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ROBERTSON, A., J. KUCHARCZYK AND G. J. MOGENSON. Self-stimulation of the subfornical organ and lateral
hypothalamus: differential effects of atropine and methysergide, PHARMAC. BIOCHEM. BEHAV. 7(2) 173-176,
1977. — The effects of cholinergic blockade of neurons by atropine or serotonergic blockade by methysergide was
investigated in rats responding for brain-stimulation reward. Bipolar stimulating electrodes were placed either in the
subfornical organ (SFQ) or the lateral hypothalamus (LH). Atropine sulphate and methysergide significantly suppressed
self-stimulation of the SFO but not of the LH, suggesting that cholinergic and serotonergic neurons are involved in

brain-stimulation reward associated with this site.

Self-stimulation SFO Atropine Methysergide

THE SUBFORNICAL organ (SFO), which has gained
prominence as the possible site of the dipsogenic effects of
angiotensin II [4,14], has been shown recently to subserve
brain stimulation reward [11]. There is evidence that this
structure contains dopamine or noradrenaline [3, 6, 12],
both hypothesized to mediate self-stimulation [7,10].
However the SFO may contain acetylcholine [1, 3, 5] and
serotonin [6]. The possibility that these neurotransmitters
play a role in self-stimulation of the SFO was investigated
by administering atropine, a cholinergic antagonist, and
methysergide, a serotonergic antagonist, to rats self-
stimulating through SFO electrodes. For comparison, the
effects of these drugs on self-stimulation of the lateral
hypothalamus (LH) was also examined.

METHOD

Male albino rats weighing 250—300 g at the time of
surgery were used in the study. The animals were indivi-
dually housed in wire mesh cages in a temperature-
controlled room with lights on from 7:00 a.m. to 9:00 p.m.
and with tap water and Purina rat chow available ad lib.
Rats were anaesthetized with sodium pentobarbital (40—-50
mg/kg IP) and were implanted under stereotaxic control

Amphetamine

with bipolar electrodes (Plastic Products Co., Roanoke, V),
127 u in diameter and insulated except for the cross-
sectional area at the tips. With the incisor bar 5.0 mm above
the interaural line, electrodes were implanted into the
subfornical organ (12° from the vertical midline, 0.0 mm
anterior to bregma, 1.0 mm lateral, and 4.4-4.5 mm
ventral to dura) and in the medial part of the lateral
hypothalamus.

Following a one-week recovery period, the animals were
tested for self-stimulation. Testing took place in a Plexiglas
box (30 x 16 x 30 cm) with a lever at one end which could
be depressed with a force of 16 g to deliver a 0.20 sec train
of electrical stimulation. The stimulating waveform pro-
vided by a Grass S44 stimulator consisted of monophasic
rectangular pulses of 0.20 msec duration presented at 80 Hz
through a Grass stimulus isolation unit. Current was
monitored continuously on an oscilloscope.

For animals in which self-stimulation occurred, testing
was continued daily in one-half hr sessions and current was
kept constant at suprathreshold levels which generated
approximately equal response rates between groups of rats.
Drugs were administered only after response rates were
stable (i.e., a change from one day to the next of less than
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FIG. 1. Coronal section of a rat brain showing a representative electrode placement in the subfornical organ. The tip of the
electrode, indicated by the arrow, lies in the lateral part of the subfornical organ.

10%) over a minimum of three daily consecutive tests. A
minimum of three days was allowed to elapse between drug
administration and no animals received more than three
different drug treatments.

Atropine sulphate and atropine methyl nitrate were
dissolved in 0.9% isotonic saline and were administered (10,
15, and 20 mg/kg, IP) 20 min before testing. Animals with
electrodes in SFO received 10, 15 and 20 mg/kg of atropine
sulphate or atropine methyl nitrate; animals with electrodes
in LH received 15 and 20 mg/kg of atropine sulphate or
atropine methyl nitrate. Methysergide maleate, dissolved to
a concentration of 12.5 mg/ml in 0.9% saline and 0.1 N HC1
and adjusted with NaOH to a pH of 7.0, was administered
in a dose of 25 mg/kg body weight, IP, 20 min before
testing. Additionally, three rats with SFO electrodes were
administered d-amphetamine and l-amphetamine (1 mg/kg,
IP), 30 min before testing.

Upon completion of the behavioral tests, rats were
sacrificed by an overdose of sodium pentobarbital. Brain
sections of 50 u thickness were cut using a freezing
microtome and were stained with thionin and examined
under a microscope. Only those rats with confirmed
electrode placements in the SFO and LH were included in
the results. A representative electrode placement in the
SFO is shown in Fig. 1.

RESULTS AND DISCUSSION

Rates of self-stimulation after various drug treatments
were calculated as percentages of the average response rates

for the two preceding test sessions. The results are
presented in Fig. 2 and Table 1. Atropine sulphate (10
mg/kg) administered to rats with SFO electrodes did not
produce a significant suppression of responding compared
to the effect of atropine methyl nitrate (p<0.05). When
given 15 mg/kg atropine sulphate, however, rats with SFO
electrodes showed a significant reduction of response rates
(to 53% of predrug levels) in comparison to their rates
when administered atropine methyl nitrate (p<0.05) or in
comparison to rats with LH electrodes given atropine
sulphate (p<0.01). When administered 20 mg/kg atropine
sulphate, SFO rats responded at 47% of preinjection levels,
significantly lower than their rates following atropine
methyl nitrate (p<0.02) and lower than response rates of
rats with LH electrodes administered 20 mg/kg of atropine
sulphate (p<0.001).

The administration of 25 mg/kg of methysergide did not
reduce self-stimulation of the LH but did, in comparison.
significantly reduce self-stimulation of the SFO (p<0.005).

The attenuation of self-stimulation from the SFO when
a cholinergic antagonist (atropine) or a serotonergic anta-
gonist (methysergide) were administered suggests that both
cholinergic and serotonergic neurons are involved in self-
stimulation of this area. A nonspecific effect (general
behavioral debilitation) can be ruled out since self-
stimulation of the LH was not similarly affected. It has
previously been reported that atropine sulphate [8] and
methysergide {13] have no effect on self-stimulation of the
LH. Therefore self-stimulation of the SFO can be differen-
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FIG. 2. Response rates for electrical stimulation of the subfornical organ (SFO) or lateral hypothalamus (LH) upon

administration of atropine sulphate or atropine methyl nitrate (10, 15 or 20 mg/kg 1P, 20 min before testing) or

methysergide (25 mg/kg 1P, 20 min before testing). Response rates are expressed as percentages of preinjection rates.
Vertical bars represent standard errors of the mean. The number of rats in each condition is indicated above each bar.

TABLE 1

THE EFFECT OF d- AND |- AMPHETAMINE* ON SELF-
STIMULATION OF THE SFO*

Rat d | Difference
38 347 172 175
42 325 154 171
43 265 128 137

Mean difference 161

* 1 mg/kg, IP.
t Results expressed as percentage of preinjection response rates.

tiated from self-stimulation of the LH by the responses of
animals to these drugs.

Rates of self-stimulation of the SFO were increased
following the administration of both isomers of ampheta-
mine, suggesting a possible role for catecholaminergic
neurons [10]. The greater facilitation of self-stimulation
following d-amphetamine than following l-amphetamine
may indicate that noradrenergic neurons might be involved
in self-stimulation of the SFO [2, 9, 10]. On the other
hand, since self-stimulation of the SFO is suppressed by
spiroperidol, a2 dopamine antagonist (unpublished obser-
vations), dopaminergic neurons might also be involved.
Because of a recent report that the SFO contains both
dopamine and noradrenaline [12] it is possible that
activation of catecholaminergic neurons contribute to
self-stimulation of the SFO. Alternatively, the attenuation
of self-stimulation by spiroperidol might be the result of
motoric or other nonspecific behavioral effects.
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