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INTRODUCTION

Serotonin has long been implicated in
the  contro l  o f  food and water  in take .
Genera l ly ,  i t  has  been  observed  that
injection of serotonin into different areas of
the brain decreases food intake (1–5). It has
also been observed that injection of various

serotonin antagonists increases food intake
(6–10). However, reports are also conflicting
on the  ac t ion  of  serotonin  on inges t ive
behaviors. It is reported that 5-HT1A receptor
agonist increases food intake (11–16). It is
a l so  repor ted  that  5 -HT 3 antagonis t ,
ondenset ron in jec ted  in t raper i tonea l ly
decreases food intake (16,  17).  Thus,  the
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ac t ion  of  agonis t s  and antagonis t s  o f
serotonin  on inges t ive  behaviors  i s
contradictory.

In jec t ion  of  8 -OH-DPAT,  serotonin
1A receptor agonist produces reduction in
polydipsia and anorexia (18, 19). Injection
of  serotonin into  paraventr icular  nucleus
(PVN) of hypothalamus inhibits feeding by
unknown mechanisms.  I t  was  proposed
that  serotonin  induced anorexia  (20) .
The  suppress ive  e f fec t  o f  serotonin  on
carbohydrate  in take  was  a t tenuated  by
injection of mianserin, 5-HT2A antagonist.
In t raper i tonea l  in jec t ion  of  fenf luramine
results in depression of food intake. Chronic
t rea tment  wi th  c i ta lopram,  a  se lec t ive
serotonin reuptake inhibitor, decreases both
food intake and bodyweight  gain in  wel l
nour i shed ra t s  (21) .  I t  i s  sugges ted  that
effect of serotonin on food intake is mediated
primarily via 5-HT1A and 5-HT2c receptors
(4 ,  19) .  Both these  receptor -subtypes  are
expressed in hypothalamic regions that are
involved in regulation of feeding behaviors.
Agents  that  ac t iva te  5 -HT2c and 5 -HT1B

receptors  produce  hypophagia  which
indicate  that  serotonin  through these
receptors decreases food intake (22). Though
injection of 8-OH-DPAT, 5-HT2A agonist 15
minutes before refeeding of starved animals
decreases food intake, injection of the same
chemica l  a f te r  one  hour  o f  the  s tar t  o f
refeeding, increases food intake (11). This
indicates that serotonin has strong influence
on food intake. However, the effect of 8-
OH-DPAT on water intake was negligible
in water-deprived animals.

Buspi rone,  5 -HT1A agonis t  in jec ted
subcutaneous ly  f i f teen  minutes  pr ior  to

presentation of food produced a dose related
inhibition of food intake in food deprived
rats (3). It was suggested that inhibition of
food intake in food-deprived rats was not
due to non-specific disruption of behavior,
rather due to the specific action of chemical
on specific neural centers. However, it was
also observed that regardless of the route
of administration, buspirone increases food
intake  in  a  dose  dependent  manner  for
a lmost  two hours  f rom the  s tar t  o f
presentation of food. Therefore, the role of
buspirone on food intake is also found to be
contradictory (in one experimental sett ing
i t  decreases  and in  o ther  se t t ing  i t
increases ) .  I t  i s  a l so  observed  that
buspirone, selectively increases food intake
when the diet is rich in carbohydrate (13).
Injection of low dose of 8-OH-DPAT is also
observed to increase food intake (23). Thus,
the effect  of  serotonin on same receptors
studied by different investigators is  found
to be conflicting in nature.

Mesol imbic  s t ruc tures  are  s t rongly
involved  wi th  regula t ion  of  behaviora l
functions (24).  Nucleus caudatus,  being a
mesolimbic structure is also involved in the
regulation of food and water intake in rats
as  reported f rom our  laboratory  (25–28) .
However, effect of injection of serotonin in
nucleus caudatus on ingestive behaviors has
not been studied yet. Moreover, 5-HT1A and
5-HT3 receptors mainly mediate the effects
of  serotonin  on inges t ive  behaviours .
There fore ,  in  the  present  s tudy we have
assessed the role of serotonin, buspirone (5-
HT 1A agonis t )  and ondenset ron (5 -HT 3

antagonist)  injected into nucleus caudatus
on food and water intake and body weight
in rats .
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METHODS

A total number of 24 male albino rats of
Wis tar  s t ra in  were  taken for  th i s  s tudy.
They were about six months old with body
weight  ranging  be tween 200–250 g .  Al l
animals were kept in separate cages. Food
and water were provided ad lib.

Animals  were  a l lowed one  week  to
recover from isolat ion stress,  af ter  which
exper iments  were  car r ied  out .  The
temperature of the room in which animals
were caged was between 28 to 32°C. Animals
were exposed to 24 h natural light – dark
cycle.

Measurement  o f  basa l  food  and  water  in take  andMeasurement  o f  basa l  food  and  water  in take  andMeasurement  o f  basa l  food  and  water  in take  andMeasurement  o f  basa l  food  and  water  in take  andMeasurement  o f  basa l  food  and  water  in take  and
body  we igh tbody  we igh tbody  we igh tbody  we igh tbody  we igh t

Food and water were provided at 1400 h
everyday, fol lowing which 24 h food and
water  in take  were  measured  for  each
animal. For water intake, tap water at room
temperature  (30°C)  was  provided  in
ca l ibra ted  g lass  cy l inder  having  a  meta l
spout. The minimum amount of change in
water  in take  that  could  be  recorded
accurate ly  was  0 .5  ml .  The  food was
provided in  the  form of  s tandard  rodent
chow. Measurement of  food was done by
e lec t ronic  weighing  machine  in  which
minimum change  of  0 .01  g  could  be
recorded. The basal  daily food and water
intake were recorded on seven consecutive
days to determine the 24 h basal mean food
and water  in take  o f  each  animal .  Body
weight of rats was recorded using electronic
weighing machine. Basal body weight was
obta ined  as  the  average  o f  seven days
recording.

Cannula t ion  o f  nuc leus  caudatusCannula t ion  o f  nuc leus  caudatusCannula t ion  o f  nuc leus  caudatusCannula t ion  o f  nuc leus  caudatusCannula t ion  o f  nuc leus  caudatus

Cannulae were made by appropriate ly
cutting the stainless steel injection needles
of 20 G size. During cannulation of nucleus
caudatus ,  animals  were  anaes thet ized  by
intraperitoneal administration of Ketamine
Hydrochloride (100 mg per kg body weight).
Cannulations were performed by stereotaxic
method using the co-ordinates of Konig and
Klippel  (29),  fol lowing the procedures  as
described earlier (27).

Cannula t ions  were  per formed
unilaterally on the right side in all animals
of  a l l  groups.  Cannulae  were  a l lowed to
remain in the brain for injecting chemicals
t i l l  the  animals  were  sacr i f i ced.  Af ter
cannulation, f ive days were given for the
animal to recover completely and during the
period animal was closely monitored for any
infec t ion.  In  our  s tudy there  was  no
postoperative infection at all.

Prepara t ion  o f  dosages  o f  chemica l sPrepara t ion  o f  dosages  o f  chemica l sPrepara t ion  o f  dosages  o f  chemica l sPrepara t ion  o f  dosages  o f  chemica l sPrepara t ion  o f  dosages  o f  chemica l s

Serotonin hydrochloride (Lancaster, U.
K.) ,  was  d i lu ted  in  e thanol  to  prepare
concentrations of 1 µg, 2 µg and 5 µg per
µL respect ive ly .  S imi lar ly ,  Buspi rone
(Rankem,  New Delhi ) ,  a  5HT1A receptor
agonist, was diluted in ethanol to prepare
concentra t ions  o f  1  µg ,  2  µg  and 5  µg
per  µL respect ive ly  and Ondenset ron
(Rankem,  New Delhi ) ,  a  5HT3 receptor
antagonist was diluted with ethanol to make
2 µg and 5 µg per µL solutions.

Exper imenta l  p ro toco lExper imenta l  p ro toco lExper imenta l  p ro toco lExper imenta l  p ro toco lExper imenta l  p ro toco l

All the animals (24 totally) were divided
equally into four groups with six animals
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in each group. Group I was the serotonin
group,  Group I I  was  the  agonis t  g roup,
Group II I  was  the  antagonis t  group and
Group IV was the control group. Their 24 h
basal  food intake,  water  intake and body
weight were measured before inject ion of
chemicals.

Group I

In  th i s  group,  d i f fe rent  doses  o f
serotonin hydrochloride (1 µg, 2 µg and 5
µg)  were injected separately  into nucleus
caudatus of all six animals of Group I, on
every  a l te rnate  day  and the i r  24  h  food
intake, water intake and body weight were
measured  fo l lowing  each in jec t ion.  The
schedule of  inject ion was such that  1  µg
was injected on Day 1,  no inject ion was
given on Day 2, 2 µg was injected on Day 3,
no injection was given on Day 4, 5 µg was
injected on Day 5,  and no inject ion was
given on Day 6, and so on and so forth till
each dose of serotonin was injected on six
occasions. Mean of these six recordings of
each parameter was obtained as experimental
pos t - in jec t ion  va lues .  These  va lues  were
compared with their basal values and with
the values of control animals.

Group II

In  th i s  group,  d i f fe rent  doses  o f
buspirone (1 µg, 2 µg and 5 µg),  5-HT1A-
receptor agonist ,  were injected separately
into nucleus caudatus of all six animals of
Group I I .  The  protocol  was  o therwise
identical to that employed in Group I.

Group III

In experiment 2, the maximally effective
doses of buspirone were found to be 2 µg

and 5  µg  per  µL.  There fore ,  in  th i s
experiment 2 µg and 5 µg per µL doses of
ondensetron, a 5-HT3 receptor antagonist,
was  in jec ted  in to  nuc leus  caudatus  in
animals of Group III.

In Group IV, the control group, equal
amount (1 µL) of vehicle (ethanol) without
drug was injected every alternate days into
nucleus caudatus like that of experimental
animals and their 24 h food intake, water
intake and body weight were recorded and
compared with their basal values.

Conf i rmat ion  o f  cannula t ionConf i rmat ion  o f  cannula t ionConf i rmat ion  o f  cannula t ionConf i rmat ion  o f  cannula t ionConf i rmat ion  o f  cannula t ion

After completion of all the experiments,
the animals were sacrificed and their brains
were fixed by perfusing with 10% formalin
so lut ion.  Af ter  per fus ion,  bra ins  were
removed for  sec t ioning,  s ta in ing  and
confirmation under microscope, which were
performed by the procedures as described
earlier (27).

The observations were recorded in al l
three groups and the obtained results were
analyzed by  one-way ANOVA, fo l lowing
which the level of significance was tested
by paired ‘t’ test.

RESULTS

Group IGroup  IGroup  IGroup  IGroup  I

The  mean basa l  food in take ,  water
intake  and body weight  in  th is  group of
animals were 11.37 ± 0.62 g, 26.1 ± 1.03 mL
and 210.25 ± 2.58  g  respec t ive ly .  Af ter
in jec t ion  of  d i f fe rent  doses  o f  serotonin
hydrochlor ide ,  there  was  s igni f icant  and
dose-dependent decrease in food intake of
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animals  (Table  I ) .  However ,  s igni f icant
decrease in body weight and water intake
was observed only at 5 µg dose of serotonin.

Group  I IGroup  I IGroup  I IGroup  I IGroup  I I

The  mean basa l  food in take ,  water
intake  and body weight  in  th is  group of
animals were 22.46 ± 0.81 g, 32.58 ± 0.94 mL
and 225.50 ± 1.86  g  respec t ive ly .  Af ter
injection of 1 µg of buspirone, serotonin 5-
HT1A receptor agonist, there was significant
decrease in water intake without significant
change  in  food in take  and body weight
(Table II). However, with injection of higher
doses of buspirone, there was significant and
dose -dependent  decrease  in  food in take ,
water intake and body weight of animals.

Group  I I IGroup  I I IGroup  I I IGroup  I I IGroup  I I I

The  mean basa l  food in take ,  water
intake  and body weight  in  th is  group of
animals were 18.64 ± 0.78 g, 31.16 ± 0.55 mL

and 221.58 ± 1.98 g respectively. There was
a  s igni f icant  increase  in  food and water
intake following injection of 2 µg dose of
ondensetron. The increase in water intake
was  propor t ionate ly  greater  than the
increase in food intake.  At  5  µg dose of
ondensetron,  there  was highly s igni f icant
increase in both the food and water intake
(Table III). However, at both the doses, no
change in body weight was observed.

TABLE I : Effect of injection of serotonin hydrochloride
(SH) into nucleus caudatus on food intake
(FI) ,  water  intake (WI)  and body weight
(BW) in rats (n = 6).

SH-Dose FI (g) WI (mL) BW (g)

0 µg (Basal#) 11.37±0.62 26.1±1.03 210.25±2.58

1 µg 9.85±0.68* 25.83±0.99 209.78±1.94
(–13.4%) (–1.0%) (–0.2%)

2 µg 9.66±0.62* 24.41±0.67 206.3±1.23
(–15.0%) (–6.5%) (–1.9%)

5 µg 8.26±0.4*** 22.96±0.49* 201.18±1.05**
(–27.4%) (–12%) (–4.3%)

*P<0.05; **P<0.01; ***P<0.001.
#Basal indicates values recorded before injection
of serotonin hydrochloride.

Values in brackets indicate % decrease from the
basal value.

TABLE II : Effect of injection of buspirone (BS), 5-HT1A
agonis t  in to  nuc leus  caudatus  on  food
intake (FI),  water intake (WI) and body
weight (BW) in rats (n = 6).

BS-Dose FI (g) WI (mL) BW (g)

0 µg (Basal#) 22.46±0.81 32.58±0.94 225.50±1.86

1 µg 21.71±0.86 29.14±0.78* 220.46±1.92
(–3.3%) (–10.5%) (–2.2%)

2 µg 19.42±0.56** 28.58±0.66** 218.68±1.42*
(–13.5%) (–12.2%) (–3.0%)

5 µg 17.46±0.84*** 26.12±0.7*** 213.82±1.10**
(–22.3%) (–19.8%) (–5.1%)

*P<0.05; **P<0.01; ***P<0.001.
#Basal indicates values recorded before injection
of buspirone.

Values in brackets indicate % decrease from the
basal value.

TABLE III : Effect of ondensetron (ON), 5HT3 antagonist
on food intake (FI), water intake (WI) and
body weight (BW) in rats (n = 6).

ON-Dose FI (g) WI (mL) BW (g)

0 µg (Basal#) 18.64±0.78 31.16±0.55 221.58±1.98

2 µg 21.45±0.38* 38.83±0.46*** 223.64±2.12
(+15%) (+24.6%) (+0.9%)

5 µg 25.68±0.52*** 42.46±0.84*** 225.12±2.10
(+37.8%) (+36.3%) (+1.6%)

*P<0.05; ***P<0.001
#Basal indicates values recorded before injection
of ondensetron.

Values in brackets indicate % increase from the
basal value.



442 Pal  et  al Indian J Physiol Pharmacol 2004; 48(4)

In control animals, no significant change
in  above-ment ioned parameters  was
observed following injection of equal volume
(1  µL)  o f  vehic le  (e thanol )  in to  nuc leus
caudatus when compared with their  basal
values (Table IV).

DISCUSSION

In our  s tudy,  in jec t ion  of  serotonin
hydrochlor ide  in to  nuc leus  caudatus
resulted in decrease in food intake in a dose
dependent  manner ,  which  indicates  that
serotonin  in  nuc leus  caudatus  inhib i t s
feeding. Furthermore, injection of buspirone,
5-HT1A agonist decreased food intake. This
indicates that serotonin acting via 5-HT1A

receptors  inhib i t s  feeding.  This  i s
contradictory to the observations of other
workers  who have  demonst ra ted  that
buspirone increases feeding behavior (12–
14). They have demonstrated that buspirone
not only increases food intake, it increases
it in a dose dependent manner irrespective
of its route of administration (12). It was
a l so  observed  that  buspi rone  se lec t ive ly
increases  food in take  when food i s  r i ch
in  carbohydrates  (13) .  However ,  our
f indings  agree with the f indings  of  other
inves t iga tors ,  who have  demonst ra ted

that  buspi rone  inhib i t s  food in take  in  a
dose  dependent  manner  (3 ,  4 ) .  I t  was
a l so  fur ther  revea led  that  buspi rone
inhibits  food intake part ly by st imulating
the  re lease  o f  dopamine  in  the  bra in ,
which  i s  a  known inhib i tor  o f  feeding
behavior (30).

Our study also supports the findings of
other  workers  in  which  5 -HT1A agonis t s
other than buspirone, like ipaspirone have
been shown to inhibit food intake (15, 18).
Therefore, it can be concluded that serotonin
inhibits food intake via 5-HT1A receptors.
However ,  inhib i t ion  of  food in take  by
buspirone in our study was observed only
at  h igher  doses .  Moreover ,  in jec t ion  of
ondansetron,  5-HT3 antagonist  s t imulated
food in take .  This  c lear ly  indicates  that
serotonin  normal ly  inhib i t s  feeding
behavior, which also is mediated via 5-HT3

receptors .

In our s tudy,  serotonin also inhibi ted
water  intake,  though only  at  the  highest
dose .  However ,  the  inhib i t ion  of  water
intake by buspirone was significant even at
the  lower  dose ,  and buspi rone  inhib i ted
water intake in a dose dependent manner.
These findings, that no significant decrease
in  water  in take  insp i te  o f  s igni f icant
decrease in food intake following injections
of  1  and 2  µg  doses  o f  serotonin,  and
significant decrease in water intake inspite
of no significant decrease in food intake at
1 µg dose of  buspirone,  indicate that  the
inhibition of water intake was independent
of  inhib i t ion  of  food in take .  S ince  the
hypodipsia induced by these chemicals was
independent of hypophagia, it is suggested
that  serotonin induced hypodipsia  may a
type of “primary hypodipsia”.

TABLE IV : Effect of injection of 1 µL of ethanol on food
intake (FI),  water intake (WI) and body
weight (BW) in control rats (n = 6).

Ethanol volume FI (g) WI (mL) BW (g)

(Basal#) 21.82±0.74 29.92±0.67 218.72±1.74

1 µL 20.90±0.81 30.18±0.72 216.40±1.82
(–4.2%) (+0.9%) (–1.1%)

#Basal indicates values recorded before injection
of vehicle (ethanol).

Values in brackets indicate % increase from the
basal value.
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Following injections of buspirone, there
was also a dose dependent decrease in body
weight. No significant change of body weight
was observed at  1  µg dose.  But,  at  2  µg
dose of buspirone, decrease in body weight
was significant and was further significantly
decreased at 5 µg dose of buspirone. It is
proposed that separate centers in the brain
exclusively control body weight independent
of  food in take  (31) .  Nucleus  t rac tus
so l i tar ius  (NTS)  and ventromedian
hypothalamus  (VMH) are  the  proposed
ponderos ta t s  (centers  contro l l ing  body
weight ) .  I t  has  a l so  been proposed  that
separate  neurot ransmit te r  sys tems in  the
bra in  contro l  regula t ion of  body weight .
These  neurot ransmit te rs  are  ca l led
ponderostat ic  neurotransmitters .

Injection of ondansetron, 5-HT3 receptor
antagonis t  increased  food in take  in  a
dose  dependent  manner .  This  fur ther
subs tant ia tes  the  ear l ie r  f inding  that
serotonin  inhib i t s  food in take  as  i t s
antagonist increases food intake. It also can
be well concluded that the inhibitory effect
o f  serotonin  was  media ted  v ia  5 -HT 3

receptors, in addition to its action through
5-HT1A receptors. Injection of ondansetron
resu l ted  in  increased  water  in take
s igni f icant ly  even a t  the  dose  o f  2  µg
(P<0.001), the dose at which increase in food
intake was just  s ignif icant (P<0.05).  This
again suggests  that  water  intake induced
by serotonin antagonist  is  independent of
increased food intake.

Inspi te  of  increase  in  food and water
intake,  there  was  no s igni f icant  increase
in  body weight  fo l lowing  in jec t ions  o f
ondenset ron.  This  indicates  that  body
weight is not solely dependent on ingestive

behaviors .  Though the  in jec t ion  of
buspi rone,  5 -HT1A agonis t  resu l ted  in
decrease  in  body weight ,  in jec t ion  of
ondansetron, 5-HT3 antagonist, did not elicit
s igni f icant  increase  in  body weight .  This
shows that  serotonin  antagonis t  do  not
influence body weight though they increase
food in take .  I t  fur ther  indicates  that
neura l  mechanisms contro l l ing  body
weight  may be  separa te  f rom the  neura l
mechanisms contro l l ing  food in take .
However, it could also be argued that the
significant change in body weight was not
observed  as  the  s tudy was  a  shor t - te rm
study of injections of chemicals. Therefore,
a  long- term study should be taken up to
assess the role of serotonin on change in
body weight, which we plan in our future
s tudies .

In our previous experiments,  we have
observed that  les ion of  nucleus  caudatus
results in decreased food and water intake
and in jec t ions  o f  ca techolamines  and
angiotensin into nucleus caudatus increases
food and water  in take  (25–28,  32) .  This
shows that nucleus caudatus is an important
element of neural circuitry involved in the
regulation of ingestive behaviors. Injection
of various chemicals into nucleus caudatus
changes  food and water  in take  wi thout
producing significant motor abnormalities as
we have observed in our previous studies
and also in the present study. This indicates
that  nuc leus  caudatus  i s  an  important
structure that solely influences feeding and
drinking behavior  in  rats .  In  the  present
s tudy,  as  we observed  that  in jec t ions  o f
serotonin agonist  and antagonist  into the
same nucleus alter ingestive behaviors, we
conclude  that  nuc leus  caudatus  i s  an
important  centre  in  the brain control l ing
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these physiological  parameters .  Serotonin
and serotonin  5 -HT 1A receptor  agonis t
(buspirone) decreased food and water intake
and body weight, whereas serotonin 5-HT3

receptor antagonist (ondensetron) increased
these  parameters .  I t  was  conc luded that
serotonin  in jec ted  in to  nuc leus  caudatus
inhib i t s  inges t ive  behaviors  and these
effects of serotonin are mediated by 5-HT1A

and 5 -HT3 receptors .  I t  needs  fur ther

studies of confirm the role of serotonin in
nucleus caudatus on the regulation of body
weight .
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