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COOPER, S. J. AND D. J. BARBER. Effects of d-fenfluramine, MK-212, and ondansetron on saline drinking in two- 
choice tests in the rehydrating rat. PHARMACOL BIOCHEM BEHAV 45(3) 593-596, 1993.-The aim of the present 
studies was to investigate the effects of serotonergic compounds on preference for isotonic saline and aversion to hypertonic 
saline, respectively. Twenty-two-hour water-deprived rats were divided into two groups: The first was given a choice between 
0.9~/0 saline and water in a 30-min test; the second was given a choice between 1.8°/0 saline and water. Animals were tested 
following administration of d-fenfluramine, the 5-HT~c receptor agonist 6-chloro-2-(l-piperazinyl)pyrazine (MK-212), and 
the 5-HT3 receptor antagonist ondansetron, d-Fenfluramine (0.3-3.0 mg/kg) did not reduce 0.9~/0 saline preference; instead, 
at 0.3 mg/kg there was a significant increase in saline drinking. In contrast, MK-212 (0.3-3.0 mg/kg) abolished the preference 
for isotonic saline whereas ondansetron (10-100/~g/kg) had no effect, d-Fenfiuramine and MK-212 reduced hypertonic saline 
drinking, although at the highest dose for each drug water drinking was also reduced. These data add further to the evidence 
for an important serotonergic involvement in the control of saline drinking and preference in the rat. 
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THE theory of central serotonergic inhibition of appetite for 
food (2) is well grounded in a large experimental literature 
(5). One of the most intensively studied serotonergic com- 
pounds has been the clinically effective anorectic compound, 
fenfluramine, first in its racemic form and more recently as 
d-fenfluramine (13). At a theoretical level, it would be inter- 
esting to know if there is some form of specific serotonergic 
involvement in the control of food consumption or if there is 
a more generalised involvement that takes in other types of 
ingestion. In one recent study (12), the effects of d-fenflura- 
mine and other serotonergic drugs on the drinking of three 
fluids (water, 0.9% saline, and 1.8% saline, respectively) were 
investigated in single-choice acceptance tests, d-Fenfluramine 
(1.0-3.0 mg/kg) did not reduce fluid intake nonspecific- 
ally; at 1.75 and 3.0 mg/kg, it significantly reduced hyper- 
tonic saline drinking but had no significant effect on isotonic 
saline consumption. Water intake was slightly reduced at 3.0 
mg/kg (12). In the same study, the 5-hydroxytryptaminem/~c 
(5-HTm/~c) receptor agonist mCPP (9,10) reduced hypertonic 
saline drinking at doses that did not significantly affect water 
consumption; a similar result was obtained for the 5-HTzc 
receptor agonist 6-chloro-2-(1-piperazinyl)pyrazine (MK-212) 
(3). These data suggest that hypertonic saline ingestion may 

be sensitive to enhanced serotonergic activity, and may point 
to a 5-HTic receptor mediation (12). 

In addition, it has been demonstrated that selective 5-HT~A 
receptor agonists significantly increase the ingestion of hyper- 
tonic saline without affecting water consumption (6,7). These 
agonists may act presynaptically to inhibit central serotonergic 
activity and so raise hypertonic saline intake. 5-HT receptor 
subtypes (9,10) may therefore be an important factor in deter- 
mining the direction of effect of 5-HT agonists on saline 
drinking. 

Such data strongly suggest that there may be important 
serotonergic involvement not only in appetite for food but 
also in sodium appetite and in salt taste preference/aversion. 
In support of these new hypotheses, it has recently been dem- 
onstrated that the 5-HT~c/5-HT2 receptor antagonists ketan- 
serin and ritanserin inhibited the salt appetite induced by 
deoxycorticosterone acetate (DOCA) (9). Moreover, we re- 
cently found that the putative 5-HTm/~c agonists, mCPP and 
TFMPP, abolished the preference for a 0.9%0 salt solution 
and enhanced the aversion shown to a hypertonic (1.8% NaCI) 
solution (Cooper and Ciccocioppo, submitted for publica- 
tion). In the present series of experiments, we sought to extend 
our previous work. Water-deprived animals were given the 
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choice between water or 0.9070 saline, on the one hand, and 
between water and 1.8070 saline, on the other. We chose three 
serotonergic drugs for testing: a) d-fenfluramine, the proto- 
type serotonergic anorectic compound; b) the selective 5-HT~c 
receptor agonist MK-212; c) ondansetron, a selective 5-HT3 
receptor antagonist that can be used to test for potential 5-HT3 
receptor involvement in ingestion (1,4). The data from these 
studies add to the growing evidence for serotonergic modula- 
tion of sodium appetite and salt preference/aversion. 

METHOD 

Animals 

Subjects were 40 adult, male rats (hooded General strain), 
which were bred in our laboratory. They were housed individ- 
ually in stainless steel cages with ad lib access to food pellets 
(modified Diet 41B, Heygate & Sons). They were maintained 
under a 12 L : 12 D cycle (light on at 7:00 a.m.) and the room 
temperature was maintained at 20-21 *C. Animals were accus- 
tomed to being handled and weighed 400-450 g. 

D r u g s  

d-Fenfluramine HCI was kindly supplied by Institut de Re- 
cherches Internationales Servier (Neuilly-sur-Seine, France); 
MK-212 was obtained from Merck Sharp & Dohme (Harlow, 
UK); ondansetron was obtained from Glaxo Group Research 
(Ware, UK). All drugs were dissolved in isotonic saline and 
injected SC in a volume of 1 ml/kg 20 min before the start of 
the drinking tests. Doses for each drug were chosen on the 
basis of previous work (13,16). 

Procedure 

Animals were first divided at random between 2 groups of 
20 rats each. Over a 7-day period, they were adapted to a 
22-h water-deprivation schedule, with water available in home 
cages for 2 h each day. The first group was then trained in a 
two-choice test and had access to 1.8070 saline and water pro- 
vided in two 50-ml calibrated tubes, respectively. The second 
group was trained with a choice between 0.9% saline and 
water. Animals were tested daily for 30 min immediately after 
the period of water deprivation. After each test, the home 
cage water supply was restored for a further 90 min. During 
this adaptation period, animals also received injections of the 
drug vehicle on three occasions to familiarize them with the 
injection procedure. Throughout all the fluid preference tests, 
the positions of the drinking tubes were regularly interchanged 
to avoid the development of strong position preferences. 

For each drug that was tested, 9-10 animals were selected 
from each group (1.8 and 0.9°70 saline groups). Each animal 
then received each dose of the drug being tested, as well as the 
vehicle injection. The sequence of injections was counterbal- 
anced across subjects within each group. At least 48 h sepa- 
rated successive injections of the same drug. During the inter- 
vals between drug testing, the water deprivation schedule was 
maintained and animals continued to receive daily 30-min test 
sessions. One week was allowed between successive drug treat- 
ments, and each animal was tested with no more than two 
drugs. 

For each test session, the volume of fluid consumed in the 
30-min period from each cylinder was measured to the nearest 
0.5 ml. Data were analysed using a two-way analysis of vari- 
ance (ANOVA), with repeated measures on both factors (fluid 
choice; drug doses). Dunnett's t-test was used to compare indi- 
vidual dose conditions against the vehicle control. 
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FIG. 1. Effects of d-fenfluramine (0.3-3.0 mg/kg) on isotonic saline 
preference in a two-choice test. Rats were 22-h water deprived prior 
to the 30-rain choice test. Data are shown as mean intake (ml) ± 
SEM. n = 10 per group. Levels of significance for comparisons be- 
tween individual group means and the vehicle control: *p < 0.05; 
**p < 0.01 (Dunnett's t-test). 

RESULTS 

0.9% NaCI vs. Water 

Figure 1 indicates that rats showed a preference for the 
0.9°70 NaC1 solution over water in terms of fluid consumed 
in the test period, F(1, 9) = 21.41, p < 0.005. There was a 
significant d-fenfluramine main effect, F(3, 27) = 3.98, p < 
0.05, and a significant drug x fluid interaction, F(3, 27) = 
3.95, p < 0.05. Most interestingly, d-fenfluramine did not 
reduce the preference for 0.9°70 saline. Two significant effects, 
shown in Fig. 1, were actually in the direction of increased 
preference. Thus, at 0.3 mg/kg d-fenfluramine there was a 
significant increase in saline drinking. At 1.0 mg/kg d- 
fenfluramine, there was a significant suppression of water 
drinking without reduction in saline drinking. Over a range of 
doses that produce marked anorexia, therefore (11), d- 
fenfluramine did not reduce fluid ingestion in a two-choice 
test and did not reduce 0.9070 saline preference. 

The selective 5-HT~c receptor agonist MK-212, however, 
affected saline preference differently. It had a main effect to 
reduce fluid consumption, F(3, 27) = 8.60, p < 0.001, and 
there was a significant drug × fluid interaction, F(3, 27) = 
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FIG. 2. The 5-hydroxytryptamine~c (5-HT~c) receptor agonist MK- 
212 (0.3-3.0 mg/kg) abolished the preference for the 0.9°7o NaCl solu- 
tion. Other details are as described in Fig. 1 legend. 
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FIG. 3. The selective 5-hydroxytryptamine3 (5-HT3) receptor antago- 
nist ondansetron (10-100 #/kg) had no effect on the intake of either 
water or 0.9% NaCI solution. Other details are as described in Fig. 1 
legend. 

3.84, p < 0.05. The effect of  MK-212 could be accounted for 
in terms of a selective decrease in saline drinking (Fig. 2). At 
1.0 and 3.0 mg/kg,  MK-212 abolished isotonic saline prefer- 
ence.  

The selective 5-HT3 receptor antagonist, ondansetron, had 
no significant effects on water or 0.907o saline consumption 
(Fig. 3). 

1.8% N a C I  vs. Water  

Figure 4 confirms that rats showed a relative aversion to 
the 1.8% NaC1 solution, F(1, 8) = 149.6, p < 0.001. There 
was a significant main effect of  d-fenfluramine to reduce flu- 
id intake, F(3, 24) = 11.83, p < 0.001, but there was no 
significant drug × fluid interaction. As Fig. 4 indicates, d- 
fenfluramine significantly reduced hypertonic saline drinking 
at 1.0 mg/kg but reduced both water and hypertonic saline 
drinking at 3.0 mg/kg.  Under control conditions, the level of  
1.8% saline consumption was 24.2070 of  the total fluid intake; 
at 1.0 mg/kg d-fenfluramine, it was reduced to 17.5% of the 
total, and at 3.0 mg/kg d-fenfiuramine it was reduced still 
further to 12.8% of the total. 

MK-212 produced a profile that was similar to that of  d- 
fenfluramine (Fig. 5). It had a significant main effect to re- 
duce fluid intake, F(3, 24) = 23.1, p < 0.001, but there was 
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FIG. 4. Effects of d-fenfluramine (0.3-3.0 mg/kg) on the relative 
aversion for 1.8°70 NaCl solution in a two-choice test. n = 9 per 
group. Other details are as described in Fig. 1 legend. 
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FIG. 5. The 5-hydroxytryptamine,c (5-HTjc) receptor agonist MK- 
212 (0.3-3.0 mg/kg) reduced 1.8% saline consumption in a two-choice 
test. n ---- 9 per group. Other details are as described in Fig. 1 legend. 

no significant drug x fluid interaction. Figure 5 shows that 
at 1.0 mg/kg MK-212 significantly reduced hypertonic saline 
drinking and at 3.0 mg/kg reduced both water and hypertonic 
saline drinking. Under control conditions, the level of 1.8°70 
saline consumption was 26070 of the total fluid intake. It re- 
duced to 14.9070 at 1.0 mg/kg MK-212 and to 12.8070 at 3.0 
mg/kg MK-212. 

The selective 5-HTa receptor antagonist, ondansetron, had 
no significant effects on water or 1.8°70 saline consumption 
(Fig. 6). 

DISCUSSION 

The  present  da ta  provide fur ther  evidence for  serotonergic  
involvement  in the  cont ro l  o f  salt dr inking  in water-depr ived 
rats. In the case o f  bo th  d- fenf luramin¢  and  MK-212, a dose 
o f  I m g / k g  significantly reduced hyper tonic  saline dr inking  
wi thout  significantly affect ing concur ren t  water  dr inking.  At  
the  higher  dose of  3 m g / k g ,  bo th  drugs reduced bo th  water  
and  hyper tonic  saline dr inking,  a l though  the  effect  on  the  salt 
dr inking  was p ropor t iona te ly  greater  in each case. These da ta  
for  hyper tonic  saline ingest ion are broadly  consis tent  with the 
previous acceptance da ta  ob ta ined  for  these two drugs at  com- 
parab le  doses (13). Moreover ,  we also observed tha t  the  5- 3o] 
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FIG. 6. Ondansetron (10-100 #g/kg) had no effect on the intake of 
either water or 1.8% saline, n = 9 per group. Other details are as 
described in Fig. 1 legend. 
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HT~B/~ c receptor agonists, mCPP and TFMPP, similarly pro- 
duce selective reductions in 1.8070 NaC1 solution intake in a 
two-choice test at 0.3 mg/kg in both cases (Cooper and Cic- 
cocioppo, submitted). Hence, there is consistent evidence for 
a greater sensitivity of hypertonic saline ingestion to the sup- 
pressant effects of serotonergic agonists (excluding 5-HT~A 
receptor agonists, which stimulate hypertonic saline ingestion 
selectively). 

In contrast to the general resemblance of the results for 
d-fenfluramine and MK-212 in the hypertonic saline consump- 
tion test, the effects of the two drugs were dissimilar in the 
0.9°70 saline preference test. MK-212 was effective in abolish- 
ing the preference for 0.907o saline, whereas d-fenfluramine 
not only did not abolish the salt preference but had effects 
that tended in the direction of increasing the preference. Ear- 
lier, we found that the putative 5-HTm/~c receptor agonists, 
mCPP and TFMPP, abolished 0.9070 saline preference 
(Cooper and Ciccocioppo, submitted for publication). This 
contrast between d-fenfluramine, on the one hand, and 5-HT 
receptor agonists like MK-212, mCPP, and TFMPP, on the 
other, is striking. It emphasises that small modifications to 
the test conditions can uncover striking differences in drug 
effects. Although d-fenfluramine had effects on hypertonic 
saline consumption that bore a family resemblance to the ef- 
fects of 5-HTm/lC or 5-HT~c receptor stimulation, it did not 
maintain this resemblance in the case of isotonic saline pre- 
ference. It is interesting to note that Fletcher found no evi- 
dence that d-fenfluramine reduced sweet taste preference (8); 
it would be instructive to investigate effects of selective 5- 
HTm/~c receptor agonists on sweet taste preference. It would 
be intriguing if they abolished this form of preference, as they 
do salt taste preference. If they did, while d-fenfluramine does 

not (8), then some mechanism other than stimulation of 5- 
HT m and/or 5-HT1c receptors will be needed to account for 
d-fenfluramine's effects in taste preference tests (e.g., Fig. 1). 

The lack of effect of ondansetron in the two test situations 
suggests that 5-HT3 receptor blockade has little consequence 
for either saline or water drinking. There is some suggestion, 
however, that 5-HT 3 receptor antagonists have some effect to 
reduce ethanol preference in rats (15). In summary, therefore, 
the selective 5-HT~c receptor agonist MK-212 abolished the 
preference for a 0.9°7o salt solution but enhanced the aversion 
to a hypertonic (1.8070) salt solution. The results for this com- 
pound are consistent with data we previously obtained with 
the 5-HTm/~c receptor agonists, mCPP and TFMPP (Cooper 
and Ciccocioppo, submitted for publication). Hence, selective 
stimulation of 5-HT1c receptors (and possibly 5-HT~B recep- 
tors, too) causes marked alterations in the choices that water- 
deprived rats make with salt solutions. To a certain degree, the 
indirectly acting serotonergic agonist, d-fenfluramine, shared 
effects with these more selective drugs. It also tended to sup- 
press hypertonic saline drinking. However, it departed mark- 
edly in its effects on the preference for the 0.9070 salt solution. 
There was no indication that it reduced the salt preference; if 
anything, it tended to enhance the preference. At a more gen- 
eral theoretical lever, these results add weight to the view that 
the investigation of serotonergic involvement in ingestional 
processes cannot be limited to appetite for food and must 
also incorporate controls relevant to sodium appetite and salt 
preference/aversion. 
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