Available online at www.sciencedirect.com

ccrence @ oimeor- BRAIN
¢ N RESEARCH

‘EQVIE Brain Research 981 (2003) 151-159

www.elsevier.com/locate/brainres

Research report

Central 5-HT,;,,. and 5-HT receptor stimulation decreases salt
intake in sodium-depleted rats

Leticia Castrd , Rodrigo AthanaZlo , Marcelo Barbétta , Ana Claudia Rdmos ,
Ana Luiza Angel8 , Igor Campds , Bruno Varjao , Hilda Ferréira ,
Josmara FregoneZe , Emilio de Castro e Sifva

*Department of Physiology, Health Sciences Institute, Federal University of Bahia, 40110100 Salvador—Bahia, Brazl
®Life Sciences Department, Bahia State University, 41195001 Salvador—Bahia, Brazl

Accepted 14 May 2003

Abstract

In the present study, we investigated the participation of central 3;HT and 5-HT receptors in the salt intake induced by sodium
depletion in Wistar male rats. Sodium depletion was produced by the administration of furosemide associated with a low salt diet. Third
ventricle injections of MCPP, a 5-HI,,. agonist, at doses of 80, 160 and 240 nmol, promoted a dose-dependent reduction in salt intake
in sodium-depleted rats. The inhibitory effect produced by central administration of mCPP was abolished by the central pretreatment with
SDZ SER 082, a 5-HJ;,,. antagonist. Similar results were obtained with third ventricle injections of m-CPBG (80, 160 and 240 nmol),

a selective 5-HT agonist that also induced a dose-related decrease in salt intake in sodium-depleted rats. The central pretreatment with
LY-278,584, a selective 5-HI receptor antagonist, was able to impair the salt intake inhibition elicited by third ventricle injections of
m-CPBG. Central administration of each one of the antagonists alone or a combination of both antagonists together did not significantly
change salt intake after sodium depletion. On the other hand, the central administration of both mCPP and m-CPBG, in the highest dose
used to test their effect on salt intake (240 nmol), was unable to modify blood pressure in sodium-depleted rats. It is concluded that: (1)
pharmacological activation of central 5-HJ,,. and 5-HT receptors diminishes salt intake during sodium depletion, (2) an inhibitory
endogenous drive exerted by central 55 L.  and 5HT receptors does not seem to exist and (3) the reduction in salt intake generated
by the pharmacological activation of these central receptors is not produced by an acute hypertensive response.

0 2003 Elsevier B.V. All rights reserved.
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1. Introduction both osmolarity and blood pressure, results from very fine
regulatory actions adjusting the intake/excretion balance

Osmolarity and blood pressure control in mammals is of water and sodium. The sodium intake/excretion balance

achieved by the action of multiple regulatory loops induc- is mainly dependent on two complementary parameters—

ing endocrine, nervous and behavioral effects designed to sodium appetite and renal sodium excretion—that are

maintain those parameters within their narrow physiologi- strongly controlled by the central nervous R@tem

cal ranged4]. Brain serotonin circuitries are clearly involved in the
Sodium homeostasis, a necessary step in the control of control of sodium appetite, the crucial motivation inducing

sodium intake. Indeed, serotonin pathways in lateral
*Corresponding author. Tel.#+55-71-235-7518; fax:+55-71-337- parabrgchlal nucleus seem to exgrt a tonic |nh|b|t!on in salt
0591. intake induced by sodium depleti¢24] or by the stimula-
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Peripheral administration of both fenfluramine, a serotonin
uptake inhibitor and releaser, and MK-212, a 5;dT
receptor agonist, inhibits salt intak25]. Also, peripheral
and central administration of ketanserin, a 5;HT receptor
antagonist, decreases salt intake
alocorticoid stimulatior[17].

The same brain areas that stimulate salt intake generally
increase water intake, while central structures decreasing

sodium appetite normally inhibit thirst generated both by
physiological and pharmacological stimuli. In previous

papers, we have clearly demonstrated that the pharmaco-

logical stimulation of several brain serotonin receptors
significantly decreases water intaj@&-8,14].

As a next step in our investigation, in this study we
explore whether the pharmacological stimulation of 5;HT
and 5-HT,;,,c receptors is able to modify salt intake in
sodium-depleted rats.

2. Method
2.1. Animals

Wistar male rats weighing 2420 g, housed in in-
dividual cages and kept under controlled light (lights on
from 7:00 a.m. to 7:00 p.m.) and temperature (22°@}

conditions, were used in this study.

2.2. Surgical procedures

Five days before the experimental sessions, the third
ventricle was cannulated under pentobarbital anesthesia

(50 mg/kg i.p.). This was carried out by implanting a

induced by miner-
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4,5,7a,8,9,10,11,11a-octahydro-7H-10-methylindolo[1,7-
bc][2,6]-naphthyridine], a 5-HTg,,c receptor antagonist
[32], were purchased from Tocris Cookson (Ballwin, MO,
USA). LY-278,584 (1-mitf84methyl-8-
azabicyclo(3.2.1)-oct-3-yl]-1H-indazole-3-carboxamide), a
selective 5-HT, receptor antagonift,16] was acquired
from Sigma (St Louis, MO), USA. Furosemide, a loop
diuretic, was purchased from Aventis Pharma Ltd., Sao
Paulo, Brazil. All drugs were dissolved in isotonic saline
solution. Third ventricle injections were achieved using a
Hamilton microsyringe connected to a 30-gauge injector
through polyethylene tubing. A total volumelok&s
slowly injected (60 s).

2.4. Sodium depletion

Animals in the sodium depletion protocol had simulta-
neous access to two bottles (distilled water and 1.5% saline
solution) and standard rat chow from the period immedi-
ately after third ventricle cannulation until the moment of
furosemide administration. Sodium depletion was achieved
by two subcutaneous administrations of furosemide (10
mg/kg). These two injections were given 24 and 2 h

before the experimental sessions. Immediately after the
first furosemide injection, the access to 1.5% saline was
halted. The animals continued to have free access to
distilled water, and normal rat chow was replaced by a low
sodium diet (0.001% Na and 0.33% 'K ). Animals
receiving two subcutaneous injections of isotonic saline
solution instead of furosemide in the same schedule, and
having access to standard chow were used as control

group.

22-gauge stainless steel cannula (15 mm in length) using a2.5. Plasma and urinary sodium measurement

stereotaxic apparatus (David Kopf Instruments, Tujunga,
CA, USA). The following coordinates were used:
anteroposterier0.5 mm behind bregma; laterad.0 mm;
vertical 8.5 mm below the skull. The animals were placed
in the stereotaxic apparatus with the head incline@.2
mm upward, avoiding lesions to the midline structures
related to body fluid and electrolyte control. The cannulas
were cemented to the skull bone with dental acrylic and an
obturator (28 gauge) was provided to avoid obstruction. To
confirm whether the tip of the cannula was in the proper

place, the animals were sacrificed by CO inhalation and a

third ventricle injection of Blue Evans dye was carried out.
Only data from animals in which the cannulas were strictly
inside the third ventricle were analyzed.

2.3. Drugs and microinjections

The following drugs were used: m-chloro-
phenylbiguanide hydrochloride (1-(3-chloro-
phenyl)biguanide; m-CPBG), a selective 5-HT agonist
[27,30], mCPP (1-(3-Chlorophenyl)piperazine), a b5-
HT,5,,c agonist [21], and SDZ SER 082 [{)-cis-

The determination of both urinary and plasma sodium
was achieved by flame photometry, using a digital flame
photometer (Micronal, model B262, Sao Paulo, Brazil).

2.6. Blood pressure recording

To record blood pressure, a carotid catheter was con-
nected to a pressure transducer (Hewlett-Packard, model
21080A) whose signal was amplified and digitally recorded
by an analog-to-digital interface (AqDados, version 5,
Lynx Tecnologia Eletronica Lfda, Sao Paulo, Brazil) and
recorded (1 kHz) on a microcomputer (IBM/PC-AT 586)

for later analysis.

2.7. Experimental design

After surgery, the animals in all study groups had free
access to two different bottles: one containing distilled
water and the other containing 1.5% saline solution. The
animals were manipulated every day in order to minimize
the stress of the experimental maneuvers.
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To test the participation of central 5-HJ,, and 5-KIT this case was identical to that used to study salt intake in
receptors in salt intake, distinct groups of sodium-depleted the previous groups.
animals received third ventricle injections of different All experimental protocols were conducted according to
doses (80, 160 and 240 nmol) of 5-kT,.  or 5-HT the regulations suggested by the National Institutes of
agonists (MCPP and m-CPBG, respectively). Control Health (USA).

sodium-depleted animals received third ventricle injections
of isotonic saline solution. Thirty minutes after the third 2.8. Satistical analysis
ventricle injections, the bottles containing 1.5% saline

solution were reintroduced into the cages and both water A computer software package (SigmaStat for Windows,
and salt intakes were recorded for the next 120 min. To Jandel Scientific, San Rafael, CA, USA) was used to carry
test the specificity of the pharmacological agents em- out one-way analysis of variance at each time period. The
ployed, different groups of animals receiving the highest post-hoc Student—Newman—Keuls test was used for com-
dose of mCPP or m-CPBG were pretreated with selective parison of each treatment to its corresponding time in the
antagonists 10 min before receiving those agonists. SDZ control groups. The Stuekestsvas used to analyze

SER 082 (240 nmol) and LY-278,584 (120 nmol) were the data concerning the aversion test and the effects of
used as 5-HJ;,,c and 5-HJ antagonists, respectively. To furosemide on urine flow, renal sodium excretion and
analyze the effect of these two antagonists when each one natremia. The data are presented+&Envkaithe

of them was administered alone, distinct groups of animals groups were considered significantly differer®<when

received third ventricle injections of SDZ SER 082 (240 0.05.

nmol) and LY-278,584 (120 nmol) 40 min before the

access to 1.5% saline solution was re-established, and had

their water and salt intakes recorded for 120 min. To 3. Results

ascertain whether the simultaneous blockade of both 5-HT

and 5-HT,;,,c central receptors modifies salt intake in  Fig. 1 (panel A) displays the effects of third ventricle

sodium-depleted rats in a way that would differ from that injections of MCPP, a ;51 agonist, on salt intake in
observed when each antagonist was employed alone, we sodium-depleted animals. As expected, control sodium-
administered the two antagonists together to a distinct depleted animals receiving third ventricle injections of
group of furosemide-treated animals and recorded their salt vehicle+(depicle) presented a significant increase in
intake as for the other groups. salt intake, compared to the control group of animals

To test the effect of furosemide administration on receiving third ventricle injections of vehicle but not
urinary sodium excretion and plasma sodium concentra- submitted to sodium depletion (hoetegk). At the
tion, a distinct group of animals were submitted to the lowest dose employed (80 nmol), mCPP did not affect the
same sodium depletion protocol previously mentioned. high salt intake exhibited by control sodium-depleted rats
They were placed in stainless steel metabolic cages and +debpicle). At the intermediate dose (160 nmol) and
had urine output collected for 24 h for determination of at the highest dose employed (240 nmol), mCPP exerted a
renal sodium excretion. Immediately after this period, significant inhibition of salt intake that is observed
aortic blood samples were collected under surgery for throughout the experiment, compared to the same control
determination of plasma sodium concentration, after cen- group.
trifugation. Fig. 1 (panel B) shows the effect of third ventricle

To investigate if third ventricle injections of mCPP injections of mCPP, a SgiE agonist, on water intake
could produce illness-like effects that could interfere in a in sodium-depleted animals. There were no statistically
nonspecific way with salt intake, we submitted a distinct significant differences among groups.
group of animals to an aversion test in which a temporal Fig. 2 (panel A) shows the effect of pretreatment with
association between the novel taste of a 0.25% saccharin SDZ SER 082, g, pHT antagonist, on salt intake in
solution and the sensation of discomfort induced by sodium-depleted rats treated with mCPP. Here, control
lithium chloride administration was established by the sodium-depleted animals pretreated with vehicle receiving
animals. A complete description of this test is given in 240 nmol of mCPP {deglicletmCPP) present a
detail elsewherg6]. significant reduction in salt intake, compared to animals

To test the effects of the administration of 5-FIT.. pretreated and treated with vehicle +{adpcler
and 5-HT, agonists on blood pressure, distinct groups of vehicle). Sodium-depleted animals treated with the same
sodium-depleted animals, whose blood pressure had al- dose of mMCPP but pretreated with 240 nmol of SDZ SER
ready been monitored for 10 min, received third ventricle 082 (d§@Z+mCPP) showed a salt intake that is not
injections of mCPP or m-CPBG (240 nmol in each case). significantly different from that exhibited by control
In each of those groups, blood pressure continued to be sodium-depleted animals pretreated and treated with ve-
recorded for the next 150 min after the pharmacological hicle (ceghiclet+vehicle).

agents were injected. The experimental protocol used in Fig. 2 (panel B) shows the effect of pretreatment with
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Fig. 2. Cumulative salt (panel A) and water (panel B) intakes (ml/100 g
body weight) of sodium-depleted animals treated with third ventricle
injections of mCPP (240 nmol) or vehicle but pretreated with third
ventricle injections of SDZ SER 082 (240 nmol) or vehicle. The
following groups are presented: vehigleehicle (A\; n=9); vehiclet
mCPP ¢; n=10); SDZ SER 082mCPP #; n=9). Data are presented

Time (min)

Fig. 1. Cumulative salt (panel A) and water (panel B) intakes (ml/100 g
body weight) of sodium-depleted animals treated with third ventricle
injections of mCPP, a 5-HJ,,,. agonist, at various doses. The following
groups are presented: Vehicla(n=11); mCPP 80 nmol/ratX n=9); as meartS.E.M. Asterisks indicate a statistically significant difference
mCPP 160 nmol/rat &; n=9); mCPP 240 nmol/rate; n=11). An (P<0.05) when the distinct groups are compared to sodium-depleted
additional control group of animals not submitted to sodium depletion and anjmals receiving vehicle. Each curve in the graphs represents data
receiving third ventricle injections of vehicle is also showd; (n=8). obtained with a naive group of animals.

Data are presented as mez®.E.M. Asterisks indicate a statistically

significant differenceR<0.05) when the distinct groups are compared to

sodium-depleted animals rgceiying vehicle. Each_curve in the graphs the |owest dose employed (80 nmol), m-CPBG did not
represents data obtained with & naive group of animals. affect the high salt intake exhibited by control sodium-
depleted rats (depivehicle). Compared to this same
control group, m-CPBG at the intermediate dose (160
nmol) or at the highest dose employed (240 nmol) yielded
a significant inhibition of salt intake that is seen throughout
the experiment.
Fig. 3 (panel B) shows the effect of third ventricle
injections of m-CPBG, a selective 5-HT agonist, on water
intake in sodium-depleted animals. There were no statisti-
cally significant differences among the groups included
here.
Fig. 4 (panel A) depicts the effect of pretreatment with
LY-278,584, a selective 5-HT antagonist, on salt intake in

SDZ SER 082, a 5-HJ;,,c antagonist, on water intake in
sodium-depleted rats treated with mCPP. There were no
statistically significant differences among groups.

Fig. 3 (panel A) depicts the effects of third ventricle
injections of m-CPBG, a selective 5-JT agonist, on salt
intake in sodium-depleted animals. As expected, control
sodium-depleted animals receiving third ventricle injec-
tions of vehicle (deptvehicle) displayed a significant
increase in salt intake, compared to the control group of
animals receiving third ventricle injections of vehicle but
not submitted to sodium depletion (no-depkehicle). At
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! ' y T y ! y ! ! ! Fig. 4. Cumulative salt (panel A) and water (panel B) intakes (ml/100 g
0 15 30 45 60 75 90 105 120 135 body weight) of sodium-depleted animals treated with third ventricle
Time (min) injections of m-CPBG (240 nmol) or vehicle but pretreated with third
ventricle injections of LY-278,584 (120 nmol) or vehicle. The following
Fig. 3. Cumulative salt (panel A) and water (panel B) intakes (ml/100 g groups are presented: vehiefeehicle (A; n=9); vehiclerm-CPBG §;
_b(_)dtheight) of sodium-depleted animals trgated with third ventrilee n=10); LY-278,584-mCPP @; n=11). Data are presented as
injections of m-CPBG, a 5-HT agonist, at various doses. The following  mean+s E.M. Asterisks indicate a statistically significant differenee (
groups are presented: vehiclé\(n=11); m-CPBG 80 nmol/rat \(; 0.05) when the distinct groups are compared to sodium-depleted animals

n=11); m-CPBG 160 nmol/rat&; n=10); m-CPBG 240 nmol/rate( receiving vehicle. Each curve in the graphs represents data obtained with
n=13). An additional control group of animals not submitted to sodium 5 h4ve group of animals.

depletion and receiving third ventricle injections of vehicle is also shown

(O; n=8). Data are presented as meshE.M. Asterisks indicate a

statistically significant difference?&0.05) when the distinct groups are

compared to sodium-depleted animals receiving vehicle. Each curve in ~ Fig. 4 (panel B) shows the effect of pretreatment with
the graphs represents data obtained with ‘a naive group of animals. LY-278,584, a selective 5-H;T antagonist, on water intake

in sodium-depleted rats treated with m-CPBG. There were

sodium-depleted rats treated with m-CPBG. Here, control no statistically significant differences among the groups
sodium-depleted animals pretreated with vehicle receiving presented here.

240 nmol of m-CPBG (depgtvehiclet m-CPBG) display a Table 1shows the effect of third ventricle injections of
significant reduction in salt intake, compared to animals SDZ SER 082 (240 nmol), LY-278,584 (120 nmol) or a
pretreated and treated with vehicle (degkhiclet+ combined administration of both antagonists (each one in
vehicle). Sodium-depleted animals treated with the same the same dose mentioned above) on water and salt intake
dose of m-CPBG but pretreated with 120 nmol of LY- in sodium-depleted rats. There were no statistically signifi-

278,584 (deptLY +m-CPBG) showed a salt intake that cant differences among groups.

was not significantly different from that exhibited by Fig. 5 shows that the inhibition of salt intake in sodium-
sodium-depleted animals pretreated and treated with ve- depleted rats after third ventricle injections is not depen-
hicle (deph-vehiclet+vehicle). dent on any illness-like effect. Indeed, the group of rats
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Table 1
Cumulative salt and water intake (ml/100 g body weight) of sodium-depleted rats receiving third ventricle injections of LY-278,584 (120 nmdjRSDZ S
082 (240 nmol), a combined injection of both antagonists (each one at the same dose used when injected alone) or vehicle

Intake Treatmentn) Time (min)
15 30 60 90 120

Salt Saline (11) 3.720.38 4.510.47 5.56-0.49 5.56-0.49 5.56-0.49
SDZ Ser 082 (10) 4.220.47 5.04:0.54 5.19-0.55 5.56-0.59 5.56-0.59
LY 278,584 (10) 3.880.36 4.53:0.34 4.98-0.32 4.98-0.32 4.98:0.32
SDZ Ser 082-LY 278,584 (12) 3.2%0.22 4.38-0.27 5.69-0.48 6.13-0.40 6.13-0.40

Water Saline (11) 0.060.00 0.14:0.14 0.33:0.17 0.33:0.17 0.33:0.17
SDZ Ser 082 (10) 0.060.00 0.08-0.05 0.25-0.11 0.45-0.19 0.45-0.19
LY 278,584 (10) 0.06:0.00 0.08-0.08 0.16-0.08 0.16-0.08 0.16-0.08
SDZ Ser 082-LY 278,584 (12) 0.020.02 0.09:0.09 0.170.09 0.170.09 0.170.09

The number of animals used in each group is indicated in parentheses in the second column.

9.0+ Table 2shows urine output, renal sodium excretion and
2 natremia 24 h after the first furosemide injection. Com-
Z 7.5 pared to saline-treated controls, furosemide significantly
= ~ 1 increased urine flow and renal sodium excretion. Plasma
T 2 6.0+ sodium concentration is significantly lower in furosemide-
L a
S o treated rats, when compared to controls.
b § 4.5 Fig. 6 shows the effects of third ventricle injections of
O —
o=
= e _
T = 3.0 130
3
g *
1.5
o . 120-
[®)]
T
0.0 £
Sal + Sal mCPP + Sal LiCl + Sal £
o 110+
Fig. 5. Saccharin solution (0.25%) consumption (ml/100 g body weight) 'g
over 15 min at a second offering in animals receiving third ventricle §

injections of mCPP (240 nmol) or vehicle (controls). The sequence of o 1gg-
injections used during the first saccharin offering and the number of 3
animals used are indicated under each bar. The first injection was into the a%
third ventricle and the second via intraperitoneal route. The asterisk
indicates a statistically significant differenc®<(0.001) between that
particular group and controls (vehieteehicle).

80-

iati ithi i iNn- T T T T 1
that made an association between lithium chloride in 40 25 10 & 20 35 50 65 80 95 110 135

jections and saccharin intake showed a significantly lower
intake of saccharin the following day, compared to con-
trols. The association of mCPP injections at the highest Fig. 6. Mean blood pressure (MBP) in sodium-depleted rats after third
dose employed in this sty (240 nmo) with Saccharin YN nicions o vencel, n°6) nCer 240 e 1) o
!ntake (_jid not induc_e any signifif:ant decreasg in_ S"’ICCh"’lrin—40 and —30 min co,rrespo.nds to 2 pre-drug basal gevaluation. Third
intake in the following day. This seems to indicate that yentricle injections were made at time30 min. Data are presented as

third ventricle injections of MCPP do not induce illness- mean-S.E.M.

Time (min)

like effects.

Table 2

Urine flow, renal sodium excretion and plasma sodium concentration in animals receiving s.c. injections of furosemide or vehicle

Treatment f) Urine flow Renal sodium excretion Natremia
(pl/min per 100 g) (nEquiv./min per 100 g) (mEquiv./1)

Saline (12) 4.880.16 168.9410.22 139.06:1.25

Furosemide (12) 9.840.38* 619.17-19.90* 129.26-0.64*

The number of animals used in each experiment is indicated in parentheses in column 1.
*P<0.5.
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vehicle, mCPP or m-CPBG (240 nmol in each case) on
blood pressure in rats submitted to sodium depletion using
the same experimental protocol employed to study salt
intake. Here, the central administration of both mCPP and
m-CPBG was unable to modify blood pressure compared
to controls.

4, Discussion

The present data clearly show that pharmacological
stimulation of central 5-HJ;,,c and 5-HI receptors
significantly reduces salt intake in sodium-depleted rats.
This reduction in salt intake, elicited by third ventricle
injections of 5-HT,5,, and 5-HT agonists, does not seem
to occur as a consequence of an acute increase in blood
pressure.

Salt appetite and thirst are important behaviors which
help mammals to regulate plasma osmolarity, blood vol-
ume and blood pressure, basic conditions that allow
tissular perfusion. Specialized structures located both in
the central nervous system and in strategic peripheral sites
detect changes continuously and accurately in those param-
eters. Information obtained by these sensors feeds a
complex central circuitry involving many brain areas and
neurotransmitters, whose final corrective responses may be
the stimulation or the inhibition of water and salt intake
[20].

Structures surrounding the brain ventricles seem to be
very important in salt intake regulation. Indeed, sodium

depletion induces activation of areas such as the organum

vasculosum laminae terminalis and the subfornical organ
[31], and a significant reduction in sodium appetite in
sodium-depleted animals is observed when those circum-
ventricular structures are lesionefl0]. In addition,
changes in sodium concentration in the cerebrospinal fluid
are able to modify salt intake in rats after sodium depletion
[9].

Brain serotonin pathways seem to exert important
effects in the control of sodium appetite. The peripheral
administration of dexfenfluramine, a serotonin uptake
inhibitor and releaser, significantly reduces salt intake in
sodium-depleted raf®6]. Furthermore, salt intake elicited
by water deprivation is also inhibited by peripheral ad-
ministration of MK-212, a 5-HT. agonigil3,25]. Also,
mCPP, the same 5-HT,,. agonist that significantly
inhibited salt intake when injected into the third ventricle
in the present study, is able to reduce salt appetite when
injected by a peripheral rout§¢l2]. Some conflicting
results are also available in the literature showing that
ketanserin, a 5-HJ receptor antagonist, may inhibit salt
intake in two different experimental models: miner-
alocorticoid (DOCA) administration and sodium depletion
[17]. However, ketanserin exhibits an importasf-ad-
renoceptor antagonistic activitjl9], a fact that causes
some uncertainty regarding how to interpret those data.
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Insofar as we know, only a few studies have attempted
to determine the specific location of brain serotonin
circuitries and central serotonin receptor subtypes involved
with water and salt intake regulation. Brainstem neurons
placed in specific clusters within the midline raphe give

origin to the central serotonin pathways that spread into
many brain regions making serotonin a rather ubiquitous
neurotransmittef3]. Nevertheless, in rats, the blockade of
serotonergic transmission in the lateral parabrachial nu-
cleus significantly increases salt intake induced by the
injection of angiotensin Il into the subfornica[ldrgan
Salt intake elicited by the combined administration of
furosemide and captopril (a protocol that simultaneously
induces sodium depletion and hypotension in rats) is also
significantly increased by serotonin blockers injected into
the lateral parabrachial ja3}lelsese data seem to
indicate that a major serotonergic pathway linking the area
postrema/nucleus of solitary tract region to the lateral
parabrachial nucleus exerts an important inhibitory drive
on salt intake.

One focus of interest in this laboratory is the screening
of the central receptors participating in water and salt
intake regulation. The emerging picture shows a rather
constant inhibitory effect on water intake observed after

the stimulation of several brain serotonin receptors. Phar-
macological stimulation of centrgl 5-HT  receptors there-

fore inhibits water intake induced by a physiological drive
(water deprivation) and after pharmacological stimulation

of brain angiotensinergic and cholinergic p@thjvays
We have also demonsfBjtatat third ventricle in-
jections of g 55HT agonist significantly reduce water
intake elicited by distinct thirst-inducing physiological
stimuli (water deprivation, hypovolemia and hyperosmo-
larity). More recently, we have shown that third ventricle

injections of m-CPBG, a selective 5-HHT agonist, are also
able to inhibit water intake evoked by central angioten-
sinergic and cholinergic pharmacological activation and
after well-established dipsogenic physiological stinj6li

Generally, the same structures and neurotransmitters in-
volved with the regulation of sodium appetite strongly
influence water if28k#5]. The present data, showing a
significant inhibition of sodium appetite after central

stimulation of 5-HT,. and 5-HT receptors, clearly
indicate that brain serotonin uses the same receptor sub-
types to achieve two different but well-correlated be-
haviors (water intake and sodium appetite) that deeply
influence blood volume, blood pressure and plasma osmo-
larity.

Changes in blood pressure strongly influence sodium
appttk Sodium intake is more promptly developed
during hypovolemia if the animals are made simultaneous-

ly hypotend@]. Indeed, the role of blood pressure in

the regulation of sodium appetite is clearly demonstrated

by some studies showing that after the combined adminis-
tration of furosemide plus captopril, a treatment that
induces sodium depletion, salt intake is significantly
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reduced if blood pressure is not allowed to decrease using
sympathomimetic drugs such as phenylephijgg]. On

the other hand, acute increases in blood pressure may
inhibit sodium appetite. Sodium-depleted sheep display a
significant inhibition in salt intake when their blood
pressure is maintained elevat¢s]. Additionally, baro-
receptor denervation significantly decreases sodium appe-
tite in rats after sodium depletiofi29]. In summary,
hypotension seems to stimulate whereas hypertension
inhibits salt intake.

In the present paper, the pharmacological stimulation of
central 5-HT,;,,. and 5-HT receptors was unable to
modify blood pressure in rats submitted to the same
experimental sodium depletion protocol used to study salt
intake.

The drug mCPP is a 5-HJ,,. receptor agonist whereas
m-CPBG is considered to display specific agonistic prop-
erties toward 5-HT receptors. Pretreatment with selective
antagonists (SDZ SER 082 for 5-5J,, and LY-278,584
for 5-HT, receptors) significantly blocks the reduction in
salt intake generated by those agonists. Therefore, it is
rational to conclude that the salt intake inhibition observed
here in sodium-depleted rats is specifically due to the
central blockade of 5-HJ,,. and 5-HT receptors.
Additionally, when each one of those antagonists was
injected alone into the third ventricle, no change in sodium
appetite was observed. This strongly suggests the absence
of an endogenous inhibitory drive on salt intake exerted by
serotonin acting on 5-HE,,. and 5-HT receptors, at
least in sodium-depleted rats. No effect was seen when a
combination of both antagonists was injected into the third
ventricle. This reveals the absence of a salt intake-inducing
drive exerted by an endogenous simultaneous activation of
central 5-HT,,,. and 5-HT receptors. Some authors have
found that brain serotonin may exert a tonic endogenous
inhibition in salt intake[26]. However, they used meter-
goline as a pharmacological tool, a drug that may block
several serotoninergic receptor subtypes other than those
specifically studied in the present paper.

The pharmacological agent mCPP may display some

intake that follows central 5557

L. Castro et al. / Brain Research 981 (2003) 151-159

interrupt non-adaptative behaviors such as feeding or

drinking. Also, drugs affecting locomotor activity could

mimic a true disruption in ingestive behavior by canceling
or reducing the necessary motor events that allow the

animal to approach the site where the product to be
ingested is stored. We have recently demonstrated that

m-CPBG does not produce any illness-like effect, as

evidenced by a specific aversion test. The drug is also

unable to inhibit the hedonic ingestion of a dessert meal

and does not inhibit food intaj@. We have also shown

that mCPP does not disrupt hedonic ingestive behaviors
since it does not modify the ingestion of saccharin offered
as a dessert [Bjedn the present paper, we have
additionally shown using a classical aversion test that third

ventricle mCPP injections are not associated with any

aversive condition. Thus, it is logical to infer that the salt
intake inhibition observed here is not consequent to a
locomotor impairment or to a general sensation of dis-
comfort or distress.
The brain serotonergic system is the target of a great
number of legal and illegal drugs. The use of 5-HT
receptor antagonists as an antiemetic agent during radio
and chemotherapy is rather common. In addition, several
anxiolytic, antidepressant and antipsychotic drugs used in
internal medicine and psychiatry interact with central 5-
,HT recef#22,33]. Thus, the present data explore
new functional properties of a brain system that possesse
significant clinical and therapeutical importance.
In summary, the present data clearly indicate that the
pharmacological stimulation of centrgl, 5-HT and 5-
s HT receptors significantly reduces water intake in so-
dium-depleted rats. The experiments carried out here also
demonstrate that centrgl, 5-HT and 5-HT receptors
seem not to exert an endogenous inhibitory drive on salt
intake in rats. In addition, it seems that the reduction in salt
and 5-HT pharma-
cological stimulation does not depend on an acute hy-
pertensive response.
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Inhibitory effects on ingestive behaviors in experimental
protocols in animals may be consequent to actions on brain
sites induced by the specific measures employed in that
particular protocol. Alternatively, such inhibition may be
the result of aversive effects associated with those pro-
cedures, whose strength is insufficient to produce visible
signs of animal discomfort or distress but is able to
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