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Abstract

Objectives: Exposure to various stressors is known to result in sensitization to psychostimulants, a state related to the
psychostimulant dependence and addiction. It has been shown in some studies that the rise in corticosterone (CORT)
concentration is indispensable for both the induction and the expression of behavioral sensitization. Therefore, it might
be suspected that behavioral hyposensitivity to amphetamine (AMPH) is somehow related to a reduced CORT response
to the psychostimulant subsequent to the chlorphenvinphos (CVP) intoxication. Materials and Methods: The male adult
Wistar rats received single i.p. injections of CVP at the doses 0.5, 1.0 or 3.0 mg/kg b.w., or pure corn oil. CORT concentra-
tion was determined in samples of blood drawn from the tail vein before and then 30, 60, 180 min and 24 h after injection.
The other rats were divided into two groups and tested, three weeks after the CVP injection for the effect of AMPH
(0.5 mg/kg b.w. i.p.) on the serum CORT concentration. In addition, behavioral sensitivity to AMPH was assessed by
measuring locomotor activity of the animals in an open-field. Results: 1) The stressor property of CVP was confirmed.
The injection resulted in up to tenfold increase in the serum CORT concentration. The magnitude and duration of this
response were dose-related. 2) Three weeks after the CVP exposure, the CORT response to AMPH was significantly
increased. 3) The behavioral response to the psychostimulant, i.e. augmented locomotion, was significantly reduced com-
pared to the control. Conclusions: The results confirm that CVP exposure causes behavioral hyposensitivity to AMPH. This
effect, however, could not be ascribed to a diminished CORT response.
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INTRODUCTION In some laboratory animal studies, a long-term increase

Exposure to stressors may result in serious health con-

in the HPA axis reactivity was observed after a stress-

ful experience as suggested by a stronger nerohumoral

sequences which include depressive states, posttrau-

matic stress disorder (PTSD), somatoform disorders,

response, i.e. increase in the blood glucocorticoid, corti-
costerone (CORT), and adrenocorticothropic hormone

psychosomatic diseases, and promote development of (ACTH) levels to subsequent stress [10-12]. In several
drug dependencies and addiction [1-5]. Deregulation of studies, however, an opposite effect was noted: a re-
the hypothalamo-pituitary-adrenal axis (HPA axis) con- duced or shortened CORT response to stressors indicat-

trol is assumed as the likely cause of these effects [6-9]. ing a diminished HPA axis reactivity [13-15]. The likely
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causes of these discrepancies have been discussed in
a recent review [16].

A number of chemicals, many of which are in common
use and are manufactured in large quantities, are stress-
ors. They include organophosphorus pesticides (OPs) —
inhibitors of acetylcholinesterase — extensively used
in agriculture and households. The stressor activity of
these substances is evidenced by exposure-induced so-
matic and vegetative symptoms as well as strong and
hours-long rise in the blood glucocorticoid concentra-
tion [17-19]. Some human data indicate that OPs poi-
soning may result in persistent psychological alterations
resembling those in PTSD [20]. According to some
authors, disturbed control of the HPA axis is the main
cause of PTSD [21].

The present study concerns chlorphenvinphos [(2-chloro-
1(2,4-dichlorophenyl) vinyl diethyl phosphate — CVP)],
a pesticide used in some EU countries for pest control,
mainly in greenhouses. CVP is a direct AChE inhibitor.
As we have reported earlier, a single exposure of the
rat to CVP, even at a moderate dose, makes the animal
hyporesponsive behaviorally to amphetamine (AMPH)
weeks later [22-23]. Needless to say, AMPH is an indi-
rect dopaminergic agonist and one of the most frequently
abused psychostimulants. Exposure to some stressors is
known to result in behavioral and neuroendocrine sen-
sitization to AMPH [24-26], a state which, according
to some authors, may promote the development of psy-
chostimulant dependence and addiction [27-28]. In the
context of this hypothesis, the behavioral hyposensitivity
to AMPH after CVP exposure becomes intriguing. It is
known that the magnitude of the behavioral AMPH re-
sponse and the reactivity of the HPA axis are closely re-
lated [29-31]. It has also been demonstrated that CORT
is necessary for both the development and the expression
of behavioral hypersensitivity to AMPH [32-33]. Based
on the above, one may presume that the reduced beha-
vioral sensitivity to AMPH observed in our experiments
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was due to a diminished reactivity of the HPA axis sub-
sequent to the previous CVP exposure. The CORT re-
sponse, i.e. the stressor-induced rise in the blood CORT
concentration is a reliable and accepted index of the HPA
axis reactivity. The main purpose of the present experi-
ment was to find out whether and in what way the CORT
response to an AMPH test dose was influenced by a prior
exposure to CVP.

MATERIALS AND METHODS

Animals

Seventy-two outbred male Wistar rats were used in the
experiment. The rats were 3-4 months old and weighed
340-360 g at the experiment onset. For four weeks before
the experiment and during its course, they were housed
in individual polyethylene cages at 22°C+0.5°C, with
a light/dark cycle of 12/12 h (light on at 06:00 h). Standard
rat food pellets (Murigran) and tap water were accessible
ad libitum. Body weight was measured once a week and
before each drug administration. The study design was ap-
proved by the Local Ethic Committee in £6dz (Opinion
No: £/BD/370, Issue date: 2007-06-25).

Chemicals, doses and drug administration procedure
The following compounds were used: CVP, technical
grade, obtained from ORGANIKA-AZOT, Jaworzno,
Poland; and AMPH (d-amphetamine sulphate) from
SIGMA. CVP was diluted in corn oil, while AMPH
was dissolved in physiological saline (Natrium Chlo-
ratum 0.9%, POLFA). All solutions were given intra-
peritoneally at 1.0 ml/kg. The pesticide was adminis-
tered at doses of 0.5, 1.0 or 3.0 mg/kg of body weight
(b.w.). AMPH was administered at 0.5 mg/kg b.w. The
pesticide and AMPH doses were in the range of doses
used in our earlier experiments [23]. In all cases, the in-
jections as well as the collection of blood samples took
place outside the animal room.
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Biochemical investigation:

serum corticosterone (CORT) assays

In the biochemical part, the serum CORT concentrations
were determined in 8 groups of rats (n = 5 in each group)
denoted as follows: group 1 — oil; group 2 — 0.5 CVP;
group 3 — 1.0 CVP; group 4 — 3.0 CVP;
group 5 — oil/AMPH; group 6 — 0.5 CVP/AMPH;
group 7 — 1.0 CVP/AMPH; group 8§ — 3.0 CVP/AMPH.
See Table 1 for group denotation and procedure. The se-
rum CORT concentrations were determined in 200 ul sam-
ples of blood drawn from the tail vein (the “nick” method)
into Eppendorf vials at the following time points: 30 min
before the drug administration (CVP or AMPH)
and 30 min, 60 min, 180 min and 24 h after the adminis-
tration. The samples were left at room temperature until
they clotted and then they were centrifuged at 3000 rpm.
Serum samples (each about 40 ul) were stored at —70°C
until the analysis. The CORT concentration was estimated
by high performance liquid chromatography (HPLC) us-
ing betamethasone as an internal standard [34].

Behavioral investigation: open field behavior

In the behavioral part of the experiment, the open field
locomotion before and after the administration of
the AMPH test dose was assessed in four groups of rats

pretreated 21 days earlier with oil or CVP at 0.5, 1.0
or 3.0 mgkg (Table 2). (Note: Different groups were
used in the behavioral and the biochemical part.) A com-
puterized 4-unit set of activity cages (PORFEX Ltd.,
Bialystok, Poland) was used. Each cage (63x63X40 cm)
was equipped with 2 tiers of infrared motion sensors to
measure locomotor (walked distance) and exploratory
(rears) activities. Detailed description of the apparatus
and the testing procedure has been presented in earlier
papers [35]. All measurements of the locomotor activity
were conducted between 7 a.m. and 2 p.m. The testing
comprised two separate 60 min measurements: the pre-
injection measurement and the postinjection one. After
completion of the preinjection measurement, the rat was
removed from the activity cage and placed in its own home
cage for 8-10 min. During this time the activity cage was
cleaned and wiped with wet froth. Then the rat was in-
jected with AMPH and placed again in the open field for
the postinjection measurement [33].

Statistical analysis

A two-way ANOVA (groups x measurements) for re-
peated measures was employed and the data was
analyzed using software Stastistica.pl (NIOM, Po-
land). When a significant interaction was found, it was

Table 1. Groups and procedure in the biochemical part of the experiment

Group . Animals treated Animal description and time
Group denotation .

number n of blood samples collection
1 oil 5 Non-pretreated (naive) rats. Blood samples collected 30 min before
) 05 CVP 5 and 30 min, 60 min, 180 min and 24 h after i.p. injection of oil (group 1)
3 L0 CVP 5 or CVP 0.5 mg/kg (group 2), 1.0 mg/kg (group 3) or 3.0 mg/kg (group 4)
4 3.0 CVP 5
5 oil/AMPH 5 Rats pretreated with oil (group 5) or 0.5, 1.0, or 3.0 mg/kg CVP
6 0.5 CVP/AMPH 5 (group 6, 7 and 8, respectively) 21 days before i.p. administration

of 0.5 mg/kg of AMPH. Blood samples collected 30 min before

7 10 CVP/AMPH > and 30 min, 60 min, 180 min and 24 h after AMPH injection
8 3.0 CVP/AMPH 5

Oil — vehicle; CVP — chlorphenvinphos; AMPH — amphetamine.

[JOMEH 2011;24(3) 285



286

ORIGINAL PAPERS . GRALEWIC ET AL,

Table 2. Groups and procedure in the behavioral part of the experiment

Experimental procedure in groups

ncl}ligi)lgr Group denotation Anlmal; treated
1 oil/AMPH
2 0.5 CVP/AMPH
3 1.0 CVP/AMPH
4 3.0 CVP/AMPH

8 Rats pretreated with oil (group 1) or 0.5, 1.0, or 3.0 mg/kg CVP

8 (group 6, 7 and 8, respectively) 21 days before i.p. administration
of 0.5 mg/kg of AMPH. Open-field activity measured 60 min before

8 and 60 min after AMPH administration

8

Abbreviations as in Table 1.

followed by one-way ANOVA and Tukey’s test for pair-
wise comparisons [36]. Differences were regarded as
significant when the probability of the null hypothesis
was 5% or less.

RESULTS

Biochemical part: serum CORT determinations

Effect of CVP on the serum CORT concentration

Figure 1 illustrates the effect of CVP administration on
the serum CORT concentration. The two-way ANO-
VA showed a significant effect of both main factors —
groups: F(3.16) = 125.55, p < 0.0001, measurements:
F(1.16) = 43.72, p < 0.0001 and significant groups x
measurements interaction: F(3.16) = 125.33, p < 0.0001.
The groups did not differ in the preinjection CORT val-
ues. After the injection, the serum CORT concentration
increased in all groups. In the oil group, the rise was
relatively small and the differences between successive
measurements were not significant. In groups injected
with CVP, the magnitude of the postinjection CORT re-
sponse was larger and evidently dose-dependent; it was
strongest and most persistent in the 3.0 CVP group and
almost negligible in the 0.5 CVP group. Comparisons be-
tween the groups at successive time points revealed that,
compared to the OIL group, the serum CORT level was
significantly elevated at 180 min after the CVP injection
in the 1.0 CVP group and at all postinjection time points
in the 3.0 CVP group.

[JOMEH 2011;24(3)

Effect of the CVP pretreatment

on the CORT response to the AMPH challenge

Figure 2 illustrates the effect of the CVP pretreat-
ment on the CORT response to the AMPH chal-
lenge 21 days after the pretreatment. In all groups,
the AMPH administration resulted in an elevation of
the serum CORT concentration. This effect was most
pronounced 60 min after the injection. The outcome of
the main factors, as well as the interaction, were statis-
tically significant — group: F(3.16) = 6.66, p < 0.005;
measurement: F(1.16) = 51.39, p < 0.001; interaction:
F(3.16) = 44.53, p < 0.0001. Detailed comparisons con-
firmed that 60 min after injection, the rise in the se-
rum CORT concentrations was significant in all groups.
The groups, however, differed markedly in scope of
the magnitude of this effect; in group 1.0 CVP/AMPH,
and 3.0 CVP/AMPH, the serum CORT concentration
was significantly higher than in the oil-AMPH and
the 0.5 CVP group.

Behavioral part: Effect of the CVP pretreatment

on the locomotor response to AMPH

The differences between the subjects in the preinjec-
tion as well as the postinjection measurements of the
exploratory activity were very high in each group. Thus,
the reliability of the statistical comparisons was ques-
tionable and the data concerning this measure has been
omitted. As for the locomotor activity measurements,
the distances recorded during the 60-min periods were
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The bars represent serum CORT concentrations (means and SEM)
before (white bar) and 30 min (striped bar), 60 min (grated bar),
180 min (dotted bar) and 24 h (black bar) after the CVP injection.
Statistics ANOVA: group effects: F(3.16) = 125.55, p = 0.0000;
measurement effects: F(1.16) = 43.72, p = 0.0000;

interaction: F(3.16) = 125.33, p = 0.0000.

# p < 0.05 — compared to control level in the same group.

*p < 0.05 — compared to oil (control) group in the same measure-
ments.

Fig. 1. Diagrams illustrating changes in the serum CORT
concentration following a single i.p. injection of CVP at doses:
oil group (control), 0.5 mg/kg (0.5 CVP group), 1.0 mg/kg
(1.0 CVP group), or 3.0 mg/kg (3.0 CVP group).

summed into two bins representing the preinjection and
the postinjection locomotion, respectively (Figure 3).
The analysis revealed that the effects of both main
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The bars represent serum CORT concentrations (means and SEM)
before (white bar) and 30 min (striped bar), 60 min (grated bar),

180 min (dotted bar) and 24 h (black bar) after the AMPH injection.
Statistics: ANOVA: group effects: F(3.16) = 6.66, p = 0.0039;
measurement effects: F(1.16) = 51.39, p = 0.0000;

interaction: F(3.16) = 44.53, p = 0.0000.

# p < 0.05 — compared to control level in the same group.

*p < 0.05 — compared to 0il/AMPH (control) group in the same
measurements.

Fig. 2. Diagrams illustrating changes in the serum CORT
concentration in response to the AMPH test dose (0.5 mg/kg)
administered on day 21 after a single injection of CVP at
doses: control (0il/AMPH group), 0.5 mg/kg (0.5 CVP/AMPH
group), 1.0 mg/kg (1.0 CVP/AMPH group), or 3.0 mg/kg

(3.0 CVP/AMPH group).

factors as well as the interaction were significant —
group effect: F(3.28) = 7.78, p < 0.0001; measure-
ment effect: F(1.28) = 46.54, p < 0.0001); interaction:
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The bars represent the distances (means and SEM) traveled
during 60 min before (white bar) and 60 min after (black bar)
AMPH administration.

Statistics ANOVA®: group effects: F(3.28) = 7.78, p = 0.00006;
measurement effects: F(1.28) = 46.54, p = 0.0000;

interaction: F(3.28) = 65.01, p = 0.0000.

# p < 0.05 —compared to control level in the same group.

*p < 0.05 — compared to 0il/AMPH (control) group in the same
measurements.

Fig. 3. Diagrams illustrating the change in the distance traveled
in the open field by rats given AMPH test dose (0.5 mg/kg) on
day 21 after a single injection of CVP at doses: 0.0 mg/kg (oil/
AMPH group),0.5 mg/kg (0.5 CVP/AMPH group), 1.0 mg/kg

(1.0 CVP/AMPH group), or 3.0 mg/kg (3.0 CVP/AMPH group).
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F(3.28) = 65.01, p < 0.0001). The groups did not differ
significantly in their preinjection measurements. How-
ever, the postinjection measurements appeared signifi-
cantly larger in groups oil/AMPH and 0.5 CVP/AMPH
than in the remaining two groups. Comparisons between
the measurements within each group showed that in the
oil/AMPH and 0.5 CVP/AMPH groups, the locomotor
activity after AMPH administration was significantly in-
creased compared to the control (preinjection) measure-
ment. In groups 1.0 CVP-AMPH and 3.0 CVP-AMPH,
the preinjection and the postinjection measurements did
not differ significantly.

DISCUSSION

Summing up, the results of the present experiment are as
follows. CVP administration induces stress response as
evidenced by the increase in the serum CORT concentra-
tion. The magnitude of the CORT response (its amplitude
and duration) correlates positively with the CVP dose.
In the CVP-treated animals, the behavioral response to
the AMPH challenge is weakened (practically non-exis-
tent), but the neuroendocrine CORT response is signifi-
cantly stronger than in the control rats.

In respect of the CORT response, the results of the pres-
ent study are not surprising. The efficiency of CVP in pro-
voking this response has been documented in some earlier
studies [18], including our own [19]. In the context of the
present work, two issues are worth stressing. First is the
threshold CVP dose for the CORT response which —
as may be judged from the data — is close to 1.0 mg/kg.
According to our earlier observations, 1.0 mgkg CVP
given intraperitoneally results in about 50% reduction
of the erythrocyte AChE activity [37]. The second issue
concerns the dynamics of this response; its maximum is
reached about 3 h after the pesticide administration, i.e. at
nearly the same time as the maximum of the AChE in-
hibition [37].
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As regards the behavioral response to the AMPH
challenge, the present results are concordant with our
earlier observations which showed that in rats exposed
to CVP this response, i.e. increased locomotion, was
weakened [22]. Noteworthy, as it appears from the pre-
sent results, the threshold CVP dose for induction of this
effect is somewhere between 0.5 and 1.0 mg/kg, i.e. close
to the threshold dose for the CORT response.

Unlike the behavioral effect of the CVP exposure, the neu-
roendocrine one, i.e. the augmented CORT response to
the AMPH challenge, was not expected. Firstly, the results
obtained in some laboratories suggested reduced reactivity
of the HPA axis following exposure to a stressor. According
to Armario et al., such an effect is related to homologous
stressors only [16]. There are some reports, however, show-
ing that the HPA response to heterologous stressors may
also be reduced during the days following a stressful expe-
rience [13]. Diminished HPA response was also observed
after a systemic administration of CORT at a high dose [13],
which indicates that this effect could be linked to the stress-
related increase in the CORT concentration. Reduced
reactivity of the HPA axis long time after a stressful expe-
rience was also suggested by the results of our earlier stud-
ies. We found that in rats subjected to a single 20 min series
of unavoidable footshocks two weeks before a single CVP
administration (1.0 mg/kg ip.) the pesticide-induced rise
in the serum CORT concentration was markedly dimi-
nished [19]. In the light of these observations the expecta-
tion of a reduced CORT response to AMPH in CVP-treat-
ed rats was not unreasonable. The obtained results, how-
ever, show clearly that a single CVP administration, even
at a relatively low dose, results in an augmented CORT
response to AMPH weeks later. This means that the behav-
ioral hyporeactivity to AMPH [22], and the present results
as well as the reduced susceptibility to develop behavioral
sensitization upon a repeated AMPH treatment of the CVP
pretreated rats [23] could not have resulted from a re-
duced reactivity of the HPA axis. Moreover, it appears that,

as far as the CORT response is concerned, the long-term
effect of the single CVP exposure is similar to the effect of
a single AMPH exposure which is known to result in an aug-
mented reactivity of the HPA axis [38]. Why then, the long-
term behavioral effects are contrasting? It seems likely that
this disparity may stem from the differences in the acute be-
havioral effects and emotional states induced by these sub-
stances, i.e. augmented locomotion and exploration in case
of AMPH and immobility in crouching fearful posture in
case of CVP. As a result, different behavioral and emotional
systems may be sensitized; the “stop” system in case of CVP,
and the “go” system in case of AMPH. The behavioral ten-
dency acquired in this way may compete with, or augment,
the response to the AMPH challenge weeks later.
Notwithstanding the validity of the above explanation, the
results of the present experiment show clearly that exposure
to CVP, while making the animal hyporesponsive to AMPH
on the behavioral level, makes it hypersensitive to the psy-
chostimulant, and possibly to other stressors, on the neu-
rohumoral level: it sensitizes the HPA axis. Owing to such
an action, exposure to CVP (and possibly other OPs) may
be a suspected promoter of health problems, known to be
related to increased reactivity of the HPA axis.
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