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Effects of Estrogen and Keishibukuryogan on Hot Flash-like Symptoms Induced
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Hot flash (HF) is the most common phenomenon in climacteric symptoms which often develop concomitantly with
a decrease in estrogen in postmenopausal women. The onset mechanism of the hot flash is complicated and remains un-
clear. To date, some animal models of postmenopausal HF have been devised, but they are not fully available because of
the difficulty in producing them. It is thought that hyperactivity of the central a-adrenergic system with a decrease in es-
trogen participates in the onset of postmenopausal HF. Therefore, in the present study, we examined whether a HF
model could be easily produced by administering yohimbine (YOH), a presynaptic a,-adrenoceptor antagonist which
promotes norepinephrine release, to female rats. HF-like symptoms such as a rise in tail skin temperature and a fall in
rectal temperature were shown in the rats who received YOH (3 mg/kg) subcutaneously seven days after the ovariec-
tomy (OVX). Such symptoms following YOH administration were observed in sham rats as well, but were much more
clearly noted in OVX rats. We next examined the effects of various drugs, which are clinically effective against
postmenopausal HF, on HF-like symptoms in YOH-treated OVX rats: clonidine, a presynaptic a,-adrenoceptor agonist
which inhibits norepinephrine release; S-estradiol as an estrogen; and Keishibukuryogan, a Kampo medicine. These
drugs inhibited HF-like symptoms in YOH-treated OVX rats. These results suggest that the activity of the a-adrenergic
system is enhanced with a decrease in estrogen in OVX rats whereby YOH causes HF-like symptoms more conspicuously
than in sham rats. Therefore, it is thought that YOH-treated OVX rats will be a novel and simple model of
postmenopausal HF.
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HF O FHERE I8 2 mEEER 2 H T %
calcitonin gene-related peptide (CGRP) o fi H1 j&
ENEATDZIENS, FFEIEICIE CGRP 215
T 5 ENRBIN TS, 1419 Kobayashi 517
Of Noguchi 51, 1819 OVX T v MZ CGRP % #fk
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(Microprobe Thermometer BAT-12, — a1 — DO YA
I A, H) Ot U —Hz2ROHELLD 2-3
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A7O0—72ME05em AL THIEL =
TR O BIE B IR 5 20 5041 YOH &= &5 & T
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RNz,
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FEE X5 20 £ LARIE OVX 5 b D545 sham
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[Fig. 1(B)].
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Effects of Yohimbine on Tail Skin Temperature and Rectal Temperature in Female Rats

Rats were anesthetized with ether inhalation and bilaterally ovariectomized (OVX) or sham-operated. Seven days postoperatively, yohimbine hydrochloride
(YOH) was administered subcutaneously to the rats at a dose of 1 or 3 mg/kg and then tail skin temperature (TST) and rectal temperature (RT) were measured.
Data are represented by the mean+S.E.M. of 5 (YOH 1 mg/kg) or 6 (YOH 3 mg/kg) animals. The statistical difference was assessed using the Student’s ¢-test: * p

<0.05, ** p<0.01, comparison between Sham and OVX group.

TId CLO % 5-# ® TST I3 YOH # 5 10 43 LAKE
1% Vehicle # 5 X D BH EITIK T L7z [Figs. 2(A)
and (B); Left].

—7, CLOZ sham KU OVX T v hW§HicH
WTHHMTRT 2 F 3, YOH # 5 FF &
(CLO $¢5-® 30 4r#%) TIX CLO £ 5-# ® RT IZ
Vehicle % 58 X 0 HHFEICILTF L7/~ (Sham: Vehi-
cle 37.6£0.2°C, CLO 34.9+0.2°C, p<0.01; OVX:
Vehicle 37.9+0.2°C, CLO 35.44:0.2°C, p<<0.01).
L,’L, CLOIX YOH IZX% RT O FIZx LT
WHIHER 2R L, OVX v MZBWTIE CLO
58 O RT 13 YOH # 5 50-55 73 #2 Tl Vehicle

BERLODBHERICER LU [Fig. 2(B); Right].
723, sham v MZBWTIE, CLO # 58D RT
& YOH # 5 10-25 43#% T3 Vehicle & 58 L 0
BEICKL, ZOBIIHBRLICERL TS55-60 /3% T
1331 Vehicle X 5L D B ARICE SR DRRE,
—E L2t wE RS> /= [Fig. 2(A); Right].
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E, 13 OVX 5w MZ YOH 2#5 L T & % TST
D EFRZMGIL, YOH #25 30 & LABE IS E, 325
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Effects of Clonidine on Yohimbine-induced Changes in Tail Skin Temperature and Rectal Temperature in Female Rats

Rats were anesthetized with ether inhalation and bilaterally ovariectomized (OVX) or sham-operated. Seven days postoperatively, yohimbine hydrochloride
(YOH) was administered subcutaneously to the rats at a dose of 3 mg/kg and then tail skin temperature (TST) and rectal temperature (RT) were measured. Cloni-
dine hydrochloride (CLO; 0.3 mg/kg) was administered intraperitoneally 30 min before YOH treatment. Data are represented by the mean+S.E.M. of 5 animals.
The statistical difference was assessed using the Student’s #-test: * p<{0.05, ** p<{0.01, comparison between Vehicle and CLO group.

B D TST id Vehicle % G#H I D B HEITHKTL
72. BIRAIZ, B, H%E5# D TST id sham 7 v MIZ
YOH Z#: 5 1L 7=# (Sham/Vehicle #) @ TST &
FIEFEUCHEBLZRLUZ. £/, E,IXYOHITX S
RT D ~ZHHHIL, E, H5H TIE YOH 5 20
3% D RT 1d Vehicle S 5 HL D b HERICEN > &
(Fig. 3; Upper).

TST %O RT OHEIEK THREA T, OVX F v k
@ Vehicle #¢ 5% Tl sham 5 v MIHNTHER
REEMETFEEEORDNED 5Nh, OVX
LB INH6DOEIENTND By Ik > TERK
HiflE 7= (Fig. 3; Lower).

4. YOH (C& D TST O LR KU RT OETF(Cxt
3% KBG D{EH KIZ, OVX 7 v hiZ YOH
ZEL T E 5 TST O L5 KO RT Q& NIkt
9% KBG (1000 mg/kg) DIEHZF Nz,

KBG 3 OVX v MIZ YOH 2 5L TR &5
TST O EFZ2MHI L, ORI L 72
E, (30ug/kg) LIFIFRIFETH 7. BRAIT,
KBG # 5-# Tl YOH #: 5 20-45 4312, E, 5
B TIE 50-55 79812 TST 1% Vehicle # 5# XL 0 %
BEICETFLE., £/, KBG#E5HKLKUE, # 51
@ TST i, sham T v T YOH & 5 L 7= B
(Sham/Vehicle #) ® TST CIFER CHBZRL
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Fig. 3. Effects of Estradiol on Yohimbine-induced Changes in Tail Skin Temperature and Rectal Temperature, and on Ovariectomy-

induced Changes in Body Weight and Uterus Weight in Female Rats
Rats were anesthetized with ether inhalation and bilaterally ovariectomized (OVX) or sham-operated. Seven days postoperatively, yohimbine hydrochloride
(YOH) was administered subcutaneously to the rats at a dose of 3 mg/kg and then tail skin temperature (TST) and rectal temperature (RT) were measured. S-Es-
tradiol (E,; 30 ug/kg) was administered subcutaneously for 7 days before YOH treatment. After the measurement of TST and RT, rats were sacrificed, and then the
uterus was removed and weighed. Data are represented by the mean +S.E.M. of 6 animals. The statistical difference was assessed using the Tukey-Kramer test: * p<<
0.05, ** p<{0.01, comparison between Sham/Vehicle and OVX/Vehicle group; * p<<0.05, #* p<{0.01, comparison between OVX/Vehicle and OVX/E, group.

7Z. KBGIZ YOH IZX 5% RT DR FicL THH
BETIRBWSHS AMHEERZRL, Z£ORIIE
E, & 1FIFFZ%TH o> /= (Fig. 4; Upper).

Ak & FHIZ, By 13 OVX I &K B RE BN % O
THEZOREDVZVWTNHER2ITHMHIL 7203,
KBG lZWd Nz L THIERHZE RSB S &
(Fig. 4; Lower).

£ £
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1 ilEgE e T 5 YOH 2 Bk o it ic i 53
&, HFDPEZ S ZEMHEINTNS. 0 22
THE, bNbHONIL YOH 25 v &, E0DDIT
OVX 5 v MZ#HETHZ LT, MK HF OTF
WRBEIZERT S ENTERNNERFL /2.
*¥9, FUHAED YOH # sham %X OVX T v
N5 L, TST KO RT 2T 2ERZ 5 v
K TCHB LU, 723, YOH O# 5 51EZEEMEZ
AIRICHEIE TG &L, HEITDWTIE Redfern
ST M YOH % K F#% 5 L T TST @ 1
FERO 1mg/kg ZHBAELE Lz, £ORER
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Fig. 4. Effects of Keishibukuryogan on Yohimbine-induced Changes in Tail Skin Temperature and Rectal Temperature, and on
Ovariectomy-induced Changes in Body Weight and Uterus Weight in Female Rats

Rats were anesthetized with ether inhalation and bilaterally ovariectomized (OVX) or sham-operated. Seven days postoperatively, yohimbine hydrochloride
(YOH) was administered subcutaneously to the rats at a dose of 3 mg/kg and then tail skin temperature (TST) and rectal temperature (RT) were measured.
Keishibukuryogan (KBG; 1000 mg/kg) or B-estradiol (E,; 30 ug/kg) was administered orally or subcutaneously, respectively, for 7 days before YOH treatment.
After the measurement of TST and RT, rats were sacrificed, and then the uterus was removed and weighed. Data are represented by the mean+S.E.M. of 7 animals.
The statistical difference was assessed using the Tukey-Kramer test: * p<{0.05, ** p<{0.01, comparison between Sham/Vehicle and OVX/Vehicle group; $ p<0.05,
comparison between OVX/Vehicle and OVX/KBG group; * p<0.05, #* p<0.01, comparison between OVX/Vehicle and OVX/E, group.

YOH 1 mg/kg Tl TST 1350054 30 3% £ T
13 sham LA OVX T M EBRIBEICER L=,

UL, ZNLA#IE TST X OVX 5 v b Tld & fE
DEFHBLZDIZXH L, sham T N TIRHRLIC
KFL, MEBTHLNRENRED 5N, YOH
1 mg/kg $ 5% @ TST O FA L F 1% sham T v
F T3 1.0°C, OVX F v hTiIH 1.3CTH o
7=. BIaAIZ, Redfern 5 O T v b TOMKE T
FUHAED YOH 2L % TST DA EFMEIZHK 9°C
THDHDT,2V SEIOMHRIFZFNERES RIS T
Wiz, ZORRIEFIAHTH S0, YOH ITXHT %
TST O IGEICHEEMTEND D Z EMBA SN

%. Fl, AENXTST 2HE L 2B O=ERIT 23°C
TdH o727, Redfern 5 DORFHTIE 18.5-20°C &%
Wiz, #5 OBETIET v MIBFEMICEKIRED |
MO G WIREEIZH > - EHERINS. 723, YOH
1 mg/kg TIIWTND T v h&H RT ITE(LITEED
SN ho7z. DT EMS, YOH 1 mg/kg Tl
HF fpERIZEE W BT SNz, F I TRIT,

YOH 7% 3 mg/kg IZH&E L CRIRICHME L/1=& 2 A,

TSTIZOVX v @A sham v hEKDHKE
<ERL, MEMICEEENGED 6N, BIRAIT,

TST DK FFfE1Z sham 5 v kTIE% 0.8°C T 1
mg/kg DEFERIDD L ARKNSZDITHL, OVX
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Fv bOZFIEK 1.7°C T 1 mg/kg DA LD 1Y
KUZ. 512, YOH 3mg/kg TiZ sham & O}
OVX v hWFHNIZBWTH TSTD FHREHKL
TRTHNHETL, TOEEDH OVX T v bDAN
sham 7 v b XD HREL, WHEMITHEBEENZED
5N, sl EMnS, Ty MIZ YOH 3
mg/kg & & F#% 59 % & HF BERNER I N,
LdZOREIZOVX v hDJFA sham T v k
KODBHETHAHAZIENHHALZ., I8bB,
OVX 5w M2 YOH 3mg/kg 259 %5 Z & T,
PR HF OET )V ZE-TE 5 2 ENRB I N
2. TIZT, ZOXS57 YOHLE OVX T v b33
B HF £E57I)I &L TZUTHLINED N EI S
ICFEL <BREEL 7z

X9, YOHIZX S HF BRIERDY op-7 RLF VU >
ZRIKOEMZN L2 THBE I EZ2MHRT 572
DT, FHERICHK T 5 CLO OEM % i N7z,
Shimamura 5% LH-RH L& OVX T v MZEE 5
TST @ EH K% RT O FIZkd % CLO OIEMH %
fiEfL, CLO 0.3mg/kg 72 LH-RH # 5 @ 1 [
RICROKGT 5 E, 26 0EEA LAV TND
BRICMGIENDZLE2WMEL TS, D 22T,
SEOBHN TS CLO DHEIT 0.3mg/kg & L7z,
FOFEHR, sham KA OVX Ty T HIZBNWT
%, CLOIZHMTIX TSTITEEE 5 A2 > 20,
YOH I2& 5% TST ® LR Z#FZRICHAHIL 2. —7,
CLOIZWTND Ty MZBWTHHMTRT 2%
TS, YOH 5K T CLO % 58 ® RT IX
Vehicle ¢ GH LD BHERICIE T L. CLO [ZHHK
a7 RLFT Y ZEEKEZNLTT vy FOKRRZK
TEIE2ZIERHMENTHD, 0 SEIOERITZN
E—HUL7Z. UL,ML, CLOIZYOH 2L RT®D
KR LT MsER Z2xRL, FicZzhid ovX
v MZBWTH5/,NT, CLO %58 Tid YOH
5% @ RT I Vehicle i 5 L0 BHEREICERL
2. Zhis D2 EMS, YOH IZL 5 HF FRIERIE
a7 RLFU CZRKROMER 2N LZHERT, L
MHBEZFNITOVX T MiZBWT sham 5 v & D
BAKTDHEEZASNZ. HRRE HF OFIEICIT
IO >ORPICEDHRAT ST T AD ap-7
KLU O ZBROBAD NIEZ DK TICL S/
W7 RLF Y R DREDNBI G % 2 EAURE S
NTWws 20 z20Z&En5, OVX T FTIEIX

cOg > ORI KOHREI ST T AD -7 B L
TV OZBROPADCEZEORTNES, NI
AT YOH IZ&K o TRZAANER S N 01
sham T v MZHNRTEZED /)L T RLF U 2 NiE
X, HF BIERD X D R<Hbh/z SRS N
%,

RIZ, TAMOTOfimRsE U THREL, PARKE

WCHE#TH D E, IcDWT, YOH {LE OVX 5
v N TO HF RRERISH T 21EH 27z 20k
R, OVX T H5KREHEMNATTFEERERFD %
sham v PO L RXJNVICETEHEIETL2HED E,
ZPHE$ % ET, TST ® EH KU RT 0K Fi
WIFNDH sham v M YOH 25 LA &[F
LRVICETHIflESNZ, 2o &5, YOH AL
B OVX T v MIHE 5 HF BEIRIE, PR
OHAEEFERRICIA SOF > OBDICELDHDTH
D, TZAMOY>OMABICEL> THMHITND Z &N

BNtz

U<, PARE HFIZHL THERIE SN 5 KBG
DIEMIZDOWTHN. 728, KBG O & KU
EWRIZ, v b® CGRP #3% HF E5)LIchB W0
THERMEERNGED 5N TS| IHED
&, 1000 mg/kg 2 OVX Filitgn 5 7 HRERE D%
L7/, ZO#%E, KBGIX YOH 4LiE OVX F v

WWEED TSTO ERAKUTRT DK FEVTNS
ZHITHHEIL, ZORNIRTERD E, EFEFETH >
/z.

Kobayashi 517 } Of Noguchi 5 i, 1819 CGRP %
OVX 7 v MIC#IRNEET 2L, MUAED
CGRP % sham T v MG LEHEXD HEER
ENKRES ERTEN, ZOLIBKRERED LR
WEICE->THMflahsdZ&z2HEL TS, Z
D EMS, YOH WEDEE EFEHIC, CGRP AL
BOEHAEH OVX 7y N TlRE2EEERED LFIZ
IZA ROy oEbickdEEZILND. T2, H
%1% HF OFIERFIZIZ CGRP DI EE O L FH A
BAOEND I EMhS, 1410 CGRP IZEARE HF O %
JEICBWTIX, O NEEERICX D &K
BePl TR BRI S ORBHEICEAG T2 EEZEA 5N
TWw3, 3 —7J Noguchi 5% KBG 2T A ~O#
CHEER #3912 CGRP ALE OVX S v M igH
FREERED ERENGITEZEE2REL T
5. B9 2N 5D EME, KBG A CGRP L&
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OVX v MZHBWTEEIRED LFZIH L 725
FIZOoWTiE, EffoT A oy > Ev a7 RL
FUCHBERICHLTTIRARL, BKREKT
CGRP I L TEHEMITERLZZENEZA BN
5. BIaAIZ, OVX 7w X DH§H LU ZIE T,
sham 7 v b D& IZ T CGRP 1T X % it % K i
N KRT B/ E, CGRP I T D2 MDA
ROHLENZ T ENMEIN TN D, 32D —F,
Noguchi 513, KBG ## 5 L 7= OVX v ~ DIl
B TIL, CGRP I 2R MIT sham T v k& 7%
MIBNWZ EZEDTNDS. 19 SEOKRFTH, KBG
13 OVX I K D RE I K O F B EEE AT LT
HEERES oI EMS, KBGIZTA RO
FIORERZELRWZ EDREINE. Lido
T, 4EO YOH JLiE OVX v hD¥EHED, KBG
IR BB I BT CGRP IZH U CHEBEAICHE
U, HF ARERZMGIL 7= LRI N5,
SEOKFICED, YOH LE OVX T v I
8% HF SHMIL 2 RIRZ (L 2R T &ML
7z, £7-, BRTH&E#BHF ICH L TEYEEND
CLO, E, XU'KBG 78, WihibAET vy MIBWT
HF fRERZHHITH 2 L bHERINE. INH5D
ZEMNS, YOH L& OVX T v MIBEICERT
HZEMTE, DOHKOIRIEIZUT WH RS EHRE%
HF E5)L &R 0DEDZZENRBEINSZ. £/
YOH fLi& OVX S v ~Z CGRP iEHETFILITEEN
% &, PARERE HF OFAEEEZ LA S ML TR
WHIFH THBEL TWa &IN5, LiNo T,
YOH {Li& OVX T v M, PA#EE HF % 2 D FhE
WFE DRk % I BB THIRI T 5 Y ZRIA< A7 U —
ZIUTAHDITHELEETINTHD EEZONS.
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