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ABSTRACT

Thirst, which provides the motivation to drink, is an important component of the coordinated sequence of physiological
responses that maintain the volume and composition of body fluids. Special structures in the central nervous system like
periventricular organs detect changes in these parameters continuously. The present study investigated the interaction
between dopaminergic and angiotensinergic systems on water intake in adult male rats. Intracerebroventricular (ICV)
injections were carried out in all experiments after 24 h deprivation of water intake. After the deprivation interval, the
volume of consumed water was measured for 1 h. Administration the angiotensinergic (AT,) receptor antagonist Losar-
tan (45 pg/rat), and the dopaminergic antagonist Chlorpromazine (40 pg/rat) significantly decreased water intake when
compared to saline-treated controls. In contrast, ICV microinjection of the dopaminergic agonist Bromocriptine (10
ug/rat) significantly increased water intake when compared to saline-treated controls. ICV injection of Bromocriptine
15 min after Losartan administration was able to attenuate the inhibitory effect of Losartan on water intake, whereas
administration of Chlorpromazine 15 min after Losartan was unable to change the Losartan effect. These results suggest
that the dopaminergic system interactions with the angiotensinergic system to regulate water intake through circumven-
tricular organs. Dopaminergic and angiotensinergic neurons can monitor and regulate water intake via the stimulatory
and inhibitory effects on each other, respectively.
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1. Introduction fornical organ (SFO) [3], median preoptic nucleus (MnPO)
[4], lateral hypothalamic area and the hypothalamic para-
ventricular nucleus [3,6]. The MnPO receives afferent
neural input from neurons in both the SFO and the OVLT
and may integrate neural signals coming from osmorecep-
tive neurons in these circumventricular organs with vis-
ceral sensory inflow from the hindbrain [3]. Afferent input
form the cardiopulmonary and arterial baroreceptors is
carried to the brain by the IXth and Xth cranial nerves,
with most of these nerves terminating in the nucleus of
the solitary tract (NST) [7]. The nucleus tractus solitarius
and the area postrema signal to lateral parabranchial nu-
cleus that in turn signal to median preoptic nucleus. In
addition, the area postrema and nucleus tractus solitarius
also signal directly to subfornical organ [3]. Based on in-
formation obtained by these sensors, the central nervous

Thirst and salt appetite are important behaviors that help
mammals to regulate plasma osmolarity, blood volume
and blood pressure [1,2]. Thirst, which provides the mo-
tivation to drink, is an important component of the coor-
dinated sequence of physiological responses that main-
tain the volume and composition of body fluids [3]. The
homeostatic regulation of fluid intake by the brain is multi-
factorial: Osmotic, ionic, hormonal, and nervous signals
converge on, and are integrated within, the central nerv-
ous system [3]. Specialized structures located both in the
central nervous system and in strategic peripheral sites
detect changes in these parameters continuously and ac-
curately [2]. There is evidence that some osmoreceptors and
osmoreceptive neurons are situated in the preoptic/hy-
pothalamic region of the brain, rostral tissue in the ante- oo ; ) ) 5
rior wall of the third ventricle (AV3V) [4], fourth and lateral .syst.er.n. initiates responses 1qclud1ng the stimulation or the
ventricles [5], dorsal part of the organum vasculosum of inhibition of water and salt intake [1,2].

the lamina terminalis (OVLT), the periphery of the su- Previous studies have shown that a rapid and large in-
take volume of water and an increase in blood pressure

*Corresponding author. occur immediately after the injection of angiotensin II into
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the cerebral ventricles or the preoptic region. This is a clear
indication that central angiotensinergic system could cause
thirst. Furthermore, centrally administered Ang II recep-
tor antagonists are known to eliminate the drinking re-
sponse [8].

Moreover, MnPO neurons are stimulated by angio-
tensinergic projection originating from the SFO and pro-
ject towards vasopressinergic and oxytocinergic neurons
of the PVN. When Ang II injected directly into these areas,
an increase in water intake followed by an increase of
sodium consumption subsequently occurs [9].

Also some studies indicate that dopaminergic neurons
are highly concentrated in sev eral locations including
substantia nigra (SN) [10], ventral tegmental area (VTA)
[10], median eminence, hypothalamic [10,11], accum-
bens, caudate nuclei [12,13] and amygdala [12]. The data
demonstrate that dopamine is required within the CNS
for numerous roles including the control of water intake
[11,13], food intake [11,12], locomotor activity [12], cogni-
tive processes, learning task [12], and anxiety [12] adap-
tive situation. Other studies indicate that activation of
dopaminergic neurons within the central thirst-related sys-
tem is crucial for initiating physiological events underly-
ing drinking behavior [14]. Dipsogenic signals generated
by All at the POA are transferred to the SFO through the
catecholaminergic nerve fibers [15]. Extensive studies [12]
demonstrate that the most effective site for producing adip-
sia is an intermediate zone between the substantia nigra
and VTA. Additionally, the nigrostriatal, caudate and ac-
cumbens nuclei [13] and the lateral hypothalamus [11]
are involved in regulation of water intake.

Previous research has shown that intracranial injections
of DA antagonist significantly reduce water intake and
block angiotensin-induced drinking [16]. D; receptor an-
tagonists (SCH 23390) substantially reduce water intake
and have greater role in control of water intake. Antidopa-
minergic agents (haloperidol) with pronounced antidopa-
minergic actions on D, receptors reduce the water intake
of rats [13]. DA agonist administration in the lateral hy-
pothalamus reduce water intake and DA antagonist pro-
mote drinking [17].

In the present study, we investigate the interaction be-
tween the dopaminergic and angiotensinergic systems on
water intake in adult male rats specifically regarding the
role of the central angiotensinergic and dopaminergic
systems on water deprivation induced thirst.

2. Materials and M ethods
2.1. Animals

Adult male Wistar rats (200 - 250 g) were obtained from
the breeding colony of Tarbiat Moallem University of Te-
hran. Rats were housed three per cage, but one day before
test day one per cage, in a temperature (23°C + 1°C) con-
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trolled room that was maintained on a 12 hour on: 12
hour off light cycle (light on at 07:00 am). Rats had un-
restricted access to food and water in their home cage.
The type of food was pellet and it was purchased from
Khorak Dam Pars Co. in Iran.

These animal experiments were carried out in accor-
dance with recommendations from the declaration of Hel-
sinki and the internationally accepted principles for the
use of experimental animals.

2.2. Surgical Procedures

The rats were anesthetized with ketamine-xylazine (100
mg/kg ketamine 5 mg/kg xylazine). The skull was lev-
eled between bregma and lambda. A stainless steel 21-
gauge guide cannula (0.8 mm) was implanted above the
lateral cerebral ventricle using coordinates from the atlas
of Paxinos and Watson at least 5 - 7 days before testing.
The coordinates used were 0.8 mm posterior to the bregma,
1.3 mm lateral to the midline and 3.4 mm below the top
of the skull. The cannula was fixed to the skull using one
screw and dental acrylic.

2.3. Microinjection Procedure

Intracerebroventricular (ICV) injections were made via
guide cannulae with injection needles (27-gauge) that were
connected by polyethylene tubing to a 10 pl Hamilton
microsyringe. The injections (0.5 pl total volume) were
delivered over two minutes with a syringe pump, and the
injection needles (extending 1.5 mm from the end of the
guide cannulae) were left in place an additional minute
before they were slowly withdrawn.

2.4. Drugs

The drugs included Bromocriptine methanesulfonate (Ha-
kim Pharmaceutical company, Iran), a dopaminergic D,
receptor agonist, Chlorpromazine hydrochloride (Sigma),
a dopaminergic D, receptor antagonist, and Losartan potas-
sium (Sigma), an angiotensinergic AT, receptor antago-
nist. All the drugs were dissolved in saline. The drugs
were used (ICV) in a volume of 0.5 ul/rat.

2.5. Experimental Procedures

The experiments were performed in conscious freely mov-
ing rats 5 - 7 days post surgery. Forty-eight adult male rats
were divided into 18 groups of 6 rats per group. Group 1
received sham operations. Groups 2, 3, and 4 received
Bromocriptine (5, 10, or 20 pg/rat). Groups 6, 7, and 8
received Chlorpromazine (20, 40, or 80 pg/rat). Groups 9,
10, and 11 received Losartan (22.5, 45, or 90 ng/rat).
Group 13 received sham operations and two ICV injec-
tions of saline 15 min apart. Group 14 received Losartan
(45 pg/rat) 15 min after ICV injection of saline. Group
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15 received Bromocriptine (10 pg/rat) 15 min after ICV
injection of saline. Group 16 received Bromocriptine (10

pg/rat) 15 min after ICV injection of Losartan (45 pg/rat).

Group 17 received Chlorpromazine (40 pg/rat) 15 min
after ICV injection of saline. Group 18 received Chlor-
promazine (40 pg/rat) 15 min after ICV injection of
Losartan (45 pg/rat).

All rats were deprived of water for 24 h prior to each
test day. Food was available during deprivation period
but not during the test period. The food pellets may have
had an interaction with thirst; however this condition was
similar for all animals and consequently had no effect on
our results. After 24 h water deprivation, saline or drugs
were injected (ICV) over a period of 90 s, and water in
graduated glass cylinders was returned to each cage. Groups
received two injections: a control saline injection followed
15 min later by injection of a drug, or one drug followed
15 min later by another drug to determine the effect of
the first drug on the response to the second. In the control
groups with two injections, saline was injected 15 min
before a second administration of saline. Immediately
after the last injection, water intake was recorded for 1 h
by reading from the graduated glass cylinder mounted on
the wall of the cages. All experiments were conducted
between 9 am and 11 am and each rat was tested only
once.

The proposal was established and approved by the Re-
search and Animal Ethical Committees of Tarbiat Moal-
lem University, Tehran, Iran.

2.6. Data Analysis

Data are reported as one way ANOVA followed by Tukey
or Dunnett to test statistical significance. Differences were
considered significant at p < 0.05.

2.7. Histology

Following behavioral testing, animals were sacrificed by
decapitation and the brains were removed and fixed in
formalin. For histological examination of cannulae and
injection placement in the lateral ventricle, 100 pm thick
sections were taken and cannulae and injection tracks were
examined with light microscopy. Only data obtained from
animals whose cannulae and injections were exactly placed
in the lateral ventricle were included for analysis.

3. Results

Experiment 1: The effect of ICV injection of D, re-
ceptor agonist and antagonist at different doses on
water intakein fluid-deprived rats.

Figure 1 shows the effect of ICV injection of Bro-
mocriptine and Chlorpromazine at different doses on water
intake in fluid-deprived rats. One way ANOVA analysis
indicated that there was a significant increase in water intake
at a dose of 10 pg/rat Bromocriptine (p < 0.01) in compari-
son to saline-treated controls. F (3, 20) = 6.427, (n = 6). And
there was a significant decrease in water intake at a dose of
40 pg/rat Chlorpromazine (p < 0.05) in comparison to
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Figure 1. The effect of ICV microinjection of Bromocriptine and Chlorpromazine on water intake is shown. Rats were in-
jected with saline or different doses of Bromocriptine (5, 10, 20 pg/rat) or Chlorpromazine (20, 40, 80 ug/rat) and water in-
take was measured for 1 h. Columnsrepresent the means+ S.E.M. (n = 6). **p < 0.01 Bromocriptine 10 pug/rat vssaline. *p <

0.05 Chlorpromazine 40 pg/rat vs saline.
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saline-treated controls. F (3, 20) = 5.100, (n = 6).

Experiment 2: The effect of ICV injection of AT,
receptor antagonist at different doses on water intake
in fluid-deprived rats.

Figure 2 depicts the effect of ICV injection of Losar-
tan at different doses on water intake in fluid-deprived
rats. One way ANOVA analysis indicated that there was
a significant decrease in water intake at a dose of 45
pg/rat (p < 0.05) in comparison to saline-treated controls.
F (3,20)=4.271, (n=6).

Experiment 3: The effect of ICV interaction between
AT, receptor antagonist and D, receptor on water
intakein fluid-deprived rats.

Figure 3 illustrates the effect of ICV interaction be-
tween Losartan, Bromocriptine and Chlorpromazine on
water intake in fluid-deprived rats. One-way ANOVA
analysis for ICV injection of Losartan and Bromocriptine
alone or together indicated that there was a significant
decrease at a dose of 45 pg/rat Losartan (p < 0.05) and a
significant increase at a dose of 10 pg/rat Bromocriptine
(p < 0.05) on water intake in comparison to salinetreated
controls. ICV microinjection of Bromocriptine 15 min after
Losartan administration (p < 0.001) could attenuate the
inhibitory effect of Losartan on water intake significantly.
F (3,20)=17.921, (n = 6).

One-way ANOVA analysis for ICV injection of Losartan
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and Chlorpromazine alone or together indicated that there
was a significant decrease at a dose of 45 pg/rat Losartan
(p <0.05), at a dose of 40 pg/rat Chlorpromazine (p < 0.05)
and los/chloro (p < 0.05) on water intake in comparison to
saline-treated controls. F (3, 20) = 4.197, (n = 6). But ICV
microinjection of Chlorpromazine 15 min after Losartan
administration could not change the Losartan effect.

I * I

los 22.5

20 -
18
16 4

8 A
6 -
4
2_
0 -
Sal

Figure 2. The effect of ICV microinjection of Losartan on
water intake is shown. Rats were injected with saline or
different doses of Losartan (22.5, 45, 90 pg/rat) and water
intake were measured for 1h. Columns represent the
means + SE.M. (n = 6). *p < 0.05 Losartan 45 pg/rat vs
saline.
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Figure 3. The effect of ICV interaction between L osartan, Bromocriptine and Chlor promazine on water intake is shown. Rats
were injected with Losartan (45 pg/rat), Bromocriptine (10 pg/rat) and Chlorpromazine (40 pg/rat) alone, Bromocriptine or
Chlorpromazine was administered 15 min after injection of Losartan. Water intake was measured for 1h. Columns represent
the means + SE.M. (n = 6). *p < 0.05 sal/losartan 45 pg/rat, sal/bromocriptine 10 pg/rat, sal/chlorpromazine 40 ug/rat,

los/chloro vs saline. +p < 0.001 los/bromo vs L osartan.
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4. Discussion

Our results indicatethat ICV microinjection of Losartan
(45 pg/rat) and Chlorpromazine (40 pg/rat) significantly
decreased water intake while, ICV microinjection of Bro-
mocriptine (10 pg/rat) significantly increased it in com-
parison to saline-treated controls. ICV injection of Bro-
mocriptine 15 min after Losartan administration was able
to attenuate the inhibitory effect of Losartan on water intake
while ICV injection of Chlorpromazine 15 min after Losar-
tan was unable to reverse the Losartan effect.

Losartan as an AT, receptor antagonist decreased wa-
ter intake in comparison to saline-treated controls.

AT, receptors are concentrated in areas involved in
central control of fluid homeostasis such as circumven-
tricular organs and in brain areas related to blood pres-
sure control such as paraventricular nucleus and nucleus
of solitary tract [18]. Both hyperosmotic and hypovolemic
signals could stimulate AT, receptors [19,20]. The im-
munocytochemical localization of angiotensinogen in the
brain has indicate it is present in neurons of forbrain, thala-
mus, hypothalamus, brain stem, magnocellular neurons of
the paraventricular nucleus, supraoptic nucleus, nucleus of
the solitary tract, and circumventricular organs [21]. Re-
cent data from Justin et al. support the hypothesis that
angiotensins may act as neurotransmitters and neuro-
modulators in the brain [22]. Angiotensinergic neurons in
the circumventricular organs are connected with other re-
gions in the brain linked to central blood pressure control
and the regulation of body fluid homeostasis. Hyperos-
motic condition stimulates the vasopressin (AVP) and oxy-
tocin (OT) perikarya in PVN and SON nuclei [23]. Neu-
rons localized in the SFO and OVLT project directly or
indirectly, via an interposed synapse in the median pre-
optic nucleus, to the magnocellular part of the paraven-
tricular nucleus and to the supraoptic nucleus, where vaso-
pressin-synthesizing neurons are located. The excitability
of the AVP neurons results in synthesis and release of
vasopressin [24]. It is generally accepted that the central
angiotensin II-induced cardiovascular and endocrine re-
sponses such as induction of drinking and dipsogenic
effects, pressor response and release of AVP are medi-
ated by AT, receptors [25,18]. Furthermore, central in-
jection of AT, receptor antagonist, Losartan, blocks AT,
receptors and influences on central angiotensin mecha-
nisms [24,26]. Infusion of Ang II into a lateral cerebral
ventricle produce an increase in blood pressure [27,20,28],
increase in mean arterial pressure [29,30], decrease in
urine flow [27], regulate hydromineral balance [22], in-
duce the pressor response [31], stimulate AVP and OT
release [20,28] and elevate RSNA (renal sympathetic
nerve activity) [32]. Losartan blocks water intake in in-
tracellular and extracellular dehydrated conditions, inhib-
its the release of AVP and OT, reduces RSNA response
and antidiuretic action [5,32]. Therefore our results, along
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with those of other researchers, suggest that Losartan has
an inhibitory effect on water intake.

Bromocriptine, a D, receptor agonist, increased water
intake whereas Chlorpromazine, a D, receptor antagonist,
decreased water intake in comparison to saline-treated
controls.

The data demonstrated that the integrity of dopaminergic
receptors is required for central control of water intake
[11]. Osmotic signals could stimulate D, receptors [33].
The stimulatory effect could be produced by dopamine act-
ing on preventricular receptors [34]. Puigde ef al. dem-
onstrated that dopaminergic pathways control the AVP
release [11]. Dopamine enhanced the firing of (oxyto-
cin-secreting and vasopressin-secreting) neurons in supra-
optic nucleus of rat. This action was antagonized by D,
receptor antagonists [35]. Microinjection of Dopamine in
to lateral ventricles or third ventricle produced an increase
in AVP concentration [34]. It is well established that
dopamine and its agonists play an important role in car-
diovascular, renal, hormonal and central nervous system
regulation through stimulation of dopaminergic receptors.
Bromocriptine a D, receptor agonist produces a pressor
response, stimulates the AVP release, and increases sympa-
thetic tone, activity of the Renin-Aldosterone System and
blood pressure [36,37]. D, receptor antagonist like Chlor-
promazine markedly inhibits the pressor response causes
the hypotension and lowering of blood pressure, blunts
the increase in urinary volume and sodium excretion [38,
39]. Bromocriptine was highly potent agonists at dopa-
mine D, and D; receptors. It was ten times more potent at
the dopamine D, than at the dopamine D; receptor [7].
Chlorpromazine is a very effective antagonist of D, do-
pamine receptors, but it has also effect on a variety of
receptors in the central nervous system such as Dj, D,
D;, D4 receptors, serotonin receptors (5-HT; and 5-HT,,
leading to fall in blood pressure), histamine receptors (H1
receptors, fall in blood pressure) a;-and ap-adrenergic re-
ceptors (antisympathomimetic properties, lowering of blood
pressure, reflex tachycardia), M; and M, muscarinic ace-
tylcholine receptors (causing anticholinergic symptoms
such as dry mouth, inability to urinate, sinus tachycardia.
Because it acts on so many receptors, chlorpromazine is
often referred to as a dirty drug [40]. Therefore it should
be noted that Bromocriptine and Chlorpromazine are known
to be involved in more than one receptor and Chlorpro-
mazine interact with several systems, we cannot totally
rule out effect of the highest doses just via D, receptor.

A similar conclusion can be drawn from our data. Bro-
mocriptine increased water intake while, Chlorpromazine
decreased it.

ICV pretreatment with Losartan 15 min before injec-
tion of Bromocriptine could significantly attenuate the
inhibitory effect of Losartan on water intake and ICV
pretreatment with Losartan 15 min before injection of
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Chlorpromazine significantly decreased water intake in
comparison to saline-treated controls but Chlorpromazine
could not change the Losartan effect.

There is some evidence to support the concept of rela-
tionship between brain angiotensin II and catecholamine
systems. This interaction may participate in some central
actions of Ang II such as dipsogenic behavior. It also
extends to the nigrostriatal dopaminergic system, which
bears AT, receptors, both on their cell bodies in the sub-
stantia nigra presynaptically, and on their terminals in the
striatum, where Ang II can markedly potentiate DA re-
lease [41]. Dopamine concentration in the ventral teg-
mental area (VTA) is markedly reduced in rats with low
central Ang II [42]. These observations suggest that
drugs which modulate central Ang II may be useful in
regulating central dopaminergic activity [41]. Furthermore,
data showed that angiotensin II induced vasopressin re-
lease and the AVP response to angiotensin II in the pre-
sence of dopaminergic antagonists was significantly de-
creased. This finding suggests that a dopaminergic mecha-
nism may be involved in angiotensin II-induced AVP re-
lease [43]. Fitzsimones et al. demonstrated that catechola-
minergic antagonists reduced the stimulatory effect of the
intracranial injection of angiotensin. Other studies have
shown that Ang II could stimulate dopaminergic mecha-
nisms in water intake [44].

In summary, we have shown that the brain dopaminer-
gic system is one of the factors controlling water intake
in rats. It interacts with angiotensinergic system in the
regulation of water intake. Future studies will be needed
to elucidate the mechanisms underlying the interaction
between dopaminergic and angiotensinergic systems.
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