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Aldrin-induced stimulation of locomotor activity (LA) under nontolerant
conditions was restored to control value after 20 or more consecutive days of
aldrin administration. In contrast to the inhibition of GABAergic activity
with aldrin under short-term conditions as observed in our previous study,
the measurement of steady-state level of GABA, the activities of its metabo-
lizing enzymes, turnover and the specific binding of GABA to its receptor in
different regions of the brain of rats treated with aldrin (2 or 5 mg/kg/day,
po) under long-term (for 30 consecutive days) conditions showed no change
in the GABAergic activity in any regions of the rat brain. Moreover, the
studies of the interaction between neurotransmitters (using agonist(s) and
antagonist(s) of the respective neurotransmitter receptors) showed that
long-term administration of aldrin restored the LA to control value by up-
regulation of central GABAergic activity through the interaction with dopa-
minergic and cholinergic systems. Thus, this result suggests that long-term
aldrin exposure up-regulated the central GABAergic activity inhibition under
short-term aldrin treatment which may be a cause of restoration of LA stimu-
lated by the short-term aldrin administration to its control value.
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line, dopamine
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Abbreviations:f,CNS – central nervous system,
DA – dopamine, L-DOPA – L-3,4-dihydroxyphenyl-
alanine, EOS – ethanolamine-O-sulfate, GABA –
�-aminobutyric acid, LA – locomotor activity,
MBTH – 3-methyl-2-benzothiazoline-2-hydrazone,
PALPO – pyridoxal-5’-phosphate, [��S]-TBPS –
[��S]-t-butylbicyclophosphorothionate

INTRODUCTION

Aldrin (1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-
hexahydro-exo-1,4-endo-5-8-dimethanonaphthalene),
a chlorinated cyclodiene insecticide, is widely
known as a central nervous system (CNS) stimu-
lant [17]. The CNS stimulating effect of aldrin is
manifested in the form of an increase in locomotor
activity (LA) of animals [2]. LA may be measured
by counting vertical rearing frequency [15] and it is
also known that vertical rearing frequency is more
related to vertical exploration in addition to loco-
motion [16]. Further, it is believed that exploratory
behavior might be linked to an internal drive state.
Certain behavioral phenomenon such as spontane-
ous alteration suggests that exploratory behavior is
not necessarily motivated by obvious biological
needs. Exploration has also been viewed in the con-
text of acquisition of information(s). This cognitive
framework considers the interaction of the orga-
nism with the environment and the processes asso-
ciated with information gathering [16]. As aldrin
alters body metabolism including disturbances in
the CNS, brain electrical activity and chemical fea-
tures of the brain [14, 44], it may provide sufficient
changes in internal factors of an animal which help
to elevate the vertical rearing frequency or in other
words increase LA [12, 13]. In this context, it is im-
portant to mention that aldrin at lower dose (5 mg/kg,
po) evoked increase in LA [2]; whereas higher dose
of aldrin (60 mg/kg, po) induced seizures [21].

Aldrin has been found to inhibit the binding
of [�H]-dihydropicrotoxin and [��S]-t-butylbicyclo-
phosphorothionate ([��S]-TBPS) to rat brain mem-
branes [1, 8, 22, 32, 49], which indicates that GABA
receptor-ionophore complex is the site of action of
this environmental toxicant. This cyclodiene is
known to inhibit [��S]-TBPS binding competitively
and stereospecifically suggesting that this com-
pound binds to the same site of the receptor where
[��S]-TBPS binds. This result further suggests that
the cyclodiene acts in a similar manner, i.e. as non-

competitive GABA" antagonist [22, 45]. So psy-
chomotor activity of aldrin has been attributed to
its GABA receptor antagonistic property [17]. Sin-
gle dose of aldrin induces motor stimulation but
long-term consumption of aldrin has been found to
produce a tolerance [44]. The mechanism of the de-
velopment of tolerance to aldrin is not well under-
stood.

�-Aminobutyric acid (GABA), a major inhibi-
tory neurotransmitter in the mammalian CNS [6, 9,
18], has been known to interact with dopamine
(DA) and acetylcholine and their activities are in-
terregulated [20, 35, 46, 51] in the regulation of dif-
ferent behaviors [3, 5, 33, 43] including LA [12,
13, 28, 34]. Recently, we have observed that stimu-
lation of LA induced by short-term (nontolerant)
aldrin treatment is mediated by the inhibition of
central GABAergic system [12, 13]. In view of
these reports, an attempt has been made in the pres-
ent investigation, to study the involvement of the
central GABAergic system, if any, in the regulation
of LA under long-term aldrin treatment.

MATERIALS and METHODS

Animals

Adult male albino rats (120–130 g) of Charles
Foster strain housed in a group of 4–6 animals per
cage under 12 h dark/12 h light cycle in a room
having temperature of 28 ± 0.5°C and constant
relative humidity (85 ± 5%). The animals were
maintained on standard laboratory diet and water
ad libitum.

Reagents

Aldrin was obtained as a gift from ECI Agro-
chem (Pvt) Ltd., Calcutta, India. GABA, Na-gluta-
mate, �-ketoglutaric acid, pyridoxal-5’-phosphate
(PALPO), 3-methyl-2-benzo-thiazoline-2-hydrazone
(MBTH), ethanolamine-O-sulfate (EOS), ninhy-
drin, muscimol, bicuculline, physostigmine (eseri-
ne), atropine sulfate and L-DOPA were purchased
from Sigma Chemical Co., St. Louis, MO, USA.
Carbidopa was purchased from Indian Drug Phar-
maceuticals, Hyderabad, India. Haloperidol was
purchased from Searle Ltd., Mumbai, India. [�H]-
GABA (specific activity 60 Ci/mmol) was pur-
chased from New England Nuclear, Boston, MA,
USA. All other reagents used in the present study
were of analytical grade.
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Aldrin was solubilized in groundnut oil and

L-DOPA and carbidopa were suspended in distilled

water (immediately before use) and were given

orally (po). Physostigmine, muscimol, haloperidol

and atropine sulfate were solubilized in distilled

water and bicuculline was dissolved in 0.01 M HCl

and were administered intraperitoneally (ip).

Treatment with aldrin

Rats were divided into different groups. Each

group either contained 6–8 rats for behavioral

study or 4–6 rats for biochemical study. In order to

determine the effect of duration of exposure to ald-

rin on LA, rats of group 1 and group 2 were treated

with 0.2 ml of aldrin (2 mg/kg/day, po and 5 mg/

kg/day, po, respectively) for a maximum period of

30 consecutive days, and LA was measured 2 h

(optimum time for observation of aldrin-induced

LA [12]) after the last day treatment. Rats of group

3 were treated with an equal volume (0.2 ml) of ve-

hicle (groundnut oil) of aldrin through the same

route for 30 consecutive days and were considered

as control of the aldrin-treated experimental groups.
To study the interaction between the neuro-

transmitters, the rats which received long-term

treatment with aldrin or its vehicle in a set of ex-

periments (having different groups) were treated

with muscimol (a GABA agonist), bicuculline

(a GABA antagonist), L-DOPA + carbidopa (a DA

agonist), haloperidol (a DA antagonist), physostig-

mine (a cholinergic agonist), atropine (a choliner-

gic antagonist) either individually or in their differ-

ent combinations (as shown in Tables 5 and 6) on

the last day of 30 consecutive days of treatment

with aldrin or its vehicle. The agonist(s) and an-

tagonist(s) either individually or in different combi-

nations were administered in such a way so that the

time of their peak action coincided with the time of

measurement of LA (as stated in detail in legends

of Tables 5 and 6). The control rats corresponding

to these experimental groups were treated with

equal volume of vehicle (groundnut oil or saline or

0.01 M HCl or water) through the same route under

similar condition and were also maintained under

comparable time lag following the administration

of respective vehicle of the agonist(s)/antagonist(s)

either individually or in their different combina-

tions as to the experimental groups.

Behavioral rating of rat locomotor activity

The vertical rearing frequency of each animal
was measured (between 10.00 a.m. and 12.00 noon)
during 5 min observation period to monitor the LA
following the method of Keenan and Johnson [15].
The animals treated either with agonist(s) and an-
tagonist(s) of GABAergic, cholinergic and dopa-
minergic receptors or their corresponding vehicles
(according to the conditions cited in the tables)
were gently placed back in their home cages for
a period depending on the administered agonist(s)/
antagonist(s), and then they were transferred to
a transparent plastic chamber (24 × 24 × 20 cm) il-
luminated with an electrical lamp at the top. The
vertical rearing frequency was measured by an
electrical device based on the capacitance change
proportional to the distance between the animals’
head and probe.

Collection of brain tissue and blood

Rats of both control and experimental groups
were killed (between 10.00 and 12.00 h) by cervi-
cal dislocation 2 h after the last aldrin administra-
tion. Their brains were immediately taken out and
immersed in liquid nitrogen for the estimation of
steady state level of GABA. The brains were also
kept in an ice-cold condition for the enzyme assay
and binding study. Immediately after collection of
the brains, different brain regions (e.g. cerebral cor-
tex, cerebellum, hypothalamus, corpus striatum and
pons-medulla) were dissected following the method
described by Poddar and Dewey [40].

The trunk blood was collected with potassium
oxalate (as an anticoagulant) for the estimation of
aldrin level.

Biochemical assay

The aldrin content in whole blood of aldrin-
treated rats was estimated spectrophotometrically
at 515 nm following the method of Danish and
Lidov [7].

The steady state level of the brain regional
GABA was estimated spectrophotofluorometrically
according to the method of Lowe et al. [24]. After
centrifugation of brain homogenates (in 10% TCA)
at 10,000 × g, 1 volume of supernatant was added
with 2 volumes of 14 mM ninhydrin (in 0.5 M car-
bonate-bicarbonate buffer, pH 9.95) followed by
heating at 60°C for 30 min. Then copper tartrate
reagent at room temperature was added, and the
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mixture was allowed to incubate for 15 min at

room temperature. After 15 min of incubation, the

GABA content was estimated at excitation and

emission wavelength of 377 nm and 451 nm, re-

spectively, using Hitachi spectrophotofluorometer

(Model No. F3010).
The activity of glutamic acid decarboxylase (GAD,

EC 4.1.1.15) was determined spectrophotofluoro-

metrically following the method of MacDonnel and

Greengard [27]. The reaction mixture (1 ml) con-

taining 25 mM Na-glutamate, 0.5 mM PALPO and

1–2 mg of enzyme protein in 80 mM potassium

phosphate buffer (pH 6.2) was incubated at 37°C

for 30 min. The reaction was terminated by 10%

TCA (1 ml), and the supernatant obtained after cen-

trifugation at 5,000 × g for 10 min was taken for

the estimation of the formed GABA.
The activity of GABA transaminase (GABA-T,

EC 2.6.1.19) was determined spectrophotometri-

cally following the method of Sytinsky et al. [48].

The reaction mixture (1 ml) containing 10 �mole of

�-ketoglutaric acid and GABA, 5 �g PALPO and

1–2 mg of enzyme protein in 0.2 M Tris-HCl buffer

(pH 8.6) was incubated at 37°C for 30 min. The re-

action was terminated by 20% TCA (0.5 ml), and

the supernatant obtained after centrifugation at

5,000 × g for 10 min was taken for the estimation

of GABA-T activity. The supernatant containing

succinic semialdehyde so obtained was heated for

3 min in boiling water bath with the addition of 1%

MBTH. The bluish green color developed with

0.25% FeCl� solution and acetone was measured at

660 nm using Hitachi spectrophotometer (Model

No. U2000).
EOS (an inhibitor of GABA-T)-induced GABA

accumulation was measured according to the

method of Leech and Walker [23]. The EOS was

applied 0, 1, 2, 3 and 4 h before the animal was sac-

rificed and GABA was estimated following the

same method as described earlier [24].
Different regions of the brain were pooled sepa-

rately and synaptic membrane was prepared for in

vitro [�H]-GABA binding assay according to the

method of Olsen et al. [37]. In vitro [�H]-GABA

binding to its receptors was assayed according to

the method of Zukin et al. [52] as modified by

Ticku [50].
Membrane protein was estimated spectropho-

tometrically with Folin phenol reagent following

the method of Lowry et al. [25] using bovine serum

albumin as standard.

Statistical analysis

The statistical significance of differences be-
tween mean values was assessed by ANOVA (ana-
lysis of variance) using Tukey test unless otherwise
mentioned.

RESULTS

The administration of aldrin (2 and 5 mg/kg/day,
po) enhanced LA of rats that reached a maximum
following 12 consecutive days of the treatment
(Fig. 1). Further continuation of aldrin treatment
gradually reduced LA and restored it to control
value after 20 or more consecutive days of its ad-
ministration (Fig. 1).

The blood of rats which received long-term (30
consecutive days) aldrin (2 and 5 mg/kg/day, po)
treatment contained a significant amount of aldrin
(Tab. 1). It can also be noticed from this table that
there was no significant difference in blood aldrin
content between the aldrin-treated groups (2 and 5
mg/kg/day, po) under long-term conditions.
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Fig. 1. Effect of aldrin (2 and 5 mg/kg/day, po) on the locomotor
activity of rat following different days (1–30 consecutive days)
of treatment. Each point represents means ± SEM of 6–8 sepa-
rate observations. Vertical line represents ± SEM. LA were
measured 2 h after aldrin exposure each day for 30 consecutive
days. No significant change was observed between control
values. Significantly different from corresponding control at:
� p < 0.001; � p < 0.005 (F-test)



The treatment with aldrin (2–5 mg/kg/day, po)
for 30 consecutive days significantly increased:
(a) the steady state level of GABA in the cerebral
cortex (42–46%; F = 20.24; df = 2,15; p < 0.001),
hypothalamus (31–37%; F = 10.83; df = 2,15;
p < 0.005) and corpus striatum (37–43%; F =
16.62; df = 2,15; p < 0.005) (Fig. 2), (b) the GAD
activity in the cerebral cortex (38–46%; F = 26.45;
df = 2,15; p < 0.001), hypothalamus (45–47%; F =
6.08; df = 2,15; p < 0.025) and corpus striatum
(46–51%; F = 19.98; df = 2,15; p < 0.001) (Tab. 2),
(c) GABA-T activity in the cerebral cortex (37–46%;
F = 7.12; df = 2,15; p < 0.01) and hypothalamus
(35–41% F = 4.49; df = 2,15; p < 0.05) (Tab. 2),
(d) the EOS-induced GABA accumulation in the
cerebral cortex (32–41% F = 7.49; df = 2,15; p <
0.01), hypothalamus (34–38%; F = 6.98; df = 2.15;
p < 0.01) and corpus striatum (39–46%; F = 4.36;

df = 2,15; p < 0.05) (Tab. 3) without any apprecia-
ble change in [�H]-GABA binding in the brain
regions studied (Tab. 4).

LA stimulated by a single administration of ald-
rin (68%; F = 10.96; df = 1,14; p < 0.01) (Fig. 1)
was restored to normal level following long-term
(30 consecutive days) aldrin (5 mg/kg/day, po) treat-
ment (Tab. 5). In the rats not treated with aldrin, the
increase in LA was found with GABA antagonist,
bicuculline (96%; F = 8.89; df = 1,14; p < 0.01) or
dopaminergic agonist, L-DOPA + carbidopa (42%;
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Table 1. Aldrin content in blood of rats treated with aldrin under
long-term condition

Duration of
treatment

(days)

Treatment Dose of aldrin
(mg/kg/day,

po)

Blood aldrin
level (�g/ml)

30 Control
(groundnut oil)

– 0.003 ± 0.0004

Aldrin 2 0.066 ± 0.008�

5 0.075 ± 0.007�

Results are expressed as means ± SEM of 4–6 separate observa-
tions. The treatment with aldrin was continued for 30 consecu-
tive days. Control group (dose 0) of rats was treated with vehicle
of aldrin (groundnut oil) for 30 consecutive days. Significantly
different from the control at � p < 0.001 (F-test)

Table 2. Effect of long-term administration of aldrin on the activities of GAD and GABA-T in different regions of the rat brain

Brain regions

GAD activity (�g GABA/mg protein/h) GABA-T activity (�OD��� /mg protein/h)

Control
Dose of aldrin (mg/kg/day, po) Control Dose of aldrin (mg/kg/day, po)

2 5 2 5

Cerebral cortex 28.60 ± 2.26 39.47 ± 2.28� 41.87 ± 3.23� 1.90 ± 0.10 2.61 ± 0.18� 2.78 ± 0.21�

Cerebellum 17.92 ± 3.10 16.93 ± 0.68 17.23 ± 1.46 2.48 ± 0.21 2.72 ± 0.24 2.60 ± 0.49

Hypothalamus 37.56 ± 2.41 54.16 ± 5.42� 54.98 ± 3.76� 3.10 ± 0.30 4.19 ± 0.21� 4.36 ± 0.28�

Corpus striatum 15.19 ± 0.70 22.23 ± 1.82� 22.88 ± 1.54� 2.41 ± 0.16 2.36 ± 0.29 2.21 ± 0.31

Pons-medulla 14.71 ± 0.62 12.44 ± 2.12 14.33 ± 2.80 0.17 ± 0.03 0.14 ± 0.04 0.19 ± 0.02

Results are expressed as means ± SEM of 4–6 separate observations. Aldrin was administered for 30 consecutive days. Significantly
different from the corresponding control at: � p < 0.001; � p < 0.01; � p < 0.025; � p < 0.05 (F-test)
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separate observations. Aldrin treatment was continued for 30
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shown on top of each bar represents ± SEM. Significantly dif-
ferent from corresponding control at: � p < 0.001; � p < 0.005
(F-test)
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Table 3. Long-term effect of aldrin on ethanolamine-O-sulfate-
induced GABA accumulation in the different regions of rat brain

Brain regions

EOS-induced GABA accumulation
(�g GABA/mg protein/h)

Control
Dose of aldrin (mg/kg/day, po)

2 5

Cerebral cortex 0.34 ± 0.03 0.45 ± 0.03� 0.48 ± 0.02�

Cerebellum 0.30 ± 0.03 0.25 ± 0.03 0.28 ± 0.03

Hypothalamus 0.74 ± 0.07 0.99 ± 0.05� 1.02 ± 0.07�

Corpus striatum 0.46 ± 0.04 0.64 ± 0.07� 0.67 ± 0.06�

Pons-medulla 0.10 ± 0.01 0.12 ± 0.005 0.12 ± 0.005

Results are expressed as means ± SEM of 4–6 separate observations.
Aldrin was given for 30 consecutive days. Significantly different
from the corresponding control at: � p < 0.01; � p < 0.05 (F-test)

Table 4. Effect of long-term administration of aldrin on [�H]-
GABA binding in different regions of the rat brain

Brain regions [�H]-GABA binding (pmoles/mg protein)

Control Dose of aldrin (mg/kg/day,
po for 30 consecutive days)

2 5

Cerebral cortex 110.52 ± 7.35 121.35 ± 8.42 125.12 ± 8.64

Cerebellum 178.15 ± 11.8 166.74 ± 10.51 160.06 ± 12.30

Hypothalamus 101.23 ± 6.78 92.04 ± 5.90 85.97 ± 9.01

Corpus striatum 63.48 ± 5.69 61.71 ± 5.16 55.89 ± 6.20

Pons-medulla 43.68 ± 4.79 45.76 ± 5.90 39.41 ± 4.85

Results are expressed as means ± SEM of 4–6 separate observa-
tions. Aldrin was administered for 30 consecutive days

Table 5. Effect of single administration of agonist(s) and antagonist(s) of GABAergic, cholinergic and dopaminergic systems on lo-
comotor activity (LA) of long-term aldrin-treated adult male rats

Treatment with agonist(s)/
antagonist(s)

Locomotor activity (%)

Vehicle of aldrin ± vehicle of
agonist(s)/ antagonist(s)*

Vehicle of aldrin
± agonist(s)/antagonist(s)**

Aldrin (5mg/kg/day, po)
± agonist(s)/ antagonist(s)

Control 100.8 ± 7.72 100.8 ± 7.72 100.0 ± 7.62

Muscimol (1 mg/kg, ip) 104.1 ± 7.40 25.0 ± 2.24� 86.8 ± 6.58

Bicuculline (1 mg/kg, ip) 103.3 ± 7.80 202.3 ± 15.10� 215.0 ± 14.26�

L-DOPA (100 mg/kg, po)
+ carbidopa (10 mg/kg, po)

106.4 ± 7.45 150.8 ± 7.70� 139.0 ± 6.27�

Haloperidol (1 mg/kg, ip) 104.5 ± 8.28 0.0� 59.2 ± 4.86�

Physostigmine (0.2 mg/kg, ip) 104.2 ± 8.00 28.7 ± 2.42� 71.2 ± 5.89�

Atropine (5 mg/kg, ip) 104.0 ± 7.26 70.5 ± 3.14� 64.2 ± 4.73�

Results are expressed as means ± SEM of 8–10 separate observations. LA (22.54 ± 1.71) of control rats (without any vehicle treat-
ment) was considered as 100.0 ± 7.63 and the results were calculated accordingly. The treatment with aldrin (5 mg/kg/day, po) was
continued for 30 consecutive days. The agonist(s) and antagonist(s) were administered on the last day of aldrin treatment. Bicu-
culline, muscimol, haloperidol, atropine or their corresponding vehicles were injected 30 min, L-DOPA + carbidopa 60 min and phy-
sostigmine 15 min prior to measurement of LA. LA was measured 2 h after the last aldrin or its vehicle administration. The total vol-
ume (0.2 ml) of agonist(s)/antagonist(s) including aldrin either individually or in different combinations was administered in individ-
ual rat. Rats treated with groundnut oil (vehicle of aldrin), 0.01 M HCl (vehicle of bicuculline), water (vehicle of L-DOPA + carbi-
dopa) and saline (vehicle of muscimol, haloperidol, atropine and physostigmine) were considered as the control of the corresponding
experimental groups. * No significant difference between the LA of rats treated with the vehicle of aldrin for 30 consecutive days
along with the vehicle of agonist(s)/antagonist(s) of different neurotransmitters on the last day of vehicle of aldrin treatment and the
LA of rats treated with the vehicle of agonist(s)/antagonist(s) of different neurotransmitters (results not shown). ** No significant dif-
ference between the LA of rats treated with the vehicle of aldrin for 30 consecutive days along with the agonist(s)/antagonist(s) of dif-
ferent neurotransmitters on the last day of vehicle of aldrin treatment and the LA of rats treated with the agonist(s)/antagonist(s) of
different neurotransmitters (results not shown). Dosages and routes of administration of different agonist(s)/antagonist(s) are pre-
sented in the parenthesis. Significantly different at � p < 0.001 using Tukey test for ANOVA



F = 9.72; df = 1,14; p < 0.01); whereas, GABA
agonist, muscimol (76%; F = 10.85; df = 1,14; p <
0.01) or dopaminergic antagonist, haloperidol (100%;
F = 10.76; df = 1,14; p < 0.01) or cholinergic ago-
nist, physostigmine (73%; F = 9.04; df = 1,14;
p < 0.01) or muscarinic cholinergic receptor blocker,
atropine (32%; F = 9.22; df = 1,14; p < 0.01) sig-
nificantly reduced the LA in comparison with their
corresponding control (Tab. 5). The LA of rats sub-
jected to long-term aldrin treatment was signifi-
cantly reduced with haloperidol (41%; F = 8.93;
df = 1,14; p < 0.01) or physostigmine (29%; F = 9.08;
df = 1,14; p < 0.01) or atropine (36%; F = 11.02;
df = 1,14; p < 0.01); whereas a significant increase
was observed with bicuculline (115%; F = 10.76;
df = 1,14; p < 0.01) or L-DOPA + carbidopa (39%;
F = 9.46; df = 1,14; p < 0.01). Muscimol showed no
significant effect on the LA of aldrin-treated rats
under long-term regimen. Further, the results pre-
sented in this table indicate that the administration
of only muscimol or haloperidol or physostigmine
to rats receiving long-term aldrin treatment signifi-
cantly increased the LA in comparison with the LA
observed in corresponding control rats treated with
muscimol or haloperidol or physostigmine alone.
Other agonist(s) and antagonist(s) did not show any
such significant effect on LA of the rats given
long-term aldrin treatment.

As individual agonist/antagonist of cholinergic,
dopaminergic and GABAergic systems altered the
LA of rats subjected to long-term aldrin exposure
and their corresponding control rats (Tab. 5), there
may be a possibility to alter the LA of rats by inter-
regulating the activity of different neurotransmit-
ters in control as well as in aldrin-treated rats when
the combination(s) (either duplicate or triplicate) of
those agonist(s)/antagonist(s) are administered in
control as well as long-term aldrin-treated rats.
Therefore, in the present study, the effects of com-
binations (either two or three depending on the ob-
jective of the experiments) of those agonist(s)/anta-
gonist(s) of cholinergic, dopaminergic and GABAer-
gic receptors on LA of rats were studied under the
present regimen of aldrin treatment. The increase in
LA was found with bicuculline in the presence of
L-DOPA + carbidopa (188%; F = 11.06; df = 1,14;
p < 0.01); whereas, muscimol in the presence of
physostigmine (77%; F = 10.94; df = 1,14; p < 0.01)
or L-DOPA + carbidopa (59%; F = 11.02; df = 1,14;
p < 0.01) or haloperidol (100%; F = 9.97; df = 1,14;
p < 0.01) or atropine (70%; F = 8.99; df = 1,14; p <

0.01), L-DOPA + carbidopa in the presence of phy-
sostigmine (53%; F = 10.75; df = 1,14; p < 0.01)
and haloperidol in the presence of atropine (100%;
F = 10.89; df = 1,14; p < 0.01) or physostigmine
(100%; F = 9.08; df = 1,14; p < 0.01) significantly
reduced the LA in comparison with their corre-
sponding controls (Tab. 6). No significant change
in LA was observed with atropine in the presence
of L-DOPA + carbidopa or bicuculline in compari-
son with their corresponding control. LA of the rats
treated with aldrin for 30 consecutive days was sig-
nificantly stimulated with bicuculline in the presen-
ce of L-DOPA + carbidopa (35%; F = 9.16; df = 1,14;
p < 0.01) or atropine (43%; F = 9.34; df = 1,14; p <
0.01) and L-DOPA + carbidopa in the presence of
physostigmine (40%; F = 9.48; df = 1,14; p < 0.01)
(Tab. 6). But there was a significant reduction in LA
with muscimol in the presence of atropine (30%;
F = 9.10; df = 1,14; p < 0.01) or physostigmine
(46%; F = 8.96; df = 1,14; p < 0.01) or L-DOPA +
carbidopa (35%; F = 9.18; df = 1,14; p < 0.01) or
haloperidol (58%; F = 10.19; df = 1,14; p < 0.01)
and haloperidol in the presence of atropine (62%;
F = 10.62; df = 1,14; p < 0.01) in the rats receiving
long-term aldrin treatment. No significant effect in
LA of the latter group of rats was observed with at-
ropine in the presence of L-DOPA + carbidopa and
haloperidol in presence of physostigmine (Tab. 6).
It can also be noted in this table that in aldrin-
treated rats under long-term schedule, the LA was
potentiated with muscimol in the presence of atro-
pine (130%; F = 10.85; df = 1,14; p < 0.01) or phy-
sostigmine (125%; F = 10.76; df = 1,14; p < 0.01)
or L-DOPA + carbidopa (54%; F = 9.82; df = 1,14;
p < 0.01) or haloperidol, L-DOPA + carbidopa with
physostigmine (185%; F = 11.04; df = 1,14; p <
0.01), bicuculline with atropine (27%; F = 8.91; df
= 1,14; p < 0.01) and haloperidol in the presence of
atropine or physostigmine in comparison with the
LA observed in corresponding control rats treated
with the above combinations of the agonist(s)/an-
tagonist(s). However, a significant decrease in LA
of the rats subjected to long-term aldrin treatment
was observed with bicuculline in the presence of
L-DOPA + carbidopa (56%; F = 9.34; df = 1,14;
p < 0.01) in comparison with the LA observed in
corresponding control rats treated with the ago-
nist(s)/antagonist(s) of the above combination(s)
(Tab. 6).

The administration of L-DOPA + carbidopa in
the presence of bicuculline and atropine (83%; F =
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10.62; df = 1,14; p < 0.01) or physostigmine (81%;

F = 10.54; df = 1,14; p < 0.01) increased LA;

whereas, L-DOPA + carbidopa in the presence of

muscimol and atropine significantly reduced (100%;

F = 10.86; df = 1,14; p < 0.01) the LA in comparison

with their corresponding controls (Tab. 6). L-DOPA

+ carbidopa significantly reduced the LA of the rats

given long-term aldrin treatment in the presence of

muscimol and atropine (59%; F = 10.36; df = 1,14;

p < 0.01) but increased it in the presence of bicu-

culline and atropine (52%; F = 9.76; df = 1,14; p <

0.01) or physostigmine (44%; F = 9.26; df = 1,14;

p < 0.01) (Tab. 6). It can also be noted in this table

that in aldrin-treated rats under long-term regimen,

the LA was potentiated with L-DOPA + carbidopa

in the presence of muscimol and atropine in relation

to the LA observed in corresponding control rats
treated with the above combinations of the ago-
nist(s)/antagonist(s). However, a significant decrease
in LA of the rats receiving long-term aldrin treat-
ment was observed with L-DOPA + carbidopa in the
presence of bicuculline and atropine (22%; F = 9.06;
df = 1,14; p < 0.01) or physostigmine (23%; F = 9.12;
df = 1,14; p < 0.01) in comparison with that observed
in the rats treated with the similar combination(s)
of above agonist(s) and antagonist(s) (Tab. 6).

DISCUSSION

Recent observations from our laboratory have
suggested that aldrin under nontolerant conditions
(both after single dose as well as for 12 consecutive
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Table 6. Effect of single administration of different combination(s) of agonist(s) and antagonist(s) of GABAergic, cholinergic and
dopaminergic systems on LA of long-term aldrin-treated adult male rats

Treatment with agonist(s)/antagonist(s)

Locomotor activity (%)

Vehicle of aldrin ± vehicle
of agonist(s)/ antagonist(s)*

Vehicle of aldrin
± agonist(s)/ antagonist(s)**

Aldrin (5 mg/kg/day, po)
± agonist(s)/ antagonist(s)

Control 100.2 ± 7.72 100.2 ± 7.72 100.0 ± 7.62

Muscimol + physostigmine 103.3 ± 7.80 24.0 ± 2.26� 54.1 ± 4.45�

Muscimol + L-DOPA + carbidopa 104.2 ± 8.00 42.3 ± 3.04� 65.0 ± 5.92�

Muscimol + haloperidol 103.8 ± 7.40 0.0� 42.4 ± 3.35�

Muscimol + atropine 102.8 ± 7.60 30.5 ± 2.30� 70.0 ± 6.32�

Bicuculline + atropine 103.6 ± 8.20 112.3 ± 2.60 142.8 ± 9.60�

Bicuculline + L-DOPA + carbidopa 106.4 ± 7.45 306.7 ± 12.80� 134.7 ± 8.28�

L-DOPA + carbidopa + atropine 104.2 ± 7.60 106.0 ± 9.80 108.0 ± 9.75�

L-DOPA + carbidopa + physostigmine 104.0 ± 7.90 49.0 ± 4.34� 139.8 ± 9.22�

Haloperidol + atropine 102.0 ± 8.00 0.0� 38.3 ± 3.08�

Haloperidol + physostigmine 104.2 ± 8.00 0.0� 106.7 ± 8.62�

L-DOPA + carbidopa + atropine
+ bicuculline

106.4 ± 7.45 194.2 ± 8.00� 152.1 ± 10.60�

L-DOPA + carbidopa + physostigmine
+ bicuculline

103.2 ± 7.40 186.4 ± 8.85� 143.8 ± 8.74�

L-DOPA + carbidopa + atropine
+ muscimol

102.8 ± 7.60 0.0� 40.7 ± 1.41�

Results are expressed as means ± SEM of 6–8 separate observations. LA (22.54 ± 1.71) of control rats (without any vehicle treatment)
was considered as 100.0 ± 7.63 and the results were calculated accordingly. The treatment with aldrin (5 mg/kg/day, po) was contin-
ued for 30 consecutive days. The agonist(s) and antagonist(s) were administered on the last day of aldrin treatment. * No significant
difference between the LA of rats treated with the vehicle of aldrin for 30 consecutive days along with the vehicle of agonist(s)/an-
tagonist(s) of different neurotransmitters on the last day of vehicle of aldrin treatment and the LA of rats treated with the vehicle of
agonist(s)/antagonist(s) of different neurotransmitters (results not shown). **No significant difference between the LA of rats treated
with the vehicle of aldrin for 30 consecutive days along with the agonist(s)/antagonist(s) of different neurotransmitters on the last day
of vehicle of aldrin treatment and the LA of rats treated with the agonist(s)/antagonist(s) of different neurotransmitters (results not
shown). Other details are same as described in legend of the Table 5. Significantly different at � p < 0.001 using Tukey test for ANOVA



days of treatment) enhances LA of rats by inhibit-
ing central GABAergic system [12, 13]. This aldrin
(under nontolerant condition)-induced stimulation
of LA gradually increses with the continuation of
aldrin treatment and attains a peak following 12
consecutive days (Fig. 1) of its treatment, but fur-
ther continuation of aldrin treatment gradually re-
duces LA until it becomes normal (Fig. 1). Hath-
way [11] and O’Brien [36] have also shown that
upon long-term aldrin treatment equilibrium devel-
ops between the rate of intake of aldrin and the rate
of excretion of its metabolite(s). The non-signifi-
cant difference in blood aldrin content between the
groups treated with aldrin at different doses (2 and
5 mg/kg/day, po) after 30 consecutive days of its
(aldrin) treatment (Tab. 1) may reflect an insignifi-
cant change in LA between those aldrin-treated
groups under similar condition. As aldrin is a lipo-
philic compound, there is a possibility of accumu-
lation of aldrin or its metabolite dieldrin in the
body following its long-term exposures. This may
cause a variety of neurobehavioral changes like
motor incoordination, convulsion, nervousness, etc.
[10, 14, 39]. Since central GABA has been found to
be involved in the aldrin-induced stimulation of LA
under nontolerant condition [12, 13], it is not un-
likely that central GABA may play a role in the res-
toration of LA stimulated by short-term aldrin ex-
posure to its control value by long-term (for 30
consecutive days) treatment. A clear mechanism of
the action of aldrin under long-term treatment, yet
to be discovered, may explain the cause of this res-
toration of LA stimulated by short-term aldrin
treatment to the control level.

The treatment with aldrin (2 and 5 mg/kg/day, po)
for 30 consecutive days enhanced the steady state
level of GABA in the cerebrocortical (42–46%),
hypothalamic (31–37%) and corpus striatal (37–43%)
regions of the rat brain (Fig. 2) with a significant
increase of their GAD activity (Tab. 2). The in-
crease in GAD activity in the cerebral cortex
(38–46%), hypothalamus (45–47%) and corpus
striatum (46–51%) may be a cause of an enhance-
ment of EOS-induced GABA accumulation in that
brain region under long-term aldrin treatment
(Tab. 3). No significant change in GABA-T activity
in most of the brain regions of rats treated with ald-
rin under long-term condition except in the cerebral
cortex (37–46%) and hypothalamus (35–41%)
where GABA-T activity has been found to be in-
creased (Tab. 2), suggesting that long-term aldrin

treatment may enhance GABA turnover or metabo-
lism in those brain regions and hence may cause an
up-regulation of GABA metabolism. No significant
change in [�H]-GABA binding in any of the brain
regions studied under long-term aldrin treatment
(Tab. 4) suggests that long-term aldrin exposure
does not appreciably affect any of the brain re-
gional [�H]-GABA binding to its receptors. There-
fore, in contrast with short-term aldrin-induced ef-
fects [12], the animals treated with aldrin under
long-term conditions do not exhibit any change in
the binding characteristics of the post-synaptic
GABA receptor sites and hence their GABAergic
activity in specific brain regions. Since Bloomquist
and Soderlund [4] and others [10, 41] have shown
that aldrin acts as a GABA" receptor antagonist, and
GABA" receptor has been considered as a classical
GABA receptor [31] which has been found to be
located predominantly in the post synaptic and
dendritic cells [9], it may be stated that long-term
aldrin treatment may desensitize the GABA" re-
ceptors and normalize their function. The presence
of significant amount of aldrin in the blood of the
rats subjected to long-term aldrin treatment (Tab. 1)
suggests that continuous exposure of rats to aldrin
during its long-term treatment may stimulate devel-
opment of an adaptation/ tolerance at the GABA
neurons by desensitizing the GABA" receptor. The
desensitization of GABA receptors in CNS follow-
ing repeated exposures to environmental factors in-
cluding stress have been suggested by Marangos et
al. [29], Otero Losada [38] and Ross [42].

It is known that GABA (at high concentration)
is present in the cerebellum, substantia nigra,
globus pallidus and nucleus accumbens [30]. It has
also been found that GABA-mediated inhibitory
feedback controlling influence on the ascending
dopaminergic nigro-striatal projection [19] and do-
paminergic nerve cell bodies present in the substan-
tia nigra whose axons terminate in the caudate
nucleus-putamen complex are very much impli-
cated in the integration of the incoming stimuli, the
initiation and the fine control of movement like lo-
comotor function [19]. Swerdlow and Koob [47]
have shown that a GABAergic nucleus accumbens-
pallidothalamic circuitry plays a crucial role in
translating the effects of mesolimbic dopaminergic
activity to lower motor circuitry which has been
found to be responsible for locomotor behavior in
the rat. Therefore, from the present GABAergic
anatomical scenario, though it is not easy to discuss
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the relationship between the GABA and motor
function with respect to brain regions and even in
relation to other neurotransmitters, the interaction
and interregulation of central GABAergic activity
with dopaminergic and cholinergic neurons [20, 35,
46, 51] is expected to play a role in the regulation
of different behaviors [3, 5, 33, 43] including LA
[12, 13, 28, 34].

Since the long-term aldrin treatment does not
produce any effect on the central GABAergic acti-
vity in the present study (Fig. 2 and Tabs. 2–4);
whereas short-term aldrin treatment stimulates LA
by the reduction of GABAergic activity [12], it
may be stated that long-term aldrin treatment may
up-regulate the central GABAergic activity inhibited
by short term aldrin exposure and may desensitize
the GABA neurons [29, 38, 42]. As GABAergic
system has been known to be interregulated by the
interaction of dopaminergic and cholinergic activ-
ity [20, 28, 34, 35, 46, 51], it is not unlikely that
long-term aldrin treatment may up-regulate the
central GABA by modulating the interaction of do-
paminergic and cholinergic systems.

The pharmacological studies with the agonists
and antagonists of dopaminergic, cholinergic and
GABAergic systems in the rats subjected to long-
term aldrin treatment and untreated-rats (Tabs. 5
and 6) have suggested that the restoration of
GABA receptor activity inhibited by short-term
aldrin administration in the studied brain regions to
its control level by long-term aldrin treatment (Tab.
4) is possible only by up-regulation of central
GABA system. The lower inhibitory effect of mus-
cimol and weaker potentiating effect of bicuculline
on LA of aldrin-treated rats under long-term regi-
men (Tab. 5) in comparison to the respective effect
of muscimol and bicuculline observed in aldrin-
treated rats under short term conditions [13] sug-
gest that long-term aldrin treatment may desensi-
tize the GABA receptor in the brain. Similarly, the
lesser effect of agonists and antagonists of both do-
paminergic and cholinergic system on LA upon
long-term aldrin treatment (Tab. 5) in comparison
with that observed upon short-term aldrin treatment
[13] also suggests that long-term aldrin exposure
may desensitize the dopaminergic and cholinergic
receptors. The decrease in LA caused by atropine
in the rats subjected to long-term aldrin exposure
and restoration of LA to control value following
the treatment of atropine with L-DOPA + carbidopa
(Tab. 6), which is identical to the LA of control rats

treated with atropine and L-DOPA + carbidopa,
suggest that atropine-induced cholinergic activa-
tion may be counterbalanced by dopaminergic acti-
vation with L-DOPA + carbidopa and does not pro-
duce any effect in the GABAergic system in the
rats given long-term aldrin treatment possibly due
to the long-term aldrin-induced GABAergic up-
regulation through the interaction of dopaminergic
and cholinergic systems. The GABAergic up-regu-
lation as well as its receptor desensitization under
long-term aldrin exposures may be evidently exhi-
bited by lesser induction in LA with co-administra-
tion of bicuculline and L-DOPA + carbidopa in
comparison to that observed in rats treated with
similar combination(s) of the agonist(s) and anta-
gonist(s) (Tab. 6). This conclusion may be further
strengthened by the results observed with co-ad-
ministration of muscimol and physostigmine or
L-DOPA + carbidopa or haloperidol or atropine
and also with co-administration of atropine and
bicuculline to the rats receving long-term aldrin
treatment (Tab. 6). Disappearance of LA with co-
administration of haloperidol and atropine or phy-
sostigmine in rats which were treated with vehicle
of aldrin (Tab. 6) and appearance of LA under simi-
lar condition of co-treatment of haloperidol with at-
ropine or physostigmine to aldrin-treated rats under
long-term regimen (Tab. 6) suggest that long-term
aldrin treatment may activate GABAergic system
via the inactivation of dopaminergic activity and
activation of cholinergic system with a simultane-
ous desensitization of their receptors. This explana-
tion may be further supported by the weaker stimu-
lation of LA in aldrin-treated rats under long-term
conditions when treated with atropine or physostig-
mine in the presence of bicuculline and L-DOPA +
carbidopa in comparison to that observed in control
rats treated with the above combination(s) of the
agonist(s)/antagonist(s) (Tab. 6). The complete dis-
appearance of LA in rats treated with atropine in
the presence of L-DOPA + carbidopa and musci-
mol in the absence of long-term aldrin treatment
(Tab. 6) suggests that inhibition of dopaminergic
system activates cholinergic system which, in turn,
activates GABAergic system and hence LA disap-
pears in rats non treated with aldrin. In the presence
of aldrin, the appearance of LA under the influence
of the abovementioned agonist(s)/antagonist(s)
(Tab. 6) further suggests that aldrin under long-
term condition due to its toxic effect may simulta-
neously desensitize the receptors as well as up-
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regulate the activities of the above neurotransmitter
systems and hence restore the LA to control level.

It is important to mention that receptors not
only initiate regulations of physiological and bio-
chemical functions but also are themselves subject
to many regulatory and homeostatic controls [42].
Thus, the desensitization by long-term aldrin expo-
sures as suggested in the present study is not un-
likely because the continuous administration of
aldrin reduces its own concentration by the stimu-
lation of the activities of drug detoxicating en-
zymes [26], and continuous exposure to aldrin at
the lower but steady concentration (Tab. 1) may
down-regulate the receptor sensitivity [42]. Further
studies at the level of pharmacodynamics and drug
disposition are now in progress to clarify this idea.

Thus, from the present study, it may be con-
cluded that the restoration of central GABAergic
activity inhibited by short-term aldrin treatment
[12] to its control level under long-term aldrin
treatment through the interaction of dopaminergic
and cholinergic systems may explain the restora-
tion of LA stimulated by short-term aldrin expo-
sure to its control value (Fig. 1) under similar con-
dition of long-term treatment with aldrin.
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