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: ABSTRACT

o : Background: The lateral hypothalamus (LH), which produces orexin, is vital for body solution
Article info: :  homeostasis. Lateral hypothalamus (LH) lesion causes adipsia and its stimulation increases
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Objective: This study aimed to investigate the effect of an intracerebroventricular (ICV) injection
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of orexin-A (OXA) on water-drinking behavior in water-deprived rats.

Metods: A total of 32 male Wistar rats (220-250 g) were used and divided into 4 groups, control
(no injection), vehicle (Normal saline, 5 uL), OXA (30 pg/rat), SB-334867 (OXA receptor
selective antagonist, 30 pg/rat). After the microinjection of drugs or vehicles in the right lateral
ventricle, each rat was placed individually into the metabolic cage and the amount of water
intake, the delay time for the first water intake, and the referral number for water intake were
recorded for 4 h.

Findings: This study showed that ICV administration of OXA increased both water intake and
the referral number for water intake in water-deprived animals (P<0.05). On the other hand, ICV

Keywords: administration of SB-334867 decreased water intake compared to vehicle and control groups.
Orexin-A, SB-334867, Conclusion: It can be concluded that OXA has a regulatory role in water drinking behavior in
Water intake, Rat : water-depriving states.
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1. Introduction

he amount of body fluids is physiological-

ly balanced, mainly by thirst and diuresis.

The brain receives neural and hormonal

messages that adjust the amount of drink-
ing water [1-3]. Few substances have been discovered
to affect water intake so far. For example, angiotensin
II rapidly stimulates water intake and nesfatin-1, a post-
translational product of the nucleobindin-2 gene, can
inhibit water intake [4-6]. Moreover, secretin, obestatin,
apelin, histamine, and glucagon-like peptide-1, mor-
phine, N-methyl-D-aspartate (NMDA) receptors, and
sex hormones can have regulatory effects on drink-
ing behavior [7-14]. Recent studies show that orexin is
also vital in the homeostasis of body fluids [13]. Orexin
(hypocretin) is a neuropeptide that was simultaneously
discovered by two independent research teams [15, 16].
Two different orexin neuropeptides, orexin-A (OXA)
and Orexin-B, have been identified up to now. Wide-
spread projections of orexinergic neurons in the central
nervous system (CNS) are concerned with the regula-
tion of various brain functions, such as feeding [16-19],
wakefulness [20, 21], analgesia after stress [18, 22-25],
reward and addiction [26-31]. Sakurai et al. described
two different orexin receptors coupled to G proteins,
known as OX1 and OX2 [16]. These receptors are dif-
ferently localized in the CNS, especially in the nuclei
involved in critical physiological processes [32-35]. The
lateral hypothalamus (LH) is involved in the regulation
of water and food intake [16, 36, 37]. Numerous studies
have shown that LH lesion causes adipsia, that electri-
cal stimulation of the LH increases water intake, such
as intraventricular administration of OXA or orexin-B,
and that fasting increases prepro-orexin mRNA levels
in the LH [37]. It also seems OXA is involved in food
and water intake through OX1 receptors [27]. Despite
all the studies conducted so far, the effect of intracere-
broventricular (ICV) injection of OXA on water-drink-
ing behavior in water-deprived rats is unclear. For this
purpose, in the current study, we evaluated the effects of
ICV injection of OXA and its antagonist on water intake
behavior in water-deprived male rats.

2. Materials and Methods
Animals

Adult Sprague-Dawley rats (220-250 g) were pur-
chased from the Razi institute (Karaj City, Iran). Ani-
mals were housed in a controlled temperature room un-
der a 12 hour light-dark cycle with lights on from 7,
to 7 . Food and water were provided except 12 hours

Journal of
Inflammatory Diseases

(Previous Title: The Journal of Qazvin University of Medical Sciences)

before the experiments. All processes involving animals
are conducted according to the policy of the Iranian con-
vention for the protection of vertebrate animals used for
experimental purposes, and the protocol was approved
by the Ethics Committee of the Qazvin University of
Medical Sciences, Qazvin City, Iran.

Drugs

The drugs used in the present study were OXA and SB-
334867 (OX1 receptor selective antagonist) and were
purchased from Tocris Bioscience (Bristol, UK). The
drugs were dissolved in dimethyl sulfoxide (DMSO) and
sterile 0.9% saline (up to 1% v/v).

Stereotaxic surgery and microinjection

Rats were initially anesthetized with ketamine and xy-
lazine (100/10 mg/kg). A 23-gauge, stainless steel guide
cannula was stereotaxically (Narishige, Japan) lowered
2 mm above the lateral right ventricle by applying coor-
dinates from the Paxinos and Watson atlas [38], incisor
bar -3.3 mm, 0.9 mm posterior to the bergma, -1.8 mm
lateral to the sagittal suture, and 3.8 mm below the top of
the skull. The cannula was anchored with dental cement
to stainless steel screws in the skull. After a week of re-
covery, each rat was transferred to the test room 12 hours
before the test and was deprived of water. ICV admin-
istration of drugs or respective vehicles was conducted
with a stainless steel cannula (30-gauge; 0.3 mm outer
diameter) connected to a 5 pL Hamilton syringe via a
polyethylene tube. A volume of 5 pl of drug solution or
vehicle was injected into the ventricle in 60 s (30 pg/rat)
and the injection cannula was gently removed 1 minute
later.

Experimental protocols

In the present study, four water-deprived groups of ani-
mals were considered as follows, control (cannulated/no
injection), vehicle (normal saline; 5 pL/rat), OXA (30
pg/rat), and SB-334867 (30 pg/rat). The doses for the
drugs were selected according to the previous studies
[39-41].

Behavioral studies

After microinjections, each rat was individually placed
in a metabolic cage, and the amount of water intake, the
delay time for water intake, and the referral number for
water bottles were recorded for 4 hours [16].
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Histology

Atthe end of the experiments, rats were deeply anesthe-
tized with an overdose of ketamine, and then pontamine
sky blue (0.2%, 0.5 pL) was injected into the right ven-
tricle 10-20 minutes before sacrificing the animals.
Then the rats were transcardially perfused with 100 mL
of 4% formalin solution, and the brains were removed
and sectioned. Only those rats whose microinjection and
diffusion of dye were located within the ventricle were
included in the results.

Statistical analysis

Values are expressed as the Mean+SEM for eight ani-
mals in each group. The data were analyzed using SPSS
software, version 19. Changes in all groups were sub-
jected to a one-way analysis of variance (ANOVA) fol-
lowed by Turkey’s tests. The results are considered sig-
nificant at P<0.05.

3. Results
Water intake

The findings showed that ICV injections of OXA
(3.61£0.87) increased and SB-334867 (1.58+0.41) de-
creased water intake significantly in water-deprived rats
compared to the control group (2.26+0.15), respectively
(P<0.05) (Figure 1).

water intake (ml)

Control Vehicle

Figure 1. Comparison of water intake for 4 hours after drugs administration
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Referral number of water intake

The findings showed that ICV injection of OXA signif-
icantly increased the referral number of water intake in
water-deprived rats during 4-hour intervals (23.5+3.61)
compared to the control group (15£2.46; P<0.05). How-
ever, ICV injection of SB-334867 (17+3.77) had no sig-
nificant effect on the referral number for water intake
induced by water deprivation (Figure 2).

Delay time for first water intake

The rats started to drink within a few seconds after
the administration of drugs or vehicles. ICV injection
of OXA (901.12+74.33) or SB-334867 (782.11+79.53)
compared to the control group (726.25+66.75) had no
significant effect on the delay time of water intake in
water-deprived rats (Figure 3).

4. Discussion

In this study, the role of orexin on water consumption
in the state of water deprivation was evaluated. Our find-
ings showed that central injection of orexin increased
water consumption in water-deprived rats, and this ef-
fect was attenuated by the injection of orexin-1 recep-
tor antagonist. Consistent with our results, recent studies
have shown that central OXA injection increases water
consumption in non-deprived rats [33]. It has also been
reported that in thirsty rats, the level of prepro-orexin
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ICV injection of OXA increased and SB-334867 decreased water intake. Data are presented as Mean+SEM (n=8).

*P<0.05, compared to vehicle and control groups.
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Figure 2. The number of referrals for water intake for 4 hours after drug ICV administration

OXA increased the referral number for water intake. The data are shown as Mean+SEM (n=8).

*P<0.05, compared to control and vehicle groups.

mRNA increases in regions related to the regulation of
water intake, including LH. Moreover, the level of orexin
mRNA increases in water-deprived rats for up to 3 hours
and increases the axonal varicosity of orexin neurons in
different areas involved in the control of drinking water
[37, 42]. LH has a crucial role in the regulation of water
and food intake [35-37]. Animals with LH lesions only
drink enough to allow mastication while eating. In ad-
dition, it has been observed that LH stimulation, chemi-
cally and electrically, increases water consumption [37].

1200

1000

Delay in water intake(Sec.)

Control

Figure 3. Comparison of water intake delays in experimental groups

These findings are consistent with our results and high-
light the physiological role of OXA in the control of wa-
ter intake and body fluid homeostasis. Water is a vital
substance for living and has numerous roles in the hu-
man body. It acts as a building material, solvent, reaction
medium, reactant, and carrier for nutrients and waste
products, as well as a lubricant and shock absorber. The
homeostasis of water enables different biochemical reac-
tions and metabolic processes [1-3]. Both deficit and ex-
cess water intakes are counterbalanced by fine hormonal
(anti-diuretic hormone [ADH], aldosterone, and atrial
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No difference was observed between OXA and SB-334867 ICV injection on the start time for water drinking compared to the

control group. Data are presented as Mean+SEM (n=8).




Journal of
Inflammatory Diseases

(Previous Title: The Journal of Qazvin University of Medical Sciences)

natriuretic peptide) changes that contribute to buffer-
ing the deleterious effects of these abnormal conditions.
Therefore, voluntary drinking of water is a key behavior
to maintaining water balance. Consequently, drinking
water before being thirsty is a good habit to maintain a
good body hydration status [43]. The intake of water is
partially determined by thirst. When water losses exceed
water intake, the osmotic pressure of the extracellular
fluid increases and, by activation of hypothalamic osmo-
receptors, ADH is released from the posterior pituitary
gland. Both increased extracellular fluid osmotic pres-
sure and ADH release elicit the feeling of thirst. ADH
can act on the kidneys to increase water reabsorption
before thirst is elicited. Previous studies demonstrated
that orexinergic fibers innervate magnocellular neurons
in the paraventricular and supraoptic nuclei of the hypo-
thalamus. Furthermore, OX1 receptor immunoreactivity
has been detected in vasopressinergic neurons in these
nuclei, indicating that orexin may influence the secretion
of vasopressin, which has a vital role in water homeo-
stasis in the body. In this sense, it has been reported that
OXA activates magnocellular and parvocellular neurons
in the rat hypothalamic paraventricular nucleus in vitro
[44- 46]. It seems that the OX1 receptors have more im-
portance than orexin-2 in this effect [37]. The inhibitory
effect of SB-334867 on the amount of water intake in the
present study implies that OXA has a baseline stimulato-
ry effect on water intake. Our finding highlights the role
of the OX1 receptor in water homeostasis in water-depri-
vation conditions. The inhibitory effect of SB-334867 on
water intake is similar to its effect on food intake [47].
The exact molecular mechanism by which orexin induc-
es drinking is not clear and needs to be explored in future
studies. However, vasopressin is vital in body water bal-
ance and water consumption, and previous research has
shown that orexinergic fibers innervate the neurons of
the hypothalamic paraventricular and supraoptic nuclei,
where vasopressin is produced, and the OX1 receptor is
present in vasopressinergic neurons [48]. Therefore, it
seems that orexin, in addition to directly activating the
thirst center neurons, probably exerts part of its effects
by increasing the production and secretion of vasopres-
sin and thus increases water consumption.

5. Conclusion

In summary, our findings showed that OXA has a stim-
ulator effect on water consumption and OXA in the CNS
has a basic role in water-drinking behaviors in water-
deprived rats, possibly by activation of OX1 receptors.
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