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TYRKA, A. AND G. P. SMITH. SCH23390, but not raclopride, decreases intake of intraorally infused 10% sucrose in
adult ratss. PHARMACOL BIOCHEM BEHAYV 45(1) 243-246, 1993. — When 10% sucrose is infused intraorally on postna-
tal days (PN) 7, 14, and 21, raclopride, a D, dopaminergic antagonist, does not affect intake at any age and SCH23390, a D,
antagonist, does not affect intake on PN 7 but a large dose decreases intake on PN 14 and 21. To determine if this differential
effect of the antagonists on PN 14 and 21 remains after further postnatal development, we studied adult rats in this intraoral
intake test. Female (# = 77) and male (» = 81) adult rats, approximately 43 or 96 days old, were deprived for 4 h before
intraoral infusion of 10% sucrose. Each rat was tested once and this was its first experience with sucrose. SCH23390 (133 or
267 ug/kg), raclopride (357 or 714 ug/kg), or saline vehicle was given IP at — 15 min. The larger dose of SCH23390
significantly decreased intake of rats that were approximately 43 and 96 days old, but neither dose of raclopride changed
intake at either age. These results suggest that D,, but not D,, receptors are necessary components of the central neural
network that processes the unconditioned gustatory stimulus of 10% sucrose into mouthing and swallowing movements that

maintain ingestion in late preweanling and adult rats under these conditions.
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SUCROSE solutions stimulate ingestion in rats pups as early
as postnatal (PN) day 3 and intake is a direct function of
sucrose concentration by PNI14 (1,10,12,30). To determine
whether the inhibition of intake of sucrose by dopaminergic
D, and D, antagonists observed in adult rats (6,16,19-22,26)
occurred in preweanling rats and whether it depended upon
prior ingestive experience with sucrose, we recently tested pups
once during the first 3 PN weeks. We used two ingestion tests
devised by Hall and colleagues (8,9): In the oral catheter (OC)
test, a 10% sucrose solution was infused continuously into
the mouth through an anterior, sublingual catheter; in the
independent ingestion (II) test, rats licked 10% sucrose from
a tissue that was saturated with the sucrose solution and
placed on the floor of a beaker.

On PN 7, 14, and 21, raclopride, a D, antagonist, and
SCH23390, a D, antagonist, reduced intake in II tests in a
dose-related manner (27,28). The potency of the antagonists
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was similar to that observed in sham-feeding tests in adult rats
(19,21).

The effect of the antagonists in OC tests, however, was
different. Large doses of raclopride did not change intake at
any age and only relatively large doses of SCH23390 decreased
intake on PN 14 and 21 (27,28). No dose of SCH23390 de-
creased intake on PN 7.

With the exception of the results with SCH23390 in the
OC test on PN 21, none of the results with the antagonists
was associated with a prolonged latency to initiate ingestion
or with a decrease in general activity. Thus, we interpreted
these results to mean that D, and D, receptor action was neces-
sary for the positive reinforcing effect of sucrose on intake in
II tests at all three ages, but only D, receptor action was neces-
sary for the positive reinforcing effect of 10% sucrose on
intake in OC tests and this was not a significant effect until
PN 14. Further, we also concluded that any inhibition of in-
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take produced by the antagonists did not depend upon condi-
tioning or associative mechanisms because rats were tested
only once and had no prior experience with 10% sucrose or
the test conditions.

The dissociation of efficacy of D, and D, antagonists on
ingestion of 10% sucrose when it was infused intraorally was
unexpected and potentially important for understanding the
relative functions of D, and D, receptor action for the uncon-
ditioned, positive reinforcing effect of 10% sucrose, the pro-
totypical sweet stimulus, that maintains licking during the
consumatory phase of ingestion. To determine whether this
dissociation also occurred in postweanling rats, we performed
the same experiments in postweanling rats on approximately
PN 43 and PN 96. A preliminary report has appeared (29).

METHOD

Subjects were Sprague-Dawley rats that were obtained
from Taconic Farms or were the offspring of rats that had
been obtained from Taconic Farms and mated in our breeding
colony. Two age groups were used: PN 43 (SEM = 0.4,
range = 37-51) and PN 96 (SEM = 0.7, range = 85-104).
The PN 43 group contained 38 females that weighed 160 + 3
g and 41 males that weighed 194 + 5 g; the PN 96 group
contained 32 females that weighed 250 + 3 g and 35 males
that weighed 412 + 4 g. Rats were group housed in Plexiglas
cages on corncob bedding until approximately 1 week prior to
testing. At that time, rats were transferred to individual metal
cages. Rats had water and Purina 5001 Formulab Chow avail-
able ad lib at all times. Ambient temperature was maintained
at 23 + 2°C. Testing occurred 6-7 h after the 12-h light phase
began. Rats were not handled until the time of testing except
during weekly maintenance; they were tested only once and
were naive to the experimental conditions.

Intraoral Catheter Intake Test

The conditions employed in this test were essentially the
same as those used in previous experiments with pups (27,28).
Some minor changes were made to adjust for the older age of
the rats — the test chamber was larger and rats were not placed
in an incubator during the 4 h prior to tests.

Four hours before the start of the intake test, rats were
lightly anesthetized with ether and anterior oral catheters
(heat-flared PE-50) were implanted sublingually according to
the procedure of Hall (8). Following catheter implantation,
rats were placed into individual compartments in a 15-gal glass
aquarium with a Plexiglas top that served as the test chamber.
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After approximately 3.5 h, the end of each catheter was
attached to an extension tube. Then the urethral meatus was
occluded with cyanoacrylate glue (Krazy Glue, Inc.) so that
weight gained during the test would accurately reflect the
amount ingested. An IP injection (1.5 ml/kg) of SCH23390
(133 or 267 ug/kg) or raclopride (357 or 714 ug/kg) or the
vehicle for the antagonists (0.15M sodium chloride) was ad-
ministered with a 30-ga, 1/2-in, needle 15 min before the start
of the intake test. These doses were approximately two and
four times the doses that inhibited one-bottle, sham intake of
10% sucrose in adult rats by 50% (21) and they were two and
four times the doses that inhibited sucrose intake in II tests on
PN 21 (27,28).

At the end of the 4-h deprivation of food and water, rats
were weighed to 0.01 g (XT Top Loading Balance, Fisher
Scientific Co., Pittsburgh, PA) and placed back into their
compartments in the test chamber. The catheters were con-
nected to 20-ml infusion syringes and 11.2 m! 10% sucrose
solution was infused continuously at a rate of 0.56 ml/min
for 20 min via a Harvard Infusion Pump (Model 975, Harvard
Apparatus, South Natick, MA). When solution is infused into
the mouth through a sublingual oral catheter, a rat swallows
the liquid until it is satiated and then allows the liquid to drool
out of its mouth. The latency (seconds) for each rat to execute
mouthing movements to ingest the sucrose solution was re-
corded. After the ingestion test, rats were dried and weighed.
The difference in body weight from the beginning to the end
of the test was the measure of intake of 10% sucrose.

Statistical Analyses

A separate one-way analysis of variance (ANOVA) fol-
lowed by Duncan’s multiple-range and Tukey’s HSD tests was
performed on the ingestion data for each age group and each
antagonist. A two-way ANOVA with drug and sex as factors
was performed for each age group to determine whether data
from males and females could be pooled. For this analysis,
dose was collapsed within each drug condition to increase the
number of rats per condition.

All analyses were performed with the Statistical Analysis
System (SAS Institute, Cary, NC).

RESULTS

The larger dose of SCH23390 (267 ug/kg) decreased intake
significantly in PN 43, F(2, 46) = 10.55, p < 0.001, and in
PN 96 rats, F(2, 39) = 7.94, p < 0.01. The smaller dose of
SCH23390 and both doses of raclopride had no significant

TABLE 1
EFFECT OF D, AND D, ANTAGONISTS ON ORAL CATHETER INTAKE
Postnatal Day
Drug Dose (ug/kg) 43 96
Saline 0 6.0 £ 0.6 54 £ 0.6
SCH23390 133 53 + 09 3.7 £ 09
267 1.3 + 0.7* 1.3 £ 0.7*
Raclopride 357 6.2 + 0.8 6.6 £ 0.7
714 7.2 + 0.7 52+ 09

Data are mean + SEM percent body weight gained during the intake test

for 12-25 rats per condition.

*Less than the intake after saline pretreatment p < 0.05.
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effect on intake (Table 1). The inhibitory effect of the larger
dose of SCH23390 was not due to an effect on latency because
rats mouthed and swallowed the 10% sucrose as soon as the
intraoral infusion began. The inhibitory effect of SCH23390
was also not different in male and female rats.

DISCUSSION

The differential efficacy of SCH23390 and raclopride for
inhibiting intake of intraorally infused 10% sucrose in adult
rats extends our previous observations of this differential effi-
cacy in preweanling rats. Thus, the differential efficacy ob-
served in preweanling rats was not due to immaturity of D,
mechanisms for the control of intraoral intake of 10% sucrose
but appears to be characteristic of the control of intake in
adult rats, at least as old as PN 104, the oldest age tested in
this study.

The inhibitory effect of SCH23390 was not due to a failure
to initiate ingestion because there was no change in the latency
to initiate mouthing and swallowing 10% sucrose. It was also
not due to a qualitative change in the perception of the gusta-
tory stimulus because rats did not display signs of aversion,
such as gaping of the mouth, chin rubbing, or vigorous fore-
paw grooming of the snout (7). Finally, it was probably not
due to the satiating, postingestive effect of 10% sucrose be-
cause the inhibition of intake of 10% sucrose licked from a
drinking spout by SCH23390 in other experiments in adult
rats has been shown to be due to a decrease in the positive
reinforcing effect of intraoral 10% sucrose rather than an
increase in the postingestive satiating effect (21).

An important aspect of these results is that the inhibition
of intake of 10% sucrose by SCH23390 occurred the first time
that rats were tested. Thus, the decreased intake by SCH23390
implicates D, receptor function in the unconditioned, positive
reinforcing effect of 10% sucrose that maintains ingestion
because rats had no prior experience with 10% sucrose or with
other test conditions. This means that the inhibitory effect of
SCH23390 described here cannot be explained in terms of
incentive motivation or other forms of learning as has been
done in prior operant studies with food or sucrose reinforce-
ment (3,17).

Given that we used systemic administration of the drug,
we cannot say where the critical D, receptors are in the central
neural network that processes the gustatory stimulus of 10%

sucrose into mouthing and swallowing movements that main-
tain ingestion. Gustatory receptor activation and neuromuscu-
lar impairment of oral movements can be ruled out because
neither DA nor D, receptors have been described in these sites,
but any other functional locus in this sensorimotor network is
possible.

The differential efficacy of D, and D, antagonists observed
in these experiments is similar to the differential efficacy of
D, and D, antagonists for decreasing the positive reinforcing
effect of morphine, DAGO, nicotine, and diazepam in condi-
tioned place preference tests (2,11,14,23,24). Of the agonists
tested in the conditioned place preference tests, the results
with opioids may be most relevant to our results because in-
traorally infused sucrose releases endogenous opioids, at least
in preweanling rats (5), and endogenous opioids are necessary
for the positive reinforcing effect of sucrose that maintains
sham feeding in adult rats (13,18). We are testing this possi-
bility.

The lack of effect of raclopride relative to that of
SCH23390 in these experiments suggests that intake of in-
traorally infused sucrose may provide a simple behavioral
assay for discriminating putative D, and D, antagonists. The
utility of this test as such an assay, however, requires evalua-
tion of other D, antagonists across a broad range of doses
and the evaluation of nondopaminergic antagonists, especially
of the 5-hydroxytryptamine;, (5-HT;) and 5-HT, receptors
(4,15,25) because SCH23390 has affinity for these receptors.

Thus, the major result of these experiments is that a large
dose of SCH23390 decreased intake of intraorally infused
10% sucrose in adult rats, but a functionally equivalent, large
dose of raclopride did not. To our knowledge, this is the first
report in adult rats of the efficacy of a DA antagonist for
inhibiting the unconditioned, positive reinforcing effect of a
sweet stimulus that maintains ingestion. The differential effi-
cacy of the D, and D, antagonists suggests that D, receptors,
but not D, receptors, are necessary components of the central
neural network that processes the unconditioned gustatory
stimulus of 10% sucrose into mouthing and swallowing move-
ments that maintain ingestion under these conditions.
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