
Pharmacology Biochemistry and Behavior, Vol. 45, pp. 513-518, 1993 0091-3057/93 $6.00 + .00 
Printed in the U.S.A. All rights reserved. Copyright © 1993 Pergamon Press Ltd. 

Effects of Selective 5-HT1 Receptor Agonists in 
Water-Deprived Rats on Salt Intake in 

Two-Choice Tests 

S T E V E N  J. C O O P E R  1 A N D  R O B E R T O  C I C C O C I O P P O  2 

Laboratory o f  Psychopharmacology, School o f  Psychology, University o f  Birmingham, Birmingham B15 2TT, UK 

Received 10 Augus t  1992 

COOPER, S. J. AND R. CICCOCIOPPO. Effects of selective 5-HT~ receptor agonists in water-deprived rats on salt 
intake in two-choice tests. PHARMACOL BIOCHEM BEHAV 45(3) 513-518, 1993.-Twenty-two-hour water-deprived 
rats were divided into two groups: The first was given access to 1.8070 saline and water in a 30-min two-choice test; the second 
was given access to 0.9°70 saline and water in the same type of intake preference test. Animals were tested following 
administration of several selective 5-hydroxytryptamine~ (5-HT~) receptor agonists. The results indicated a clear-cut distinction 
between the effects of selective 5-HT~^ receptor agonists, on the one hand, and putative 5-HT~B/~ c agonists on the other. 
Ipsapirone, gepirone, and 8-hydroxy-2-(di-n-propylamino) tetralin (8-OH-DPAT) all showed evidence of increasing the con- 
sumption of 1.80/0 saline (less preferred to water) but had no effect on intake of the more preferred 0.9% saline. In contrast, 
1-3-(chlorophenyl)piperazine (mCPP) and 1-(3-(trifluoromethyl)phenyl)piperazine (TFMPP) (5-HTIB/1c agonists) reduced 
intake of 1.8 and 0.9% saline in the two tests. One interpretation of these results is to assume that the 5-HT~A agonists act at 
inhibitory autoreceptors to diminish central serotonergic activity, while mCPP and TFMPP act postsynaptically to enhance 
serotonergic activity. The possibility is discussed that mCPP and TFMPP may act to increase the perceived salt concentration 
during drinking, whereas the 5-HTIA agonists may have the opposite effect. 
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RECENT data suggest that there may be a significant seroton- 
ergic involvement in the control of salt intake. Thus, we re- 
ported that a number of 5-hydroxytryptamine~A (5-HTIA) ago- 
nists, 8-hydroxy-2-(di-n-propylamino) tetralin (8-OH-DPAT), 
gepirone, and ipsapirone, increased the consumption of hy- 
pertonic saline in rehydrating rats (5). This effect on salt 
drinking did not reflect a general hyperdipsic effect of the 
5-HT~A agonists because they did not increase the drinking of 
either water- or quinine-adulterated water (8). In contrast, 
benzodiazepine receptor (BZR) agonists increase hypertonic 
saline drinking in water-deprived rats, but they also stimulate 
ingestion of water and isotonic saline (1,2,6,7,9-12,22-24). 

Drugs that act as agonists at other 5-HT~ receptor subtypes 
reduce salt or water drinking. Thus, the putative 5-HT~a/~c 
receptor agonist mCPP reduced hypertonic salt drinking at 
doses (1.0 and 3.0 mg/kg) that did not affect water drinking 
(19). Moreover, the 5-HTIC receptor agonist MK-212 also re- 
duced hypertonic salt drinking at doses (1.0 and 3.0 mg/kg) 
that did not affect drinking water (19). Together, these results 
suggest a serotonergic component in the mechanisms underly- 
ing the control of salt drinking. Recently, it has been demon- 

strated that the 5-HT1c/5-HT 2 receptor antagonists ketanserin 
and ritanserin inhibited the salt appetite induced by deoxycor- 
ticosterone acetate (DOCA) (13). These data are the first to 
suggest that serotonergic mechanisms are involved in mineral- 
ocorticoid-induced salt appetite. 

At present, there is no evidence that bears on the possible 
effects of 5-HT~ receptor agonists in two-choice tests, between 
saline and water, respectively. In some cases, at least, it is not 
possible to extrapolate from single-choice acceptance tests to 
predict effects of drugs in preference or aversion tests. For 
example, while benzodiazepines stimulate hypertonic saline 
drinking in acceptance tests (2,5,10,12,23) they do not stimu- 
late hypertonic saline drinking in a two-choice test against 
water (4). Hence, we carried out a series of experiments in 
which we investigated the effects of a range of 5-HTj receptor 
agonists in two-choice tests, between water and saline, re- 
spectively. The drugs tested were: first, the selective 5-HTIA 
agonists 8-OH-DPAT, gepirone, and ipsapirone; second, 
the putative 5-HT~B/Ic agonists, l-3-(chlorophenyl)pipera- 
zine (mCPP) and 1-(3-(trifluoromethyl)phenyl)piperazine 
(TFMPP) (17,18). Animals were run in two versions of the 
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T A B L E  1 

CONSUMPTION OF 0.9% SALINE AND WATER (ml) IN A TWO-CHOICE PREFERENCE TEST FOLLOWING 
ADMINISTRATION OF SELECTIVE 5-HTt^ RECEPTOR AGONISTS IPSAPIRONE, GEPIRONE, AND 8-0H-DPAT 

0 0.1 0.3 1.0 3.0 (mg/kg)* 

0 30 100 Ozg/kg) ÷ 

Ipsapirone(n = 10)* 
Water intake 8.1 + 1.6 10.5 +_ 1.2 8.0 + 1.6 
Saline intake 24.4 ± 1.8 24.5 + 1.6 23.2 + 1.6 

Gepirone (n = 9)* 
Water intake 13.9:1:1.4 15.1 :t: 1.6 17.1 + 2.0 
Saline intake 20.8 + 3.5 21.6 ± 1.9 18.9 _+ 3.0 

8-OH-DPAT (n = 9) + 
Water intake 10.0 +_ 1.0 9.6 _+ 0.8 9.8 _+ 0.8 
Saline intake 24.0 + 2.0 23.1 _+ 1.4 27.5 ± 2.1 

7.8 + 1.1 7.9 + 1.1 
27.6 +_ 1.3 27.1 + 2.2 

12.7 + 1.9 11.5 + 1.8 
24.1 +_ 3.0 23.3 + 3.2 

Results are shown as mean + S.E.M. intake in a 30 rain period. 
* + Doses for ipsapirone and gepirone are expressed in mg/kg; those for 8-OH-DPAT are expressed in/~g/kg. 

tonic saline, relate directly to the results of  the acceptance 
tests: In both paradigms, there was a selective increase in the 
ingestion of  hypertonic saline. However ,  it should be noted 
that higher doses were required to affect hypertonic saline 
consumption in the two-choice tests. This may be due, in part 
at least, to the large difference in the control  levels of  total 
fluid intake for the two test paradigms. In the hypertonic 
saline acceptance test, intake levels were 5-7 ml in a 30-min 
test (8). In the present two-choice test, fluid intake under con- 
trol conditions exceeded 25 ml. At  smaller doses, 5-HT~A 
receptor agonists may be less effective in increasing hyper- 
tonic saline intake against a high background level o f  fluid 
intake. 

m C P P  and T F M P P ,  both described as 5-HTm/~c receptor 
agonists (17,18), reduced hypertonic saline drinking in the 
two-choice tests. There was clear evidence for selectivity in 
their effects because m C P P  (0.3 and 1.0 mg/kg)  and T F M P P  
(0.3 mg/kg)  decreased saline drinking without  affecting con- 
current water consumption.  At  3.0 mg/kg ,  neither drug acted 
selectively and both suppressed both saline and water drinking 
markedly. In single-choice, acceptance tests, we have pre- 
viously shown that m C P P  (0.3-3 mg/kg)  reduced hypertonic 
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FIG. 6. 1-3-(Chlorophenyl)piperazine (mCPP) (1.0 mg/kg) signifi- 
cantly reduced the consumption of a preferred 0.907o NaC1 solution 
without changing concurrent water ingestion. Other details as de- 
scribed in Fig. 1 legend. 

saline drinking while leaving water consumption relatively un- 
affected (19). T F M P P  (0.3-3.0 mg/kg)  was less selective, 
however,  and reduced both saline and water drinking. To- 
gether, these data imply that m C P P  and T F M P P  can enhance 
the relative aversion of  hypertonic saline drinking, al though 
as doses become larger the effects of  these drugs becomes 
nonspecific and water consumption is affected too. The results 
for the 5-HTIA agonists and 5-HTm/lc agonists can be recon- 
ciled if it is assumed that the 5-HTjA agonists act selectively 
at somatodendrit ic autoreceptors to inhibit central seroton- 
ergic activity (16,20,21,25), whereas m C P P  and T F M P P  
act at postsynaptic 5-HT receptors to enhance serotonergic 
effects. 

Both m C P P  and T F M P P  reduced consumption of  the pre- 
ferred 0.9°70 saline at doses that did not  affect concurrent 
water consumption (Figs. 6 and 7). This is the first evidence 
that agonist activity at 5-HTtwlc receptors may be sufficient 
to block salt taste preference in rehydrating rats. Nevertheless, 
they may be acting in some way to reduce saline drinking 
more generally, at doses that leave water drinking spared, 
because both drugs also reduced hypertonic saline drinking 
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FIG. 7. l-(3-(Trifluoromethyl)phenyl)piperazine (TFMPP) (0.3 and 
1.0 mg/kg) significantly reduced the consumption of a preferred 0.9°70 
NaCI solution without affecting the intake of water. Other details as 
described in Fig. 1 legend. 
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(Figs. 4 and 5). It is evident that the effects of  these drugs 
cannot be equivalent to lowering the perceived salt concentra- 
tion because such an action might be expected to raise the 
consumption of 1.8% NaCl solution, not reduce it. On the 
other hand, the effects of  these drugs could be to increase the 
perceived salt concentration so that 0.9% saline becomes less 
preferred and 1.8% NaCl becomes more unacceptable. Fur- 
ther study should establish if this is indeed the case. According 
to this analysis, increased serotonergic activity serves to shift 
the NaCl concentration-intake function to the right, and this 
could be consistent with the finding that 5-HTlc/2 receptor 
antagonists block drinking responses to induced sodium appe- 
tite (12). 5-HTlc/2 receptor agonists may act to stimulate 
drinking responses to induced sodium appetite. 

5-HTIA agonists did not significantly increase 0.9% saline 
drinking in the two-choice test. This, again, stands in contrast 
to effects of BZR agonists that can strongly enhance the pref- 
erence for 0.9% saline (4). The increases in hypertonic saline 
drinking produced by 5-HTIA agonists [present study; (5,8)] 
do not, therefore, generalise to isotonic saline consumption. 
The benzodiazepine result suggests that the explanation for 
the failure of 5-HTIA agonists to increase isotonic saline drink- 
ing is not a simple ceiling effect. An alternative view, in line 
with the argument developed above, is that 5-HTjA agonists 
inhibit serotonergic activity, causing a shift to the left in the 
NaC1 concentration-intake function. This effect would lead 
to an increase in hypertonic saline drinking but would not 

lead to an increase in isotonic saline drinking if this were at or 
near the optimum concentration for consumption. 

In summary, several 5-HT~A receptor agonists and two 5- 
HTm/~c receptor agonists, mCPP and TFMPP, were tested in 
two-choice tests between, on the one hand, 1.8% saline and 
water and, on the other, 0.9% saline and water. The 5-HT~A 
receptor agonists increased hypertonic NaC1 ingestion without 
affecting water consumption but did not increase isotonic sa- 
line drinking. In contrast, mCPP and TFMPP reduced both 
hypertonic and isotonic saline consumption selectively, al- 
though in both cases a high dose caused nonspecific depres- 
sion of  drinking. These data first establish that the distinctions 
between 5-HT receptor subtypes are important in determining 
effects of 5-HT agonists on saline drinking in rats. Second, 
they are consistent with the pharmacological notion that 5- 
HT~A agonists may act selectively at somatodendritic autore- 
ceptors to inhibit serotonergic neuronal activity, whereas 
mCPP and TFMPP may act postsynaptically to enhance sero- 
tonergically mediated effects. Behaviourally, the results can 
be interpreted in terms of changes in the perceived salt concen- 
tration brought about by drugs' actions at 5-HT receptors. In 
more general terms, these data add to existing evidence that 
implicates serotonergic activity in the control of salt ingestion. 
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