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We demonstrate here that acute third ventricle injections of GR
113808, a highly selective 5-HT4 antagonist, decrease water intake
induced by a previous salt load while potentiating drinking elicited by
hypovolemia induced by previous subcutaneous administration of
polyethylene glycol in male Wistar rats (200 ± 20 g). At the dose of 160
nmol/rat, third ventricle injections of GR 113808 induced a significant
reduction of water intake in salt-loaded animals after 120 min as
compared to salt-loaded animals receiving third ventricle injections of
saline (salt load + GR = 3.44 ± 0.41 ml, N = 12; salt load + saline = 5.74
± 0.40 ml, N = 9). At the dose of 80 nmol/rat, GR 113808 significantly
enhanced water intake in hypovolemic animals after 120 min as
compared to hypovolemic animals receiving third ventricle injections
of saline (hypovol + GR = 4.01 ± 0.27 ml, N = 8; hypovol + saline =
2.41 ± 0.23 ml, N = 12). We suggest that central 5-HT4 receptors may
exert a positive drive on water intake due to hyperosmolarity and a
negative input on drinking provoked by hypovolemia.

Distinct patterns of serotonin receptor
subtype distribution in the central nervous
system seem to be essential for the expression of multiple serotonin effects mediated
by a large number of G protein-coupled receptors (1,2). In spite of a large amount of
recent work, a comprehensive picture of the
physiological roles played by central serotonin receptors is needed. In particular, the
possible functions exerted by central 5-HT4
receptors are only partially known. Display-
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ing high densities in several regions of the
brain, such as the olfactory tubercle, nucleus
accumbens, ventral pallidum, septal region,
hippocampus and amygdala (3,4), central 5HT4 receptors may be linked to processes
such as anxiety, memory and cognition (5).
Central serotonin involvement in the control of water intake has not been fully established. While some studies indicate that brain
serotonin exerts a negative effect on drinking
behavior (6,7), others suggest the opposite
Braz J Med Biol Res 34(6) 2001
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(8,9). We have recently demonstrated that
central 5-HT4 receptors may modulate water
intake in rats, potentiating drinking behavior
induced by angiotensin II injections, while
reducing water intake provoked by central
cholinergic stimulation (6).
In the present study, we investigated the
role of central 5-HT4 receptors in the control
of water intake in rats in two different conditions: hyperosmolarity due to an acute intragastric salt load, and hypovolemia promoted
by subcutaneous administration of polyethylene glycol (PEG).
We used adult male Wistar rats (220 ± 20
g) kept under controlled light (lights on from
5:00 to 19:00 h) and temperature (24 ± 2oC)
conditions. The animals had free access to
tap water and laboratory chow (Nuvital
Nutrientes Ltda., Curitiba, PR, Brazil). Under sodium pentobarbital anesthesia (40 mg/
kg, ip) the animals were placed in a stereotaxic frame and a chronic cannula was implanted into the third ventricle according to
the following coordinates: anteroposterior
0.5 mm behind the bregma, lateral 0 mm,
and vertical 8.0 mm below the skull. Two
screws fixed to the skull were embedded in
dental acrylic and held the cannula. After
surgery the rats were housed in individual
cages for 7 days before the experiments. The
following drugs were used: GR 113808 ([1[2-(methylsulphonylamino)e t h y l ] - 4 piperidinyl]methyl 1-methyl-1H-indole-3carboxylate), a 5-HT4 receptor antagonist,
was a generous gift from GlaxoWellcome
Research and Development Limited, Hertfordshire, UK; PEG (MW 15,000-20,000)
was purchased from Sigma Chemical Co.,
St. Louis, MO, USA. The drugs were dissolved in saline solution. Third ventricle
injections were performed using a Hamilton
microsyringe connected to a Mizzy-SlidePak needle by a polyethylene extension (PE
10). A total volume of 2 µl was injected over
a period of 60 s. After the experiments, a 0.5µl amount of 0.5% Evans blue dye was
injected through the cannula. Following sacBraz J Med Biol Res 34(6) 2001

rifice and brain removal, the position of the
cannula was confirmed by macroscopic analysis of the brain regions stained with Evans
blue. Only data from animals whose cannulas were correctly placed into the third ventricle were taken into consideration. To induce a salt load, animals were fasted for 14
h, from 18:00 to 8:00 h the night before the
experiment. Ten minutes after the third ventricle injection of a given dose of GR 113808
or isotonic saline solution (controls) the animals received 1 ml/100 g of hypertonic saline solution (1.5 M) via orogastric tubing.
Twenty minutes after the salt load, watercontaining graduated bottles were reintroduced into the cages and the cumulative
water intake was recorded over the next 120
min. These groups of animals were compared to an additional group receiving an
intragastric administration of isotonic saline
solution followed by third ventricle injections of saline.
To induce hypovolemia, a 30% PEG solution was administered subcutaneously (2
ml/100 g) 4 h before the icv injections of GR
113808 or isotonic saline solution (controls).
Graduated bottles were removed from the
cages immediately before PEG administration and reintroduced 30 min after the icv
injections. Cumulative water intake was
measured over the next 120 min. These
groups of animals were also compared to an
additional group receiving subcutaneous injections of isotonic saline solution in the
same volume as used for PEG administration followed by third ventricle injections of
saline.
A computer software package (SigmaStat
for Windows, Jandel Scientific, San Rafael,
CA, USA) that performs two-way (treatment
and time as factors) analysis of variance for
repeated measures on each experimental set
was used. The post hoc Student-NewmanKeuls test was used for comparison of each
treatment to its corresponding time in the
control groups. The groups were considered
significantly different when P<0.05. The data
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Figure 1. Cumulative water intake (ml/100 g body weight) in animals submitted to a previous intragastric
salt load receiving third ventricle injections of GR 113808 at different doses or isotonic saline solution
(controls). The following groups are represented: salt load + saline (squares; N = 9); salt load + GR 40
nmol/rat (filled triangles; N = 13); salt load + GR 80 nmol/rat (filled lozenges; N = 9); salt load + GR 160
nmol/rat (inverted filled triangles; N = 12). An additional group receiving intragastric isotonic saline solution
under the same conditions as used to promote salt load and receiving isotonic saline injections in the third
ventricle (normal salt + saline, open triangles; N = 13) is also shown. Data are reported as means ± SEM.
*P<0.05 compared to salt load + saline (two-way analysis of variance followed by the Student-NewmanKeuls test).
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are reported as means ± SEM.
Figure 1 shows the effect of plasma hyperosmolarity induced by an intragastric salt
load on water intake in rats receiving third
ventricle injections of GR 113808 or isotonic saline solution. As expected, animals
receiving an intragastric salt load plus third
ventricle injections of isotonic saline (salt
load + saline) displayed a significant increase in water intake as compared to rats
receiving an intragastric administration of
isotonic saline solution plus third ventricle
injections of isotonic saline (normal salt +
saline). Third ventricle injections of GR
113808 at the dose of 40 nmol/rat (salt load
+ GR 40 nmol) were unable to modify the
high water intake induced by the previous
salt load. At the dose of 80 nmol/rat (salt
load + GR 80 nmol) GR 113808 induced a
significant inhibition of water intake beginning after 30 min and lasting until the end of
the experiment. At the dose of 160 nmol/rat
(salt load + GR 160 nmol) GR 113808 produced a significant reduction in water intake
that lasted for the entire duration of the
experiment.
Figure 2 shows the effects of third ventricle injections of GR 113808 at different
doses on water intake in hypovolemic animals. Drinking behavior in hypovolemic animals receiving third ventricle injections of
isotonic saline (hypovol + saline) was significantly increased compared to normovolemic controls also receiving third ventricle
injections of saline (normovol + saline). At
the dose of 20 nmol/rat (hypovol + GR 20
nmol) GR 113808 was unable to modify the
high water intake induced by hypovolemia.
However, in hypovolemic rats, GR 113808
at the doses of 40 nmol/rat (hypovol + GR 40
nmol) and 80 nmol/rat (hypovol + GR 80
nmol) significantly potentiated water intake
during the entire duration of the experiment.
The data obtained in the present study
clearly show that the central blockade of 5HT4 receptors by third ventricle injections of
GR 113808, a highly selective 5-HT4 an-
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Figure 2. Cumulative water intake (ml/100 g body weight) in hypovolemic rats receiving third ventricle
injections of saline (controls) or GR 113808 at different doses. The following groups are represented:
hypovol + saline (squares; N = 12); hypovol + GR 20 nmol/rat (filled circles; N = 9); hypovol + GR 40 nmol/
rat (filled triangles; N = 9); hypovol + GR 80 nmol/rat (filled lozenges; N = 8). An additional group receiving
subcutaneous injections of isotonic saline solution under the same conditions as used for PEG injection
plus third ventricle injections of isotonic saline (normovol + saline, open triangles; N = 10) is also shown.
Data are reported as means ± SEM. *P<0.05 compared to hypovol + saline (two-way analysis of variance
followed by the Student-Newman-Keuls test).
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tagonist (10), reduces water intake in animals submitted to a previous salt load and
potentiates drinking behavior in animals rendered hypovolemic by subcutaneous PEG
administration. This means that central 5HT4 receptors may exert a positive drive on
water intake due to hyperosmolarity and a
negative effect on drinking induced by hypovolemia. Central serotonin participation in
water intake is a rather unexplored area.
Both stimulatory and inhibitory actions have
been reported (6-8). We have previously
demonstrated that central 5-HT1 receptors
located in the vicinity of the third ventricle
seem to exert a negative effect on water
intake in both physiological and pharmacological conditions (11).
Different brain neuronal circuitries control thirst during hyperosmolarity and hypovolemia. Cholinergic pathways seem to trigger water intake after hyperosmolarity while
angiotensinergic pathways activate drinking
after hypovolemia (12). As the blockade of
central 5-HT4 receptors reduces water intake
due to hyperosmolarity, it seems reasonable
to suggest that 5-HT4 activation somehow
potentiates cholinergic circuitries related to
thirst-generating mechanisms. There are anatomical and neurochemical data to support
such interaction, since anatomical connections between serotonergic and cholinergic
pathways have been observed (13), central
5-HT4 receptors increase cholinergic activity (14) and the role of 5-HT4 receptors in
memory processes seems to be mediated by
some cholinergic step (15).
On the other hand, the blockade of central 5-HT4 receptors by GR 113808 potentiated water intake in hypovolemic animals,
suggesting that these receptors play an inhibitory role in thirst normally induced by central physiological angiotensinergic activation. As far as we know, evidence of direct
connections between central 5-HT4 receptors and angiotensinergic circuitries is not
currently present in the literature. However,
it is logical to suggest that 5-HT4 receptors
Braz J Med Biol Res 34(6) 2001

reduce central angiotensinergic activation
due to hypovolemia or impair mechanisms
activated by central angiotensin II that lead
to the motivational and motor events required for the expression of drinking behavior.
A significant reduction of water intake
was observed in hypovolemic animals receiving 40 nmol of GR 113808, while this
same dose was devoid of effects when administered to animals with plasma hyperosmolarity. Thus, it seems that the circuitries
bearing 5-HT4 receptors exerting tonic inhibition of water intake during hypovolemia
are more easily antagonized than 5-HT4 receptor-dependent pathways tonically stimulating drinking behavior during hyperosmolarity. This may indicate a greater density of
5-HT4 receptors linked to stimulation of water
intake dependent on cholinergic activation,
as compared to the density of receptors involved in the inhibition of drinking behavior
mainly induced by an angiotensinergic drive.
We have recently explored the role of
central 5-HT4 receptors in the control of
water intake. Using the same selective antagonist employed here (GR 113808) we
have demonstrated that 5-HT4 receptors seem
to potentiate water intake due to pharmacological activation of central angiotensinergic
pathways, and inhibit drinking produced by
central cholinergic activation (6) - a picture
that seems to contrast with the data reported
here. However, in the present protocol, central cholinergic and angiotensinergic activation was induced by physiological conditions (hyperosmolarity and hypovolemia),
while in the previous experimental protocol
direct pharmacological stimulation of those
circuitries was employed, a substantial difference that may account for the discrepancies observed between the two studies. Indeed, in the present model, hypovolemia and
hyperosmolarity sent inputs to the brain,
modifying the pattern of activities of other
systems related to fluid homeostasis like
vasopressin and atrial natriuretic peptide.
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Thus, the results obtained here and in our
previous study (6) should be interpreted taking into consideration the existence of important differences in the experimental models employed.
In many species including rats, native 5HT4 receptors are those exhibiting the highest capacity of spontaneous conversion from
inactive to active forms, leading to agonistfree induction of intracellular cAMP production and the consequent activation of the
cellular machinery, as compared to any other
G protein-coupled receptors (16). The processes commanding such endogenous agonist-free self-activation of some receptors
are not presently understood. It is possible
that the normal physiological conditions promoted here to induce water intake, like
hyperosmolarity and hypovolemia, may
change the proportions between the active
and inactive forms of central 5-HT4 receptors, leading to a different pattern of response after a classical antagonist is used.
Several hypothalamic nuclei containing
5-HT4 receptor mRNA were recently demonstrated (17). Thus, the effects observed

here may represent possible actions of serotonin interneurons surrounding the third ventricle linked to important microregulatory
effects leading to a precise control of neurovegetative and behavioral parameters. Selective 5-HT4 receptor agonists may provide
a novel approach to the treatment of cognitive deficits and selective 5-HT4 antagonists
may be useful as anxiolytics or in the treatment of dopamine-related disorders (18).
Also, 5-HT4 receptor antagonists are being
considered useful in the treatment of urinary
incontinence (19). Thus, studies concerning
central 5-HT4 functions are opportune and
relevant. The data presented here suggest
that central 5-HT4 receptors may exert a
positive drive on water intake due to hyperosmolarity and a negative input on drinking
evoked by hypovolemia.
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