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In rats, after a single intracisternal injection
of 6-hydroxydopamine (6-OHDA) electrical
self stimulation was reduced by approxi-
mately 50%. The concentrations of nor-

adrenaline and dopamine in the brain were
reduced by 83%. A second injection of
6-OHDA reduced the concentration of these
amines to 7% of control values and virtually
eliminated self stimulation.

Several lines of evidence indicate that
noradrenaline (NA) plays a crucial role in
electrical self stimulation of the brain
(Poschel & Ninteman, 1963, 1966; Wise &
Stein, 1969). These have included the re-
lease of [3H]-NA following self stimulation
in the medial forebrain bundle (MFB)
(Stein & Wise, 1969), the restoration of bar
pressing by intraventricular injection of NA
following the blockade of NA formation by
disulfiram (Wise & Stein, 1969) and also an

increased synthesis of NA from [14C]-tyro-
sine (Wise & Stein, 1970). In spite of this
strong support, the role of NA in self
stimulation has recently been challenged by
Roll (1970), who found that if the be-
havioural depression caused by disulfiram
was allowed for, the animals bar pressed
normally. Our study attempted to reassess

the importance of NA in self stimulation
by using 6-hydroxydopamine (6-OHDA) to
reduce central catecholamine concentra-
tions. This reduction of brain NA and
dopamine (DA) (Breese & Traylor, 1970;
Uretsky & Iversen, 1970) is presumed to be
due to the destruction of central catechola-
mine nerve terminals (Bloom, Algeri, Grop-
petti, Revuelta & Costa, 1969; Breese &
Traylor, 1970). This compound offers the
distinct advantage of disappearing from the
brain after producing its destructive effect
and having no effect on peripheral adrener-

gic fibres if administered intracisternally
(Breese & Traylor, 1970).

Methods.-Male Sprague-Dawley rats
(350-400 g) were implanted with bipolar
stainless steel electrodes (tip-0-2 mm) aimed
at the MFB either at the level of the
posterior hypothalamus (A-P, +3-8, M-L,
-1l2, D-V-3-0) or the lateral hypothala-
mus (A-P, +5-8, M-L, -1-7, D-V, -2-0)
(De Groot, 1959). After allowing 7 days
for recovery, the animals were trained to
press a bar which delivered a 120 ms, 60
Hz, 40 MuA sine wave stimulus. Pressing
rates varied from 1,200-4,500 per 30 min-
utes. Animals were tested daily for 30 min
until pressing rates stabilized and then
values for 5 additional days were recorded
as a baseline. The animals which were
assigned to the 6-OHDA and control
groups were comparable with respect to
electrode location and bar pressing rate.
Following the fifth baseline day the experi-
mental animals each received an intra-
cisternal injection of 200 Mug of 6-OHDA
dissolved in saline acidified with ascorbic
acid, while the control anials received
only the vehicle. An intraperitoneal injec-
tion of pargyline (50 mg/kg) preceded the
central injections by 30 min (Breese &
Traylor, 1970). Thirty-five days after the
first injection, 6-OHDA treated rats were
given a second injection of 6-OHDA
(200 ug) without pargyline. Self stimula-
tion rates were recorded on all animals
after the first injection for 48 days, includ-
ing 13 days after the second injection.
Self stimulation rates following the injec-
tion were expressed as a percentage of the
baseline value for each animal.
At the end of the experiment, the brains

of four animals from each group were
assayed for catecholamine concentrations.
The brains of other animals which received
only a single injection of 6-OHDA were
also analysed. The brain from each animal
was homogenized in 10 ml of ice-cold 0 4 N
perchloric acid. The homogenate was then
centrifuged and the catecholamines in the
supernatant were adsorbed on to alumina at
pH 8-6 using a modification of the method
of Anton & Sayre (1962). NA in the acetic
acid eluate was assayed by the method of
Haggendal (1963) and DA was assayed by
the method of Anton & Sayre (1964).
Values for endogenous amines were un-
corrected for recovery which averaged
86% for NA and 82% for DA.
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Results.-The difference between elec-
trode placements within experimental con-
ditions were evaluated with a Mann-
Whitney-U test. Since the values for the
lateral and posterior hypothalamus place-
ments were not significantly different, the
results obtained with the two placements
were combined. The resulting group curves
are presented in Fig. 1. The slight rise in
response rate after the injection of saline
to pargyline pretreated animals was not
significantly different from the baseline
level. After the intracisternal injection of
6-OHDA, self stimulation rates dropped to
20%/. of control on the day immediately
after the injection, but by the second day
they had recovered to approximately 50%
of the baseline values. The self stimulation
rates remained depressed for at least 35
days and remained in the range of 50-60%
of control period rates. The difference be-
tween the saline injected and 6-OHDA in-
jected animals was significant (f=9-4; P
<0-05). There was no significant differ-
ence between sessions nor was there a
session-group interaction.
A second injection of 6-OHDA virtually

eliminated self stimulation in five of the
six experimental animals. The usual
result during the 15 days after the second
injection was one or two bar presses per
day per animal. The sixth animal showed

some reduction in self stimulation rate from
that observed after one injection, but the
rate (37 -+- 3% of control) was above the
average rate for the other five (0% of
control). A possible explanation for this
result may be that the brain of this animal
contained a higher NA concentration (24%
of control) than that of the other five (7 =+-
1% of control). DA concentrations in the
brain were reduced by approximately 92%
after the two injections of 6-OHDA. A
single injection of 6-OHDA in combination
with pargyline reduced the concentrations
of NA and DA by 83-1-+45-6 and 835+
6 8%, respectively.

Discussion-The reduction of the self
stimulatory rate following destruction of
the catecholamine containing nerves in the
brain with 6-OHDA lends support to the
hypothesis that self stimulation is depen-
dent upon a central noradrenergic system
(Wise & Stein, 1969). Since the first injec-
tion which lowered the concentrations of
the catecholamines in the brain by some
83% reduced self stimulation rates by 50%,
the elimination of self stimulation after the
second injection of 6-OHDA was unex-
pected in that amines were only moderately
further reduced after the additional dose.
Whether this slight reduction of amines is
effective because the number of fibres re-

roiX A I I 1
290

5 70
60

120 6 7 8 9 4 3

I00

80

Days after inJection
FIG. 1. Self-stimulation rates for sixc 6-OH~A( *-4*) and five saline (A\---A) injected
animals expressed as percentage of the mean obtained during a 5 day baseline period.
Vertical bars indicate standard error of the mean.
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maimiag is at a critical level for maintaining
funetien or whether a more complex
hypothesis is required should be critically
examined.

Roll (1970) has suggested that the disul-
firam may have blocked self stimulation by
causing a behavioural depression, thus ques-
tioning the view that the reward value of
self stimulation is maintained by noradren-
ergic neurones. Since 6-OHDA has little or
no effect on locomotor activity in chronic-
ally treated animals (Evetts, Uretsky, Iver-
sen & Iversen, 1970; Burkard, Jalfre &
Blum, 1969), behavioural depression can
probably be ruled out in explaining the re-
duction of self stimulation rate by 6-
OHDA. Furthermore, 6-OHDA has no
effect on the concentration of 5-hydroxy-
tryptamine in the brain (Breese & Traylor,
1970) or on cerebral 'y-aminobutyric acid
(Uretsky & Iversen, 1970) suggesting that
these substances are not concerned in the
reduction of the self stimulation rate by
6-OHDA.
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