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ICSS = Intracranial self-stimulation;

LH-MFB = Lateral hypothalamus-medial forebrain bundle;
VTA-SN = Ventral tegmental area - substantia nigra.

INTRODUCTION

Quantitative as well as qualitative
differences have been reported between the
self-stimulation of lateral hypothalamus-medial
forebrain bundle (LH-MFB) and the self-
stimulation of ventral tegmental area-subtantia
nigra (VTA-SN) and other brain areas including
nucleus accumbens and medial prefrontal cortex
(1, 2). This has been interpreted to suggest that
brain structures subserving self-stimulation may
be somewhat unique, despite their anatomical
interconnections through the MFB (3, 4). Even
forty years after its discovery, the debate over
which neural system mediates brain reward
continues: dopaminergic or noradrenergic? (5,
6). Moreover, response characteristics (1), rate-
frequency (7, 8), reward saturation frequency
(9), strength-duration characteristics (10),
spatial summation, spatio-temporal integration
(11), psychophysical measures of refractory
period (12, 13), lesion studies (14), in vivo
microdialysis studies of metabolites following
stimulation of MFB or VTA (15), as well as,
metabolic 2-(C'") deoxyglucose (DG) mapping
studies (16, 17) provide convincing evidences
for separate neural systems underlying the self-
stimulation of lateral hypothalamus and ventral
tegmentum.

In order to further investigate the role of
dopaminergic and noradrenergic receptors, we
have examined the effects of neurotransmission
modulators of dopaminergic (DA-D/D,D,) and
noradrenergic (NA-o, receptors), assesed on the
basis of dose-response functions, by testing a
given drug on the ICSS of two brain regions viz
ILH-MFB and VTA-SN in the same animal and
in the same testing conditions.

METHODS

Experimental subjects : Wistar adult male
rats (n=74) weighing in the range of 260-320 g
that were about 5-6% months old at the time of
surgery/implantation were used. The implanted
animals were housed individually 1in
polypropylene cages (22.5W x 35.5L x 15H cm)
in temperature and humidity controlled
conditions with access to 18% caesin-wheat-
lipids-vitamins-minerals diet and water ad
libitum except during the experimental sessions.

Surgery/Implantation Rats were
anaesthetised with sodium pentobarbitone
anaesthesia (40 mg/kg, ip) and then given
atropine sulphate (0.25 mg/kg, sc) to minimise
any respiratory discomfort. A Jocal anaesthetic
lignocaine was used to minimise the discomfort
in the incision site. In each rat, following
standard stereotaxic procedures, the chronically
indwelling two bipolar electrodes were
implanted, one of them in LH-MFB and other
in ipsilateral VTA-SN. The bipolar electrode
was made from a pair of insulated stainless
steel wire 220-250 pm and were fitted to the
miniplastic collar. The final length of the bipolar
electrode was kept 13 mm except the length of
the connecting collar. The pre-determined
flat skull stereotaxic co-ordinates were adapted
from Watson (1992) rat atlas (18). LH-MFB:
A-P(antero-posterior) (in mm referring to
Bregma)=1.8 to —3.3; M-L (medio-lateral)
(in mm referring to sagittal line)= 1.6 to 2.0;
D-V (dorso-ventral) (in mm from dura) = 8.4 +
0.2/0.3; VTA-SN : A-P=4.8 to —6.3; M-L=1.1 to
1.8 and D-V=8.6 + 0.2/0.3. The implantations
were done in the left or the right hemisphere.
The probes and anchoring acrews were
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secured with dental cement to obtain foundation
to the skull. Penicillin G sodium (30,000 IU, im)
was given at the end of operation to prevent
infection.

Behavioural testing procedure :@ After 5-7
days of post-surgical recovery, the testing,
screening and training for self-stimulation was
conducted in a Skinner's operant chamber
modified for ICSS that was constructed of
plexiglass with inside dimensions 22Lx22Wx24H
cm, and having a stainless steel pedal (4 cm
wide with 2 ¢cm projection length) positioned on
one wall 6.5 cm above the grid floor. Depressing
the pedal required a minimal force of 15 g of
weight to ON/OFF the microswitch to trigger
electrical stimulation. Contigent to the pedal
pressing, electrical stimulations were delivered
by a constant current stimulator to the animal
through a light flexible cable, which permitted
unrestricted movement. The bipolar electrode
showing resistance >20 Kohms were excluded
for further experimentation. The stimulation
current was monitored on an oscilloscope and
calculated by measuring voltage drop across a
14 Kohms precision resistor placed in series
with the stimulating electrode of the lanimal.
During initial training, each rat was allowed to
press the pedal for ICSS to obtain reliable,
sustainable and reproducible seizure-free rates
of ICSS pedal press responses from the
respective sites on a continuous reinforcement
schedule (CRF=1:1). The stimulus obtained by
the animal during each pedal pressing was
0.25s train of rectangular monophasic cathodal
wave, 0.1 ms pulse duration (for MFB-LH
stimulation), 0.3 ms pulse duration (for VTA-SN
stimulation). The response/reinforcement data
was recorded on an automated digital counter.
The behavioural criterion rates were: a) a
minimum of 60 pedal press responses/min for
LH-MFB and b) a minimum of 90 pedal press
responses/min of VT'A-SN at the optimum current
intensity and frequency. An optimal current
was determined as one that yielded the highest
rate of responding and lowest observable signs
of aversiveness (e.g. retreat from pedal,
vocalisation ..... etc.) (39).
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Determination of M, (560% of the maximum
asymptotic response rate) : The current intensity
and frequency was adjusted to such a level so as
to get 50% of the maximum asymptotic pedal
pressing rate designated as (M.). The mean
(+SEM) pedal pressing rates/min at M. for
LH-MFB and VTA-SN were 41.43 + 5.72 and
57.96 + 4.50 respectively.

Histology After the completion of
experiments, the sites of stimulation were
examined. For this purpose, the animals were
perfused intracardially with isotonic 0.9% saline
followed by10% formalin. Frozen sections of 60
um were cut coronally and stained with cresyl
violet and mounted on gelatinized slides. The
tip locations of the electrodes were examined
and charted on plates from Paxinos and Watson
rat atlas (18).

Statistical analysis The results were
analysed using 'F' ratio to find out the
homogenity of variance and normality and if
there were no statistical differences between
the variance. Then accordingly comparisons of
means of control (vehicle) and experimental
(drug) were done, employing "matched paired"
t-test (two-tailed). The two-way analysis of
variance (ANOVAR) was applied to ascertain
the effect of different doses of a given drug on
the site of self-stimulation.

Materials : Apomorphine and clonidine from
Sigma, U.S.A. and Haloperidol from Searle,
U.S.A. were obtained. R(+) SKF 38393 and LY
171555 (Quinpirol-HCL) were from Smith Kline
French Laboratories, U.S.A. and Lilly Research
Laboratories, U.S.A. respectively as gift. All the
chemicals were of analytical grade. Haloperidol
was dissoloved in minimal quantity of glacial
acetic acid and the pH was adjusted to 5.5 with
1M NaOH solution. Apomorphine, SKF 38393,
LY 171555 and Clonidine were dissolved in
1sotonic physiological saline solution (0.9%).

RESULTS

Dose-response function of Apomorphine :
With the stimulation parameters set in such a
manner, so that a given animal will yield M,
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response rates, a control i.e. 0 dose data with
vehicle injection was obtained for 15 min. Then
each of the doses of apomorphine i.e. 0.1, 0.25,
0.5 and 1.0 mg/kg was administered. The
percentage of reduction of ICSS response was
16.3%, 48.3%, 86.2% and 97.1% respectively for
LH-MFB; and 10.2%, 29.9%, 69.3% and 89.2%
respectively for VTA-SN. A dose-response
function was plotted and the dose that would be
just sufficient to suppress the response rate to
50% of the rate after administering vehicle
(ED,,) was calculated. ED,, for LH-MFB and
VTA-SN was 0.27 and 0.36 mg/kg respectively
and thus not statistically different (F ., =5, 46;
P<0.01) (Fig.1a).

Dose-response function of SKF 38393 and
LY 171555: SKF 38393 was administered in the
dose of 0.10, 0.25, 0.50 and 1.00 mg/kg. The
dose dependent facilitation was observed for the
ICSS of VTA-SN as well as that of LH-MFB
with 0.5 and 1.0 mg/kg doses only. 53% and
84% increase in the ICSS of VTA-SN and 38%
and 59% that of LH-MFB was observed with
the two doses 0.5 and 1.0 mg/kg respectively
(Fig. 1c). The overall two-way ANOVAR showed
that effect of the different doses of SKF 38393
on the site of ICSS was significant (F, ;,=11.23;
P<0.01). LY 171555 was administered in the
dose of 0.1, 1.0, 2.5 and 5.0 mg/kg. The
suppression was observed in the ICSS of
VTA-SN and that of LH-MFB. ED,  was 0.8 and
4.4 mg/kg for the ICSS of VTA-SN and LH-MFB
respectively (Fig. 1d). The two-way ANOVAR
showed that the different doses of LY 171555
affect the ICSS of VTA-SN and LH-MFB
differently (F  , =16.33; P<0.01).

Time-effect function of SKF 38393 and LY
171555 : After 25 min of injection, SKF 38393
(0.5 mg/kg) showed the facilitatory effect on the
ICSS of VTA-SN and lasted for more than 40
min in the representative case of rat JS 27/BE
(Fig. 2). Similarly, in case of ICSS of LH-MFB,
the effect was observed 35 min after the injection.
The mean (+SEM) time for the facilitatory effect
to appear was 22+4 min and 31+6 min for VTA-
SN and LH-MFB respectively. After 10 min of
injection of LY 171555 (2.5 mg/kg), the
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Fig. 1: Dose-response functions following systemic
administration of (a) apomorphine, (b) haloperidol,
(c) SKF 38393, (d) LY 171555 and (e) clonidine.
These drugs were administered 15 min prior to
testing.

Note ED,, for apomorphine, haloperidol, clonidine
and LY 171555 at M,. The dose-dependent

increase in the ICSS response rates with SKF

38393 at M,,. The number of animals tested (n)

are indicated in each figure. Matched paired
t-test (2-tailed).

Bar on each point represents + SEM (standard
error of mean).

attenuating effect on the ICSS of VTA-SN was
observed. This effect lasted for 30 min till there
was total cessation of responding. The mean
(+SEM) time for appearance of the attenuating
effect was 12+4 min and 18+3 min for VTA-SN
and LH-MFB respectively.

Dose-response function of Haloperidol :
Fig.1b summarises the dose-response data for
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deficits in the execution of motor performance
(27, 34).

These results seem to suggest that it is
difficult to discard either "ascending DA
projection hypothesis" or "ascending NA
projection hypothesis" of self-stimulation (35,
36, 37, 38, 39, 40). The comparative assessment
of response rates of two regions, however, does
not provide good co-relation with ascending
projection hypothesis. It is consistent with
descending projection hypothesis as supported
by lesion studies (14) and 2-DG metabolism
studies (16, 17).
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Whatever may be the site of the action of
these drugs, whether on the post-synaptic
receptors of the above mentioned projections or
on to the presynaptic receptors of the afferents
that terminate in the VTA-SN and LH-MFB
(26, 27, 41), they somehow after the reward
signal (7). The most parsimonious interpretation
of the data reported in this study, in the light
of the other published reports, supports the
view of multiple reward system as opposed to
unitary reward system based on a single
dopamine neurotransmission-gated mechanism
(4, 42).
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