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LYNCH, W C Opiare blockade inhibits sacchann intake and blocks normal preference acquisition PHAR-
MACOL BIOCHEM BEHAYV 24(4) 833-836, 1986 —Recent evidence indicates a close connection between oral sensory
function and opioid effects on feeding Not only 1s gustatory motivation influenced by opiate drugs [11] but apparently
gustatory stimuli can also activate central opiate receptor systems [3] In 3 expenments we studied the effect of opiate
receptor blockade on dninking motivated by the sweet taste of sacchann. Expenment 1 established a dose-response
function for inhibition of intake by naloxone (NAL) in short (60 min) 2-bottle tests. This expennment demonstrated the
extreme sensitivity of nondeprived, nonstressed animals to NAL and estimated the MED,, at less than 0 1 mg/kg (SC), well
below the threshold for effects due to illness or general motor disturbance Expenment 2 further demonstrated that NAL's
effectiveness depends on saccharin concentration. In particular, the lowest NAL dose studied was effective near the
threshold for sacchann preference but not at higher concentrations. These data suggest that endogenous opioid systems
may be activated by taste stimul mn a graded fashion. Finally, experiment 3 showed that the typical acquisition of
preference for a moderate sacchann concentration can be effectively blocked by daily pre-test NAL injection Together
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these expeniments further demonstrate the close functional relationship between opioid systems and gustatory sensory

systems

Taste preference Feeding Drninking Appetite

Opioids Naloxone

A number of recent studies suggest a connection between
oral sensory stimulation and opiate receptor function. Indi-
rect evidence comes from studies of feeding and drinking 1n
which taste provides the primary incentive for intake By far
the most numerous of these have employed opiate
antagonists which suppress intake and in which intake-
suppression 1s enhanced by flavor [2, 8, 14]. For instance
Locke et al [10] showed that various opiate antagonists sup-
press ntake of sweetened condensed milk in non-depnived
monkeys and rats, and Rockwood and Reid [13] found that
sucrose intake was suppressed by the antagonist naloxone
even in nondeprived rats sham dninking with open gastric
fistulas. They reasoned that naloxone’s effect must be due to
modification of the ‘‘affective reactivity to palatable solu-
tions . and not due to feedback from postabsorptional
events” (p 1175). Other studies have shown that intake
motivated by sweet taste 1s highly sensitive to opiate antag-
omsm [11,18]. More direct evidence for a connection be-
tween gustatory stimulation and opiate system function
comes from a study by Herman and Novin [6] which
demonstrated a naloxone-reversible inhibition by morphine
of gustatory-evoked umit activity recorded from the para-
brachial (gustatory) nucleus. Unit activity evoked by a 1 8%
salt solution applied to the tongue was inhibited by morphine
but tactile-evoked activity from the tongue, recorded from
the trigeminal nucieus, was unaffected

While the above studies suggest that opiate drugs can
influence gustatory sensation, the converse influence of gus-
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tatory stimulation on endogenous opioid function has also
been reported. Lieblich et al. [9] compared female rats genet-
ically selected for high versus low intake of saccharin
(LC2-Hi vs. LC2-Lo). When LC2-Hi rats were given daily
access to 3 mM sacchann they showed a lack of analgesic
response (cross-tolerance) to a moderate dose of morphine
(2.5 mg/kg), whereas L.C2-Lo rats given daily saccharin or
LC2-Hi rats given no sacchann showed a typical (nontoler-
ant) analgesic response These data imply that, in this
selected group of rats, sacchann intake somehow modifies
the functional status of endogenous opioid systems. The
same conclusion was more forcefully illustrated by Dum e
al [3] who reported an increased release of 8-endorphin and
a corresponding decrease in 17 vivo binding of *H-etorphine
within the hypothalamus of nondeprnived, nonstressed
anmmals given a highly palatable food or drink (chocolate
candy or chocolate milk) immediately before assays were
performed. The decreased etorphine binding, in particular,
suggests that palatable foods somehow activate endogenous
opioids which 1in turn compete with etorphine for available
binding sites.

The present experiments examined further the influence
of endogenous opioid systems on fluid intake motivated by
taste. All expenments were carried out in nondepnved,
nonstressed adult male rats tested in their home cages. In
this situation the primary incentive to drink is provided by
the gustatory quality of solutions presented during short (60
mun) 2-bottle test sessions. Experiments 1 and 2 determined
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FIG 1 Dose-effect of naloxone-HCI on intake of a highly preferred
(0 1%, w/v) solution of Na-saccharin versus water Group mean
difference scores (Days 18-17) *SEM Negative values indicate
suppression of drinking Mean (+SEM) pre-drug intake (ml) of sac-
chann and water, respectively, was 15 3+0 89 and 1 6=0 38 Inset
shows statistically significant group differences (Fisher’s LSD test)

the lowest effective doses of naloxone (NAL) that acutely
suppress intake of highly preferred solutions of saccharin
Experiment 3 examined the effects of moderate daily doses
of NAL given throughout testing, on sacchann preference
acquisition.

METHOD

In each of the following experniments adult male Holtzman
albino rats were housed individually with ad hb access to
food and water except during test sessions. All tests were
carried out 1n home cages during the light portion of a 14-10
hr hght/dark cycle (on at 10 a m.) Room temperature was
maintained at approximately 25°C. Naloxone-HCl (Endo
Laboratories) was dissolved 1n 0.9% bactenostatic NaCl
(SAL). All injections were given subcutaneously at the nape
of the neck 1in 1 ml/kg volumes.

Expernment 1 established a dose-response function for
NAL'’s effect on sacchanin intake 1in fifty rats randomly as-
signed to 1 of 5 dose groups (n=10) For 11 days prior to
2-bottle testing all amimals were allowed 1 hr daily access to a
highly preferred (0.1% w/v) sacchanin solution. Two-bottle
presentations (saccharin vs water) began on day 12 with
each session preceded (15 muin) by a vehicle mnjection (days
11-17) or by 1 of 5 NAL doses (day 18). Doses for the S
groups were. 0 0, 0.03, 0.10, 0.30, and 1 0 mg/kg (SC).

Experiment 2 determined whether or not the intake-
suppressant effect of NAL vaned as a function of saccharin
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FIG 2 Dose-effect of naloxone-HCI on intake of 3 sacchann solu-
tions spanning the peak preference range (0 03-0 30%, w/v) Mean
intake difference scores (*SEM) are from a single group of rats
(n=10) tested repeatedly over 10 weeks, calculated by subtracting
scores for the week immediately preceding (SAL) and duning drug
(NAL) treatment Mean (=SEM) pre-drug intake volumes (ml) for
the 3 doses (0 01, 0 1 and 1 0 mg/kg) were respectively, 15 1+1 53,
151+2 11 and 9 2+2 47 The lower volume associated with the |
mg/kg dose reflects the fact that this dose was given earlier 1n train-
ing

concentration Ten rats selected from a larger group of 30 on
the basis of their consistent (3 day) consumption of 0 1%
sacchann, were given repeated 2-bottle preference tests over
10 weeks All ammals were tested 3 days/week once with
each of 3 saccharnin concentrations selected to cover the peak
preference range (0 03, 0.10, and 0 30% w/v) Solutions were
each pamred with water and the positions and solution con-
centrations randomized. Injections began on week 3 with
each week of drug injections preceded by one or two weeks
of SAL injections Over the following 7 weeks 3 NAL doses
were given 1n descending dose order: 10, 0.1, 0 01 mg/kg
(8O).

In experiment 3, three groups of naive rats (n=8) were
each given 1S days of 1 hr daily access to 0 1% sacchann vs
water (5 days/week) Group | (SAL) received an injection of
SAL (! ml/kg) 15 min before each daily session Group 2
(NAL-pre) received an mnjection of NAL (1 mg/kg) also 15
min before daily testing Group 3 (NAL-post) received the
same NAL dose (1 mg/kg) immediately after each daily ses-
sion. Group 3 was included to control for the possibility that
the intake suppression by NAL might be due to conditioned
taste averston (CTA). By associating the taste of saccharin
(CS) with the presentation of NAL (US), an aversion to the
taste of saccharin might gradually develop thus reducing
overall intake However, if the prnimary effect of NAL was to
act as a US for aversion conditioning, the intake suppressant
effect should be greater in group 3 than in group 2 since
group 3 represents the optimal condition for CTA learning,
namely CS (taste) preceding US (drug)
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FIG 3 Daily group mean intake of 0 1% sacchann (w/v) for 3 groups
tested 5 days per week for 3 weeks. SAL daily pretreatment with
0 9% NaCl, NAL-pre daily pretreatment with naloxone-HCI (10
mg/kg, SC), NAL-post daily post-test treatment with the same dose
of naloxone-HC1 See text for detatls and statistics

RESULTS

Figure 1 illustrates the dose-effect of NAL on intake of
0 1% saccharin vs. water Group mean difference scores
were calculated by subtracting volumes on day 17 (pre-drug)
from volumes on day 18 (drug) for each animal. Negative
difference scores (upward) indicate suppression. It 1s clear
that saccharin consumption varies with NAL in a dose-
dependent manner. Statistical analysis (one-way ANOVA)
confirmed a highly significant main effect of dose,
F(4,45)=8.945, p<0 001. Multiple comparisons among the 5
groups showed the 3 highest NAL doses were significantly
more effective than the zero dose and that the highest dose
(1 0 mg/kg) was significantly more effective than any of the 4
lower doses (Fisher’s LSD test) The MED,, for NAL was
estimated to be 0 065 mg/kg by calculating the NAL dose at
which half the animals showed a 20% or greater reduction 1n
intake (pre/post).

The results of experiment 2 are shown 1n Fig. 2. Intake
difference scores were calculated by subtracting the volumes
consumed of each solution during the week of SAL injec-
tions from those during the immediately following NAL
week, yielding 9 difference scores for each ammal (3 solu-
tions X 3 NAL doses) The results illustrated in Fig. 2
suggest that NAL dose interacts with sacchann concentra-
tion such that the lowest NAL dose (0.01 mg/kg, SC) 1s a less
effective intake-suppressant at the 2 highest sacchann con-
centrations than at the lowest concentration. When ¢-tests
were used to evaluate the effect of each treatment separately
(a-levels adyjusted for multiple tests, rejecting the null-
hypothesis only if p=<0.005) 1t was found that NAL was uni-
formly effective except when the lowest NAL dose was
given 1n the presence of the 2 higher sacchann concentra-
tions This suggests that near the threshold of palatability, a
very low NAL dose (0.01 mg/kg) effectively suppresses in-
take, whereas at higher (super-threshold) sacchann concen-
trations, intake 1s unaffected by this low dose

The results of expeniment 3 (Fig 3) show that acquisition
of preference for an otherwise highly preferred 0.1% saccha-
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rin solution is effectively blocked by daily pre-treatment with
NAL. A trend analysis based on the data in Fig. 3 [5] con-
firmed a highly significant main effect of treatment on group
mean intake, F(2,21)=12.91, p<0.001, as well as a highly
significant overall difference 1n linear trends, F(2,21)=13.70,
p<0.001 In addition, individual between-group trends were
also significant for NAL-pre vs. NAL-post, F(1,14)=8.84,
p<0.025, and for NAL-pre vs. SAL, F(1,14)=37 98,
p<0.001. Thus pre-test NAL injection more strongly inhib-
ited the acquisition of sacchann preference than either post-
test NAL or than pre-test SAL While the group mean differ-
ence between NAL-post and SAL was significant,
F(1.14)=7 29, p<0 025, the linear trend difference between
these groups fell just short of significance, F(1,14)=4 40,
p<010

DISCUSSION

Taste 1s a strong incentive to eat and dnnk in most species
including man. The above results suggest that in the absence
of other motives to drink (deprivation, stress, etc.) the in-
centive motivation provided by sweet taste depends upon an
adequately functioning endogenous opioid system. These re-
sults cannot easily be accounted for in terms of nonspecific
motor disturbance since effective suppressant doses of NAL
demonstrated in experiments 1 and 2 are nearly an order of
magnitude below most estimates for effects on general activ-
ity or motor coordination in rodents [1, 7, 12, 15] These
effects also are not likely to be due to malaise or to con-
ditioned taste aversion, since the effective doses reported 1n
expenments 1 and 2 are well below those typically required
to produce 1llness or CTA [4,17] and since a direct compan-
son between pre- and post-test NAL treatments (experiment
3) showed that post-test NAL (an arrangement more likely to
produce CTA) was actually less effective than pre-test NAL
which virtually ehminated preference acquisition.

The present results, then, suggest the following conclu-
sions First, that fluid-intake motivated exclusively by sweet
taste 1s extremely sensitive to the disruptive effect(s) of
opiate receptor blockade and that NAL inhibits fluid intake
in a dose-dependent fashion over nearly a 100-fold range
with an approximate MED,, of 0.065 mg/kg (SC) Second,
that the effectiveness of NAL varies with saccharin concen-
tration such that near the preference threshold low NAL
doses are effective but these become less so (or entirely
ineffective) above threshold. This 1s a tentative conclusion
but one that may shed light on the interaction between opiate
system and sensory system functions. It suggests that when
external incentives are weak, a fully functioning opioid sys-
tem 1s essential to the maintenance of goal-directed behav-
ior Dum er al [3] have convincingly demonstrated that
highly palatable foods (primanly sweets) activate endoge-
nous opioid pools leading to opiate receptor occupancy As-
suming this 1s a graded response to sweetness (or palatability
or perhaps some general motivational quality of food),
weaker activation by weaker or less palatable fluds would
perhaps be more easily blocked by low doses of opiate
antagonists It remains to be determined exactly which qual-
ities of oral stimulation are responsible for opioid system
activation and exactly which elements of the central and/or
peripheral opioid systems are involved.

Finally, expenment 3 suggests that daily opiate receptor
blockade prior to preference acquisition effectively ehmi-
nates the normal preference for sacchann. Whether or not
preference would recover once antagonist treatment was
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ended 1s unknown An interesting question n hght of the
results of Dum e? al (3] 1s whether the NAL-post effects are
due to CTA or to a blockade of rewarding after effects of
opioid activation. If palatable foods activate opioid pools and
the effects outlast the stimulus, such after effects may con-
tribute to the positive incentive to drink Thus there are 2
apparently contradictory interpretations of the NAL-post ef-
fects: Either NAL 1s itself an aversive stimulus that when
paired with a novel sweet taste leads to CTA and suppres-
sion of subsequent dnnking or, alternatively, NAL antago-
nizes an otherwise emotionally posttive after effect of sweet
taste, thereby reducing the incentive to drink The difference
between these interpretations lies in the relationship be-
tween sensory events and opioid activation In the first case,

LYNCH

no special role 1s given to the gustatory event CTA 1s as-
sumed to be a direct response to aversive classical condition-
ing In the second case. gustatory stimulation s seen as ac-
tivating endogenous opioid pools leading to positive after
effects which are then blocked by naloxone
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