Nikon’s
Brightfield Compound Microscope, YS100 (attached
with Nikon camera), the slides were examined and
photographed under 400x objective. For each slide, two
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random areas of CA1l, one random area of CA2 and two
random areas of CA3 were examined. Neuronal counts
were then performed in the regions of the hippocampus
as mentioned above within a measured square area of
160 x 160 pm. Only neurons with a clearly defined bor-
der and visible single nucleus were counted. 10 random
neuronal nuclear diameters were also taken for each
region. The neuronal counts were then used to obtain
the absolute density (P), of neuronal nucleus per unit
area of section using the Abercrombie formula: P = A.
M/L+M; M = Section thickness in micron; L = Mean
nuclear diameter of respective area; A = Neuronal count
[20]. The neuronal density per unit area (mm?) was
then calculated.

Three stained slides containing hippocampal areas
(every 27 section) were chosen for each animal. DakoCy-
tomation Envision+ system together with polyclonal rabbit
Anti-glial Fibrillary Acid Protein (GFAP) antibody were
used to estimate GFAP expression in the hippocampal sec-
tions. This antibody could be used to identify astrocytes by
light microscopy. Following dewaxing by xylene, 4 micron
thick sections were gradually rehydrated. Then washing
was done by Tris-buffered saline with Tween (TBST). The
peroxidise was blocked followed by application of anti-
GFAP antibody. The polymer was added to bind with the
primary antibody which was followed by application of
chromogen. Ultimately Haematoxylin counterstain was
employed followed by dehydration, clearing and mounting.
Using Nikon’s Brightfield Compound Microscope, YS100
(attached with Nikon camera), the slides were viewed and
photographed under 400x objective. For each slide, three
random areas in the stratum moleculare-lacunosum and
two random areas in stratum oriens of the hippocampus
were examined. The areas of the captured images were
constant. Astrocytic cell counts were then performed in
the regions of the hippocampus as mentioned above
within a measured square area of 200 x 200 pm. Only
cells with a clearly defined nuclear border and radiating
processes containing GFAP staining were counted.
The density of astrocytes per unit area (mm?®) was then
calculated.

Statistical analysis

Mean serum cholinesterase levels of individual mouse
under different groups were subjected to one way
ANOVA statistical analysis using SPSS 11.5. Inter-group
significance was tested by Post Hoc LSD test, provided
ANOVA showed significant difference between the
groups. The mean absolute counts (per mm?) of the neu-
ronal count and astrocytes were subjected to One Way
ANOVA statistical analysis to identify any statistically sig-
nificant differences in the counts between the treatment
groups. Post hoc Bonferroni was employed to determine
the level of significance in inter-group difference.
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Results

Changes in serum cholinesterase

Cholinesterase activity was reduced by 30.5% with expo-
sure to CPF in 1/10th dermal LD5, compared to the
normal group. With dermal application of CPF in 1/5th
LDsq for 7 days, a significant reduction (p < 0.05, One
way ANOVA, post hoc LSD) by 80.25% in serum choli-
nesterase activity was observed (Figure 1). Thus a dose-
dependent depletion in the activity of serum cholinester-
ase was observed. Swim stress followed by dermal CPF
application caused further depletion in cholinesterase
activity by 19.3% (CPF 0.1 s) and 0.4% (CPF 0.2 s)
respectively compared to CPF 0.1 (1/10th LDs,) and
CPF 0.2 (1/5th LDs5g) groups. However, both these
changes observed in swim stress groups were not statis-
tically significant. Application of swim stress for 7 days
in control (s) group, increased serum cholinesterase
activity by 25% compared to the control group. Both the
groups with stress + application of CPF (CPF 0.1 s and
CPF 0.2 s) showed statistically significant reduction in
cholinesterase activity (p < 0.05, One way ANOVA, post
hoc LSD) compared to the control and swim stress only
group (Control s).

Changes in serum corticosterone

Elevation of serum corticosterone levels confirmed that
forced swim stress daily for six minutes was sufficient to
induce stress in the experimental mice. While application
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of both doses of CPF failed to increase serum corticoster-
one, the groups with swim stress (control s, CPF 0.1 s,
CPF 0.2 s) showed higher corticosterone levels compared
to the control group (Figure 2) by 30%, 27.8% and 43%
respectively. Mice group with only swim stress showed
30% increase in the serum corticosterone level compared
to the control.

Changes in histological and histomorphometric studies

Upon qualitative observations of the hippocampal pyrami-
dal neurons, the group receiving 1/10th LD5, CPF for
1 week (CPF 0.1) showed only few pyknosed neurons.
Quantitative study showed that the neuronal count
reduced significantly (p < 0.05) compared to the control
group only in CA3 hippocampal region (Table 1). In con-
trast, when swim stress was applied prior to CPF exposure
at the same dose (CPF 0.1 s), substantially more pyknosed
neurons were observed in CA1 and CA3 areas of the hip-
pocampus and the neuronal count reduced significantly
(p < 0.05) compared to the control group (Table 1). At the
higher dose of 1/5th LDso, CPF with or without stress
(CPF 0.2 and CPF 0.2 s), pyknosis of pyramidal neurons as
well as areas of vacuolation were observed in all three
areas of hippocampus. The changes observed with swim
stress (CPF 0.2 s) were significant compared to the control
but was not significant compared to CPF 0.2. Quantitative
observations of the hippocampal pyramidal neurons
showed that application of 1/10th LDs, CPF for 1 week
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Figure 1 Bar chart showing mean serum cholinesterase (+ SD) concentration in mice groups at the end of experiment. The results are
derived from 40x dilution of the samples. One way ANOVA shows F (5, 29) = 9.73, p < 0.05 * indicates significant difference (p < 0.05)
compared to the control group in post hoc LSD test. Error bars indicate + standard deviations.
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Figure 2 Bar chart showing mean serum corticosterone (+ SD) concentration in mice group at the end of experiment. The results are
derived from 40x dilution of the samples. Error bars indicate + standard deviations.
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(CPF 0.1) failed to significantly reduce neuronal density in
the CA1 and CA2 areas of the hippocampus (7.60% and
13.61% reduction respectively). In CPF 0.1 s group where
swim stress was applied in conjunction with CPF, a signifi-
cant reduction in neuronal density was now observed
(15.11% and 20.55% reduction respectively) compared to
the control. However the reduction observed in neuronal
count was not significantly different from CPF exposure
alone (CPF 0.1).

Changes observed in GFAP immunostaining

Examination of the photomicrographs revealed that fol-
lowing one week of application, longer and more
numerous astrocytic processes were observed in CPF 0.2
group compared to CPF 0.1 (Figure 3C and 3B respec-
tively) in stratum moleculare and stratum Oriens. Quan-
titative study showed that the astrocytic density was

raised in all groups receiving CPF applications (Table 2).
An increase of 37.21% in astrocytic density was observed
in CPF 0.1 group (Figure 3B) compared to the control
(Figure 3A), while a further increase was seen in CPF
0.2 (41.08%) group (Figure 3C). When stress and CPF at
doses of 1/10th dermal LDs, were applied concurrently
(Figure 3B1), astrocytic density was not increased com-
pared to CPF at 1/10th dermal LDsq alone (Figure 3B).
Increase in astrocytic density in CPF 0.2 s (47.40%)
(Figure 3C) was greater compared to CPF 0.2 (41.08%)
(Figure 3C1). One way ANOVA followed by Post Hoc
tests (Bonferroni) showed that groups CPF 0.1, CPF 0.1
s, CPF 0.2 and CPF 0.2 s differed significantly from the
control group (p < 0.001) in the counts of astrocytic
density in Stratum Moleculare-lacunosum of hippocam-
pus but in Stratum Oriens, only CPF 0.1, CPF 0.2 and
CPF 0.2 s differed significantly from the control group

Table 1 Table showing mean (+ SD) neuronal density in mice groups in different hippocampal areas at the end of the

experiment
Experimental Group Absolute neuronal density in CA1 Absolute neuronal density in CA2 Absolute neuronal density in CA3
( per mm?) ( per mm?) ( per mm?)
Control 8818 £ 134 7105 + 146 640.7 = 75
Control(s) 902.1 + 124 6629 + 156 640.6 + 95
CPF 0.1 814.7 £ 158 6138 £ 125 504.3* £ 116
CPF 0.1(s) 748.5% + 185 564.5 + 100 501* £ 119
CPF 0.2 768.7% + 201 578.7% + 103 483.3% £ 167
CPF 0.2(s) 746.6* + 163 525.7% £ 96 467.7% £ 119
Footnote:

* indicates significant difference (p < 0.05) compared to the control group in One Way ANOVA followed by Post Hoc Bonferroni test.
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Figure 3 Photomicrograph showing the immunohistochemical staining of GFAP expression in stratum moleculare-lacunosum of the
hippocampus in groups of mice at the end of experiment. Brown colour rounded cells with processes are the astrocytes. A-Control group;
A1-Control (s) group; B-CPFO.1 group; B1-CPF 0.1 (s) group; C-CPF 0.2 group; C1-CPF 0.2 (s) group. (GFAP, 400x).

A

(p < 0.05). In both the areas, no statistically significant
increase in astrocytic density was found in CPF 0.1 s
and CPF 0.2 s groups compared to CPF 0.1 and CPF 0.2
groups.

Discussion

Following 1 week of application of CPF, mean body
weights of the mice receiving dermal applications of
CPF were reduced compared to the control group. The
weight loss observed in this study could be attributed to
the effect of CPF causing cholinergic overstimulation,
leading to increased gastric motility and a reduction in
absorption [21]. Furthermore, cholinergic overstimula-
tion of nicotinic receptors can cause increased muscular

activity (fasciculation and tremors) and thus increases
energy consumption. Daily applications of CPF for seven
days at the lower dose (1/10th dermal LDsq) could
reduce plasma cholinesterase activity compared to con-
trol group (without stress, 30.5% reduction and with
stress, 49.8% reduction) but the reduction in CPF only
group was not statistically significant. The reduction in
stressed group was statistically significant compared to
the control. Similar to the findings in this study, a pre-
vious study found that subsequent to daily low dose
(12% LDsg) injection of the OP soman to mice for three
days, plasma cholinesterase activities were inhibited by
32% [22]. In a separate study, 14 days after dermal
applications of OP diisopropylfluorophosphate (DFP) to

Table 2 Table showing the mean (+ SD) astrocytic density in stratum moleculare-lacunosum and stratum oriens of

hippocampus in mice groups at the end of experiment

Groups Stratum Moleculare-lacunosum ( per mmz) Stratum Oriens ( per mmz)
Control 2569 + 53 125 £ 54

Control (s) 2843 + 67 125 + 54

CPF 0.1 3526 + 99% 1933 £ 62*

CPF 0.1(s) 3439 + 85% 164.7 + 64

CPF 0.2 3625 + 96* 202.8 £ 91*

CPF 0.2(s) 3787 + 83* 2412 + 64*

Footnote:

* indicates significant difference (p < 0.001) compared to the control in One Way ANOVA followed Post Hoc Bonferroni test.
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monkeys at low doses of 0.01 mg/kg BW, cholinesterase
activity was reduced by 76% [23]. A single dermal appli-
cation of CPF in humans for four hours absorbed CPF
very little (4.3%), and CPF was not completely elimi-
nated from the body even after 120 hours, suggesting
accumulation of CPF in the body [24]. The CPF applied
in this study was dissolved in the xylene, which is an
organic solvent. As organic solvents dissolve fat, xylene
can be easily absorbed by the layer of fat in the skin.

Compared to the previous study by this author [8],
where application of swim stress and CPF (1/5™ LDs,)
for 21 days facilitated the reduction in serum cholines-
terase by 19.7% (compared to only application of CPF),
this study showed that application of stress for lower
duration (7 days) with lower dose of CPF (1/10th LDs)
can bring down the serum cholinesterase levels by simi-
lar level (19.3%). The shorter duration of stress might
not have potentiated the neurotoxic effects of CPF
enough in all the mice. Hence the changes observed
with stress remained statistically insignificant compared
to the CPF only groups but became significant com-
pared to the control.

Qualitative observations of the hippocampal neurons in
this study showed that following seven days of low dose
CPF application (1/10th dermal LDs,), no apparent
damage to the neurons was visible. However at the higher
dose (1/5th dermal LDsg), seven days of application
resulted in visible damage in the form of pyknosis. Den-
dritic morphology was assessed in the prefrontal cortex,
CA1 area of the hippocampus and the nucleus accum-
bens following repeated (14 days) low dose intraperito-
neal application of OP malathion (40 mg/kg BW) in
mice. Dendritic length in the hippocampus and prefron-
tal cortex, and density of dendritic spines in all the three
areas assessed were reduced [25]. As part of the trisynap-
tic circuit, afferent inputs to the hippocampus are first
sent to the dentate gyrus, which then projects to the CA3
area. The CA3 neurons then send projections to CAL.
Dendrites of CA1 neurons project to the subiculum and
then back to the entorhinal cortex. CA3 being an early
structure in this circuit, it is the first part of the hippo-
campus to be affected by cholinergic overactivity. This
could explain the neuronal reduction observed only in
CA3 after application of low dose CPF (1/5th dermal
LDs,) for seven days. Agricultural workers chronically
exposed to low-levels of CPF and other pesticides were
found performing poorly on neurobehavioral tests [4].
Following occupational exposure to CPF, functional defi-
cits in cognitive tests of abstraction, concentration and
memory have also been reported [26,27]. These func-
tional deficits can be extrapolated to be caused by pro-
longed exposure to low dose CPF.

Quantitative examination of the hippocampal neurons
showed that consequent application of stress and CPF
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(1/10th and 1/5th dermal LDs,), even for seven days,
showed marked reduction in neuronal density in all areas
of the hippocampus. Neuronal density in the CA3 area of
the hippocampus was also shown to be significantly
reduced in rats after prolonged pain stress in the form of
13 min electric shocks for 15 days [28]. It has been pro-
posed that alterations in the cholinergic neurotransmitter
systems due to stress are the initial events contributing
to CNS impairment and that exacerbation of injury could
occur with the concurrent exposure of stress and choli-
nesterase inhibitors [29]. Previous study by the authors
showed that toxicity on hippocampal neurons following
three-weeks-long applications of CPF at high doses (1/2
dermal LDsp) could be exacerbated by exposure to swim
stress [8]. It was reported that compared to just CPF
application (1/2 dermal LDs(), CPF with stress increased
the reduction in neuronal density by 30%, 12% and 26.7%
in the CA1, CA2 and CA3 areas of the hippocampus
respectively. This study showed that the application of
1/10th dermal LDs, CPF with stress for 7 days only
showed many pyknosed neurons surrounded by vacuola-
tion of neuropil in the CAland CA3 sub-fields of the hip-
pocampus and the neuronal count was significantly
reduced (p < 0.05) compared to the control. These
changes were less apparent after application of CPF
(1/10th dermal LDsg) only. The current study has shown
that stress with dermal application of CPF can cause hip-
pocampal damage only after seven days of application at
a much lower dose (1/10 dermal LDs5). Stress has been
demonstrated to increase permeability of the BBB to for-
eign chemicals [10]. Thus the increased permeability
could have caused the increased toxicity of CPF on the
hippocampal neurons observed in this study.

Following one week of CPF application at both doses
(1/10th and 1/5th dermal LDsq), GFAP expression as
measured by astrocytic density was significantly increased
compared to the control group. GFAP expression has
been found to be increased following toxic insult to the
CNS in many studies. A single subcutaneous injection
(50 pg/kg bw, 1/2 LDsq) of the cholinesterase inhibitor
Sarin was found to significantly increase GFAP levels in
the cerebral cortex by 269% after one hour, and to 318%
after two [30]. Extended studies in rats on the effects of
gestational exposure to cholinotoxicants nicotine and
CPF, alone and in combination, showed increased GFAP
expression in offspring in the CA1 sub-field of the hippo-
campus, and white matter and granular cell layer of the
cerebellum [17,18]. In the present study, GFAP expres-
sion was increased in the groups receiving combined
treatments of stress and CPF 0.2 dosage as compared to
those just receiving CPF 0.2 dosage, but the increase was
not significant. The application of swim stress with CPF
0.1 dosage did not increase the GFAP expression com-
pared to that in CPF 0.1 dosage only. The findings
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suggest that toxicity resulting from stress leads to
increase in GFAP expression in response to greater injury
to the hippocampus with higher sub-toxic dose of CPF.
Qualitative examination showed that following seven
days of CPF application, GFAP expression in the astro-
cytes was more prominent compared to the control
groups. The astrocytic processes of the groups receiving
CPF were longer, and greater in number. This may be
attributed to the neuroprotective effect of astrocytes lim-
iting neuronal damage. It has been suggested that the
metabolites of CPF, trichloropyridinol (TCP), exert
strong toxic effects on astrocytes, compromising their
neuroprotective effects and thus increasing the neuro-
toxicity of CPF [31]. The neuroprotective effects of astro-
cytes have been suggested in many studies. To assess the
influence of glial cells on the neurotoxicity of OPs, aggre-
gate brain cell cultures of foetal rat telencephalon were
treated with CPF and parathion for 10 days. This in vitro
study found that the neurotoxicity of CPF and parathion
was increased in aggregate cultures deficient in glial cells
[31]. When an acute dose of the OP diisopropylfluoro-
phosphate (DFP) was injected subcutaneously into hens,
the authors discovered that GFAP expression studied
in total RNAs extracted from non-susceptible parts of
cerebrum was upregulated from first 2 days, indicating a
neuroprotective effect from anticipated imminent neuro-
toxicity [32].

Conclusions

In conclusion, dermal application of low dose of CPF
(1/10th dermal LDs) for seven days, was not capable of
producing neurotoxicity in all areas of the hippocampus
in the parameters of cholinesterase inhibition and neu-
ronal density reduction. The addition of swim stress
with CPF exposure caused reduction in serum cholines-
terase and neuronal density of the hippocampus which
was significant compared to control but not significantly
different from CPF exposure alone. An interesting find-
ing of the study was that dermal application of low dose
of CPF for 7 days significantly increased GFAP expres-
sion, indicating that it can be used as a marker for CPF
toxicity at the early stages. It is suggested that astrocytes
may provide neuroprotective effects against CPF toxicity.
Therefore, it is important that pesticide applicators
should not be exposed dermally to pesticides continu-
ously for extended periods to avoid damage to the CNS.
It is also imperative that such individuals should not
work under stressful conditions, as these conditions can
produce neurotoxic effects.
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