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AULAKH, C. S. AND S. N. PRADHAN. Actions and interactions of amphetamine on self-stimulation in rats. PHAR-
MAC. BIOCHEM. BEHAV. 11(3) 351-354, 1979.—The dose-response relationship for d-amphetamine (0.125-2 mg/kg, IP)
and its l-isomer (0.125-3 mg/kg, IP) was studied in self-stimulation behavior of rats each with an electrode at posterior
hypothalamus (PH, mainly monoaminergic) or area ventralis tegmentum (A 10, dopaminergic). The drug effects increased
with the dose reaching a peak (at 0.5 mg/kg with d-amphetamine and at 1.0 mg/kg with l-amphetamine) and then decreased.
The d-isomer was approximately twice as potent as the l-isomer in enhancing intracranial self-stimulation (ICSS) rate with
electrodes at either site. Azaperone (mainly an a-adrenergic blocker) and haloperidol (an antidopaminergic neuroleptic)
used in small doses (0.05 and 0.008 mg/kg respectively) which did not affect the baseline responding, blocked
amphetamine-induced enhancement of ICSS in both groups of rats. Thus, amphetamine-induced facilitation of ICSS at both
PH and A10 areas and its blockade by an a-adrenergic blocker as well as an antidopaminergic neuroleptic show the
involvement of both noradrenergic and dopaminergic mechanisms in self-stimulation behavior.
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OPINION varies concerning the potency and the mechanism
of action of the d- and l-isomers of amphetamine. Phillips and
Fibiger [13] reported that d-amphetamine was 7-10 times
more potent than its l-isomer in enhancing intracranial self-
stimulation (ICSS) rate when the electrode was implanted in
the lateral hypothalamus, but the two isomers were
equipotent in enhancing 1CSS rate with electrode implanted
in the substantia nigra. Stephens and Herberg [19] reported
that the mean percentage difference in enhancement of
self-stimulation by d- and l-amphetamines at the locus
ceruleus (noradrenergic) was even 5 times higher than that at
the substantia nigra (mainly dopaminergic). These different-
ial effects of the isomers at different electrode sites may be
partly accounted for by the fact that ICSS is mediated by
dopamine (DA) at the substantia nigra and by norepinephrine
(NE) at the lateral hypothalamus or locus ceruleus.

Early studies showed that amphetamines produced their
central stimulant effects by releasing NE [5,18], but more
recent studies suggest that the release of DA is more impor-
tant for many of their central actions (4, 11, 20). The mech-
anism of action of amphetamine have been further studied
by interaction experiments with drugs of known mechanism
of action. Thus, adrenergic blockers, whether administered
IP [22] or intracerebroventricularly [3] decreased self-
stimulation responding to varying degrees, and pretreatment
with these agents also reduced the facilitating effect of am-
phetamine on this behavior, thus showing the involvement of
noradrenergic mechanism in this behavior. On the other
hand, antidopaminergic neuroleptics (e.g. haloperidol and
pimozide, IP) significantly decreased ICSS in rats with elec-
trodes in the nucleus accumbens that contains mainly the
dopaminergic cell bodies [14], indicating thereby the in-

volvement of dopaminergic mechanism in self-stimulation.
However, these antidopaminergic neuroleptics also de-
creased the ICSS rate even with the electrode site at the
dorsal NE bundle [14] and lateral hypothalamus [21], which
is difficult to explain.

The objectives of the present study are to further investi-
gate the effects of the d- and l-amphetamines on self-
stimulation behavior particularly with respect to their dose-
response relationship, and mechanism of action by using
two different electrode sites, posterior hypothalamus (PH,
monoaminergic) and area ventralis tegmentum (A10,
dopaminergic). Their mechanism of action was further
studied in drug interaction experiments using drugs of known
mechanism of action.

METHOD

Male albino rats of Wistar-derived Walter Reed strain
with initial body weight of 200-250 g were used in this exper-
iment. All rats were housed individually and had free access
to food and water. The methods of electrode implantation,
experimental procedure, drug treatment and data evaluation
were essentially the same as reported earlier [15]. A set of
bipolar stainless steel electrodes was stereotaxically im-
planted in the posterior hypothalamus (PH) or in the area
ventralis tegmentum (A 10 area, dorsal to the interpeduncular
nuclei {7]) in each rat under pentobarbital (50 mg/kg, IP)
anesthesia. The stereotaxic coordinates of the PH were 3.5
mm posterior to the bregma, 0.75 mm lateral to the midline
and 9 mm in depth from the top of the skull: those of the A10
area were 5.5 mm posterior to the bregma, 0.1 mm lateral to
the midline and 8.5 mm in depth from the top of the skull
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FIG. 1. Dose-response relationship of d- and l-amphetamine in self-stimulation behavior in rats with
electrode in the posterior hypothalamus (PH) or area ventralis tegmentum (AI0). Each point in the
graph represents mean and standard error of the mean of the data from at least 5 rats.

according to Atlas of Hart [10]. The animals will be desig-
nated as PH or A10 rats according to their electrode place-
ment. Verification of electrode tips was done histologically
in each representative rat upon completion of the experiment
according to the atlas of Konig and Klippel [12].

After recovery from surgery, the rats were trained to
press the bar in a Skinner box to be reinforced with
intracranial electrical stimulation. The box (22 x 27 x 47 cm)
made of plastic was equipped with a bar at the center of a
side wall 6 cm above the floor. The bar was connected with
programming and recording equipment and each bar press
provided a stimulus train of 0.4 sec duration, stimulus being
a sine wave of 60 Hz. The threshold current level for a rat
was set to be the minimum current which would generate 1 to
10 responses/min in excess to that observed in the absence of
the current. The current intensity (measured as rms) re-
mained constant at slightly above the threshold level
throughout the sessions, and varied from 10 pA to 25 uA
from rat to rat. Bar-pressing responses were recorded every
10 min during daily 60-min sessions.

Rats were subjected to a daily session 6 days a week.
When the responding of each rat reached a stable level (i.e.
bar-pressing rate in a session was within 10% of the daily
average for 5 to 6 days), treatment with drugs was initiated.
Five rats were used at each dose level in dose response study
and there were four rats in each group during interaction
study. Two isomers (d- and I-) of amphetamine sulfate,
azaperone (an a-adrenergic blocker), and haloperidol (an
antidopaminergic neuroleptic) were used in this experiment.
Amphetamine (d- and l-isomers) was dissolved in saline,
whereas azaperone and haloperidol were dissolved in tar-
taric acid.

All the drugs were administered 1P. For interaction study,
amphetamine (d- or l-isomer) was injected at 0 min just be-

fore the onset of session and an interacting drug was injected
10 min prior to amphetamine. A dose of a drug was injected
only when the control data from two seccessive daily ses-
sions reached the previous baseline level and was within 10%
of the average.

The data from the drug sessions were reported as the
percent change from controls. The data of similar category
from several rats, one from each rat, at a particular dose of a
drug was used to calculate the mean, the standard error of
the mean ( = SE) wherever necessary; the difference be-
tween two means was also estimated and Student’s ¢ was
calculated to determine the level of significance.

RESULTS
Dose-Response Relations

In this study, ICSS responding varied from 4000 to
6000/hr for AIO rats and from 2000 to 4000/hr for PH rats.
The behavioral effects over wide dose ranges for
d-amphetamine (0.125-2 mg/kg) and its l-isomer (0.125-3
mg/kg) in both PH and AIO rats are shown in Fig 1. Although
there were variations in the baseline rates and in response to
a drug dose, a rough dose-response relationship could be
observed in the same rat. In general, the drug effects in-
creased with the dose reaching a peak and then decreased.
Peak effects were observed in both groups of rats at 0.5
mg/kg doses with d-amphetamine and at 1 mg/kg doses with
the l-isomer. Both isomers showed greater facilitation of re-
sponding at all doses in AlI0 rats compared to PH rats. On
comparing the potency of the two isomers in enhancing
self-stimulation at AI0 or PH electrode sites, d-isomer was
found to be approximately twice as potent as l-isomer over
0.125-0.5 mg/kg dose range. However, at higher doses their
potency did not appear to differ.
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TABLE 1

INTERACTIONS OF D- AND L-AMPHETAMINE WITH DIFFERENT
DRUGS ON SELF-STIMULATION

Effect™ of Rat Interacting drug Effect* of drug
amphetaminet  group Drug & doset Effect* combinationti

D-Amphetamine

63 = 1(4) PH Azaperone, 0.05 -1x24) 18 =714

63 = 1 (4) PH Haloperidol, 0.008 -3x14 14 = 5(4)

73+x2@ AIO Azaperone, 0.05 -3+x14 16 + 3 (4)

73 = 2(4) AIO Haloperidol, 0.008 -4+1(4) 8+x2@)
L-Amphetamine

24 = 1(4) PH  Azaperone, 0.05 -1=2@ 7+14)

24 = | (4) PH Haloperidol, 0.008 -3+1(4) 6 = 2(4)

38 + 2(4) AlO Azaperone, 0.05 -3=114) 15+ 1)

38 + 2 (4) AIO Haloperidol, 0.008 -4 = 1(4) 9+ 1(4)

*percent change from the controls; mean + S.E.; figures in parentheses indicate the

number of experiments in each group

tDoses were in mg/kg; amphetamine was used in 0.5 mg/kg doses. Each rat was given the
same dose of an interacting drug whether used alone or in combination with am-

phetamine

1Significantly different from the effects of amphetamine alone p<0.01

Drug Interaction

The interactions of amphetamine (d- and I-isomers) with
different drugs are presented in Table 1. d-Amphetamine (0.5
mg/kg) and l-amphetamine (0.5 mg/kg) produced a significant
increase in self-stimulation responding. Azaperone and
haloperidol, when administered alone in doses of 0.05 and
0.008 mg/kg respectively, did not affect baseline responding,
but significantly decreased amphetamine-induced enhance-
ment of self-stimulation at both PH and AIO sites.

DISCUSSION

The present study suggests that d-amphetamine is more
potent than the l-isomer in increasing ICSS rate with elec-
trodes aimed either at PH or AIO area. This observation is
consistent with that of Goodall and Carey [8] who used the
lateral hypothalmus and substantia nigra as the electrode
sites. Our data from both PH and AI0 rats shows that
d-isomer was approximately twice as potent as the l-isomer
in facilitating ICSS rate. The potency ratios between d- and
l-amphetamine in 2 rat groups of the present experiment are
less than the reported 5:1 ratio at the anterior midbrain teg-
mentum [17] and 7-10:1 ratio at the lateral hypothalamus [13]
in self-stimulation behavior, and 6:1 ratio in intravenous
self-administration [16]. However, they are in agreement
with the potency ratios of d- and l-isomers for a number of
behavior, such as 2.07-2.49 for self-stimulation [8], Z.38-2.98
for self-administration {23], and 2.75 for anorexia [2).

Besides these differential behavioral effects, the two am-
phetamine isomers also showed difference in their
neurochemical effects. Thus, d-isomer was shown to be 10
times more potent than the l-isomer in blocking norepinep-
hrine (NE) reuptake by noradrenergic synaptosomal seg-
ments, whereas both isomers were equipotent in blocking
dopamine (DA) reuptake by dopaminergic synaptosomal
segments [6]. In the contrary, while these two isomers

were almost equipotent in inhibiting uptake of *H-NE by
the cerebral cortex and mesencephalic synaptosomes,
d-amphetamine was 4-5 times more potent than l-isomer in
inhibiting uptake of 3H-DA by striatal synaptosomes [9,20].

In the present experiment, the dopaminergic AIO site was
more sensitive to either isomer of amphetamine in facilitating
ICSS rate, compared to PH site which is generally
monoaminergic. In contrast, Phillips ef al. [14] demonstrated
the greater ICSS facilitation at a noradrenergic site (dorsal
noradrenergic bundle) as compared to a dopaminergic site
(nucleus accumbens). Both d- and l-amphetamines also
facilitated ICSS at the lateral hypothalamus to a greater ex-
tent compared to the substantia nigra [8). However, these
differences in ICSS response may be attributed to electrode
placements at different noradrenergic and dopaminergic
sites.

In interaction studies, the facilitating effects of both d-
and l-amphetamines were significantly reduced in both PH
and AIOQ rats following pretreatment with an a-noradrenergic
blocker (azaperone), which is in agreement with the findings
of Wise et al. [22] with IP doses of a-adrenergic blockers,
and those of Bailey and Pradhan [3] with their
intraventricular injections. On the other hand, pretreatment
with antidopaminergic neuroleptic (haloperidol) also blocked
the amphetamine-induced ICSS enhancement in the PH and
AlQ rats. In a previous study from our laboratory, it was
shown that azaperone (a-adrenergic blocker) and haloperidol
(antidopaminergic neuroleptic) used in small doses which did
not affect baseline responding also reduced cocaine-induced
facilitation of self-stimulation behavior at both PH and AIO
sites [1]. However, it is obvious that a-noradrenergic bloc-
kers as well as antidopaminergic neuroleptics were both ef-
fective in blocking amphetamine-induced enhancement of
ICSS rate at both the PH as well as AIO electrode sites, thus
further showing the involvement of both noradrenergic and
dopaminergic mechanisms in self-stimulation at such areas.
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