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Abstract. The purpose of this study is to clarify the effects of 17-estradiol and the Japanese
herbal medicine Keishi-bukuryo-gan on the release and synthesis of calcitonin gene-related
peptide (CGRP) in ovariectomized (OVX) rats. The effect of ovariectomy on the release or
synthesis was evaluated by measuring CGRP concentration in plasma after capsaicin (1.0 mg
/kg, 1.p.) injection or by measuring CGRP concentration and its mRNA expression in dorsal
root ganglia in OVX rats. Ovariectomy attenuated the capsaicin-evoked increase in plasma
concentration of CGRP, which was restored by treatment with 17-estradiol (0.010 mg/kg, s.c.)
or Keishi-bukuryo-gan (1,000 mg/kg, p.o.) for 7 days after ovariectomy. However, no significant
differences were observed in the CGRP concentration and the mRNA expression of dorsal root
ganglia by treating the rats with ovariectomy, 17f-estradiol, and Keishi-bukuryo-gan. These
results suggest not only that estrogen deficiency attenuates CGRP release but also that 174-

estradiol or Keishi-bukuryo-gan normalizes the attenuated release process.
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Introduction

Hot flashes, which are characterized by transient
episode of flushing, sweating and a sensation of heat,
occur because of estrogen deficiency in menopausal
women (1). Although many neuroendocrine substances,
such as gonadotropin releasing hormone, noradrenaline,
and opioid peptides, have been suggested as possible
triggers for the occurrence of hot flashes (1, 2), the
underlying mechanism has not been clarified. Recently,
the plasma level of calcitonin gene-related peptide
(CGRP), which is a potent vasodilator neuropeptide
(3-5), was reported to increase rapidly during hot
flashes in menopausal women (6 — 8), suggesting that
CGRP is closely related to the occurrence of menopausal
hot flashes. Furthermore, we previously demonstrated
that ovariectomy not only potentiated CGRP-induced
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elevation of skin temperature and arterial vasorelaxation
but also induced a lower concentration of endogenous
CGRP in plasma and subsequent up-regulation of
arterial CGRP receptors (9). From these results, we
suggested that the low concentration of plasma CGRP
due to ovarian hormone deficiency may induce the
increase in the number of CGRP receptors due to up-
regulation to maintain vascular adaptation and con-
sequently amplify the stimulatory effects of CGRP to
elevate skin temperature. Estrogen replacement and
Keishi-bukuryo-gan, which is a Japanese herbal medi-
cine that has been approved by the Ministry of Health,
Labor, and Welfare of Japan for the remedy of meno-
pausal symptoms, restored a series of CGRP-related
responses observed in ovariectomized (OVX) rats by
normalizing the plasma CGRP level (10). However, the
effects of both medicines on circulating CGRP level
have not been fully investigated yet. Endogenous CGRP
is synthesized primarily in dorsal root ganglia, and it
is transported to the perivascular CGRPergic nerve
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endings and released into the circulation (11, 12). In
addition, the CGRP synthesized in dorsal root ganglia
is centrally transported to the spinal cord (11, 13).
Recently, Tanaka et al. (14) suggested that antidromic
release of CGRP into the peripheral blood is also in-
duced by stimulation of the spinal cord. Therefore, we
assume that the restorative effects of the plasma CGRP
by estrogen and Keishi-bukuryo-gan might involve the
synthesis and/or release processes of CGRP.

To clarify our hypothesis in OVX rats, the effects of
estrogen and Keishi-bukuryo-gan on the synthesis of
CGRP were examined by measuring CGRP concentra-
tions in dorsal root ganglia and the spinal cord and, in
particular, the CGRP mRNA level in the dorsal root
ganglia, which is a prominent site of CGRP synthesis.
The CGRPergic nerves have been shown to be sensory
nerves that are sensitive to capsaicin (13, 15). Therefore,
the effects of both medicines on the CGRP release
process were examined by measuring changes in plasma
CGRP levels evoked by exogenous capsaicin.

Materials and Methods

Animals

Ten-week-old female Sprague-Dawley rats weighing
200 —250 g were purchased from Charles River Labora-
tories (Yokohama). The animals were allowed free
access to water and standard laboratory food; and they
were housed in stainless steel cages at a temperature of
23 £2°C, relative humidity of 55+ 10%, and a 12-h
light/dark cycle, with lights on from 0700 to 1900 h
daily.

All experimental procedures were performed accord-
ing to the “Guidelines for the Care and Use of Labora-
tory Animals” approved by the Laboratory Animal
Committee of Tsumura & Co.

Drugs and reagents

The Keishi-bukuryo-gan (TJ-25) used in the present
study, composed of equal parts of Cinnamomum cortex,
Paeoniae radix, Moutan cortex, Hoelen, and Persicae
semen, was obtained from Tsumura Co., Ltd (Tokyo) in
the form of a dried powder extract.

Sodium pentobarbital was purchased from Dinabot
Laboratories (North Chicago, IL, USA). Aprotinin, 17 5-
estradiol, capsaicin, and salmon sperm DNA were pur-
chased from Wako Pure Chemical Industries (Osaka).
[**P]dCTP (3000 Ci/mmol) and a DNA labeling kit
for a [a**P]dCTP-labeled cDNA probe were purchased
from Amersham Pharmacia Biotech (Little Chalfont,
Buckinghamshire, UK). A glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) cDNA probe was generated
using a first strand cDNA synthesis kit and reverse

transcription-polymerase chain reaction (RT-PCR) kit
(Toyobo Co., Osaka). A rat CGRP cDNA probe was
generated by digestion with Sau3AI and Tagl and sub-
sequently subcloned into pT7T3 following amplification
of a rat CGRP cDNA fragment (nucleotides 142 —607)
by RT-PCR. Other reagents used for analysis were the
highest purity commercially available.

Treatment of OVX rats with 17 f-estradiol and Keishi-
bukuryo-gan

Rats were anesthetized with an intraperitoneal
(i.p.) injection of sodium pentobarbital (50 mg/kg) and
bilaterally ovariectomized or sham-operated as controls.
17 -Estradiol (0.010 mg/kg, s.c.) dissolved in olive oil
or Keishi-bukuryo-gan (1,000 mg/kg, p.o.) suspended in
distilled water was administered for 7 days (once a day)
from the second week after ovariectomy. Distilled water
(10 ml/kg, p.o.) as a control was administered to sham-
operated and OVX rats according to the same schedule.
These rats were used for the following experiments to
measure CGRP concentrations in plasma, the spinal
cord, and dorsal root ganglia and CGRP mRNA levels
in dorsal root ganglia 3 weeks after surgery, i.e., on the
day following the final administration.

Measurement of plasma CGRP levels following injection
of capsaicin in 17p-estradiol- or Keishi-bukuryo-gan-
treated OVX rats

First, in order to examine the effect of ovariectomy on
the release of CGRP into the circulation, 1.0 mg/kg of
capsaicin dissolved in saline containing 10% Tween 80
and 10% ethanol or the same volume of the vehicle as a
control was injected i.p. into the OVX (n=10) and
sham-operated rats (n = 10).

In another set of experiments, the effects of 17/4-
estradiol and Keishi-bukuryo-gan on the CGRP release
into the circulation were examined in the OVX rats:
capsaicin (1.0 mg/kg, i.p.) was injected into 17-estra-
diol (n=28)-, Keishi-bukuryo-gan (n=8)-, or distilled
water-treated OVX rats (n=_8). The same amount of
capsaicin was injected into distilled water-treated sham-
operated rats (n=8). All rats were decapitated 7.5 min
after the injection of capsaicin, and blood (approxi-
mately 6 ml) was collected in a polypropylene tube
containing 6.0 mg of EDTA-2Na and 3,000 kIU of
aprotinin and centrifuged at 1,500 xg and 4°C for
15 min. Plasma (2 ml) was acidified with 160 ul of a
mixture consisting of 5.0% formic acid, 1.0% trifluoro-
acetic acid (TFA), 80% 1 M HCI, and 1.0% NaCl. The
acidified plasma was centrifuged at 7,000 x g and 4°C
for 20 min. The supernatant was put into an activated
C-18 Sep-Pak disposable cartridge column (Amersham
Pharmacia Biotech) and eluted with a mixture (2 ml) of
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methanol/water/TFA (90:9:1). The eluate was vacuum-
dried and stored at —80°C until assay. On the day of the
assay, the frozen sample was thawed in a small amount
(<20 ul) of 0.1% TFA at 4°C over a 30-min period. The
CGRP level in each sample was measured in duplicate
using a rat CGRP Radioimmunoassay Kit (Peninsula
Laboratories Inc., San Carlos, CA, USA).

Measurements of CGRP levels in spinal cord and dorsal
root ganglia in 17p-estradiol- or Keishi-bukuryo-gan-
treated OVX rats

17p-Estradiol (n=7)-, Keishi-bukuryo-gan (n=7)-,
or distilled water (n = 7)-treated OVX rats were decapi-
tated. Distilled water-treated sham-operated rats (n =7)
were also decapitated as controls. A 1.5-cm length of
the lumbar enlargement (intumescentia lumbalis) of the
spinal cord and 6 pairs of dorsal root ganglia derived
from L1 — L6 lumbar nerves in each rat were removed.
The dorsal root ganglia of each rat were pooled as one
sample. CGRP in the spinal cord or the pooled dorsal
root ganglia was extracted by a modification of the
method of Wimalawansa et al. (16). In brief, the tissue
was homogenized in 2 ml of ice-cold 15% TFA buffer
containing 1 M HCIL, 1 M NaCl, 5% formic acid, and
100 kIU/ml aprotinin. The homogenate was centrifuged
at 7,000 xg and 4°C for 20 min. The pellet was homo-
genized in the same volume of the TFA buffer and
centrifuged again. The supernatant was put into an
activated C-18 Sep-Pak disposable cartridge column
(Amersham Pharmacia Biotech) and eluted with a mix-
ture (2 ml) of methanol/water/TFA (90:9:1). The eluate
was vacuum-dried and stored at —80°C until assay. On
the day of the assay, the frozen sample was thawed in
a small amount (<20 ul) of 0.1% TFA at 4°C over a
30-min period. The CGRP level in each sample was
measured in duplicate using a rat CGRP Radio-
immunoassay Kit (Peninsula Laboratories Inc.). The
total protein content in each sample was determined by
the Bradford method (Nippon Bio-Rad Laboratories,
Tokyo).

Measurement of CGRP mRNA levels in dorsal root gan-
glia in 17B-estradiol- or Keishi-bukuryo-gan-treated
OVX rats

17p-Estradiol (n=5)-, Keishi-bukuryo-gan (n=>5)-,
or distilled water (n = 5)-treated OVX rats and distilled
water-treated sham-operated rats (n=35) were decapi-
tated, and 6 pairs of dorsal root ganglia derived from
L1 -L6 lumbar nerves in each rat were removed and
pooled as one sample.

Total RNA in the dorsal root ganglia was extracted
using a RNA extraction kit (Nippon Gene, Toyama)
according to the manufacturer’s protocol. In brief, each

pooled sample was homogenized in 1 ml of RNA-extract
reagent using a Teflon homogenizer (Iuchi, Tokyo). The
homogenate that was left to stand for 5 min at room
temperature, and the 0.2 ml of chloroform was added
to it and mixed. After the mixture was centrifuged at
12,000 xg and 4°C for 15 min, the aqueous phase was
collected and 0.5 ml of isopropanol was added to it.
The mixture was left to stand for 10 min at room temper-
ature and centrifuged again. The RNA pellet obtained
by removing the aqueous phase was washed with 1 ml
of 70% ethanol and then dissolved in an equal amount
of 10mM tris(hydroxymethyl)aminomethane buffer,
pH 8.0, containing 1 mmol EDTA-2Na. The concentra-
tion of total RNA in the isolated solution was determined
by spectrophotometry (Japan Spectroscopic, Tokyo) at a
wavelength of 260 nm. An aliquot of this RNA solution
was used for Northern blot analysis to determine CGRP
mRNA.

For Northern blot analysis, the isolated total RNA
(12 pg per lane) was electrophoresed on a 1.3% agarose
gel containing formaldehyde and transferred onto a
nylon membrane (Hybond-N*, Amersham Pharmacia
Biotech). The transferred RNA on the membrane was
fixed by UV cross-linking (Funakoshi, Tokyo). As
prehybridization, this membrane was incubated in a
hybridization buffer (Sigma-Aldrich, Tokyo) containing
heat-denatured salmon sperm DNA (100 ug/ml) at
42°C for 2 h. The membrane was then hybridized at
42°C overnight with a rat CGRP cDNA probe or
GAPDH cDNA probe labeled with [a**P]dCTP using a
DNA labeling kit. After hybridization, the membrane
was washed with saline-sodium citrate buffer, pH 7.0,
containing 0.1% sodium dodecyl sulfate. The radio-
activities of CGRP mRNA and GAPDH mRNA on the
membrane were quantified by using a BAS2000 bio-
imaging analyzer (Fuji Photo Film Co., Tokyo). For
each sample, the signal of CGRP mRNA was normal-
ized with respect to the corresponding signal for the
GAPDH mRNA used as an internal control.

Statistical analyses

All values were represented as the mean £ S.E.M. The
statistical significance was evaluated by a one-way
analysis of variance (ANOVA) followed by Dunnett’s
t-test or Student’s #-test. The significance level was
accepted at P<0.05.

Results

Effect of ovariectomy on the release of CGRP into the
circulation

In order to examine the effect of ovariectomy on the
release of CGRP into the circulation, the plasma concen-
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tration of CGRP was determined after capsaicin
(1.0 mg/kg) or the vehicle (1.0 ml/kg) was injected i.p.
into the OVX and sham-operated rats. CGRP concentra-
tion in plasma measured 7.5 min after injection of
vehicle (CGRPeoniol) Was 6.56 £ 0.34 pmol/L in sham-
operated rats or 5.08+0.34pmol/L in OVX rats,
respectively. CGRP concentration in plasma measured
7.5 min after injection of capsaicin (CGRPcypsaicin) Was
17.86 £ 1.37 pmol/L in sham-operated rats or 8.68
0.76 pmol/L in OVX rats, respectively. As shown in
Fig. 1, increase of plasma CGRP concentration induced
by injecting capsaicin was significantly lower (P<0.01)
in OVX rats than those in sham-operated rats.

Effects of 17p-estradiol and Keishi-bukuryo-gan on
capsaicin-induced elevation of plasma CGRP level in
OVX rats

In another set of experiments, the effects of 174-
estradiol and Keishi-bukuryo-gan on the release of
CGRP into the circulation were examined by measuring
the plasma concentration of CGRP following injection
of capsaicin (1.0 mg/kg) or the vehicle (1.0 ml/kg) in
17p-estradiol- and Keishi-bukuryo-gan-treated OVX
rats. CGRPionror Was 9.90 £ 0.38 pmol/L in distilled
water (10 ml/kg, p.o.)-treated sham-operated rats or
8.3010.41 pmol/L in distilled water (10 ml/kg, p.o.)-
treated OVX rats, 9.90 £ 0.49 pmol/L in 17-estradiol
(0.010 mg/kg, s.c.)-treated OVX rats, and 9.50 £ 0.37
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Fig. 1. Effect of ovariectomy on capsaicin-induced CGRP release
into the circulation. Increase of CGRP concentration in plasma
induced by injecting capsaicin was calculated as follows: increase
of CGRP concentration in plasma induced by capsaicin (%)=
(CGRP apsaicin / CGRPeonirol — 1) x 100. Each value is expressed as the
mean = S.EM. (n=10). Statistical significance (*¥**P<0.01) was
compared between sham-operated and OVX groups using Student’s
t-test.

pmol/L in Keishi-bukuryo-gan (1,000 mg/kg, p.o.)-
treated OVX rats, respectively. CGRP apsaicin Was 15.32 +
0.69 pmol/L in distilled water-treated sham-operated
rat or 838+ 1.19pmol/L in distilled water-treated
OVX rats, 13.65 £ 0.99 pmol/L in 17 S-estradiol-treated
OVX rats, and 14.69 = 1.00 pmol/L in Keishi-bukuryo-
gan-treated OVX rats, respectively. As shown in Fig. 2,
capsaicin-induced elevation of plasma CGRP concentra-
tion in distilled water-treated OV X rats was significantly
lower (P<0.01) than in distilled water-treated sham-
operated rats. The lowered CGRP level was restored by
treating with estrogen (17 S-estradiol: 0.010 mg/kg, s.c.)
or Keishi-bukuryo-gan (1,000 mg/kg, p.o.) for 7 days
(once a day) from the second week after ovariectomy.

Effects of 17 B-estradiol and Keishi-bukuryo-gan on the
expression of CGRP mRNA in dorsal root ganglia of
OVX rats

The results of Northern blot analysis of CGRP mRNA
in dorsal root ganglia are shown in Fig. 3. No significant
differences were observed in the expression of CGRP
mRNA levels between OVX and sham-operated rats.
In addition, treatment with 17f-estradiol or Keishi-
bukuryo-gan did not affect the expression levels of
CGRP mRNA in OVX rats.
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Fig.2. Effects of 17f-estradiol and Keishi-bukuryo-gan on
capsaicin-induced CGRP release into the circulation in OVX rats.
Increase of CGRP concentration in plasma induced by injecting
capsaicin was calculated as follows: increase of CGRP concentration
in plasma induced by capsaicin (%)= (CGRPcapsaicin / CGRPeontrol —
1) x 100. Each value is expressed as the mean+ S.EM. (n=28).
Significance with Dunnett’s #-test following a one-way ANOVA
[F(3, 28)=5.108, P<0.01] is indicated as **P<0.01 vs distilled
water-treated sham-operated group or 'P<0.05 vs distilled water-
treated OVX group.
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Fig. 3. Effects of 17p-estradiol (0.010 mg/kg,s.c.) and Keishi-
bukuryo-gan (1,000 mg/kg, p.o.) on the expression of CGRP mRNA
in dorsal root ganglia of OVX rats. To normalize the signal for
CGRP mRNA, GAPDH mRNA was compared as an internal control.
The CGRP mRNA/GAPDH mRNA ratios are shown as fold increase
over the distilled water-treated sham-operated group. Each value is
expressed as the mean + S.E.M. (n = 3).
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Effects of 17p-estradiol and Keishi-bukuryo-gan on
CGRP concentrations in dorsal root ganglia and spinal
cord in OVX rats

CGRP concentrations in dorsal root ganglia (A) and
spinal cord (B) of OVX rats treated with 17-estradiol
or Keishi-bukuryo-gan are shown in Fig. 4. No signifi-
cant differences were observed in CGRP levels of either
dorsal root ganglia or spinal cord between OVX and
sham-operated rats. Neither 17-estradiol nor Keishi-
bukuryo-gan affected CGRP levels in the dorsal root
ganglia and spinal cord in OVX rats.

Discussion

We previously reported that 1) CGRP-induced eleva-
tion of skin temperature and vasorelaxation were greater
in OVX rats than in sham-operated rats, 2) plasma
concentration of endogenous CGRP was significantly
lower in OV X rats than in sham-operated rats, and 3) the
number of arterial CGRP receptors significantly in-
creased in OVX rats (9). These CGRP-related responses
in OVX rats were restored by hormone replacement of
17p-estradiol in OVX rats (10). From these results,
we have suggested that the low concentration of endo-
genous CGRP in plasma due to ovarian hormone defi-
ciency may induce up-regulation of arterial CGRP
receptors and consequently amplify CGRP-induced
elevation of skin temperature. In the present study, we
confirmed that CGRP concentration in plasma signifi-
cantly decreased in OVX rats. This result was the same
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Fig. 4. Effects of 17f-estradiol (0.010 mg/kg, s.c.) and Keishi-bukuryo-gan (1,000 mg/kg, p.o.) on CGRP concentrations in
dorsal root ganglia (A) and spinal cord (B) of OVX rats. Each value is expressed as the mean + S.EM. (n=5-7).
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as our previously reported data (9). This result also
agrees with the results in a human study reported by
Valentini etal. (7) demonstrating that plasma CGRP
levels in postmenopausal women are lower than in
fertile women.

Circulating CGRP is derived from the perivascular
CGRPergic sensory nerve endings transported mainly
from dorsal root ganglia, which is a prominent site of
CGRP synthesis. It is known that the CGRP synthesized
in dorsal root ganglia is also centrally transported to
the spinal cord (11, 13). Recently, Tanaka etal. (14)
reported that antidromic release of CGRP into the
circulation via sensory nerves is induced by stimulation
of the spinal cord, suggesting that the spinal cord is
one of the factors regulating the plasma concentration
of CGRP. The CGRPergic sensory nerves have been
demonstrated to be sensitive to capsaicin; exogenously
applied capsaicin induces CGRP release (17, 18).
Zaidi et al. (12) reported that the plasma concentration
of CGRP reaches a maximum 7.5 min following injec-
tion of capsaicin and returns to basal levels within 2 h.
In the present study, we confirmed the increase in
plasma concentration of CGRP 7.5 min after injection of
capsaicin according to their procedure. In addition, the
CGRP levels were significantly lower in OVX rats than
in sham-operated rats, suggesting that the CGRP release
is attenuated by estrogen deficiency. This suggestion
was strongly supported by restoring the plasma level
with estrogen replacement in OVX rats.

Sasamura and Kuraishi (17) reported that CGRP
release due to capsaicin is induced by the influx of Ca**
cations into capsaicin-sensitive sensory nerve terminals
through vanilloid receptor subtype 1 (VR-1), which is a
capsaicin receptor. Winston et al. (19) showed that nerve
growth factor (NGF) treatment increased both VR-1
mRNA expression and capsaicin-evoked release of
CGRP. They further showed that the effects are inhibited
by treatment with k252a, an inhibitor of the tyrosine
kinase A (trkA), which has a high affinity for the NGF
receptor, suggesting that the release of CGRP from
the nerve endings is influenced by NGF. Furthermore, it
has been reported that estrogen up-regulates expression
of trkA mRNA in sensory neurons, where estrogen
receptors and NGF receptor are co-localized (20, 21).
Together, these findings suggest that the number of
VR-1 receptors may be decreased by attenuating the
endogenous effect of NGF due to decrease in the activity
of the trkA domain in the NGF receptor following
estrogen deficiency with ovariectomy.

On the other hand, regarding the involvement of
estrogen on CGRP synthesis in dorsal root ganglia, it is
suggested that CGRP mRNA expression is up-regulated
(20) or contrarily down-regulated (22) by estrogen

through its receptors, although estrogen receptors
obviously exist in the dorsal root ganglia (22). In
addition, our present result indicated that CGRP concen-
trations in dorsal root ganglia and the spinal cord and
the mRNA expression in the dorsal root ganglia were not
affected by estrogen deficiency and estrogen replace-
ment in OV X rats. Thus, at present, there is no consensus
regarding the regulation of peptide synthesis by estro-
gen.

Keishi-bukuryo-gan restored the attenuation of capsa-
icin-induced CGRP release into the circulation without
affecting CGRP synthesis in the dorsal root ganglia as
well as did supplemental 17f-estradiol in OVX rats,
suggesting that Keishi-bukuryo-gan also restores the
lowered CGRP level in plasma by restoring its release
from the terminals of capsaicin-sensitive CGRPergic
sensory neurons. In addition, we previously demon-
strated that 17f-estradiol and Keishi-bukuryo-gan
restored CGRP-induced elevation of skin temperature,
up-regulation of arterial CGRP receptors, and low
concentration of plasma CGRP in OVX rats. Supple-
mental 17f-estradiol to OVX rats restored them by
increasing the low concentration of plasma estrogen.
However, Keishi-bukuryo-gan treatment to OVX rats
restored them without increasing the low estrogen level.
These results suggest that the restorative effects differ
between estrogen and Keishi-bukuryo-gan: those of
17p-estradiol are dependent on changing the plasma
estrogen concentration, but those of Keishi-bukuryo-gan
are not (10). Recently, phytoestrogens such as iso-
flavones (23) or selective estrogen receptor modulators
(SERM) such as raloxifene (24) are reported to produce
estrogen-like effects without restoring decreased plasma
estrogen level. We infer that Keishi-bukuryo-gan may
contain phytoestrogen- or SERM-like substances. Al-
though the detailed mechanism including active com-
pounds and the site of action should be clarified in
future studies, the effect of Keishi-bukuryo-gan, which
does not confer estrogen activity on plasma, may be use-
ful for women experiencing hot flashes with specific
contraindications, such as a history of estrogen-depen-
dent cancer (25).

In conclusion, we demonstrated that a low concentra-
tion of CGRP in plasma, which is suggested to be a
trigger for elevation of skin temperature, was due to the
inhibition of the releasing process in CGRPergic nerve
terminals. In addition, it is suggested that 17 S-estradiol
and Keishi-bukuryo-gan restore the CGRP-release dys-
function due to estrogen deficiency in the nerve termi-
nals.
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