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Abstract 

We investigated nitric oxide (NO) involvement in the hyperphagia induced by the 5-HT~A receptor agonist 8-hydroxy-2-di-n-(pro- 
pylamino)tetralin (8-OH-DPAT). A NO synthase inhibitor, NG-nitro-L-arginine methyl ester (L-NAME), dose dependently inhibited 
8-OH-DPAT-induced eating in freely feeding rats. However, the inactive isomer D-NAME was without effect. The inhibitory effects of 
L-NAME on 8-OH-DPAT-induced hyperphagia were reversed by simultaneous administration of L-arginine. These results suggest that 
NO participates in the 8-OH-DPAT-induced hyperphagia which is elicited by activation of the 5-HT~A receptor. 
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1. Introduction 

The 5-HTIA receptor agonist 8-hydroxy-2-di-n-(pro- 
pylamino)tetralin (8-OH-DPAT) causes several pharmaco- 
logical effects such as 5-HT syndrome, hypothermia, sex- 
ual behavior or activation of the hypothalamus-pituitary- 
adrenal axis in rodents (Fletcher et al., 1993). These effects 
elicited by 8-OH-DPAT are considered to be mediated by 
the post-synaptic 5-HTIA receptor. It has been reported 
that 8-OH-DPAT induces eating in freely feeding rats 
(Dourish et al., 1986; Dourish, 1995; Fletcher, 1991; Mus- 
cat et al., 1989). The 5-HT1A somatodendritic autoreceptor 
is recognized to be involved in the hyperphagia elicited by 
8-OH-DPAT (Dourish et al., 1986; Dourish, 1995). Thus, 
the activation of 5-HTxA autoreceptors results in inhibition 
of the firing of serotonergic nerves and in hyperphagia. 
The 5-HTIA receptor partial agonists like buspirone and 
gepirone also elicit eating in rats (Dourish, 1995; Gilbert 
and Dourish, 1987). 

Nitric oxide (NO) is produced in the endothelial cells 
and induces vascular smooth muscle relaxation (Moncada 
et al., 1991). NO synthase is present in the brain and recent 
studies suggest that NO is involved in several brain func- 
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tions such as pain and memory (Moncada et al., 1991). In 
recent years, the possible role of NO in feeding has been 
suggested. It has been reported that NO synthase inhibitors 
inhibit food intake in food-deprived and genetically obese 
animals (Morley and Flood, 1994; Squadrito et al., 1993). 
In recent studies, it was demonstrated that the effects of 
NO synthase inhibitors are related to serotonergic mecha- 
nisms (Squadrito et al., 1994a,b). These previous findings 
raise the possibility that NO may participate in 8-OH- 
DPAT-induced eating behavior in rats. Therefore, in this 
study, we studied the effects of a NO synthase inhibitor, 
NB-nitro-L-arginine methyl ester (L-NAME), on 8-OH- 
DPAT-induced hyperphagia in rats to clarify the involve- 
ment of NO in the regulation of food intake. 

2. Materials and methods 

2.1. Animals 

Male Sprague-Dawley rats weighing 200-240 g were 
purchased from SLC Japan. They were housed in individ- 
ual cages and maintained under a controlled 12 h- 
l ight/dark cycle (light from 7:00 a.m. to 7:00 p.m.), with 
room temperature at 24 _+ I°C and humidity at 55 + 5% 
for at least 7 days prior to experiments. Rats had free 
access to food and water. Each rat was used once. 
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2.2. Drug treatment 3. Results 

8-Hydroxy-2-di-n-(propylamino)tetralin hydrobromide 
(8-OH-DPAT), N~-nitro-L-arginine methyl ester hydro- 
chloride (L-NAME) and NC-nitro-D-arginine methyl ester 
hydrochloride (D-NAME) were obtained from Research 
Biochemicals (USA). L-Arginine hydrochloride was pur- 
chased from Wako (Japan). All drugs were dissolved in 
saline. 8-OH-DPAT was injected s.c. L-, D-NAME and 
L-arginine were injected i.p. 30 min before the injection of 
8-OH-DPAT. All drugs were given in a volume of 0.2 
ml/100 g. 

2.3. Measurement of food intake 

Preweighed food was placed in the cage and the amount 
remaining was weighed 2 h and 4 h after the injection of 
8-OH-DPAT. Drugs were injected between h00 and 2:00 
p.m. 

2.4. Statistical analysis 

Dose-related effects of 8-OH-DPAT on feeding were 
evaluated by one-way analysis of variance (ANOVA) fol- 
lowed by Dunnett's test. Results obtained with L-NAME 
were analyzed by two-way ANOVA followed by Tukey's 
test. 
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Fig. 1. Effects o f  8 - O H - D P A T  on food  intake in freely feeding rats. 
Results are shown as the m e a n s + S . E .  ( n = 5 - 8 ) .  8 - O H - D P A T  was  

injected s.c. * P < 0.05, * * P < 0.01. F values: 2 h, F ( 3 , 2 0 ) =  23.1, 
P < 0.0001;  4 h, F(3 ,20)  = 24.1, P < 0.0001.  

The effects of 8-OH-DPAT on food intake in freely 
feeding rats are shown in Fig. 1. 8-OH-DPAT induced 
significant hyperphagia in a dose-related manner. 

The effects of L-NAME and D-NAME on 8-OH- 
DPAT-induced eating are demonstrated in Fig. 2A. Pre- 
treatment with L-NAME apparently inhibited 8-OH- 
DPAT-induced eating. However, the inactive isomer of 
L-NAME, D-NAME (50 mg/kg),  did not affect 8-OH- 
DPAT-induced hyperphagia. The effects of L-arginine at 1 
g /k g  on the inhibitory effect of L-NAME on 8-OH- 
DPAT-induced hyperphagia are demonstrated in Fig. 2B. 
Coadministration of L-arginine prevented the L-NAME-in- 
duced inhibition of 8-OH-DPAT-elicited eating. 

4. Discussion 

Our results demonstrate that 8-OH-DPAT induces ap- 
parent hyperphagia in freely feeding rats in a dose-depen- 
dent manner, which is in agreement with previous results 
(Dourish et al., 1986; Fletcher, 1991). We found that 
pretreatment with a NO synthase inhibitor, L-NAME, sig- 
nificantly inhibited 8-OH-DPAT-induced hyperphagia, al- 
though L-NAME itself did not affect eating in freely 
feeding rats. D-NAME, the inactive isomer of L-NAME, 
did not affect 8-OH-DPAT-induced hyperphagia even at a 
high dose of 50 mg/kg.  These data suggest that 8-OH- 
DPAT-induced hyperphagia depends on NO. Furthermore, 
coadministration of the precursor of NO, L-arginine, re- 
versed the inhibitory effects of L-NAME on 8-OH-DPAT- 
induced hyperphagia. These results indicate that hyperpha- 
gia induced by 8-OH-DPAT is linked with NO. 

Previous reports demonstrated that NO participates in 
eating behavior in rodents. In genetically obese mice and 
rats, L-NAME or NC-nitroarginine inhibited increases in 
body weight and the amount of food consumed (Morley 
and Flood, 1994; Squadrito et al., 1993). A recent report 
showed that NO synthase and its mRNA levels are in- 
creased in the hypothalamus of genetically obese (ob/ob) 
mice (Morley et al., 1995). Squadrito et al. (1994a) also 
demonstrated that food deprivation-induced eating in nor- 
mal rats can be prevented by NC-nitroarginine. As demon- 
strated by our present results, we found that L-NAME 
inhibited 8-OH-DPAT-induced eating. Therefore, under 
hyperphagic conditions, formation of NO may be en- 
hanced. In our study, L-NAME itself did not affect food 
intake in normal freely feeding rats, which is in agreement 
with the results of Squadrito et al. (1994a). Moreover, 
L-NAME apparently suppresses the food intake of obese 
rats but its effects are weak in lean rats (Stricker-Krongrad 
et al., 1996). Thus, it is suggested that competitive inhibi- 
tion of NO synthesis by L-NAME may strongly reduce 
enhanced eating behavior in animals and that NO may play 
a more important role in the hyperphagic state. 
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Fig. 2. Effects of L- or D-NAME and L-NAME plus L-arginine on 8-OH-DPAT-induced hyperphagia in rats. Results are shown as the means +__ S.E. 
(n = 5-8). 8-OH-DPAT at 0.5 m g / k g  was injected s.c. (A) Effects of L- and D-NAME on 8-OH-DPAT-induced hyperphagia in rats. L- and D-NAME were 
injected i.p. 30 min before 8-OH-DPAT. * P < 0.05, * * * P < 0.001 vs. saline of respective group. ~# P < 0.01, ~## P < 0.001 vs. saline + 8-OH- 
DPAT-treated group. F values are as follows. 2 h: L- and D-NAME F(3,41) = 10.5, P < 0.0001, 8-OH-DPAT F(1,41) = 57.8, P < 0.0001, interaction 
F(3,41) = 15.6, P < 0.0001. 4 h: L- and D-NAME F(3,41) = 11.3, P < 0.0001, 8-OH-DPAT F(I,41) = 109.9, P < 0.0001, interaction F(3,41) = 9.87, 
P < 0.0001. (B) Effects of L-NAME plus L-arginine on 8-OH-DPAT-induced hyperphagia in rats. L-NAME at 50 m g / k g  and L-arginine at 1 g / k g  were 
given i.p. 30 min before 8-OH-DPAT. * * * P < 0.001, P < 0.01 vs. saline of respective groups, ## P < 0.01 vs. 8-OH-DPAT of saline + saline-pretreated 
group. §§ P < 0.01 vs. 8-OH-DPAT of L-NAME + saline-pretreated group. F values are as follows. 2 h: L-arginine F(1,37) = 9.57, P < 0.01, L-NAME 
F(3,37) = 33.4, P < 0.0001, interaction F(3,37) = 4.52, P < 0.01. 4 h: L-arginine F(1,37) = 9.22, P < 0.01, L-NAME F(3,37) = 49.3, P < 0.0001, 
interaction F(3,37) = 3.75, P < 0.05. 

P r e v i o u s  r e p o r t s  s u g g e s t e d  t ha t  5 - H T  a n d  i ts  m a j o r  

m e t a b o l i t e  5 - h y d r o x y i n d o l e a c e t i c  a c i d  ( 5 - H I A A )  l e v e l s  in  

t h e  b r a i n  o f  o b e s e  r a t s  a r e  l o w e r  t h a n  t h o s e  in  l e a n  r a t s  a n d  

t ha t  i n h i b i t i o n  o f  h y p e r p h a g i a  in  o b e s e  r a t s  b y  a N O  

s y n t h e s i s  i n h i b i t o r  is  c o n c o m i t a n t  w i t h  a n  i n c r e a s e  in  b r a i n  

5 - H T  m e t a b o l i s m  ( S q u a d r i t o  e t  al . ,  1994b) .  I t  w a s  a l s o  

d e m o n s t r a t e d  t ha t  N ~ - n i t r o a r g i n i n e  i n h i b i t s  e n h a n c e d  ea t -  

i n g  a n d  i n c r e a s e s  b r a i n  5 - H T  l e v e l s  in  f o o d - d e p r i v e d  r a t s  

( S q u a d r i t o  e t  al . ,  1994a) .  It  i s  w e l l  k n o w n  th a t  8 - O H -  

D P A T - i n d u c e d  h y p e r p h a g i a  is  e l i c i t e d  b y  t he  a c t i v a t i o n  o f  
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5-HTIA autoreceptors (Dourish et al., 1986; Dourish, 1995). 
The stimulation of 5-HTIA autoreceptors by 8-OH-DPAT 
in somatodendritic nuclei results in the decreased release 
and turnover of 5-HT. Our results revealed that L-NAME 
prevented 8-OH-DPAT-induced hyperphagia. Thus, it is 
implied that L-NAME inhibits hyperphagia by modifying 
the lowered brain 5-HT turnover induced by 8-OH-DPAT. 
Therefore, NO may be involved in eating behavior medi- 
ated by decreases in brain 5-HT levels and it may con- 
tribute to the physiological effects of 5-HT in the regula- 
tion of food intake. 

It is well known that opioid is involved in the control of 
feeding behavior (Morley et al., 1983). It is indicated that 
morphine-induced hyperphagia is mediated by increased 
dopamine release in the nucleus striatum and nucleus 
accumbens (Calignano et al., 1993; Morley et al., 1983). 
Furthermore, morphine-induced eating could be prevented 
by L-NAME, showing the participation of NO (Calignano 
et al., 1993). This suggests that both opioidergic and 
dopaminergic regulation of food intake are closely linked 
with NO. It was demonstrated that 8-OH-DPAT-induced 
hyperphagia is blocked by dopamine or opioid receptor 
antagonists (Fletcher, 1991; Muscat et al., 1989). Taken 
together with the present results that NO inhibition reduces 
8-OH-DPAT-induced hyperphagia, it is indicated that the 
inhibitory effects of opioid and dopamine receptor antago- 
nists on 8-OH-DPAT-induced eating may be derived from 
the results of their inhibition of the NO pathway. A 
previous report demonstrated that L-NAME inhibits neu- 
ropeptide Y-induced eating (Morley and Flood, 1992). 
Thus, the effects of L-NAME may be mediated by neu- 
ropeptide Y. 

In summary, our results demonstrate that the hyperpha- 
gia induced by the 5-HT1A receptor agonist 8-OH-DPAT is 
inhibited by the NO synthase inhibitor L-NAME. Our 
results reveal that the hyperphagia elicited by the activa- 
tion of the 5-HTIA autoreceptor is related to NO. Although 
the precise mechanism by which L-NAME inhibits 8-OH- 
DPAT-induced hyperphagia is unknown, L-NAME may 
modify 5-HT release in the brain. Our present results 
showing the involvement of NO in 8-OH-DPAT-induced 
eating further support the significant role of NO in control- 
ling food intake. 
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