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SIMANSKY, K J Peripheral 5-carboxamtdotryptamlne (5-CT) ehctts drlnkmg by stlmulatmg 5-HTfhke serotonergtc receptors tn 
rats PHARMACOL BIOCHEM BEHAV 38(2) 459-462, 1991 --Subcutaneous adnunlstranon of the prototyplcal 5-HT~-hke ago- 
nlst, 5-carboxanudotryptanune (5-CT), increased 2-h water retake by nondepnved rats (EDso =0 04 p.mol/kg) The 5-HT L agomsts 
8-hydroxy-2-(dl-N-propylammo)-tetrahn (8-OH-DPAT. 0 04--0 32 Ixmol/kg) and RU 24969 (0 16 ixmol/kg) did not produce dnnk- 
mg The dlpsogenlc effect of 5-CT (0.08 la.mol/kg) was prevented by the 5-HTt, 2 antagomst, methyserglde (IDso=4 I~mol/kg), but 
not by 16 ixmol/kg of the 5-HT 2 antagomst, ketansenn, the 5-HTz:lC antagomst, mmnsenn, or the 5-HT 3 antagomst. MDL 72222 
5-CT also increased drinking and reduced food intake when food-deprived rats were given 2-h access to mash Methyserg~de (16 
~mol/kg) mh~blted both acnons of 5-CT but an eqmmolar dose of the 5-HTJbeta adrenerglc antagomst, ( - )-propranolol, blocked 
only the dnnkmg The 5-HT~tc antagonist, rltansenn (16 p, mol/kg), altered neither ingestive action of 5-CT although, by itself, 
ntansenn increased mash intake The results suggest that acnvatmg a subtype of peripheral 5-HT~-hke receptor stimulates dnnkmg 
m rats This receptor is unlike either the 5-HT~A or the 5-HTlc s~tes found m the brain Furthermore. the dlpsogenlc and anorecnc 
acnons of 5-CT occur independently 
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THE results of numerous stuthes have established that peripheral 
administration of serotonin (5-HT) increases water consumptton 
by rats (8, 10, 11, 14, 15, 19). Serotonergic receptors m the pe- 
riphery presumably mediate thin action because it ~s questionable 
whether circulating 5-HT gains access to the central nervous sys- 
tem (18). However, the particular receptor revolved in 5-HT-in- 
duced dnnklng has yet to be characterized. 

At least three major classes of 5-HT receptor have been de- 
fined in the periphery- 5-HT~-like receptors that are blocked by 
methysergide but not by ketansenn; 5-HT 2 receptors that are 
blocked by each of these antagonists, and 5-HT 3 receptors that 
are msensinve to these drugs but which are blocked by agents 
such as MDL 72222 and ICS 205-930 (2,16). Furthermore, phar- 
macological studies of serotonergic acUons in various smooth 
muscles have suggested that subtypes of 5-HT~-like receptors ex- 
ist [e.g., (6)]. At least four subtypes of 5-HTI binding sites ( l A -  
ID) have also been identified in the brains of mammals (9), 
although the extent to which they correspond to the peripheral 
subtypes remains controversml [e.g., (4.23)]. In previous studies, 
the nonselective 5-HTv, - antagomsts, methysergide and metergoline, 
inhibited drinking produced by 5-HT (10, 11. 14, 15, 19), but the 

more selective 5-HT 2 antagontst, cmanserin, did not (10). These 
results implied that activating peripheral 5-HTI receptors elicited 
dnnkmg by rats. This conclusion, however, is based upon limited 
data using antagonists and has yet to be challenged by experi- 
ments employing more selecnve agonasts than 5-HT. 

Based upon its actions in vivo and m vitro, the indole analog, 
5-carboxamidotryptamine (5-CT), has been specified as the pro- 
totyplcal agonist at peripheral 5-HTI-I&e receptors (2.16). The 
present study used this agent for probing further whether stimu- 
lating 5-HT~ receptors would increase water intake by rats that 
were maintained with free access to food and water. Experiments 
were included for companng the abihties of drugs with different 
relative 5-HT~, 5-HT 2 and 5-HT 3 antagonist properties to lnh~bit 
the dlpsogenic effects of 5-CT. On membranes from the brain, 
5-CT brads avidly to the IA. 1B and ID subtypes, but displays 
only moderate affinity for the IC subtype and very poor affinity 
for the 5-HT2 class (9). Therefore, some of the antagomsts were 
chosen because they differed m their relanve actions among the 
5-HT~ sites. The actions of 5-CT m drinking were contrasted also 
with those of two nomndole 5-HT~ agonists, 8-hydroxy-2-(di-N- 
propylanuno)-tetrahn (8-OH-DPAT) and RU 24969 (9). Finally, 
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recent work from this laboratory established that 5-CT mhthits 
feeding by stimulating a methysergide-sensit lve,  ketanserm- 
insensitive receptor (22). In that study, some anorectic doses of 
5-CT also increased dnnking although the mechanism for this 
latter behavioral response was not explored. Accordingly, other 
experiments tested the interaction of 5-CT with certain antago- 
nists on food and water consumption by rats given mash after 
mild deprivation. The results described below demonstrate that 
this lndole increases water intake under a variety of conditions. 
Furthermore, this drinking response appears to be mediated, prob- 
ably in the periphery, by 5-HT,-hke receptors and can be disso- 
ciated pharmacologically from the anorectlc effect of the drug 

METHOD 

Male Sprague-Dawley rats (AAI, Inc.; Boyertown, PA) weigh- 
mg 392-565 g at the t~me of the experiments were used m these 
studies. The rats were housed individually in suspended wire mesh 
cages (41 cm wide × 24 cm deep × 18 cm high) and maintained 
at an ambient temperature of 22 ± I°C with a 12-h light photope- 
nod beginning at 06.00 h Water was available continuously from 
100-ml graduated glass drinking tubes that were equipped with 
rubber stoppers and stainless steel spouts. In the experiments that 
determined only the effects of drugs on water retake, the rats had 
free access to standard pelleted laboratory chow (Prolab, Agway, 
Inc.; Syracuse, NY) except during the 2-h testing period. For 
studies companng the actions of drugs on dnnlong and feeding, 
the rats were maintained with free access to sweetened milk m 
glass tubes from 14.00 h until 09.00 h the next day, deprived of 
food for 3 h and then given sweetened mash m clay dishes (9 cm 
&ameter × 5 cm high) from 12.00 h until 14.00 h. The sweet- 
ened milk was prepared as described previously (22) by ddutmg 
one can (300 ml) of Carnation Sweetened Condensed Milk with 
300 ml water and adding formaldehyde as a preservative to a fi- 
nal CH20 concentration of 0 03% (w/v) The mash consisted of 
400 g powdered rat chow mixed with 250 ml tap water and 50 
ml of undiluted Carnation Sweetened Condensed Milk. 

All testing was conducted in the rats' home cages. In the ini- 
tial studies of dnnkmg,  the rats were reJected subcutaneously (SC) 
between the scapulae with the appropriate serotonerglc agomst or 
its vehicle and the volume of water consumed during the next 2 
h was recorded. In subsequent expenments,  antagonists were ad- 
mlmstered SC 30 min before 5-CT. When evaluating the ability 
of various antagomsts to block the dipsogemc and anorecuc ac- 
tions of 5-CT, rats were injected first with antagonist or vehicle, 
30 mm later with 5-CT or its vehicle, mash and fresh water were 
provided 12 rain later and the amounts of food and water con- 
sumed during the next 2 h were recorded. The combined weight 
of the mash and its clay dish was measured to the nearest 0.1 g 
using an Ohaus Port-O-Gram Balance. Mash intake was calcu- 
lated as the difference between the weights at the start and end of 
the testing period and was corrected for spillage. Except as noted 
in the Results section, data were analyzed by Analysis of Van-  
ance followed by either two-tared Dunnett 's  test or by Duncan's  
Multiple Range test. The threshold for significance was p<0 .05 .  

For these studies, 5-CT (5-carboxarmdotryptamme maleate, 
mol wt. = 319), 8-OH-DPAT [ ± 8-hydroxy-2-(dl-N-propylammo)- 
tetralm hydrobromlde, mol.wt. = 328], mianserin hydrochloride 
(mol .wt .=301)  and MDL 72222 (3-tropanyl-3,5-&chloroben- 
zoate, mol.wt. = 314) were purchased from Research Blochemt- 
cals, Inc (Nauck, MA). ( - )-Propranolol hydrochloride (mol wt. = 
296) was purchased from Sigma (St. Louis, MO) Methyserglde 
maleate (mol.wt. = 354, Sandoz Research Institute, East Hanover, 
NJ), ketanserin tartrate (mol .wt .=545 ,  Janssen Pharmaceutica 
Research Laboratories, Piscataway, N J), ritanserin (mol wt = 

478, Janssen) and RU 24969 [5-methoxy-3-(1,2,3,6-tetrahydro- 
pyridm-4-yl)-lH-mdole hydrochloride, mo l .wt .=275 ;  Roussel 
UCLAF, Roumainville, France] were donated generously by their 
manufacturers. A stock solution of 5-CT was prepared in dls- 
tilled-de~omzed water that was bubbled with nitrogen, frozen at 
- 70°C and ahquots were diluted with H20/N 2 just before reJec- 

tion. Rltansenn was moistened with two drops of Tween-80 and 
then suspended in water, MDL 72222 was dissolved in 0.05% 
(v/v) acetic acid; the other drugs were &ssolved in water. Dilu- 
tions of the 5-CT stock, solutions of all other drugs and appro- 
priate vehicles (VEH) were prepared on the day of each experiment 
with a constant volume of 2 ml/kg per injection. 

RESULTS 

5-CT increased water retake by nondepnved rats m a dose-re- 
lated manner, F(4 ,30)= 19.7, p < 0  01, with a dose of 0.16 ixmol/ 
kg maximally stimulating dnnking and 0.04 p, mol/kg producing 
about half of this response (Fig. 1A) In contrast, rats &d not 
drink more water after 0.04, 0.16 or 0.32 ixmol/kg of 8-OH- 
DPAT (controls, 1 0__.0.4 ml; range of means after drug, 0 4 -  
1.3 ml; n = 7  per group). In another experiment, rats drank 
11.4± 1.8 ml after 0.16 Ixmol/kg 5-CT, but only 0 . 6 ± 0 . 3  ml 
after an equlmolar dose of RU 24969. 

Figure 1B shows that methysergtde antagonized drmkmg pro- 
duced by 0.08 txmol/kg 5-CT, F(4 ,31)= 15.13, p<0 .01 ,  with an 
approximate IDso for methyserglde of 4 v, mol/kg and a dose of 
16 p, mol/kg eliminating the &psogenic effect of the indole In 
contrast, pretreatment with 16 )xmol/kg of either the 5-HT 2 antag- 
omst ketanserin, the 5-HT2/~c antagonist mlanserm or the 5-HT 3 
antagonist MDL 72222 did not reduce significantly the water 
consumed after 0.08 i~mol/kg of 5-CT. Speoflcally, m the exper- 
iment using ketansenn, controls (VEH + VEH) drank 0 . 9 ± 0  7 
ml and 5-CT (VEH + 5-CT) increased this intake to 7 . 6 ± 0 . 6  
ml. Ketanserm altered neither the baseline intake (KET + VEH, 
0 . 1 ± 0 . 1  mll nor the effect of 5-CT (KET + 5-CT, 6 . 6 ± 0 . 9  
ml) In a separate experiment, 5-CT produced similar increases in 
water intake after pretreatment with vehicle (9.4 ± 0.9 ml) or ml- 
ansenn [7 .4±  1.4 ml; t (13)= 1 17, NS, two-tailed Student's t- 
test]. Rats also drank comparable amounts of water after 5-CT 
regardless of the prior administration of the 5-HT 3 antagonist, 
MDL 72222 (VEH + VEH, 0 7 ± 0,3 ml; VEH + MDL, 1.0 ± 0  2 
ml; VEH + 5-CT, 8 . 3 ± 1  0 ml; MDL + 5-CT, 10 7 ±  1 0 ml). 

When administered to rats given access to a palatable mash 
diet after mild deprivation, 0 08 ~mol/kg 5-CT not only increased 
2-h water intake above that of controls but also concurrently re- 
duced the amount of food eaten by 70-80 percent (Table 11. Pre- 
treatment with 16 p, mol/kg of methyserglde antagonized both the 
anorectic and the dlpsogemc actions of 5-CT, whereas the same 
dose of ( - ) -p roprano lo l  blocked only the increase in water m- 
take. Ritansenn altered neither effect of 5-CT Controls drank 
more water in this latter experiment than in the study testing 
methyserglde and propranolol. However, ritanserm did not change 
5-CT-mduced &psogenesls m another test in which controls drank 
less (VEH + VEH, 1 .2±0 .2  ml, VEH + 5-CT, 5 8---1.4 ml, 
RIT + VEH, 0 . 8 ± 0 4  ml, RIT + 5-CT, 6 . 2 ± 1  6 ml) Nota- 
bly, ritanserm increased food retake (by 33 percent) despite its 
failure to affect the anorectlc action of 5-CT (Table 1). 

DISCUSSION 

These results clearly establish that systemically admlmstered 
5-CT stimulates rats to dnnk  water In the present study, subcu- 
taneously administered 5-CT increased the consumption of water 
by rats m the absence of food and also when the rats were con- 
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FIG l (A) Depicts the increased consumption of water elicited by sub- 
cutaneous administration of 5-carboxamldotryptamme (5-CT) m rats Data 
are expressed as means---SE based upon 7 rats per group Water intake 
was measured for the 2-h period immediately following injection of 5-CT 
or its velalcle (0 dose). (13) Demonstrates the antagonism by methysergide 
of drinking produced by 5-CT. All rats were injected with 0 08 txmol/kg 
of 5-CT Thirty mm earlier, rats were also given either one of the doses 
of methysergide (n = 7/group) or an injection of vehicle (0 dose for pre- 
treatment, n = 8) Water intake was measured for the 2 h following injec- 
tion of 5-CT In each panel, asterisks indicate a significant difference 
from the mean of the respective control group using two-tailed Dunnett's 
test after ANOVA *p<0 05, **p<0 01 

currently eating moist food after rmld deprivation. Previously, 
lntrapentoneal mjection of 5-CT elevated water intake in rats that 
were mgestmg a liquid diet after overnight food deprivation (22). 
This mdole, therefore, caused hyperdtpsta under a variety of con- 
dittons of fluid and numtlonal balance. Of particular importance, 
the dipsogentc action of 5-CT appears to occur mdependently of 
the sttmuh associated with feeding. 

The nonselective 5-HTI/2 antagonist, methysergide, blocked 
5-CT-mduced dnnklng but the 5-HT2 antagonist, ketansenn, and 
the 5-HT~ antagonist, MDL 72222, did not. Thts pharmacologi- 
cal profile conforms exactly to that used for defining an action 
mediated by 5-HTi-hke receptors [e g., (2)]. In binding studies, 
methysergide displays high affinity for the 1C and ID sites, mod- 
erate affinity for the 1A site and relatively poorer affinity for the 
IB site (9). The 5-HT2 antagonists, mansenn  and mlansenn, also 
have very high affinity and potent blockmg properties at 5-HTic 
receptors (20), but they failed to inhibit the dipsogenic effect of 
5-CT In prior work, the 5-HT2/1c agomst, ct-methyl-5-HT (9,12), 
failed to increase water intake under conditions in which 5-CT 
did produce drinking (22). Thus, overall, the results suggest that 
5-CT causes dnnkmg by actlvatmg a 5-HT i receptor other than 
the IC subtype. We have recently explored the effect of yohim- 
brae, which has good affinity for 5-HTio receptors (9) and blocks 
5-HT actions at the rat fundus-type receptor (3), to inhibit 5-CT- 
mduced dnnkmg.  Yohtmbme increased both baseline water m- 
take and serotonerglc dipsogenesis (unpubhshed data), but it is 
not yet clear if these responses were due to serotonerglc or, pos- 
sibly, alpha2 blocking properties of the drug. 

In the present study, a dose of 8-OH-DPAT that was 8-fold 
larger than the EDso for 5-CT failed to mcrease dnnkmg,  A dose 
of RU 24969 equal to the maximally effective dose of 5-CT also 
bad no effect on water intake. Each of these agents has high af- 
finity for the 1A subtype; additionally, RU 24969 has high affin- 

TABLE 1 

EFFECTS OF ANTAGONIST PRETREATMENT ON DRINKING AND 
ANOREXIA PRODUCED BY 5-CT 

Water Mash 
Pretreatment Treatment n Intake (ml) Intake (g) 

Vehicle Vehicle 5 0 2 --+ 0 2`* 18 8 -4- 4 4¶ 
5-CT 5 50  --+ 1 9i§ 6 1 ± 1 2*;t 

Methysergide Vehicle 5 0 6 +-- 0 2 # 23 8 - 3 8 # 
5-CT 5 0 2  ± 02`* 166 --- 08¶  

( -)-Propranolol Vehicle 5 0 4 - 0 4`* 16 7 ± 4 5¶ 
5-CT 5 0 2  -+ 0 2  # 3 5 "- 1 45"§ 

Vehicle Vehicle 7 4 1 - 0 6`* 18 6 4- 1 9'* 
5-CT 7 106 --- 1 2t§ 4 0  -'- 10t§ 

Rltanserm Vehicle 7 3 9 -+ 0 3`* 24 8 _-+ 2 2:~ # 
5-CT 7 8 9  + 1 05.§ 4 6  ± 08;-§ 

All values represent means -+ SE for the amounts of water and food 
(mash) consumed during the 2-h period following the treatment with 5- 
CT (0 08 I.tmol/kg, SC) or its vehicle Pretreatments ~,ere given in a dose 
of 16 I,tmol/kg, SC, 30 nun before 5-CT or vehicle Lines separate data 
from different experiments 

*5.Differs from correspondmg Vehicle (controll group receiving the 
same pretreatment *p<0 05. ~p<0 01 

~§Differs from Vehicle + Vehicle group ~:p<0 05, §p<0 01 
¶#Differs from Vehicle + 5-CT group ¶p<0 05, #p<0 01 
All comparisons by Duncan's Multiple Range Test after Analysis of 

Variance 

ity for 1B sties and moderate affinity for ID sites (9). The inablhty 
of 8-OH-DPAT to increase water intake extends previous results 
by others exarmmng the hyperdlpslc effects of 5-HTi A agomsts in 
water-deprived rats (5). RU 24969 has not been shown to produce 
hyperdipsla and, in fact, reduced water consumption by thirsty 
rats (17) The lack of intrinsic activity of these nonmdoles sug- 
gests that central 5-HTi receptors, especially of the 1A subtype, 
do not me&ate drinking caused by systemic administration of se- 
rotonergic drugs The structure of 5-CT suggests that it penetrates 
poorly mto the brain In the periphery, 5-HTi-hke receptors exist 
that are sensitive to 5-CT but not activated by either 8-OH-DPAT 
or RU 24969 [e g., (1,23)]. Testing addmonal doses of these 
agents and of other structurally dissimilar 5-HTi agomsts will 
help to clarify the profile for dnnkmg.  

Propranolol blocked the dtpsogemc but not the anorectic ac- 
tion of 5-CT These data establish that 5-CT reduces food intake 
independently of its ability to promote dnnlong. Single doses of 
propranolol have antagonized also the dlpsogemc but not the an- 
orectlc effects of 5-HT (10,15). Besides its beta-adrenolytic ac- 
tions, propranolol displays moderate affimty for the IA, IB and 
1C subtypes of 5-HT receptors (9) Together, the present and 
other (10) data might favor an adrenolyuc explanation for the ac- 
tion of propranolol in 5-HT-related dnnklng but dose-response 
studies companng this drug with other adrenerglc antagonists are 
required to address the issue (21) 

An ancdlary finding was that a very large dose of ntanserm 
increased food intake without ahermg the anorectic action of 5- 
CT. These data agree with a previously reported orexigenlc ac- 
tion of n tansenn  [(7); except, see also (13)]. Furthermore, they 
confirm our previous assertion that 5-CT acts at a 5-HTi-hke, 
rather than 5-HT 2, receptor to inhibit feeding (22). Moreover, 
these results argue against the involvement of a 5-HT]c-type site 
ill 5-CT-induced anorexia. 

The major inference of this study is that selectively stimulat- 
ing 5-HTi-hke receptors ehclts dnnkmg in rats The nature of the 
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receptor involved requires further analysis but it is probably lo- 
cated m the periphery and it is apparently unlike either the 5- 
HTIA or the 5 -HTlc  subtypes found in the brain. These conclusions 
derived from experiments using the indole derivative, 5-CT, as a 
more selective agomst  than 5-HT itself for charactenzmg the 
pharmacological mechanism in question. 5-CT and related ana- 
logs should prove useful for exploring, in vivo, the specific phys- 
iological changes underlying 5-HT-mduced dnnkm g  as well as 

other functional roles for 5-HT m the penphery 
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