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Abstract

The effect of Unkei-to, a traditional Japanese herbal medicine and strong in vitro releaser of cytokine-induced neutrophil chemoattractant

(CINC), on the increase in locomotor activity induced by intracerebroventricular (icv) injection of corticotropin-releasing factor (CRF) in

male rats in a familiar environment was investigated. Oral administration of Unkei-to (100 mg/kg) for 1 week significantly attenuated the

CRF-induced increase in locomotor activity. Unkei-to also reduced the CRF-induced accumulation of hypothalamic CINC, which has a

functional antagonistic action on the response to CRF; the reduction may reflect an increased release of CINC. These results suggest that

Unkei-to has an alleviative effect on the action induced by brain CRF and the mechanism of this effect may partly involve CINC.
D 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Traditional Japanese medicine (herbal medicine) has

been mainly used for the treatment of chronic diseases.

Recently, clinical evidence relating to the curative effects of

these medicines has been accumulating and the effective-

ness of such treatments has been evaluated using contem-

porary scientific procedures (Yano et al., 1994; Enomoto et

al., 1992; Usuki, 1991). Unkei-to, one of the most popular

herbal medicines in Japan, is manufactured from 12 medic-

inal herbs. Unkei-to is generally used to treat women who

are suffering from irregular menstruation, sterility, and

climacteric disturbances (Koyama et al., 1988; Ushiroyama

et al., 1995). Animal studies showed that Unkei-to acts on

the endocrine system such as the hypothalamus–pituitary–

ovarian axis (Miyake et al., 1986; Koike et al., 1998b; Yasui

et al., 2003).
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There is a growing body of evidence that the neuroen-

docrine and immune systems are engaged in a functionally

relevant crosstalk with each other (Berkenbosch et al., 1987;

Bernton et al., 1987). These interactions are also directly

linked to the stress system. Corticotropin-releasing factor

(CRF) is released from the hypothalamus and plays a key

role in the stress system. Intracerebroventricular (icv) injec-

tion of CRF induces a variety of behavioral manifestations

similar to a state of stress (Sutton et al., 1982; Britton et al.,

1982; Sherman and Kalin, 1988). We also confirmed that

icv injection of CRF significantly increased locomotor

activity in a familiar environment (Terawaki et al., 2001a).

Thus, CRF also has extrahypophysiotropic functions and the

brain CRF system plays an important role in mediating

behavioral responses to stressors in addition to activation of

the hypothalamus–pituitary–adrenal axis during stress.

One of the chemokines is cytokine-induced neutrophil

chemoattractant (CINC), which exhibits high homology

with chemokines such as growth-related oncogene (GRO)

product and human IL-8 in amino acid sequence (Watanabe

et al., 1989). Interestingly, Unkei-to potently stimulated the
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release of CINC from rat anterior pituitary cells and TtT/GF

cells (Koike et al., 1998a). Furthermore, we found the

presence of a CINC neuronal pathway in the hypothal-

amo–pituitary system, which was activated in response to

various kinds of stress such as endotoxin (Sakamoto et al.,

1996a), immobilization stress (Sakamoto et al., 1996b), and

insulin-induced hypoglycemia (Osako et al., 1999). We also

found that CINC injected icv significantly reduced the

enhanced locomotor activity induced by CRF, although a

similar effect was not observed following peripheral admin-

istration of CINC at a dose sufficient to induce the chemo-

tactic activity of neutrophils (Terawaki et al., 2001a),

suggesting that CINC in the brain, but not in the peripheral

circulation, may attenuate the responses to CRF.

These observations led us to investigate the effect of

Unkei-to on the CRF-induced increase in locomotor activity

in a familiar environment. We further examined changes of

CINC concentration in the hypothalamus, an important

brain region for production of the CRF-induced increase

in locomotor activity (Mönnikes et al., 1992).
2. Materials and methods

2.1. Animals

All animal experiments were performed in accordance

with our institutional guidelines after obtaining the permis-

sion of the Laboratory Animal Committee. Six-week-old

male Sprague–Dawley rats were obtained from Charles

River Laboratories (Yokohama, Japan). All animals were

housed at 23F 2 jC with a 12-h light/dark cycle (lights on

at 7:00 a.m.) for at least 1 week before starting the experi-

ments. Food and water were provided ad libitum.

2.2. Drugs

Human/rat corticotropin-releasing factor (CRF) was

purchased from Peptide Institute (Osaka, Japan) and dis-

solved with 0.1% acetic acid. On the day of experiments,

CRF was diluted with phosphate-buffered saline (PBS) at a

concentration of 0.25 nmol/5 Al. Ethylenediaminetetraace-

tic acid disodium salts (EDTA 2Na), benzamidine hydro-

chloride (BZ), and leupeptin hydrochloride (LP) were

purchased from Sigma (St. Louis, MO, USA), while ( p-

amidinophenyl) methanesulfonyl fluoride hydrochloride

(AMSF) was purchased from Wako Pure Chemical Indus-

tries (Osaka, Japan).

Unkei-to is composed of 12 medicinal herbs in fixed

proportions: Ophiopgonis tuber 4.0 g, Pinelliae tuber 4.0

g, Angelicae radix 3.0 g, Glycyrrhizae radix 2.0 g,

Cinnamomi cortex 2.0 g, Paeoniae radix 2.0 g, Cnidii

rhizome 2.0 g, Ginseng radix 2.0 g, Moutan cortex 2.0 g,

Evodiae fructus 1.0 g, Zingiberis rhizome 1.0 g, and Asini

Corii Collas 2.0 g. The drugs were prepared as a spray-

dried powder from a hot-water extract and obtained from
Tsumura (Tokyo, Japan). Unkei-to was dissolved in dis-

tilled water. Unkei-to was compulsively administered to

the inside of the stomach using a plastic probe at 13:00–

15:00 h once a day.

2.3. Surgery

Animals were anesthetized with sodium pentobarbital

(50 mg/kg ip), then placed in a stereotaxic instrument (SR-

5; NARISHIGE, Tokyo, Japan) and secured with rat ear

bars. A stainless steel guide cannula (AG-8; Eicom, Kyoto,

Japan) was implanted stereotaxically 0.8 mm posterior

from the bregma and 1.2 mm right lateral from the middle

suture. The injection depth was 3.8 mm from the skull

surface. The cannula was secured to the skull with two

stainless steel screws and dental cement. The guide can-

nula was protected with a capnut and dummy cannula.

Animals were allowed to recover for 1 week before

experiments. The day before the locomotor test, rats were

placed with food and water in experimental Plexiglas cages

(30� 40� 40 cm) to allow overnight habituation to their

environment.

2.4. Locomotor activity

Unkei-to (10, 30, and 100 mg/kg) or distilled water (10

ml/kg) was administered orally for 1 week until the day

before the experiments. On the day of the experiments,

CRF (0.25 nmol/5 Al) or PBS (5 Al) was perfused at a

flow rate of 1.0 Al/min using a microsyringe. After each

icv injection, the injection cannula was left in place for 1

min. Locomotor activity was monitored for 180 min

immediately after icv injections using infrared sensors

(NS-AS01; Neuroscience, Tokyo, Japan) placed on the

top of an experimental cage. Data on locomotor activity

were collected and analyzed with a DAS interface unit

NS-DAS-8 (Neuroscience) and a personal computer (NEC,

Tokyo, Japan) equipped with the DAS system (Neurosci-

ence) data recording software. After the experiments,

cannula placements were verified by injecting local dye.

2.5. Measurement of CINC concentration in the

hypothalamus

Unkei-to at a dose of 100 mg/kg or distilled water was

administered orally to rats for 1 week until the day before

experiments. The brain was removed before or 30 min

after CRF icv injection. The hypothalamus was dissected

stereotaxically by cutting the brain on ice-chilled sterilized

glass boards, at the optic chiasma rostrally and caudally, at

2.5 mm from the midline laterally, and at 3 mm from the

base of the brain dorsally, and the wet weight was

measured. These tissues were stored at � 80 jC until

the time of use.

On the day of the assay, each tissue was homogenized in

0.5 ml of PBS containing enzyme inhibitors (5.0 mM BZ,
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10 Ag/ml LP, 0.2 mM AMSF, and 10 mM EDTA 2Na) using

a microhomogenizer. Furthermore, these samples were son-

icated using an ultrahomogenizer (SMT, Tokyo, Japan) for

10 s. The homogenates were centrifuged at 10,000� g and 4

jC, for 10 min. The supernatants were used for determina-

tion of the CINC concentration and total protein. The

determinations of protein concentration were carried out

according to the Lowry method (Lowry et al., 1951). The

CINC concentration was determined using a rat CINC

enzyme immunoassay (EIA) kit (Immuno-Biological Labo-

ratories, Gunma, Japan).

2.6. Statistics

The results are expressed as the meanF S.E.M. Data for

the time course of locomotor activity were analyzed using a

two-factor repeated measures analysis of variance (ANOVA).

The differences in total counts of locomotor activity between

groups were evaluated using a one-factor measures ANOVA

followed by the post hoc Dunnett’s test. Hypothalamic CINC

levels were analyzed using a two-factor ANOVA and the

differences between groups were evaluated by the Mann–

Whitney U test. P < .05 was considered significant.
Fig. 2. (A) Effects of Unkei-to administered orally for 1 week on the

increase in locomotor activity induced by icv injection of CRF at 0.25

nmol/animal in male rats in a familiar environment. Locomotor activity was

monitored for 180 min immediately after the injections using infrared

sensors. Each point represents the meanF S.E.M. of 8–10 rats. * *P < .01

vs. D.W. +CRF icv. (B) Effect of Unkei-to (100 mg/kg) administered orally

for 1 week on locomotor activity following icv injection of PBS in male rats

in a familiar environment. Locomotor activity was monitored for 180 min

immediately after the injections using infrared sensors. Each point

represents the meanF S.E.M. of 9–10 rats.
3. Results

3.1. Effect of oral Unkei-to pretreatment on the CRF-

induced increase in locomotor activity

Time course changes in locomotor activity following

icv injection of PBS or CRF in rats pretreated with

distilled water (D.W.) are shown in Fig. 1. The injection

of PBS induced a rapid decrease in locomotor activity,
Fig. 1. Time course of the effects of Unkei-to administered orally for 1

week on the increase in locomotor activity induced by icv injection of CRF

at 0.25 nmol/animal in male rats in a familiar environment. Locomotor

activity was monitored for 180 min immediately after the injections using

infrared sensors. Each point represents the meanF S.E.M. of 8–10 rats.

(5—5) D.W. + PBS icv; (n—n) D.W. +CRF icv; (D—D) Unkei-to (10

mg/kg) +CRF icv; (E—E) Unkei-to (30 mg/kg) +CRF icv; (o—o)

Unkei-to (100 mg/kg) +CRF icv.
which reached minimal levels by 60 min. In contrast, the

injection of CRF produced a continuous increase in loco-

motor activity up to 180 min, the end of the period of

measurement. The time-course curves between these

groups was significantly different [F(1,70) = 22.617,

P < .001]. There was also a significant group � time

interaction between them [F(5,70) = 2.367, P < .05].

On the other hand, pretreatment with Unkei-to (100 mg/

kg) attenuated the CRF-induced increase in locomotor

activity throughout this period and there was a significant

difference in the group factor between the D.W. +CRF icv

group and Unkei-to (100 mg/kg) + CRF icv group

[F(1,70) = 10.218, P < .01], but not in group� time inter-

action. Fig. 2A shows the changes in each group as total

counts for 180 min of locomotor activity induced by the

injection of CRF. Unkei-to at a dose of 100 mg/kg

significantly reduced the increase in locomotor activity

induced by CRF. However, similar pretreatment with

Unkei-to did not affect locomotor activity with icv injec-

tion of PBS (Fig. 2B).



Fig. 3. Effects of Unkei-to (100 mg/kg) administered orally for 1 week on

the levels of hypothalamic CINC 30 min after icv injection of CRF (0.25

nmol). Data are expressed as the meanF S.E.M. of results from 8 to 10 rats.

*P < .05 vs. D.W., 30-min group.
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3.2. Effect of Unkei-to administration on the hypothalamic

CINC concentration

Effects of Unkei-to on the hypothalamic CINC concen-

tration in CRF-injected rats are shown in Fig. 3. The

hypothalamic CINC concentration in D.W.-treated rats

was significantly increased 30 min after the injection

compared to that before injection, but not in Unkei-to–

treated rats. There was a significant difference between

time-course curves in these two groups [F(1,36) = 4.749,

P < .05]. The hypothalamic CINC concentration in Unkei-

to–treated rats 30 min after the injection was significantly

reduced compared to that in D.W.-treated rats.
4. Discussion

This study showed that oral administration of Unkei-to for

1 week attenuated the CRF-induced increase in locomotor

activity, as did icv injection of CINC, which has a functional

antagonistic action on the CRF-induced increase in locomo-

tor activity (Terawaki et al., 2001a). It was also confirmed that

the same treatment with Unkei-to did not affect the time

course or total counts of locomotor activity following icv

injection of PBS in this study, suggesting that the effect of

Unkei-to on the CRF-induced increase in locomotor activity

is not due to sedative actions or muscle relaxation actions

such as those exhibited by haloperidol and dantrolene (Ham-

mond et al., 1991). In addition to CRF as a drug producing the

increase in locomotor activity, psychostimulants such as

amphetamine and cocaine, or caffeine are known (Swerdlow

et al., 1986). Especially of these drugs, the cocaine-induced

increase in locomotor activity has been suggested to be partly

mediated by CRF and therefore may be reduced by Unkei-to
(Sarnyai et al., 1992). It is thought that brain CRF plays an

important role in the development of stress-related disorders

such as anxiety, depression, and irregular menstruation

(Magiakou et al., 1997; Stratakis and Chrousos, 1995).

Furthermore, it is well known that the antagonistic action

against CRF reduced physiological and behavioral changes

induced by not only icv injection of CRF but also stress

(Heinrichs et al., 1992; Menzaghi et al., 1994). Taken

together, it was suggested that Unkei-to may alleviate etio-

logical changes derived from stress. Actually, we indicated

that oral administration of Unkei-to significantly improved

estrous cycle disturbance induced by forced running stress in

experimental animals (Terawaki et al., 2001b). Furthermore,

we recently found that treatment with Unkei-to for 3 months

significantly improved both anxiety and depression scores in

postmenopausal women (manuscript submitted). The allevi-

ation of CRF actions by Unkei-to as observed in the present

study may be partly involved in the pharmacological and

clinical effects of Unkei-to mentioned above.

When examined whether CINC is involved in the effect

of Unkei-to, it was observed that Unkei-to pretreatment for

1 week significantly reduced the CRF-induced accumula-

tion of hypothalamic CINC within 30 min of the injection. It

was conceivable that the reduction in hypothalamic CINC

concentrations occurred as the result of the release of CINC

from hypothalamic cells. If so, it is suggested that CINC

plays an important role in the effect of Unkei-to on the CRF-

induced increase in locomotor activity. We demonstrated

that Unkei-to stimulated the release of CINC and increased

CINC mRNA levels in a pituitary folliculu-stellate (FS)-like

cell line (Koike et al., 1998a). It has been reported that FS

cells function in phagocytosis, ion transport regulation, and

a paracrine role, and contain S-100 protein and many

lysosomes, similar to glial cells (Matsumoto et al., 1993).

Uehara et al. (1998) showed the production of CINC in rat

glioma cells. From these findings, it is possible that Unkei-

to acts on the hypothalamus and stimulates hypothalamic

cells to release CINC. Furthermore, we have confirmed a

decrease in the content of CINC as well as increase in

release and mRNA in pituitary cells caused by Unkei-to.

These observations support the possibility that CINC is

released from the hypothalamus by Unkei-to.

Alternatively, the stress-sensitive CINC production may

have decreased because Unkei-to attenuated the actions of

CRF. Our previous reports have showed that in the hypo-

thalamo–pituitary, the production of CINC was induced in

response to various kinds of stress (Sakamoto et al.,

1996a,b; Osako et al., 1999). Pretreatment with CRF antag-

onists reduced the physiological and behavioral changes

induced by not only icv injection of CRF but also stress

(Heinrichs et al., 1992; Menzaghi et al., 1994). Therefore, it

is supposed that the antagonism of the response to CRF

reduced hypothalamic CINC production or release. Besides,

neuropeptide Y (NPY) exhibited antagonistic activity

against CRF-induced responses (Britton et al., 2000). How-

ever, it is unclear at present whether Unkei-to has antago-
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nistic actions against the binding to CRF receptors or the

actions to produce neuropeptides such as NPY.

In conclusion, oral administration of Unkei-to attenuated

the CRF-induced increase in locomotor activity. The mech-

anism of this effect of Unkei-to remains unclear, but could

involve hypothalamic CINC, which has a functional antag-

onistic action on the response to CRF. Clinical curative

effects of Unkei-to on stress-related disorders such as irreg-

ular menstruation and climacteric disturbances may be partly

mediated by the alleviative effect on the actions of CRF.
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