
Pharmacology Biochemistry & Behavior, Vol. 14, pp. 385-391. Printed in the U.S.A. 

L-5-Hydroxytryptophan-Induced 
Drinking in Rats: 

Possible Mechanisms for Induction' 

R O S E  M. T H R E A T T E ,  2 M E L V I N  J. F R E G L Y ,  3 
T H O M A S  M. C O N N O R  A N D  D I A N N E  C. K I K T A  4 

Depar tment  o f  Physiology,  University o f  Florida, College o f  Medicine,  Gainesville, FL 32610 

Rece ived  15 Augus t  1980 

THREATTE, R. M., M. J. FREGLY, T. M. CONNOR AND D. C. KIKTA. L-5-11ydroxytryptophan-induced drinking in 
rats: Possible mechanisms for induction. PHARMAC. BIOCHEM. BEHAV. 14(3) 385-391, 1981.--Administration of 
L-5-hydroxytryptophan (25 mg/kg body weight, SC) to female rats resulted in copious drinking. The dipsogenic response to 
administration of L-5-hydroxytryptophan (5-HTP) was blocked by propranolol (6 mg/kg body weight, IP), a/3-adrenergic 
antagonist, and captopril (35 mg/kg body weight, IP), an angiotensin converting enzyme inhibitor. In addition, clonidine 
(12.5 and 25 /zg/kg body weight, IP), a central a-adrenergic agonist known to inhibit renin release, attenuated drinking 
during 1, 2 and 3 hours after 5-HTP was administered. These results suggest that 5-HTP-induced drinking is mediated by 
way of the renin-angiotensin system. Haloperidol (150/zg/kg body weight, IP), a dopaminergic antagonist, also attenuated 
the dipsogenic response to administration of 5-HTP. In addition, incremental reductions in 5-HTP-induced drinking with 
increasing doses of spiperone (37.5 to 150/zg/kg body weight, IP), a more potent dopaminergic antagonist, were demon- 
strated. Thus, the dipsogenic response to administration of 5-HTP to rats is dependent on both the renin-angiotensin system 
and an intact dopaminergic pathway. 
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ACUTE subcutaneous administration of graded doses of 
L-5-hydroxytryptophan (5-HTP), the precursor of serotonin, 
to rats was accompanied by graded increases in water intake 
[1 I]. Other tryptophan derivatives, including l-tryptophan, 
d-tryptophan and acetyltryptophan, failed to stimulate drink- 
ing in rats at a dose at which 5-HTP was maximally effective 
(25 mg/kg body weight, SC). 

Since activation of the renin-angiotensin system is well 
known to initiate drinking in rats, an objective of the studies 
described below was to determine whether 5-HTP-induced 
drinking might be mediated by way of the renin-angiotensin 
system [6--8]. Present experimental evidence also suggests 
that the drinking response of rats to central administration of 
angiotensin II is mediated by dopaminergic pathways [7,9]. 
Hence, an additional objective of these studies was to de- 
termine whether administration of dopaminergic antagonists 
could inhibit the drinking response to acute administration of 
5-HTP. 

METHOD 

Experiment 1: Effect o f  Acute Administration of  Propranolol 
on 5-HTP-Induced Drinking in Female Rats 

Twenty-four female rats of the Blue Spruce Farms 

(Sprague-Dawley) strain weighing 230 to 250 g were used. 
The rats were housed 3 to a cage in a room maintained at 
26 _+ I°C and illuminated from 7 a.m. to 7 p.m. The rats were 
given Purina Laboratory Chow and tap water ad lib. All 
experiments were begun between 9 and 10 a.m. 

The rats were divided into 4 groups with 6 animals in each 
group. All animals were weighed and placed in individual 
stainless steel metabolic cages and allowed to become accus- 
tomed to their cages for 1 hour prior to the study. During this 
time water, but not food, was available. Propranolol (lnde- 
ral ®, Ayerst laboratories), a /3-adrenergic antagonist, was 
administered IP at a dose of 6 mg/kg body weight to 12 rats 
15 minutes prior to the beginning of the experiment. The 
other 12 animals received the vehicle, Fifteen minutes later, 
6 rats of the propranolol-treated group and 6 rats which re- 
ceived the vehicle were given 25 mg 5-HTP/kg body weight, 
SC (Calbiochem, San Diego, CA). The 5-HTP was sol- 
ubilized in isotonic saline. The remaining 6 propranolol- and 
6 distilled water-treated rats were administered saline (1 
ml/kg body weight, SC). Each rat was then given a pre- 
weighed water bottle which consisted of an infant nursing 
bottle with a cast bronze spout as described by Lazarow 
[19]. Water intake was measured during the first, second and 
third hours after administration of either 5-HTP or its vehi- 
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cle. No food was available to the rats during the experiment. 
Data were analyzed statistically using a two way analysis of 
variance [3]. Comparison between individual groups was 
made by means of a t-test using the pooled variance from the 
analysis of variance [4]. 

Experiment 2. Effect o f  Acute Administration o f  Captopril 
on 5-HTP-Induced Drinking in Female Rats 

The same 24 female rats used in Experiment 1 were also 
used in this study. The rats were housed and maintained 
prior to each study as described above. Twelve of the rats 
were administered the angiotensin converting enzyme in- 
hibitor, captopril, at a dose of 35 mg/kg body weight, IP 
while the remaining animals received the vehicle, distilled 
water IP (1 ml/kg body weight). Fifteen minutes later, half of 
both the captopril- and distilled water-treated groups re- 
ceived a subcutaneous injection of 5-HTP (25 mg/kg body 
weight) solubilized in isotonic saline. The remaining 12 
animals were administered isotonic saline (1 ml/kg body 
weight SC). Water intake was measured during the first half 
hour, hour and second hour after administration of either 
5-HTP or its vehicle. Data were analyzed statistically as in 
Experiment 1. (Captopril was kindly provided by Dr. Z. 
Horowitz, Squibb Research Institute, Princeton, NJ 08540.) 

Experiment 3. Effect o f  Graded Doses o f  Clonidine on Water 
Intake o f  Female Rats Administered 5-HTP 

Twenty-four female rats of the Blue Spruce Farms 
(Sprague-Dawley) strain, weighing 250 to 290 g, were used in 
these studies. These animals were different from those used 
in Experiments 1 and 2 but were housed and maintained as 
described in Experiment 1. The experimental design for this 
study was the same as that used in Experiment 1. 

The rats were divided into 4 groups with 6 rats per group. 
Twelve rats were administered the central c~-adrenergic 
agonist, clonidine (25 /zg/kg body weight, IP), and the re- 
maining 12 animals received saline IP (1 ml/kg body weight) 
15 minutes prior to beginning the study. One half of the 
clonidine-treated and one half of the saline-treated groups 
were injected SC with 25 mg 5-HTP/kg body weight, sol- 
ubilized in saline. The remaining 12 animals were given 
isotonic saline (1 ml/kg body weight SC). Water intake was 
measured at hourly intervals for 3 hours. Data were analyzed 
statistically as described in Experiment 1. (Clonidine was 
kindly provided by Dr. P. B. Steward, Boehringer In- 
gelheim, Ltd., Ridgefield, CT 06877.) 

One month later, the same animals were divided into 3 
groups with 8 animals in each group. One group was adminis- 
tered 6.25/.tg clonidine/kg body weight and another, adminis- 
tered 12.50 g.g/kg body weight, IP. The remaining group was 
injected with isotonic saline (1 ml/kg body weight). Fifteen 
minutes later, all 24 rats were administered 5-HTP at a dose 
of 25 mg/kg body weight, SC. Water intake of each animal 
was measured at 1, 2 and 3 hours after administration of 
5-HTP. A one way analysis of variance was performed to 
determine the effects of treatments [4]. Comparison between 
individual groups was made by means of a t-test using the 
pooled variance from the analysis of variance |4]. 

Experiment 4: Effect o f  Haloperidol and Spiperone on the 
Dipsogenic Response to 5-HTP in Female Rats 

Twenty-four female rats of the Blue Spruce Farms strain 
weighing 240 to 280 g, housed and maintained as described 

previously, were used in these studies. These animals were 
not used in any of the studies described above. They were 
divided into 4 equal groups. Haloperidol (Haldol ~, McNeil 
Lab., Ft. Washington, PA, 150 /.tg/kg body weight), a 
dopamine receptor blocker, was administered IP to 12 of the 
rats 1 hour prior to administration of 5-HTP. The other 12 
rats were injected IP with the vehicle, saline (1 ml/kg body 
weight). 5-HTP (25 mg/kg body weight) was administered SC 
to 6 of the haloperidol- treated and 6 of the saline-treated 
groups at the beginning of the experiment. The remaining 6 
rats from each group were administered isotonic saline (1 
mi/kg body weight). Water intake by each rat was measured 
at hourly intervals for 3 hours. The data were analyzed 
statistically as in Experiment 1. 

One month later, the same rats (260 to 300 g) were divided 
into 4 groups with 6 rats per group. Three of the 4 groups of 
animals received the dopamine receptor blocker, spiperone, 
dissolved in 0.50% lactic acid. Each group of rats was ad- 
ministered IP a different dose of spiperone one hour prior to 
the administration of 5-HTP. The doses of spiperone used 
were 37.5, 75, and 150/~g/kg body weight. The fourth group 
of rats was injected with the vehicle, lactic acid (1 ml/kg 
body weight). The experiment was initiated by the sub- 
cutaneous administration of 5-HTP to all groups at a dose of 
25 mg/kg body weight. Water intake was measured at 1, 2 
and 3 hours after administration of 5-HTP. The data were 
analyzed by one way analysis of variance and comparisons 
between groups were made with a t-test using the pooled 
variance from the analysis of variance [4]. (Spiperone was 
kindly provided by Dr. C. Kadzielawa, Dept. of Pharmacol- 
ogy and Therapeutics, Univ. of Florida.) 

RESULTS 

Experiment 1 

The effect of propranolol (6 mg/kg body weight) alone, 
and in combination with 5-HTP, on water intake during the 
first, second and third hours after administration of 5-HTP is 
shown in Fig. 1. Administration of 5-HTP resulted in a signif- 
icant increase in water intake (p<0.01) at all 3 periods as 
described previously [11]. Propranolol given alone had no 
effect on water intake but attenuated the dipsogenic effect of 
5-HTP. A two way analysis of variance revealed a significant 
interaction between the effects of the 2 drugs on water intake 
at two (p<0.05) and three (p<0.05) hours after administra- 
tion of 5-HTP. 

Experiment 2 

Captopril alone had no effect on water intake during any 
period while 5-HTP induced its characteristic dipsogenic ef- 
fect (Table 1). Captopril prevented the dipsogenic response 
to 5-HTP. In addition, there was significant interaction be- 
tween the effects of the 2 drugs at one-half (p<0.05), one, 
and two hours (p <0.01) after administration of 5-HTP. 

Experiment 3 

The highest dose ofclonidine (25 k~g/kg body weight) used 
in this study had no effect on water intake by itself at any 
period (Table 2). However, this dose prevented the dip- 
sogenic effect of 5-HTP from being manifested. In addition, a 
significant interaction was observed between the effects of 
the 2 drugs at all periods. 

The lowest dose of clonidine (6.25 t~g/kg body weight) 
affected 5-HTP-induced drinking only during the first hour 
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FIG. 1. Effect of the acute administration of propranolol, 6 mg/kg body weight, IP, on 
5-HTP-induced drinking (25 mg/kg body weight, SC) in female rats. Propranolol (P) 
was administered 15 minutes prior to the administration of 5-HTP. The height of each 
bar represents the mean water intake of 6 rats. One S.E. is set off at each mean. 
Panels A, B, and C show accumulative mean intakes during the first, second and 
third hours of the experiment, respectively, **Significantly different from control 
(p<0.01). 

after treatment (Fig. 2). An intermediate dose of clonidine 
(12.5 /zg/kg body weight) significantly reduced 5- 
HTP-induced drinking at 1, 2 and 3 hours after the adminis- 
tration of 5-HTP (p<0.01). 

Experiment 4 

Haloperidol alone had no effect on water intake but at- 
tenuated the drinking response two and three hours after the 
administration of 5-HTP (Table 3). A two way analysis of 
variance indicated no significant interactions between the 
effects of the 2 drugs on water intake at any period. 

Increasing doses of spiperone resulted in incremental re- 
ductions in drinking characteristically induced by the admin- 
istration of 5-HTP alone (Fig. 3). 

D I S C U S S I O N  

Administration of 5-HTP resulted in copious drinking in 
female rats. This confirms previous studies from this labora- 
tory [11]. The dipsogenic response to 5-HTP was attenuated 
by administration of the/3-adrenergic antagonist, proprano- 

1ol (Fig. 1). Captopril, an angiotensin converting enzyme in- 
hibitor, also attenuated 5-HTP-induced drinking (Table 1). 
These results are of interest when compared to previous 
studies in which isoproterenol was the dipsogenic agent 
[16-18, 20, 21]. The initiation of drinking by isoproterenol 
has been attributed to its ability to release renin via stimula- 
tion of/3-adrenergic receptors leading ultimately to the for- 
mation of angiotensin II [1, 6-8, 10, 14] .  Since 5- 
HTP-induced drinking is blocked by administration of either 
propranolol or captopril, it appears that the dipsogenic effect 
of 5-HTP may be mediated by way of the renin-angiotensin 
system. Support for this hypothesis also derives from previ- 
ous findings that 5-HTP increases renin secretion when in- 
jected into phenobarbital-anesthetized dogs [25]. In addition, 
preliminary studies from this laboratory confirm that the 
plasma renin activity of rats measured one hour after admin- 
istration of 25 mg 5-HTP/kg body weight, IP was elevated 
more than 9 fold above that of controls administered 1 ml 
isotonic saline/kg body weight, IP. 

Clonidine, an c~-adrenergic agonist which penetrates brain 
tissue [15], attenuated the drinking response of rats adminis- 
tered 5oHTP (Table 2). There is evidence to demonstrate that 
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T A B L E  1 

E F F E C T  O F  C A P T O P R I L *  ON 5 - H T P - I N D U C E D  D R I N K I N G  IN F E M A L E  RATS 

Experimental No. of Mean Body 
Group Rats Weight 

(g) 

Cumulative Water Intake 
(ml/kg body weight) during 

0.5 1.0 2 .0hr  

Control 6 216 0.3 0.6 6.9 
± 6+ _+ 0.2 ± 0.4 ± 4.6 

5-HTP 6 208 9.5 12.8 26.8 
(25 mg/kg body weight, SC) ± 4 + 3.35 + 4.15 + 2.55 

Captopril 6 221 0.0 0.9 2.7 
(35 mg/kg body weight, IP) _+ 8 ± 0.0 ± 0.4 ± 1.3 

5-HTP + 6 212 0.2 0.5 5.7 
Captopril + 3 + 0.2¶ ± 0.3¶ _+ 1.5~ 

2 Way Analysis of Variance 
5-HTP <0.01 <0.05 <0.005 
Captopril <0.01 <0.05 <0.005 
Interaction <0.05 <0.01 <0.01 

*Captopril administered 15 min prior to administration of 5-HTP. 
?One standard error of the mean. 
:~Significantly different from controls (p<0.01). 
¶Significantly different from 5-HTP alone (p <0.01). 
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FIG. 2. The effect of 0 (O), 6.25 (0), and 12.5 (A)/xg clonidine/kg, IP 
on the accumulative water intake of female rats at 1,2, and 3 hours 
after subcutaneous administration of 5-HTP. Rats were adminis- 
tered clonidine, 15 min prior to 5-HTP. Each point is the mean of 6 
rats. One S.E. is set offat  each mean. * Significantly different from 
5-HTP alone (/)<0.05). ** Significantly different from 5-HTP alone 
(p<0.01). 

c lonidine  d e p r e s s e s  renin  secre t ion  via a cen t ra l  ac t ion  
w h i c h  is med ia ted  by the  renal  n e r v e s  [23]. The  dec rease  in 
ren in  re lease  is med ia ted  via p r e synap t i c  a -ad rene rg ic  
n e u r o n s  wh ich  inhibi t  the  re lease  of  c a t echo l amines  f rom 
renal  ne rve  end ings  t e rmina t ing  on  in t ra rena l  /~-adrenergic 
r ecep to r s  [13]. It has  been  sugges ted  tha t  se ro tonerg ic  
neu rons  in the b ra in  are par t  of  a neura l  pa thway  with an  
exc i t a to ry  effect  on  renin  sec re t ion  [13]. Since 5 -HTP in- 
c reases  renin  sec re t ion  and  is the  p r ecu r so r  o f  se ro ton in ,  the  
possibi l i ty  ar ises  tha t  the effect  of  5 -HTP may  be med ia ted  
t h rough  its c o n v e r s i o n  to se ro ton in .  T h e r e  is ev idence  f rom 
p rev ious  work  tha t  c lonid ine  ac t s  by  way o f  c~-adrenergic 
n e u r o n s  to inhibi t  s e ro tonerg ic  n e u r o n s  which ,  in turn ,  leads 
to a reduc t ion  in renin  sec re t ion  [24]. There fo re ,  c lonidine  
may exer t  its inh ib i to ry  effect  on  5 -HTP- induced  dr inking  in 
ra ts  t h rough  this  pa thway .  H o w e v e r ,  c lon id ine  p r e v e n t e d  
dr inking  in r e s p o n s e  to admin i s t r a t ion  o f  i sopro te reno l  as 
well  [12]. Thus ,  the  poss ibi l i ty  also ar ises  tha t  c lonid ine  in- 
hibi ts  bo th  i sopro te reno l -  and  5 -HTP- induced  dr ink ing  via 
s t imula t ion  o f  c~-adrenergic r ecep to r s  wi th in  the  k idney  or  
ac t iva t ion  of  a - ad rene rg i c  r ecep to r s  at a cen t ra l  site. 

The  d ipsogenes i s  a c c o m p a n y i n g  admin i s t r a t ion  of  5 -HTP 
was  marked ly  r educed  by pr ior  t r e a t m e n t  with  the  d o p a m i n e  
an tagon is t ,  ha loper ido l  (Table  3), wh ich  has  some b locking  
ac t ion  on  no rad rene rg i c  neu rons  as well.  It is, howeve r ,  
cons ide red  to be  more  po ten t  as a d o p a m i n e  an tagon i s t  [2]. 
A n o t h e r  more  specific d o p a m i n e  an tagon i s t  [3], sp iperone ,  
gave  simil iar  resul t s  (Fig. 3). Sp ipe rone  is 5 to 10 t imes  more  
ac t ive  than  ha loper idol  as a neuro lep t i c  and  its affinity for  
d o p a m i n e  r ecep to r s  in b ra in  t issue is m u c h  more  po ten t  t han  
ha loper idol  [3]. T h e s e  da ta  suggest  tha t  dopaminerg ic  path-  
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FIG. 3. Effect of  0, 0.0375, 0.075 and 0.15 mg spiperone/kg body weight,  IP on the dipsogenic response  to 5-HTP (25 
mg/kg body weight,  SC) in female rats. Spiperone was adminis tered 1 hour  prior to adminis t ra t ion of  5-HTP. The height 
o f  each bar represents  the mean  of  6 rats. One S.E. is set o f f a t  each mean.  Panels A, B, and C show accumula t ive  mean  
water  intakes during the first, second and third hours  of  the exper iment  for each dose o f  spiperone used.  **Significantly 
different f rom 5-HTP alone (p<0.01).  

T A B L E  2 

EFFECT OF CLONIDINE* ON WATER INTAKE FOLLOWING ADMINISTRATION OF 
5-HYDROXYTRYPTOPHAN TO FEMALE RATS 

Exper imental  No. of  Mean  Body 
Group Rats Weight  

(g) 

Cumulat ive  Wate r  Intake 
(ml/kg body weight) during 

1 hour  2 hours  3 hours  

Control 6 264 1.5 2.9 2.9 
+ 5f + 0.5 + 0.6 _+ 0.6 

5-HTP 6 294 13.5 20.5 21.5 
(25 mg/kg, body weight,  SC) -+ 5 _+ 3.45 +_ 2.95 _+ 3.2 + 

Clonidine 6 294 0.6 1.1 1.4 
(25/zg/kg, body weight,  IP) + 2 + 0.1¶ _+ 0.1¶ + 0.2¶ 

5-HTP + 6 285 0.7 5.2 7.9 
Clonidine _+ 6 _+ 0.3 +_ 1.9 _+ 3.4 

Significance: 
5-HTP <0.005 <0.005 <0.005 
Clonidine <0.005 <0.005 <0.005 
Interaction <0.005 <0.005 <0.05 

*Clonidine adminis tered 15 minutes  prior to the administrat ion of  5-HTP. 
t O n e  s tandard error  of  the mean.  
+Significantly different from control (p<0.01).  
¶Significantly different f rom 5-HTP alone (p<0.01).  
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T A B L E  3 

EFFECT OF HALOPERIDOL* ON 5-HTP-INDUCED WATER INTAKE IN FEMALE RATS 

Experimental No. of Mean Body 
Group Rats Weight 

(g) 

Cumulative Water Intake 
(ml/kg body weight) during 

1 hour 2 hours 3 hours 

Control 6 245 3.3 3.7 4.3 
_+ 5t _+ 1.6 _+ 1.7 _+ 1.6 

5-HTP 6 256 8.8 13.4 15.4 
(25 mg/kg, body weight, SC) + 4 _+ 3.0 _+ 3.45 + 2.85 

Haloperidol 6 276 0.6 1.4 2.1 
(150/xg/kg, body weight, IP) + 11 _+ 0.1 _+ 0.1 + 0.2 

5-HTP + 6 265 3.2 4.3 5.2 
Haloperidol + 11 _+ 1.7 + 1.6¶ + 2.711 

Significance: 
5-HTP <0.05 <0.01 <0.005 
Haloperidol <0.05 <0.05 <0.05 
Interaction NS NS NS 

*Haloperidol administered 1 hour prior to the administration 
+One standard error of the mean. 
$Significantly different from controls 6O<0.01). 
¶Significantly different from 5-HTP alone 6O<0.01). 
II nSignificantly different from 5-HTP alone 6o<0.05). 

of 5-HTP. 

ways  play a role in the  con t ro l  of  5 -HTP- induced  dr inking.  
In te res t ing ly ,  it has  b e e n  s h o w n  tha t  ang io tens in  I I - induced  
dr ink ing  requ i res  an  in tac t  cen t ra l  dopamine rg i c  neu rona l  
s y s t e m  as well  [9]. 

The  resul t s  o f  these  s tudies  sugges t  tha t  the  dr ink ing  re- 
sponse  to 5 - H T P  is med ia t ed  by  way o f  the  r en in -ang io t ens in  
sys t em s ince b lockade  at any  of  th ree  levels  p r e v e n t e d  the  
d ipsogenic  r e s p o n s e  to 5 -HTP;  the  re lease  o f  renin  f rom the  
k idney  by p roprano lo l  and  c lon id ine ;  the  c o n v e r s i o n  of  
ang io tens in  I to ang io tens in  II by  captopr i l ;  and  the cen t ra l  
med ia t ion  of  the  d ipsogen ic  r e sponse  by  t r e a t m e n t  wi th  the  
dopamine rg ic  r ecep to r  an tagon i s t s ,  ha loper ido l  and  
sp iperone .  Visual  inspec t ion  of  the  an imals  dur ing  the  exper -  
imen t s  in w h i c h  the  pha rmaco log ica l  agen ts  were  adminis -  
te red ,  did not  revea l  any  change  in gross  m o t o r  ac t iv i ty  tha t  
cou ld  a c c o u n t  for  the  a t t enua t i on  of  5 -HTP- induced  dr inking  
o b s e r v e d  in t he se  s tudies .  

The  d ipsogenic  effect  of  5 -HTP in ra ts  c a n n o t  be ex- 
p la ined  by  an  inc rease  in body  t empera tu re .  Pre l iminary  da ta  
f rom this  l abora to ry  showed  no s ignif icant  effect  o f  adminis -  
t r a t ion  of  25 mg 5-HTP/kg  body  weight ,  IP on  colonic  tem- 
pe ra tu re  o f  ra ts  30 minu te s  af ter  t r ea tmen t .  

W h e t h e r  5 -HTP acts  di rect ly  to s t imula te  renin  re lease ,  or  
w h e t h e r  it does  so af ter  c o n v e r s i o n  to se ro ton in ,  is u n k n o w n  
at p re sen t  bu t  is cu r ren t ly  u n d e r  s tudy  in this  l abora tory .  It is 
k n o w n  tha t  se ro ton in  can  s t imula te  ren in  re lease  in the  rat  
bu t  re lease  is pos tu la ted  to be an indi rec t  effect  of  the fall in 
b lood p re s su re  a c c o m p a n y i n g  its admin i s t r a t i on  122]. Addi-  
t ional  s tudies  are requi red  to de t e rmine  the  m e c h a n i s m  by 
which  5 -HTP ac t iva tes  the  r en in -ang io tens in  sys tem.  
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