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MOUFID-BELLANCOURT, S. AND L. VELLEY. Effects of morphine injection into the parabrachial area on saccharin
preference: Modulation by lateral hypothalamic neurons. PHARMACOL BIOCHEM BEHAYV 48(1) 127-133, 1994.—The
aim of the present study was to analyze the effects of morphine injected into the second relay station of the gustatory input
pathways, the parabrachial area, on preference for saccharin over water. This study was carried out using both rats whose
lateral hypothalamic neurons had been lesioned by ibotenic acid and sham-lesioned rats. As already shown, an 0.3 mM
solution of the sweetener, which was clearly preferred over water by the sham-lesioned animals, was neutral for the lesioned
rats. The injection of 50 ng of morphine into each parabrachial area transformed this neutral response of the lesioned rats to
a clear preference for the sweetener, whereas the preference of sham-lesioned rats for the same solution was converted to an
aversive response. Likewise, with a more palatable solution of saccharin (2.5 mM), the injection of 50 ng of morphine
decreased the preference of the nonlesioned rats but increased the preference of the lesioned animals. Using the 2.5 mM
solution of saccharin, the intraparabrachial injection of higher doses of morphine (100 and 500 ng) did not greatly modify
the preference for the sweetener but induced a significant decrease in total fluid intake that was still observed 11 h after the
injection of the opiate. These results are discussed: the morphine-induced aversion observed in the nonlesioned rats could
be explained either by a specific influence on certain opioid receptors in the parabrachial area or, more probably, by the
stimulation of pathways involved in taste or visceral aversive processes and relaying in the parabrachial area. The possible
role of the intrinsic cells of the lateral hypothalamus on the responses to the morphine injection is discussed within the

context of each of the above hypotheses.
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IN the course of our analysis of reward processes, we exam-
ined some years ago the modulatory role of intrinsic neurons
located in the lateral hypothalamus on self-stimulation behav-
ior recorded in the second relay station of the afferent gusta-
tory signals, the medial part of the parabrachial area (17). We
showed that self-stimulation in this area was almost com-
pletely suppressed following a bilateral ibotenic acid lesion of
neurons localized in the middle and posterior parts of the
lateral hypothalamus. This result suggested that self-stimula-
tion in the parabrachial area is not a purely local process but
also is under the control of descending hypothalamic influ-
ences.

Given that self-stimulation behavior in the parabrachial
area could result from the artificial activation of a neural
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system underlying the rewarding properties of certain taste
cues (39), we tested in a second experiment the role of intrinsic
neurons of the lateral hypothalamus on gustatory preference-
aversion functions for increasing concentrations of saccharin
solution in the rat (18). Bilateral lesions of the lateral hypo-
thalamic cells by ibotenic acid resulted in a significant shift to
the right of the preference-aversion curve. In sham-lesioned
rats, the preference threshold was observed with the 0.3 mM
solution of saccharin, the best preference score was obtained
with the 2.5 mM solution, whereas the 25 and 50 mM solutions
were aversive. In the lesioned animals, the 0.3 mM solution
was neutral, the best preference score being observed with the
7.5 mM solution, the 25 mM solution was preferred over wa-
ter, while the 50 mM solution was not statistically aversive.
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Finally, the aversion threshold appeared in lesioned rats with
a quinine concentration 5 times higher than the concentration
inducing aversion in the control rats.

These results, showing that the rewarding and aversive val-
ues of saccharin are modulated by intrinsic hypothalamic neu-
rons, suggested that this modulation forms part of the neural
network implicated in the control of palatability (6).

Furthermore, there now exists substantial evidence to indi-
cate that endogenous opioid systems are involved both in the
rewarding effects of electrical brain stimulation [review in
(41)] and, similarly, in reward mechanisms associated with
taste [review in (13)]. Consequently, to test the hypothesis
that some LH neurons are implicated in the opioid-mediated
modulation of palatability, we compared the effect of the SC
injection of morphine on saccharin preference in both LH-
lesioned and sham-lesioned rats (43). The results obtained
were complex: the aversion shown by normal rats for the most
concentrated solution of the sweetener (50 mM) was converted
by the opiate to a significant preference. Likewise, the same
dose of opiate transformed the neutral response of the le-
sioned animals for this solution into a significant preference.
However, with the 0.3 mM solution of saccharin that corre-
sponds to the preference threshold for normal rats, the same
dose of opiate induced an opposite effect in sham-lesioned
and in lesioned rats. The preference of the normal rats was
converted to a neutral response, whereas, in the lesioned ani-
mals, the neutral response was transformed into a significant
preference. More recently we have demonstrated, in normal
rats, that the decrease or the increase of the preference for
saccharin by the same dose of morphine is dependent on the
concentration of the sweetener solution and that a small dose
of naloxone induces a paradoxical increase in preference for
the 0.3 mM solution of saccharin (44).

Given the data summarized above, the purpose of the pres-
ent study was to determine whether these unexpected effects
of morphine on gustatory preference could be due to some
action of the opiate on the medial part of the parabrachial
area. Indeed, besides the fact that this area is reciprocally
connected to the lateral hypothalamus (5,19,25,32,35,36,45),
it also contains neurons and terminals immunoreactive for
opioid neuropeptides (15,23,33) as well as a high density of u
receptors and a moderate density of « receptors (2,28). Conse-
quently, it is possible that at least a part of the complex influ-
ences of morphine on gustatory processes in normal rats could
be due to a localized action of the opiate on the parabrachial
area and that the loss of the lateral hypothalamic input consec-
utive to the ibotenic acid lesion could disturb the local effect
of morphine. To test this hypothesis, we have studied the
effect of intraparabrachial injections of morphine on saccha-
rin preference of sham-lesioned and lateral hypothalamic le-
sioned rats.

METHOD

Animals

Male rats of the Sprague-Dawley strain (IFFA-CREDO,
Lyon) were individually housed in wire-mesh cages and main-
tained on a regular 12 L : 12 D cycle (lights on at 0700 h) in a
temperature-regulated (21-23°C) animal room.

Surgery

Under pentobarbital anesthesia (Nembutal 55 mg/kg IP),
two chronic guide cannulae (outer diameter 0.45 mm) were
stereotaxically implanted bilaterally, 2 mm above each medial
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parabrachial area (PBA) of 17 animals. The coordinates were
1 mm posterior to the interaural line, + 1.8 mm lateral to the
sagittal suture, and 5.3 mm ventral from the skull surface.
The incisor bar was level with the interaural line. During the
same operation, the intrinsic cells of the lateral hypothalamus
(LH) were bilaterally destroyed in 10 of these animals by local
injection of ibotenic acid (IBO). The coordinates were 6.1 mm
anterior to the interaural line, + 1.7 mm lateral to the sagittal
suture, and 9.1 mm ventral to the skull surface. The cannula
was connected with a micropump that delivered in each LH 4
ug of IBO in 0.5 ul of vehicle (phosphate buffer). Each injec-
tion lasted 6.6 min, and 10 more min elapsed before removal
of the cannula. Using the same procedure the seven other rats
were injected only with the vehicle of the neurotoxin. At the
end of the operation one screw was fixed into the skull, and
the guide cannulae were chronically fixed with dental cement.

Saccharin- Water Choice

Fourteen days after the operation all rats were placed on a
schedule of restricted water access (7,18). Over 6 successive
days rats were allowed only two daily periods for drinking,
one beginning at 0830 h and lasting 2 h and one beginning at
1930 h and lasting 1 h. After habituation to the deprivation
schedule, during the 2 h period of the morning session, rats
were presented with two bottles equipped with stainless steel
drinking spouts. One contained tap water, the other contained
the saccharin solution. Fresh solutions of the sweetener were
mixed daily by dissolving tablets in tap water. Each tablet
contained 20 mg of benzoic sulfimide and did not contain
glucose. The bottles were weighed at the beginning and at the
end of the test to the nearest 0.01 g. The bottle containing
saccharin solution was placed on a different side of the home
cage every day. Two successive experiments were performed.

We tested first the 0.3 mM solution of saccharin. After the
responses of lesioned and nonlesioned rats had stabilized (5-7
days), the solution was again presented during 3 consecutive
days; the first 2 days no injection was performed, but the
third day each rat was injected with the vehicle only. The
following day a 50 ng dose of the opiate was injected.

In a second phase, the gustatory preference of the rats was
tested with a highly preferred solution of saccharin, namely
a 2.5 mM solution. After the preference for each rat was
established, three different doses of morphine were injected,
50, 100, and 500 ng. To minimize the effect of some possible
tolerance phenomena, these doses were tested in an ascending
order and an interval of 3 days separated two successive injec-
tions of morphine. During this period, to limit mechanical
damage to brain tissue, the vehicle was not injected, but rats
were submitted daily to the preference test in the usual condi-
tions. This test was also carried on during 3 consecutive days
beginning the day following the injection of the 500 ng dose,
to test the possible delayed influence of this dose of on saccha-
rin and water intakes.

In the two experiments, the opiate (morphine sulfate) or
the vehicle (NaCl 0,9%) were injected via two cannulae (outer
diameter 0.24 mm introduced through the guides). A pump
delivered to each side, over 38 s a 0.2 ul volume whatever the
dose of morphine injected. Three parameters were recorded
throughout these experiments, namely saccharin and water
intakes during the choice test (2 h) and water consumption
during the evening period of drinking (1 h). All rats were
weighed daily from the fifth day before the operation to the
day of sacrifice. Dry food was always available, during the
two periods of water deprivation and during testing. At the
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end of the experiments the rats were killed by an overdose
of pentobarbital and the brains were frontally sectioned in a
freezing microtome at 80 ym and stained with thionine. The
extents of the LH lesions and the locations of the cannulae
tips were reconstructed on the appropriate planes of the Paxi-
nos and Watson atlas (38).

RESULTS

Histological Analysis

The 10 brains of the lesioned rats were analyzed. In eight
cases, a complete loss of neurons associated with glial prolifer-
ation was observed in the LH. The anteroposterior extent of
the lesions varied between 1280 and 2320 um. In most cases,
the frontal extent of lesion began at the caudal end of the
paraventricular nucleus. The posterior limit was observed at
the frontal level of the premammillary nuclei. In the mediolat-
eral plane the lesions extended from the perifornical region to
the internal capsule. In the dorsoventral plane the lesioned

FIG. 1. Top: low-powered photomicrograph of the hypothalamic re-
gion showing an example of a bilateral lesion. Arrowheads show the
limit of the lesioned area. The tips of the cannula tracks are indicated
by arrows. Abbreviations: f— fornix; ic—internal capsule; LH—lat-
eral hypothal. area; mt — mammillothalamic tract; VMH — ventrome-
dial hypothal. nu.; 3V —third ventricle. Bottom: example of bilateral
sites of injection into the parabrachial area. The tips of the cannula
tracks are indicated by arrows. Abbreviations: LPB—lateral para-
brachial nu.; Me5 —mesencephalic trigeminal nu.; MPB —medial par-
abrachial nu.; scp — superior cerebellar peduncle; 4V —4th ventricle.

area extended from the base of the brain to the zona incerta
(top part of the Fig. 1). In the two other brains the LH was
not lesioned but the thalamus was greatly damaged. Thus, the
data of these two rats were excluded from the analysis. Two
sham-lesioned rats were also excluded because the tips of the
cannulae were located dorsal to the PBA. For the 13 remain-
ing brains, the tips of the cannulae were located in the medial
part of PBA or immediately ventral to the nucleus (bottom
part of Fig. 1).

Effects of the LH Lesions on Body Weight and
Daily Water Intake

As previously reported (18,30,43,48) the IBO lesioned rats
initially showed a weight loss that was 16.6% of the preopera-
tive body weight 4 days after the operation. The correspond-
ing weight loss of the sham-lesioned rats did not exceed 1.9%
2 days after the operation. Despite the fact that the body
weight of the lesioned rats increased regularly from the sixth
day onward, this body weight remained clearly inferior to that
of the unlesioned rats throughout the behavioral tests, and on
the day of their sacrifice, the mean body weight of the lesioned
rats was 436 g (+ 8.6) as compared to 514 g (+10.4) for the
control animals, £ = 5.8 p < 0.001).

In a similar manner, the LH lesion produced a significant
and permanent deficit in water intake, and on the day of the
sacrifice, the mean daily water intake of the lesioned animals
was 21.9 ml (%2.1) as compared to 32.2 ml (+2.1) for the
sham-lesioned rats, t = 3.3p < 0.01).

Effect of the LH Lesion on the Preference for Saccharin
Solution and on the Differential Influence of Intra-PBA
Injection of Morphine

The top part of Fig. 2 summarizes the results of the sham-
lesioned (left) and lesioned (right) rats for the saccharin-water
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FIG. 2. Top: effects of a 50 ng dose of morphine injected into each
PBA of sham-lesioned (left) and lesioned rats (right) on the intakes of
the 0.3 mM solution of saccharin and water over 2 h. Asterisks show
the significance between the consumption of saccharin solution or
water after the injection of the opiate and the corresponding intakes
without morphine indicated by O on the abscissa. These intakes are
the mean values of three choice tests recorded during 3 consecutive
days preceding the test with morphine. Bottom: corresponding intakes
of water recorded over 1 h, 11 h after the beginning of the choice test.
*» < 0.05; **p < 0.01; ***p < 0.001.
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choice test with the 0.3 mM solution of the sweetener. As
already observed (17,43), whereas this solution is significantly
preferred to water by the nonlesioned animals, it is neutral
for the LH lesioned rats. The preference ratio, i.e., saccharin
solution taken/total fluid taken during the 2 h session of
sham-lesioned rats, is significantly superior to the 0.5 value
(no preference) (0.70 + 0.06,¢ = 3.5, p < 0.05). The prefer-
ence ratio of the lesioned rats was not different from the 0.5
value (0.41 + 0.04, t = 2.25, NS). The intra-PBA injection
of 50 ng of morphine induced an opposite effect in the gusta-
tory responses of the two groups. A global ANOVA shows a
significant multiple interaction (lesion X dose X saccharin),
F(1,11) = 27.28, p < 0.001. In sham-lesioned rats, the pref-
erence for saccharin was converted to an aversive response by
significantly decreasing sweetener intake and increasing water
consumption (preference ratio 0.22 + 0.04, p < 0.05). In
contrast, in lesioned rats, morphine increased saccharin intake
and decreased water intake, thus inducing a preference ratio
superior to the 0.5 value (0.74 + 0.05,¢ = 4.6, p < 0.01).

In the two groups of rats the injection of the opiate did
not change the total liquid consumption during the choice test
(sham-lesioned control: 17.1 ml + 0.6, after morphine: 18.0
ml + 1.6, t = 0.7, NS; lesioned, control: 13.5 ml + 0.6,
after morphine: 13.4ml + 1.3; ¢ = 0.1, NS).

The bottom part of Fig. 2 shows, for each group of rats,
the corresponding mean water intake over the 1 h evening
session recorded 11 h after the intraparabrachial injection of
50 ng of morphine. Despite this long delay, the opiate induced
a small decrease in water consumption but this decrease was
significant only in the lesioned group.

The top part of Fig. 3 shows the effects of increasing doses
of morphine on the preference for the 2.5 mM solution of
saccharin of the sham-lesioned (left) and lesioned (right) rats.
This solution of the sweetener was highly preferred to water
by the sham-lesioned animals (preference ratio: 0.83 + 0.01,
t = 23.00, p < 0.001) and was also preferred by the lesioned
rats (preference ratio: 0.69 + 0.02, ¢ = 8.6, p < 0.001).

As in the preceding experiment, the global ANOVA shows
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FIG. 3. Top: effects of different doses of morphine (abscissa) in-
jected into each PBA of sham-lesioned (left) and lesioned (right) rats
on the intakes of the 2.5 mM solution of saccharin and water during
2 h. Bottom: corresponding intakes of water recorded over 1 h, 11 h
after the beginning of the choice test. For other details, see the caption
of the Fig. 2.
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a significant multiple interaction (lesion X dose X saccha-
rin), F(3, 33) = 6.88, p = 0.001. The 50 ng dose of morphine
induced opposite effects on the choice test of the two groups
of rats, namely in the sham-lesioned rats the opiate decreased
saccharin intake and nonsignificantly increased water intake,
whereas in lesioned rats, morphine significantly increased sac-
charin consumption and decreased water intake. In the le-
sioned rats, total liquid consumption was not modified by
the 50 ng dose of the opiate (control: 16.2 ml + 0.6; after
morphine: 16.3 ml + 0.9, ¢ = 0.05, NS), whereas in the
sham-lesioned animals a modest but significant decrease of
total liquid consumption was produced by the same dose of
morphine (control: 22.0 ml + 1.1, after morphine: 18.7 +
0.9, t = 4.6, p < 0.01). The injection of the two highest
doses of morphine, 100 and 500 ng, induced a decrease of
saccharin intake but, above all, a simultaneous and marked
decrease in water consumption, particularly in the LH le-
sioned rats. Likewise, the evening water intakes were all signif-
icantly decreased by all doses of morphine (bottom part of
Fig. 3). However, the saccharin and water intakes recorded
the third day after each morphine injection, in lesioned as well
as in sham-lesioned rats, were not significantly different from
the corresponding intakes measured before the first injection
of the opiate [lesioned rats: saccharin, F(3, 21) = 0.97, NS;
water, F(3, 21) = 2.4, NS; evening water, F(3, 21) = 0.18,
NS; sham-lesioned rats: saccharin, F(3, 12) = 0.59, NS;
water, F(3, 12) = 1.22, NS; evening water, F(3, 12) =
0.86, NS].

DISCUSSION

As indicated in the Introduction, the present experiment
was an attempt to determine if a part of the opioid-mediated
processes involved in the lateral hypothalamic modulation of
the palatability level of saccharin solutions are located in the
gustatory part of the parabrachial area. The results demon-
strate that local infusion of a small dose of morphine (50 ng)
into the PBA reproduced some of the unexpected effects pre-
viously observed following the subcutaneous injection of the
opiate (43,44). In normal rats this dose of opiate suppressed
the preference for the 0.3 mM solution of saccharin and atten-
uated the preference for a 2.5 mM solution of the sweetener,
while the same dose of morphine converted the neutral re-
sponse of the LH-lesioned rats to the 0.3 mM solution to a
clear preference and increased the preference to the 2.5 mM
solution.

The fact that a small dose of the opiate induced significant
modifications of the preference for saccharin in the two
groups of rats shows that opioidergic processes localized in
the PBA are implicated in the control of gustatory signals.
Several opioidergic pathways projecting to the PBA have been
identified. Among the various neuropeptides involved in the
efferent projections of the nucleus of the solitary tract on the
PBA, enkephalin projection cells were the most numerous. A
small number of dynorphin projection cells were also observed
(27,40). Moreover, neurons immunoreactive to enkephalin
were detected in the PBA (23). The neuropeptides implicated
in the descending projection from the LH and projecting to
the PBA were recently analyzed (31,49) (Touzani et al., in
press). The only significant opioidergic projection consists of
a cluster of cells immunoreactive to dynorphin, localized in
the perifornical area. Finally, a high density of u receptors
and a moderate density of «x receptors were detected in the
parabrachial area (28).

Although these different opioidergic pathways and, in par-
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ticular, the ascending projections, do not relay exclusively gus-
tatory information, it can be suspected that some of these
pathways are implicated both in afferent gustatory transmis-
sion and in the descending lateral hypothalamic input. The
influences of morphine locally injected into the PBA may
generate different interpretations.

Do the present results concord with our working hypothesis
according to which the LH input to the gustatory part of the
PBA modulates the level of palatability of saccharin solu-
tions? As already observed in our previous experiments
(18,43), the ibotenic acid lesion of the LH transformed the
preference of the normal rat for the 0.3 mM solution to a
neutral response and attenuated the preference for the 2.5 mM
solution, suggesting a general decrease of the incentive value
of these solutions. Thus, we can suppose that the LH intrinsic
cells are effectively implicated in the control of this value.
Moreover, the present results demonstrate that some of the
LH modulation processes take place within the PBA; of par-
ticular significance is the observation that the local injection
of morphine into the PBA converted the neutral response of
the lesioned rats to a significant preference for the 0.3 mM
solution and increased the preference for the 2.5 mM. It is
noteworthy that the 50 ng dose of the opiate did not change
the total liquid intake of the lesioned rats, either with the 0.3
mM solution (Fig. 2), or with the 2.5 mM solution (Fig. 3)
but only modified the respective consumptions of saccharin
and water. The best explanation for these complex interac-
tions between the LH lesion and the local infusion of the 50
ng of morphine is to suppose first, that the incentive value of
preferred saccharin solutions is, at least in part, controlled by
intrinsic cells of the LH, second, that this control takes place
within the PBA, and third, that opioid processes located in
the PBA are implicated in this control.

However, the results of the nonlesioned rats are difficult
to integrate into the preceding explanations, because the same
dose of morphine injected in the PBA suppressed the prefer-
ence for the 0.3 mM solution of saccharin and significantly
attenuated the preference for the 2.5 mM solution. A first
explanation of this paradoxical response could be to take into
account pharmacological data that have demonstrated that
the activation level of the opioid systems increases as a func-
tion of the concentration of saccharin (26). Thus, with the 0.3
mM solution, which is around the preference-threshold value,
it is possible that the activation of the opioid systems was very
low and, as discussed previously (43,44), the suppressive effect
of morphine, as well as the preference increase induced by
a small dose of naloxone, might be due to the preferential
stimulation of opioid autoreceptors. This hypothesis was for-
mulated to interpret the analgesic properties of small doses of
some opiate antagonists like naloxone (22,46), as well as the
fact that these antagonists enhance the release of some opioid
peptides (34,46). It is also possible that the suppressive effect
of the opiate results from the stimulation of a particular sub-
type of opioid receptor located in the PBA and involved in
suppressive processes. In agreement with this possibility it was
shown that the central injection of a selective agonist (20) as
well as the injection of selective antagonists of x receptors
(1,8,10,24) decrease intake of saccharin or of other palatable
solutions, suggesting a role of these receptors in these sup-
pressive processes. It is not sure, however, that this intake
inhibition mediated by the « receptors results from the modu-
lation of palatability because it was recently shown that a
selective x antagonist reduces sucrose intake but not saccharin
consumption (4). Experiments are currently in progress, in
which the effects of intra-PBA injections of specific ¢ and

x agonists and antagonists on preference for saccharin are
analyzed.

It is not sure, however, that the suppression of preference
observed in nonlesioned rats results from the stimulation of
either opioid autoreceptors or some particular opioid receptor
subtype. The present results do not agree with our previous
studies using SC injections of the opiate (43,44). With this
route of injection, in normal rats, morphine transformed the
preference for the 0.3 mM solution to a neutral response,
suggesting the disappearance of the preference but not an
aversion, while in the present study, the intra-PBA injection
of the opiate converted the preference to a significant aversive
response. Likewise, whereas the preference for a highly pre-
ferred solution of saccharin (2.5 mM) is increased by the SC
injection of morphine (7), the intra-PBA injection of the opi-
ate produced a weak but significant decrease in preference.
The best way to explain these discrepancies is to suppose that
they result from the different routes of opiate administration
used. As already indicated, the medial part of the PBA is the
main relay station of the afferent gustatory signals, and a
significant part of these pathways coming from the nucleus of
solitary tract are opioidergic. Consequently, it is likely that
the aversive response induced in normal rats by local injection
of morphine may result from a direct disturbance of the affer-
ent gustatory signals. The present data do not permit to con-
clude as to the origin of this aversion, which could be due to
an increase by the opiate of the aversive properties of saccha-
rin in such a way that the 0.3 mM and 2.5 mM solutions
would be perceived of as bitter.

It is also possible that the opiate injected into the PBA
becomes itself aversive. It is known that the peripheral injec-
tion of repeated high doses of morphine produces aversive
responses and can induce taste aversion (3,9,16,47). Because
signals coming from the visceral regions project to the PBA,
it is possible that the local injection of morphine, by a direct
action on the opioid receptors of these projections, produces
some kind of taste aversion by mimicking a peripheral mal-
aise.

Whatever the origin of the aversion, the transformation
of the taste qualities of saccharin or centrally induced taste
aversion, the magnitude of the aversive response would be
dependent on the concentration of the saccharin solution,
such that the aversion would be maximum with the 0.3 mM
solution but would be highly attenuated with the 2.5 mM
solution.

If, as suggested by the above observations, the response of
the sham-lesioned rats to morphine is aversive, how might we
explain the effect of the LH lesion, namely the transformation
of the morphine-induced aversion observed in nonlesioned
rats for the 0.3 mM solutions to a significant preference? As
indicated in the Introduction, the ibotenic acid lesion of the
LH produced a shift toward higher concentrations of gusta-
tory stimuli along the preference-aversion continuum. The
lesion decreased not only the preference for the palatable solu-
tions of saccharin but also the aversion to the bitter solutions
of the sweetener as well as the aversion to the quinine solu-
tions. Thus, it seems that the LH-PBA input is implicated
not only in rewarding mechanisms but also in the aversive
mechanisms associated to gustatory stimuli and, therefore,
that the LH lesion suppressed the preference for the 0.3 mM
solution as well as the aversion induced in the normal rats by
the intra-PBA injection of morphine. The present data do not
enable conclusions as to whether the opiate-induced increase
of preference for the 0.3 and 2.5 mM solutions is a direct
consequence of the lesion or results from a different process.
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Some pharmacological data show that aversiveness and pref-
erence of tastants are differentially affected by drugs such as
pimozide (37). Thus, it is possible that despite the fact that LH
intrinsic cells control the gustatory signals along a preference-
aversion continuum, the LH modulation of rewarding and
aversive gustatory stimuli is not symmetrical. At the neural
level, this differential influence could possibly be due to some
disturbance consecutive to the LH lesion in the organization
of the opioid receptor populations located in the PBA. For
example, the opioid-induced increase of preference observed
in lesioned rats could be due to a significant loss of a subpopu-
lation of opioid receptors involved in the aversive processes
while another population of opioid receptors that participate
in the enhancement of sweeteness properties could be spared
by the lesion.

A second significant result of the present experiment must
be briefly discussed. In disagreement with other data showing
an increase in preference for very palatable solutions of sac-
charin following SC or intraventricular injection of opiate
agonists [(7,14,20,44, review in (13)], intra-PBA injection of
the two highest doses of morphine, 100 and 500 ng, did not
enhance the preference for the 2.5 mM solution of saccharin,
neither in sham-lesioned, nor in lesioned rats. This lack of
increase in preference may be due to different factors.

First, it can be suspected that the repeated injections into
the parabrachial area produced a significant brain lesion in
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the target area, or that the repeated infusion of increasing
doses of morphine induced tolerance. Thus, the absence of
preference enhancement could be due to a decrease of the
response to the opiate, consecutive either to tissue damage or
to the development of opiate tolerance.

A second possibility to explain the lack of increased prefer-
ence by high doses of morphine is to take into account the
systematic inhibition of drinking by increasing doses of the
opiate. This result confirms the well-known observations that
morphine, as well as opioid selective agonists injected subcuta-
neously (16), intraventricularly (42), and into the hypothala-
mus (11,12), suppress liquid intake.

Thus, it can be suspected that the increase in preference
for palatable solutions frequently observed following SC or
intraventricular injection of morphine, is masked by the
strong and global inhibition of drinking induced by the intra-
parabrachial injection of the opiate.

However, the present results do not allow to choose un-
equivocally between these different possibilities, and further
data are needed to better understand why injection of mor-
phine into the PBA does not induce a preference increase for
a palatable solution of saccharin.
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