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VAN DER KOOY, D., H. C. FIBIGER AND A. G. PHILLIPS. An analysis of dorsal and median raphe self-stimulation:
effects of para-chlorophenylalanine. PHARMAC. BIOCHEM. BEHAV. 8(4) 441-445,1978. — The role of serotonergic
systems in intracranial self-stimulation (ICSS) of the dorsal and median raphe nuclei of rats was investigated. Intragastric
administration of 400 mg/kg of parachlorophenylalanine (PCPA) depressed ICSS rates in the group with dorsal raphe
electrode placements over a similar time course to the depletion of brain serotonin which results from treatment with
PCPA. An intrasessional analysis of these behavioral changes on the fourth day after PCPA revealed that dorsal raphe ICSS
was depressed over both halves of the 2 hr test session, whereas a significant depression in median raphe ICSS occurred
only in the last hr of the session. The data from these studies suggest that brain serotonin systems contribute to the
phenomenon of brain-stimulation reward in the dorsal and median raphe nuclei. The involvement of multiple

neurochemical substrates of brain stimulation reward is discussed.
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EXPLANATIONS of the neurochemical mediation of rein-
forcement have focused on monoaminergic mechanisms
[9,32] but the role of serotonin (5—HT) has proved
particularly controversial. Reports of serotonergic
punishment receptors [32] contrast with studies demon-
strating increased S—HT release by highly rewarding brain
stimulation [11]. Recent investigations of the involvement
of 5—HT in ICSS have examined the effect of the 5S—HT
synthesis inhibitor PCPA on ICSS obtained from electrode
placements in several brain regions containing high con-
centrations of S—HT terminals or cell bodies. Thus, a
PCPA—induced decrease in ICSS elicited from the caudate
[21] and hippocampus [31] has pointed to a role for
5—HT in maintaining ICSS of these forebrain structures.
The 5—HT systems in the forebrain arise from cell
bodies located primarily in the midbrain raphe nuclei
[2,30]. There appears to be some discrepancy as to the
effect of PCPA on ICSS at sites in these raphe nuclei, as
PCPA has been reported to increase ICSS in the dorsal
raphe [27] while decreasing ICSS in the median raphe
[18]. In an attempt to shed more light on this issue, the
following experiment was designed to examine the effects
of PCPA treatment on both dorsal and median raphe ICSS.

METHOD
Animals

The animals were male Wistar rats weighing 280—330 g

at the time of surgery. They were housed in individual cages
throughout the experiment with free access to food and
water.

Surgery and Histology

Animals were anaesthetized with sodium pentobarbital
(50 mg/kg IP), placed in a Kopf stereotaxic apparatus, and
small dia. bipolar nichrome electrodes (Plastic Products Co.,
MS 303-0, .005 in.), were chronically implanted according
to standard procedures. The coordinates for the dorsal
raphe placements were AP—8.0 mm posterior to bregma, L
— 0 mm from the midline and DV-6.2 mm below the dura,
with the head level between lambda and bregma. The
coordinates for the median raphe placements were AP —
8.0 mm, L — 0 mm, and DV — 7.9 mm, again with the head
level between lambda and bregma.

At the completion of the experiment, all animals were
asphyxiated with CO, and their brains rapidly removed and
stored in 10% Formalin. Brains were frozen, sectioned at
30 ¢ and sections containing electrode tracts were mounted
and stained with Luxol fast blue and counterstained with
thionin.

Procedure

Following recovery from surgery, animals were tested
for ICSS in 5 identical Plexiglas chambers (46 cm x 30 cm
X 24 cm). Depression of a small 2.5 cm wide bar activated
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FIG. 1. Location of electrode tips in dorsal raphe (®) and median
raphe (a).

an AC constant current stimulator which delivered a
variable intensity (1—-150 xA) 60 Hz sine wave stimulus of
fixed duration (0.2 sec) through a flexible cable, to the
chronic electrode assembly. Animals were shaped to the bar
on their first day in the ICSS chambers until the bar
pressing response was acquired. After 7 days, rats not
reaching a criterion of 50 bar-presses/15 min were rejected
from the experiment. Stimulation intensities were in-
dividually adjusted to elicit stable submaximal ICSS rates.
Thirteen animals with dorsal raphe placements and 14 with
median raphe electrodes were selected for the experiment.
These rats were then tested on alternate days over a 14 day
period to ensure stable performance. The duration of the
test sessions was 2 hr per day. When animals had displayed
stable ICSS rates, they were placed under light ether
anaesthesia prior to intragastric intubation of a 400 mg/kg
dose of PCPA, as a suspension in H, O. Post-drug tests for
ICSS began 24 hr later and continued for 2 hr per day over
a 10 day period.

RESULTS

All dorsal and median raphe animals that acquired the
bar pressing response usually did so on the first day of
training although they usually stabilized at lower rates than
those obtained on the first day. The ICSS behavior often
involved in very vigorous biting of the bar. Kindled seizures
were never observed after stimulation of the raphe nuclei.

The electrode placements of all animals in both dorsal
and medial raphe groups are shown in Fig. 1. It is important
to note that similar predrug barpress rates were obtained in
both dorsal (X = 3,460/2 hr) and median (2,912/2 hr)
raphe groups.

Figure 2 shows the effect of intragastric injections of
PCPA on ICSS in these two groups. ICSS in the dorsal
raphe group was temporarily disrupted following PCPA
treatment. A one-way analydis of variance on the raw data
from the dorsal raphe group revealed a significant main
effect of days, F(5,60) = 4.06, p<0.01. Moreover, a trend
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FIG. 2. Effects of intragastrically administered PCPA (400 mg/kg)

on dorsal raphe (e) and median raphe (o) ICSS. Data points

depicted are group means for 2 hr test sessions expressed as

percentages of predrug rates. The predrug ICSS rates were a) dorsal

raphe group, X = 3460/2 hr + 623; b) median raphe group, X =
2912/2 hr + 670.

analysis of this effect demonstrated a significant quadratic
component, F(1,12) = 11.94, p<0.01. Thus dorsal raphe
ICSS was depressed by PCPA treatment over a time period
comparable to that over which whole brain 5—HT is
depleted by intragastric administration of PCPA [31].
Analysis of the raw data from the median raphe group did
not reveal a significant effect of days, F(5,65) = 2.20,
p>0.0S5.

A more complete analysis of the PCPA effects is revealed
by examining the changes in ICSS rates which occurred
within sessions. Figure 3 compares the percent change in
ICSS during each 1 hr period within the 2 hr test session on
Day 4 post-PCPA, with scores obtained in comparable 1 hr
periods on the baseline day prior to PCPA. This intra-
sessional analysis on Day 4 post-PCPA (the day of maximal
5—HT depletion) {31] showed that dorsal raphe ICSS was
significantly depressed during both the first hr (p<0.05,
t-test) and second hr (p<0.05) of the test session, whereas
median raphe ICSS was significantly decreased during the
second hr (p<0.05) but not the first hr (p>0.20) of the
session. This latter finding probably accounts for the failure
to observe a statistically significant decrease in ICSS for the
total 2 hr score of the median raphe group.

DISCUSSION

The present experiment confirms and extends previous
reports of ICSS in the dorsal [25,27] and median raphe
nuclei [18,26]. Miliaressis et al. [18] suggested that test
sessions of 2 hr duration are more sensitive to the disruptive
effects of PCPA and this appears to be the case. When the
ICSS data for the median raphe group were analysed on the
basis of two 1 hr periods on Day 4 post-PCPA a significant
inhibition was only observed in the last hour of the session.
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FIG. 3. Intrasessional analysis of ICSS responding on Day 4
post-PCPA in dorsal raphe (open bars) and median raphe (filled
bars) animals. Data represent group means (+ SEM) for each of the
two 1 hr periods comprising the 2 hr test sessions, expressed as
percentage of rates obtained on the day immediately prior to PCPA
treatment.

Similar within session effects on median raphe ICSS have
been reported both 24 and 48 hr after treatment with
PCPA [18]. A preliminary study, employing 15 min tests
failed to detect any significant effect of PCPA on median
raphe ICSS, whereas similar treatment inhibited ICSS in the
dorsal raphe when the rate was less than 1000
presses/15 min (van der Kooy, unpublished observations).
In the present study ICSS in the dorsal raphe was depressed
equally in both halves of the 2 hr test. These locus specific
differences in the effect of PCPA within the test session are
noteworthy because similar effects have been observed with
caudate and hippocampal electrode placements. The sup-
pression of caudate-ICSS is evident at the beginning of the
test session and continues throughout [21], thus re-
sembling the pattern seen in the dorsal raphe. In contrast,
the decrease in hippocampal ICSS is observed primarily in
the later part of the test [31] as is ICSS in the median
raphe [18]. It is probably no coincidence that a 5—HT
system from the dorsal raphe projects to the caudate-
putamen [12,17], whereas there is evidence of a second
S—HT projection from the median raphe to the hippo-
campus {12,19].

The gradual decrease in median raphe ICSS within the
test session has been attributed to the progressive dis-
appearance of remaining brain S—HT, by electrical stimulus
of the brain [18]. However, there is no independent
evidence that electrical stimulation further depletes 5—HT
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levels in neurons in which synthesis has already been
inhibited by PCPA. Furthermore, if one pursues this line of
reasoning, it is necessary to postulate differential effects of
PCPA on separate 5—HT systems in the brain. This is an
intriguing possibility but again there is no evidence to
support it.

The finding that dorsal raphe ICSS is suppressed by
PCPA is in contrast to the recent report of a significant
increase in ICSS rate after PCPA treatment [27]. These
contradictory findings may reflect procedural differences as
the animals in the previous study [27] were selected for
their high bar-pressing rates. It is interesting to note that
the two animals in that study with the lowest ICSS rates
(ie., 926 and 1279 presses/30 min) showed very little
change in responding after PCPA. Another important
difference between these studies is the dose of PCPA and
the route of administration. Simon et al. [27] gave two IP
injections of PCPA (350 mg/kg), 48 hr apart. In an attempt
to minimize the non-specific peripheral effects of PCPA
injections which can be problematic in the interpretation of
behavioral experiments ([29], we have consistently
employed intragastric intubation [21,31]. Biochemical
analysis has confirmed that this procedure produces a
maximal depletion of whole brain and regional 5—HT (20%
of control) on Day 4 post PCPA, with levels returning to
baseline. 12 days after PCPA treatment (see Table 2 and
Fig. 2, ref. [31]). Thus the time course of 5—HT depletion
and recovery after intragastric intubation is very similar to
that found after IP injections of comparable doses of PCPA
[15]. It is also important to note that the temporal pattern
of ICSS suppression after PCPA is highly correlated with
the inhibition of S—HT synthesis (compare Fig. 2, present
experiment with Fig. 2, ref. [31]). Furthermore, the
differential effects of PCPA observed in the present study
and in previous experiments [21,31] argue against at-
tributing the suppression of dorsal raphe ICSS to the
disruption of sensory and/or motor function following
treatment with PCPA.

There is now a large body of data implicating 5—HT in
brain-stimulation reward, but unfortunately much of it
appears contradictory. This is especially true if one focusses
on the hypothalamus. At this site, PCPA has been reported
to inhibit {10,28], facilitate [5, 21, 23, 31] or to have no
effect [4] on ICSS. Neurotoxic lesions of S—HT systems in
the brainstem with 5,6 dihydroxytryptamine [24] pro-
duced an increase in responding for ICSS in the LH
suggesting an inhibitory role.

A similar pattern of conflicting results emerges from the
consideration of studies which have examined the effects of
increasing 5—HT levels at the synapse by treating animals
with biochemically specific 5—HT reuptake inhibitors or
precursors of 5—HT such as 1-tryptophan (Trp) or
5—hydroxytryptophan (5—HTP). Systemic injections of the
5—HT reuptake inhibitor Lilly 110140 (fluoxetine hydro-
choride), produced a dose-related reduction in ICSS in the
medial forebrain bundle that was partially reversed by
5—HT receptor blocker methysergide [13]. Atrens et al.
[1] have also reported a decrease in running for hypo-
thalamic brain-stimulation in a shuttlebox after injections
of the 5S—HT reuptake blocker LU 5—003. However, these
authors attributed the decrease in response initiation to the
rewarding effect of increases in S—HT levels that were not
contingent on the animal’s behavior. Small doses of 5—HTP
(5—-10 mg/kg) have been shown to facilitate LH—ICSS,
whereas a high dose (300 mg/kg) depressed it [22]. Bose et
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al. [6] also observed a decrease in ICSS following treatment
with 5—HTP, but this effect was observed with both high
and low doses (28, 52 and 115 mg/kg). In this latter study,
pretreatment with the decarboxylase inhibitor RO4-4602
to counteract the effect of 5—-HTP on peripheral levels of
5—HT had no influence on the inhibition of ICSS. Again, a
subsequent experiment provides the opposite result [20].
In this study 5—HTP inhibited ICSS through hypothalamic
electrodes in cats, but this effect was accompanied by
drowsiness. In cats pretreated with the peripheral de-
carboxylase inhibitor RO 4-4602, injections of both
5—HTP and Trp produced a significant increase in ICSS,
suggesting a facilitatory role for 5—HT in brain-stimulation
reward.

Elsewhere we have argued that multiple neurochemical
systems subserve ICSS in different regions of the brain
[21,31] and this approach would seem to provide an
obvious resolution of the paradox described above. Two of
the 5-HT pathways which course through the hypo-
thalamus appear to have a facilitatory role. One of these
pathways originates in the dorsal raphe and termintes in the
neostriatum [12,17] and ICSS in both regions is disrupted
by treatment with PCPA ([21], present study). A second
pathway arises primarily in the median raphe and projects
to the hippocampus [12,19]. Self-stimulation in the cell
bodies and axon terminal regions of this system is also
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suppressed by the inhibition of 5—HT synthesis ([18,31],
present study) although this system appears less sensitive to
the effect of PCPA. Finally, there would appear to be a
third 5—-HT system which has an antagonistic effect on
ICSS, in view of the frequently described facilitation of
hypothalamic ICSS rates following injections of PCPA [5,
21, 23, 31). These results might be related anatomically to
groups of S—HT cell bodies recently observed in the
hypothalamus, which are independent of the hypothalamic
projections from the dorsal and medial raphe nuclei [7].

In describing the possible role of separate 5—HT systems
in brain stimulation reward, it is important to emphasize
that they are not viewed as the sole neurochemical
substrate of this phenomenon. In fact, it seems in-
appropriate to attribute the neural substrate of rein-
forcement to any exclusive transmitter system. Like most
complex functions in the brain, it is undoubtedly de-
pendent on the interaction of a variety of neurochemical
systems, the nature of which we have only begun to
discern.
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