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We examined whether corticotropin-releasing fac-
or (CRF) was involved in orexin-induced grooming
nd face-washing behaviors, and whether orexin was
nvolved in the stress reaction. Administration of
-helical CRF, CRF antagonist, alone had no behav-

oral effect, but it blocked the orexin-induced groom-
ng and face-washing behaviors in rats. The level of
orticosterone increased in a dose-dependent manner
5 min after icv injection of orexin, and it remained
igh for at least 60 min. In 2-month-old rats, 1 h of

mmobilization stress increased orexin mRNA levels,
ut not the melanin-concentrating hormone (MCH)
RNA, in the lateral hypothalamic area (LHA). In

-month-old rats, 30 min of cold stress increased the
xpression of orexin mRNA in the LHA. Unlike in the
-month-old rats, immobilization stress did not change
rexin mRNA expression in 6-month-old rats. These
esults suggest that CRF is involved in orexin-induced
ehaviors, and that orexin may play an important role
n some stress reactions. © 2000 Academic Press

Orexins A and B, also known as hypocretins 1 and 2,
re hypothalamic peptides isolated recently from the
ypothalamus, and have been shown to stimulate food

ntake (1, 2). Cells expressing the pre-pro-orexin gene
re distributed in the lateral hypothalamic area (LHA),
he posterior hypothalamus and the perifornical nu-
leus of the adult rat brain. Immunoreactive axons
manating from these cells terminate at various hypo-
halamic sites, such as the locus coeruleus (LC), arcu-
te nucleus (ARC), paraventricular nucleus (PVN) and
orsal raphe (3, 4). Injection of orexin stimulates the
xpression of c-fos in the PVN and ARC, which are

1 To whom correspondence should be addressed. Fax: 81-985-58-
265. E-mail: a0d201u@cc.miyazaki-u.ac.jp.
318006-291X/00 $35.00
opyright © 2000 by Academic Press
ll rights of reproduction in any form reserved.
opeptide Y (NPY), melanin-concentrating hormone
MCH) and other neurotransmitters (3, 5). This wide
istribution of orexin fibers suggests that orexin may
lay an important role in physiological functions other
han feeding. Indeed, it has been recently demon-
trated that orexin is involved in sleep and wakeful-
ess or narcolepsy (6, 7).
We reported previously that injection of orexin in-

uced various physiological behaviors, such as groom-
ng, face washing, burrowing and searching (8). The
redominant orexin-induced behavior was grooming.
lthough the physiological significance of grooming is
ot fully understood, it is known to be closely associ-
ted with the stress reaction (9). Environmental stress
eads to grooming and face washing, and corticotropin-
eleasing factor (CRF) may be involved in this reaction
9, 10). CRF is synthesized mainly in the PVN, where
rexin-containing neurons are distributed (11). There-
ore, orexin-induced grooming may be associated with
RF. We also observed that high-dose of orexin (10
mol) caused seizure activity (8). It may be important
o note that high-dose intracerebroventricular (icv) in-
ection of CRF has been reported to induce epilepto-
enic activity in the rat (12).
Immunohistochemical studies have also shown that

ong and descending axonal projections containing
rexin innervate all levels of the spinal cord from cer-
ical to sacral segments in the mouse, rat and human
13). Innervation of the intermediolateral column and
amina 10, as well as strong innervation of the caudal
egion of the sacral cord, suggest that orexin may par-
icipate in regulation of both the sympathetic and para-
ympathetic parts of the autonomic nervous system. In
upport of this suggestion, orexin dose-dependently in-
reases heart rate, blood pressure and renal sympa-
hetic activity in conscious, unrestrained rats (14, 15).



It also increases gastric acid secretion (16). In the light
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f these findings, we set out to determine whether
rexin-induced behaviors were blocked by co-admin-
stration of a CRF antagonist. Next, we measured the
xpression of orexin mRNA in the LHA after exposure
o cold stress or immobilization stress, in order to de-
ermine whether orexin was involved in the stress re-
ction, using different aged rats, since the tone of the
utonomic nervous system shows age-related changes
17). The lateral hypothalamus has another distinct
europeptide, melanin-concentrating hormone (MCH)
hich is a stimulator of food intake (18). MCH and
rexin have similar neuronal fiber distributions (13,
9, 20). Therefore, we measured MCH mRNA levels in
ats under stress in order to compare their levels with
hose of orexin mRNA.

ATERIALS AND METHODS

xperiment 1
Animals. We purchased adult male Wistar rats (300–350 g) from
harles River Japan Inc. (Yokohama, Japan) and housed them in
lexiglas cages in an animal room that was maintained under a
onstant light–dark cycle (lights on from 0700–1900 h) and temper-
ture (22°C) for at least 2 weeks. Food and water were provided ad
ibitum. For at least 2 weeks before use, each animal was gently
andled on a daily basis by the principal investigator.

ICV cannulation and behavior test. Both the cannulation method
sed for intracerebroventricular (icv) injection and the method used
or behavior testing had been reported previously (8). Each rat re-
eived two 10-ml icv injections of either: (1) saline and orexin A (10
g) (Peptide Inst., Osaka, Japan); or (2) saline and a-helical CRF (10,
0, 100 mg) (Peninsula Laboratories, Merseyside, England); or (3)
-helical CRF (10, 50, 100 mg) and orexin A (10 mg); or (4) saline and
aline. We evaluated the following behaviors for 2 h after injection:
1) face washing: rubbing and stroking the face and head (behind the
ar) with both forepaws; (2) grooming: face grooming with the hind-
aws, cleaning the hind legs, body, tail and genitals; (3) resting time:
leeping and no movement. We also calculated the total time occu-
ied by locomotor activity, including grooming, face washing, sniffing
round, burrowing into the chip bedding, walking and looking
round, as well as feeding. We analyzed the data statistically by
nalysis of variance for total reaction (8).

Blood collection. From each rat received an icv injection of 10 and
0 mg orexin A or saline, 50 ml of blood were taken at 0 min, 15 min,
0 min and 60 min after the initial injection by the tail-tip-incision
ethod. Plasma corticosterone levels were measured with a radio-

mmunoassay (RIA) kit (SRS Co., Tokyo, Japan).

xperiment 2
Animals. Male Sprague-Dawley rats 2 and 6-months old were

urchased from Charles River Japan Inc. (Yokohama, Japan) and
oused in same conditions described in Experiment 1.

Stress. Each rat was assigned to one of the following groups: (1)
ats left undisturbed (control); (2) rats exposed to 1 h of immobiliza-
ion stress from 0900 h to 1000 h. Briefly, immobilization stress
onsisted of immobilizing the rats on wooden boards by taping all 4
imbs and the neck; (3) rats exposed to cold stress for 30 min from
900 h to 0930 h and for 2 days from 0900 h to 0900 h. Rats were
oused in Plexiglas boxes (4 animals per box) and placed in a room at
°C. They were provided with sufficient food and water under a 12-h
ight–dark cycle. After the immobilization stress session, the ani-
319
fter the cold-stress session, the animals were killed in the cold
oom. After sacrifice, the brains were immediately collected and
rozen on dry ice. The LHA was punched out of the frozen brain slices
s reported previously (21). Total RNA was extracted with Trizol
Life Technologies Inc., Grand Island, NY). One mg of the total RNA
as denatured with 16 ml of 1 M glyoxal and 50% dimethylsulfoxide,

hen electrophoresed on 0.8% agarose gel (FMC Bio Products, Rock-
and, ME) in 10 mM sodium phosphate buffer (pH 7.0). The sample
as then transferred to a Zeta Probe membrane (Bio-Rad Laborato-

ies, Richmond, CA) and fixed by ultraviolet irradiation. The probes
sed for Northern blot analyses were a 287 bp cDNA fragment of rat
rexin (sense primer: 59-TGTCGCCAGAAGACGTGTTCCTG-39 and
ntisense primer: 59-AAGACGGGTTCAGACTCTGGATC-39), a 320
p cDNA fragment of rat MCH (sense primer: 59-AACGGG-
CGGTAGACTCGT-39 and antisense primer: 59-ATCGGTTGTT-
CTCCTTCTC-39), and a 203 bp cDNA of G3PDH (sense primer:
9-GTTTGTGATGGGTGTGAACC-39 and antisense primer: 59-
CACGCCACCAGCTTTC-39). The membrane was first treated for
h at 37°C in 6 3 SSPE (900 mM NaCl, 60 mM NaH2PO4 z H2), 7 mM
DTA, pH 7.4) containing 40% formamide, 5 3 Denhardt’s solution,
.5% SDS and 0.1 mg/ml denatured salmon-sperm DNA, then hy-
ridized for 18 h at 42°C in an identical solution that contained

2P-labeled orexin, MCH and G3PDH cDNA probes. The RNA blot
as washed with 2 3 SSC (150 mM NaCl, 15 mM sodium citrate, pH
.0)/0.1% SDS solution at 55°C and exposed to film. The membrane
as boiled for 15 min at 70°C in 0.1 3 SSC solution to strip it of the
rexin and G3PDH probes, then used for sequential hybridization
ith the MCH and G3PDH probes. Hybridization signals were mea-

ured in a Fujix Bio-image analyzer, BAS 2000 (Fuji Photo Film Co.,
okyo, Japan). Levels of both the orexin and MCH mRNA were
alculated as relative radioactivity of the G3PDH.

tatistics

The data were expressed as the mean 6 SEM. The statistical
nalysis of mRNA amount was carried out by ANOVA followed by
isher’s PLSD test post hoc.

ESULTS

xperiment 1

Administration of orexin significantly increased
ace-washing and grooming behavior (Fig. 1A). Al-
hough administration of CRF antagonist alone had no
ignificant effect on these activities at any of the doses
sed, it reduced orexin-induced face-washing and
rooming activities in a manner that was almost dose
ependent, except with 1 dose (face washing: antago-
ist 100 mg 1 orexin) (Fig. 1A). Locomotor activity and
esting behavior during the 2 h following injection were
ignificantly increased and decreased, respectively, by
rexin administration. CRF antagonist alone had no
irect effects, but it blocked the orexin-induced in-
rease and decrease of locomotor activity and resting,
espectively (Fig. 1B).
As the orexin-induced behavior was partly blocked

y CRF antagonist, we considered that orexin might
timulate the CRF-ACTH-corticosterone secretion
athway. Therefore, we measured corticosterone levels
fter injection of orexin. The level of corticosterone
ncreased 15 min after injection of orexin and stayed
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igh for at least 60 min. This increase was dose depen-
ent for orexin (Fig. 2).

xperiment 2

In the 2-month-old rats, 1 h of immobilization stress
ncreased orexin mRNA expression in the LHA (Fig. 3).
owever, 30 min or 48 h of cold stress did not change

he expression of orexin in the LHA. In 6-month-old
ats, 30 min, but not 48 h, of cold stress increased the
xpression of orexin mRNA in the LHA (Fig. 4). In the
-month-old rats, unlike the 2-month-old rats, immo-
ilization stress did not change orexin mRNA expres-
ion. Expression of MCH mRNA in the LHA was not
ffected in rats of either age by any of the treatments
Figs. 3 and 4).

ISCUSSION

This study showed that pretreatment with a herical-
RF, a CRF receptor antagonist, significantly reduced
rexin-induced grooming and face-washing behaviors.
hese results suggest that administration of orexin
aused grooming and face washing behavior via, at
east, CRF secretion. CRF is synthesized mainly by
arvocellular neurons in the PVN (11), where orexin-
ontaining neurons and orexin receptor 2 are distrib-
ted (3, 4, 22). Further, orexin induces expression of

mmunoreactive Fos in this area (3). Therefore, these
ata support the relationship between orexin and CRF.
f course, we cannot exclude the possibility that orexin

auses grooming and face-washing behavior via vaso-
ressin or other peptides, such as dopamine, ACTH or
-MSH (9, 14, 33, 40), since the blockade of behavior

nduced by the CRF antagonist was not complete. How-
ver, the fact that corticosterone secretion was stimu-

FIG. 1. Effect of a-herical CRF, a CRF receptor antagonist, on
rexin-induced face-washing and grooming behavior (A) and on lo-
omotor activities and resting (B) in rats. S, saline; A, a-herical-CRF;
rex, orexin. The black and dotted bars and vertical lines represent
he mean 6 SEM (n 5 8). Each activity was measured as total s over
he 2 h after the injections. a, P , 0.001 versus S 1 S; b, P , 0.005
ersus S 1 orex; c, P , 0.005 versus A10 1 orex.
320
nduced grooming is mainly triggered by CRF.
asopressin-containing neurons are distributed in the
arvocellular division of the PVN, and vasopressin also
nduces grooming (9, 23, 24, 25), but orexin does not
nduce the expression of Fos in this division (3).
opamine-D1-agonist-induced grooming is blocked by
CCKA antagonist (25). ACTH-induced grooming is

locked by a non-selective melanocortin-3/4-receptor
ntagonist (SHU 9119) (27). a-MSH- and neuropep-
ide-E-1-induced grooming are blocked by MCH (11).
opamine D-1 antagonist and naloxone block groom-

ng induced by many peptides (28, 29, 30). However,
ur preliminary study showed that administration of
aloxone, SHU 9119 and MCH did not reduce orexin-

nduced grooming activity (unpublished data).
In this study, administration of orexin stimulated

ocomotor activity and decreased resting behavior, as
hown as our previous reports (8) and other studies (7).
RF also increases locomotor activity and time spent

n the arousal state (31). These CRF-induced reactions
re similar to stress reactions, and the stress reactions
re nearly completely blocked by administration of
RF antagonist (31–34). One hour of immobilization in
-month-old rats and 30 min of cold stress in 6-month-
ld rats increased orexin mRNA levels in the LHA.
CH mRNA levels in the LHA did not change in rats

f either age under any of the conditions. Therefore, we
onsidered that an increased level of orexin mRNA in
he LHA was specific for stress. However, other re-
earch has shown that MCH mRNA expression de-
reases after chronic foot-shock stress (35). We do not
now why stress did not change the MCH mRNA levels
n our experiment. MCH influences feeding behavior
ut not grooming behavior, so it may have little direct
nvolvement in the stress reaction, or it may be in-
olved in very short-term stress, such as foot shock.
hese results suggest that orexin may be involved in
he stress reaction, but that its involvement is limited
y the kind of stress or the age of the rats.
Stress is considered to be a modulator of the auto-

omic nervous system. Central administration of CRF

FIG. 2. Effect of icv injection of orexin A on plasma corticoste-
one levels in rats. Orexin was injected at 0900 h. The symbols and
ertical lines represent the mean 6 SEM (n 5 8).
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ncreases sympathetic and decreases central parasym-
athetic outflow (36). In rats, foot shock under re-
traint increases parasympathetic outflow, whereas
oot shock without restraint increases sympathetic out-
ow (37, 38). Vagotomy antagonizes stress-induced hy-
ocalcemia and stress-induced gastric ulceration (39,
0). These stresses activate parasympathetic outflow
39, 40). In our study, the rats were strongly immobi-
ized. One hour after immobilization began they were
ery quiet, indicating an increased parasympathetic
utflow. In contrast, cold stress is considered mainly to
ncrease sympathetic outflow (41). Which autonomic
ervous system predominates in the stress reaction
epends on the age of the animal. The net autonomic
one of rats has been observed to be predominantly
ympathetic at 2 week of age, but thereafter it becomes
redominantly parasympathetic (17). There are signif-
cantly fewer primary dendritic branch points and a
ignificantly smaller total dendritic length of the sym-
athetic preganglionic neurons in aged rats compared
ith adults (42). No significant differences have been

ound in any characteristics of the parasympathetic

FIG. 3. Effect of immobilization and cold stress on the expression
mmobilization. The lower figure shows the relative value of mRN
epresent the mean 6 SEM (n 5 8).

FIG. 4. Effect of immobilization and cold stress on the expression
f orexin and MCH mRNA in 6-month-old rats. IMMO indicate 60
in immobilization. The lower figure shows the relative value of
RNA expression versus those of control rats. The bar and vertical

ines represent the mean 6 SEM (n 5 8).
321
eurons among the different age groups. Among differ-
nt age groups there are differences in the plasma
evels of catecholamines in relation to stress (41, 43).
herefore, in immobilized young, orexin mRNA expres-
ion might increase to activate the parasympathetic
utflow, but in adults that reaction might be weak, as
arasympathetic tone predominates anyway. In con-
rast, cold stress provokes the opposite reaction.
rexin dose-dependently increases heart rate, blood
ressure and renal sympathetic activity in conscious,
nrestrained rats (14, 15). Orexin also increases gas-
ric acid secretion (16). The innervation patterns of the
ntermediolateral column and lamina 10, as well as
trong innervation of the caudal region of the sacral
ord, nucleus of the solitary tract and dorsal motor
ucleus of the vagus, suggest that orexin may partici-
ate in regulation of both the sympathetic and para-
ympathetic parts of the autonomic nervous system.
vidence from study of lesions in the LHA suggests

hat the LHA has a potential role in stress (44). Orexin
ay be a very important modulator for afferent and

fferent nerves passing through the LHA.
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