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Abstract
Ovariectomized (OVX) mice were used to investigate the effects of estradiol and Kampo medicine, Toki-

shakuyaku-san (Tang-Kuei-Shao-Yao-San; TSS) on the central nervous system. OVX mice were injected
subcutaneously with estradiol 500 zg/ kg body weight/ day for 7days or administered orally TSS 1g/kg body weight/
day for 10 days. The ChAT activity, and NGF contents and NGF-mRNA in the cerebral cortex and hippocampus
were measured. It was demonstrated that the ChAT activity and NGF contents were markedly reduced in the cerebral
cortex and hippocampus of OVX mice compared with those in the normal mice. In estradiol-treated OVX mice,
ChAT activity and NGF contents were increased remarkably, and NGF-mRNA also showed a tendency to increase.
In TSS-treated OVX mice, ChAT activity was increased significantly, but there were no remarkable effects on NGF
and NGF-mRNA.

From the above results, it was suggested that both estrogen and TSS treatment alleviate the symptoms of
postmenopausal women, maybe via an improvement of cholinergic function. And it is inferred that estradiol and Toki-

shakuyaku-san reverse menopausal dementia maybe by some different mechanisms.

Key words choline acetyltransferase, estrogen, Kampo medicine, menopausal disorder, nerve growth factor, Toki-
shakuyaku-san.
Abbreviations ChAT, choline acetyltransferase; Es, estradiol; NGF, nerve growth factor; OVX, ovariectomized ; TSS,

Toki-shakuyaku-san.
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O FEARED S QIR+ v E v 12 & DB WA
B3, COBENWMC LS AHBEEORENG BRWE
KREAE L EENEEOHEERN GOSN ELE
AONTWVWR, IR bo¥y Yy PREMERCRIZITE
WiioWTR, VERICFRPLESZ VA, Gerard 5
DFEFHIFHBE L Aronson 5 DOHEIC K 3 &1D HRT
THEOFBBHICHANT, 23 ECSVREL TS,
FOREFRRO—> & L CTEEHFRHEOINEEEEET I
St v E VEHORBRDSIEREh TV, Btk
TR roryOEEE (ERT) 2fT-1fITR, 7
wyndz— (AD) BEOHREDRKROBD &
FEEBOERE EDONRHGIME S h,30 HRIERAE &
TV EVOEBERLGEE®ESRENTVL S,

—%, EEEHFESWE-RAFWB-RERENL THEL
OEFEMER A WET 5 & BERY, BRAFRICE -
THOhEENDDH B, A GMEEL< Y X PIRE
BEEYEBWEERTESHROYRIERPCASE
FKigt EHNAMREENEOELLERFEEEDOET
AWETBHEERVEL, IhoDEAHA O
BRI T AERICEL T—HORFT & L TE L0

AiEiIcB LTI, EBH Y 2 2 AVIEEHI®%KI0
HE, 0HEBOERBMLTEF L) vERBER
(ChAT) ¥, s vzEx7YviREDE/T7TIVER
DET, <4+ =7 ViEHOBETIXT 3 4R RD
WEEAERE L1, $HLBBRRCEBLEALIHED
22 b+35 V4 —1EE (258 X100 ug/kg/day) T
it ChAT FEH~DOHEBRED SN > LI L ERE
L7050 40, fEFTEcfs 3 smaY) v g
= a—0v0DChAT iEH S L U0 LR ICE
T % %27 5 MERERT (NGF) & NGF-mRNA %
BRI 2 4RERIRSOEBERFT L, $/0x
2 LS5O - AEELDERIIODVTOHERFT LD
THET %,

BRI ERE

(1) EERBY : 588 o » 2 C57BL/6CrSlec = 7 2
(B SLC) #MAL, W1 BRTFHEE% L IRER
AW, BiiEERER (2321°C, BRELSE2%), B
B 4 7 v 1285/ (B 7:00-19:00) 0EMZEICTH
B, BB E TAE (BX 2 L7 CE-2) RUKiZ
BHICERE .,

(2) AEIB90E : 2 v 77 — VKB (50mg/kg ; i.p.)
Tt L, mEIOIMEEBFH L1, BFRHE
HEHEYIF O &7 - 1o

(3) Y BI/HER (TSS) & (Bk) v &4 5 &Co. &

iRtz F 2FXK (TJ-23 : lot 240023020) %
lg/kg ST AR ARL, IVEBEA L 108
BRI CHBRERS ¥, RKBIEAHR LARL
Fo WRBICRKERS L, 223594 - VIREE
ERBE T3, estradiol benzoate (Sigma) ¥ HED1.0%
47— n-EBAEEKICERL 500 ug/kg/day ICHEH T
ZEREMEHHEOBA L0 THRK TRE %17 - 0
BEICI10%T s/ —Vv-EEBEKERS LI, W
nbipEmEE Ly 10881, WMEALMERDE L,
MIZESICKBEZRTHEEL, MosEF T-80CITR
FElLt, MIZFS4 74 2T Glowinski & Iversen ®
FED K-> THEIL 120

(4) ChATEHEDRIR A & - ChAT iE# (2 Fonnum O
FHitE® OEEICLDAE L, KINEEHZVWIIES
1 & D RHEELIC 1% Triton-X100 PBS % 0.5ml 240X T
hTtrE®E Y E—FL, 02v NaCl, 8mm choline
chroride, 1mm EDTA, 0.1 mm eserin, 0.5% Triton-X100,
25 um [1-1C] acetyl CoA (0.15 GBq/m mol ; NEN) %
BURIGKEMA 37C, 04fEA v+Fax—va L
fzo RIGEETH, 30010k L7 50mmY v EREER
(Imm EDTA, pH6.5) #MMA, 7<% 5 5mg/ml D so-
dium tetraphenylborate # &L 7 € b = b ) V/AHK 1ml
Eraz v 2ml EMAERLAEIC, 3000rpm T105
R L, BRARBImEZ VI v Ry Vv FL—
y—LBAL, BEE®EREY v Fr—varvhoy
¥ —THRIE LT,

(5) NGFOER

a) NGF polyclonal {iésD{ERK - NGF #5350 ug
D25S NGF 27 ¥ axv b (F]EI%RE T3 Freund's
complete adjubant, BAIHEEF i3 Freund's incomplete
adjubant) & & I NZW S £ v FiIC3EIRFET ST &
L& 0B, BonkiiiE i3 protein G Sepharose
column (Phamacia) i< & 9 IgG BE5ic AR L &I,
& 5 2 NGF-conjugated Sepharose 4B column iZ T~
¥ Z 2.55 NGF o3t 5 affinity 8% 1T - 72 1RICEER
AW, % 7211 NGF affinity #5841k % bicarbonate
buffer (pHY.0) &1 T NHS-LC-biotin & 4°C T 2 B Ri/EF
&# 5 T &I & v biotin /LI NGF affinity ¥&iiis %
fER% L Two-site ELISA OO AL L THW .,

b) v AMEMBPONGFER : KINKHS 534
EIzPBS%#05ml 2 CcHEY%— b+ L, &L (10000
rpm, 104}, 4°C) 2» i THon LEEAWT Two-
site ELISA I TRIFEZETT » 1o

(6) NGF-mRNA D RIE

a) RNA OBH : HE s ni kI r/ 7 = Y VB
EMABERICLDFE IR~ F Lk, total RNA R
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b) RT-PCR: LEDHEIK L DEB S 117 total RNA
45 lpug &9, First strand ¢cDNA Synthesis Kit
(Pharmacia) 2\ T ¢cDNA 24X L 7z, PCR KI& (3
cDNA 2.5 11, Taq DNA Polymerase 0.25 ul, 5X PCR
buffer 10 x1, 25mm dNTPs 0.5u1, 2 pmol/ ul sense
primer ¥ & U 2 pmol/ul down stream primer % 2.5ul
TOMZ T, BRYPKTL2EZE 50u]l & L 30-33 El 0 HEIE
21T » t2o PCR RUGZ (1) BEH ; 94°C, 308 G 7
==Y v 7 ;55%C, 14 (i) HMERIE ; 72C, 1590%
BHTiToto EHLEE Y27 542 -(A) ET VT
v 2 (B) i3, BEEY © cDNABFICESVTERML
f2o Z 72 cyclophilin % reference gene & L THWHHIE
Lo B LT 54 v —DEEENELTICRT,

NGF (sense) : 5'-GTAATGTCCATGTTGTTCTACA
CTCTG-3’

NGF (antisense) : 5’-GGCAAGTCAGCCTCTTCTTG
TTAGCCTTCC-¥

cyclophilin (sense) : 5'-GGTCAACCCCACCGTGTCT
TCGA-3'

cyclophilin (antisense) : 5-AACGGTTAGGTCGGT
AAGTCAGAAC-3
Boni PCREYL, 15% 7 #o— 2/ VERHKENC
& 5BEL 7%, SYBR Green (Takara) ic & 0 5%
TV, 257nm OEANERIBEHC L 0B 5N 2 8%% Poraroid
film Lokt U7,

(7) & RO BOAE : Bradford HiED ic L V1T - 2,

(8) MAFHNE . 2T hOREHRE I E L E
HERETRLI, EBONLF- 9 -—DEEZDORTE
i3 Student’s t-test 2 VL TITVWEREB SYLUT2EHE
& L1,

= S

1) BREFEHIC & 3MAD ChAT EE L NGF RO E1L
INELAEH 10 Bt~ v A KIMEZEH T @ ChAT i&Et: % )
Ll h, NEFBEE~Y 2 TRAFHEICH~E
EREHETSEDONK, £LNGFEERIEL i
BItBOTHINEBHE ~ v 2 TIIBFHREIC KR
KREELIUCHBETCNGFEODEELRLHED NI,
NGF-mRNA K 3FEREZIBH S E» -1 (Figl),
2) BIEEH 7Y RMAD ChAT iEtt & NGF BB L U
NGF-mRNA RERICHT IR bS5 VA —LOEE
EBH <Y RICT R b5 U4 — V500 ug/kg/day
(s.c) 2THMT- 7%, ChATiEH & NGFEB LU
NGF-mRNA #HEZHE L, TORKE, =2 b5V
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Fig. 1 : ChAT activity, NGF contents and NGF-mRNA in the cerebral
cortex and hippocampus of ovariectomized mice. Each value repre-
sents the mean £ S.E. of 5 mice.
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® NGF-mRNA RBE G EMMER (p<0.1) MRE N
(Fig 2)o

3) DALY XMAD ChAT FitE NGFEE LU
NGF-mRNA REEICXT 2 LB EHORE

PRt < v RIS YR EHR T + 2 (TJ-23) % 1g/

kg T 10 BRI S ¥ /%, ChATE#H: & NGF EH &
U NGF-mRNA RERBORE%IT -1 TORRE, 4
RATEBOHEG I & D KINKE T ChAT 0 HEXR
BEm»EH 5N tc, —F, NGF &EH & ¥ NGF-mRNA
RERICH L TRURSTEROREICLZFELRER
HEanish -1z (Figdo
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Fig. 2: Effect of estradiol (Ez) on ChAT activity, NGF and .NGF-
mRNA in the cerebral cortex and hippocampus of ovariectomized
mice. OVX group was injected with saline. Group of E» was admin-
istrated with E> 500 ug/kg body weight/day for 7 days. Each value
represents the mean £ S.E. of 5 mice.

OovxX BAOVX+E:

% £

FThYINAT—RKERUDELCEYOBEEREET
BRARMKEPCHED I ) B = 2 — o v OEEMNEE
ETHy, KIMRECLHEENCIRPFETICERICMFRL
TVWAILENHMOonTWS, £ NGFRIFICAMEE
LHBETER, Fibsh, WEMOMML, £F, e
DHFEICEDbY, KBRFLLTHC Ao hTY
5, BIFIcEVWT, PEMEEI08E, 208E0K&A
HI7ZChAT iIEHOIET, s vxEx7 ) visEDE/ 7
I VEHOET, CEYTEHROEBETHBEINE L A2H

Fig. 3 : Effect of TSS on ChAT activity, NGF and NGF-mRNA in the
cerebral cortex and hippocampus of ovariectomized mice. OVX
group was administrated water. Group of TSS was administrated
with TSS 1.0g/kg body weight/day for 10 days. Each value repre-
sents the mean * S.E. of S mice.

Oovx BovX+TSs

L L7800 2 TAERTRIPEBHE <Y 2 2H,
a2 ) Y EBIME = 2 — o VICES 2K Y ChAT &t
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NGF iKW THIER T o 1o Z DR, IPBEEH <
9 ARMKETD ChAT iEtE B FHB BRI
ETL, FiMEXBTIRENE N, £ Z0KD
NGF OB L2 RE L t- & C AMEBMEBCRBEZTICR
BLTWBZ EHHERS N, Singh SOWMEFXHET 2
FRAE & 112,129
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pg BL U 100 ug/kg/day DHB TR LIcE T A, .
ChAT iEtic 3EBAEE5 X J, REROA + -7 ViE
DA ETLEE, £ THEIEG, MacMillan 55519
ChAT FEHtic B A RIFTHEE L TREL TV 5500
ng/kg/day TRETEIT > 720 TORR, T2+ V4 -
MBI X D IPEREH <9 2D ChAT FEH I ERICH
mL, shooMELFEROKRENGONT, £/l D
LEDAMEBELLUBEICEI 5 NGFRIEE I
me 2 EMBEB NI, —F, EHHHDLERIER
AROB/ESLEES IR, Gl LB ChAT EH o
BELENSBEER I, LArLAMSS NGFEITOW
TRAMEEBLUVBEOVWTHIIBLWTOAERLEL
BEREIhEP-1, ROTNGFEEFTIREL,
mRNA VARV TENBEI > TWBH»IZD>WV T RT-
PCR %\ THIE % 1T » 2o Cyclophiline 238 & L
THEATVHELILEZS, 2253 V9F— 15T
i3 NGF-mRNA o¥nERSEESh, BE L N
BULWTHEIMT 5 EMMETE 1, ThITH LR
EHOZEOH!EGIcE W TIZ NGF-mRNA 0 FELEAL
BREEIhE -1,

3 EBHEERIEECECRNBEEICE LER
BEEA24 3 L90 AD BEEH TIIKA D ChAT iEH#
BELLFEDLLTVWEIERESISN TV SH,18 §3
HiEHEF 0 ToO ChAT iEH DK T I3, EEHLEO
FIRFED ) 2 7 NP RMBEEDET & iR IcBdE S
5bDEEZOND, FHLEEHEECEERHLUROR
SEEREOCRFICI X b oy YERBEESITOATY
2551718 415 DK, 19 FEE K T2 15 & DR A
EINBIEBHONTV B, SEOKRT, IR
K& DERE N B3R TOD ChAT iEtE® NGF EDETF
Bz b5 I4—-1 (500ug/kg) DREICLVEEI
HEENBZEMNED SN, BT NGF-mRNA HHE
bEIMERZR LTz, COODBRE»SED LR b
o4 vEABEERO LKLY 3y R MERSTER
fbxh, DEFEEEECHOBERETLIHES
3b0EEbN, NGFOLVE7 Y —FHBEEIIT X b
o VICEDHAEGENBEI LR NGFOFoE— % —
fRIRIC estrogen response element (ERE) A% L TV
BT EMWPEINTVE, KERTI A boF o
WF 5 & 3 up regulation DFER, NGF sl
FHEBELVTOHEMERERLLODOLEEL T
5, SOIKNGFMEMLS y b0 ) yHE=2 -0V
DEHORERE I LEEFEAZE T 55 &L 0L
MBHY, NGF A L) v EBHBEROBENLE
A bt

LR IR I IPRERBER 2, RIEE, EF

HEEL COBRABRBICLCHVONTVS, $h2
BMFEORELS EDIERAEE LIPRBEETICL > TE
CaARi%R, BER RERORELZHRET 2 HEMH
BRENTVE, hE TIYBAERRIPREERIC
BLWTRRIRS I VLK DBERINWIETLEEES
7y P OERBHEEICNT 2HXEER® =aF v H#
TeFNTY) v LET I —DORIEEMD E85 5 b K
MEEETD ChAT IEHOEIMEAD L LG s T
W53, k7, PEMHEH~ Y 2 2AVWGREHRBENIca)
vIEB R T AEEBERFT LA LE A, YR
AR S TP IC L 3 PhEHF O ChAT BHEM
fROETEIA foAs, MKERBEBRS cREELZIR
Wi &, MIBAEE D ChAT Bt 3 fEA A FES:
BOLBERATRVLIEEZRLTWVASSO Th b OWFRE
BABET 5 & MBS EEII I HERE D TEHEAL P P
RIZEMEOEEN LT Y EBHEROKEES
BESE, ToRR, CR¥FBEONEMFRAETRT L
DBHETE 5, SEIORTTH, HRGEHOEBEICL -
TARINKE TO ChAT BB EEICHMT 5 & 2R
Hoh, EOWMED LEROKESEONI, LHLE
BORKKES & UilETO NGF &5 & U NGF-
mRNA ZEREBICEIYBHEBREIEELLEBERE
i ote, Btk BREE - RS5HRLEREEEALT
R4 AMEND B EEZ B0, YFHTEHRS M
FOITR SV —LVEOERNRONBEVLIENLS S
(2R b5 94 —-$E58 170 pg/ml, MFRTEBE
5%, 34pg/mD), YRGEHOEARTR LS5 V4~
NVOFFICL BIERERBRLE B LHEEFS NI,
HREBELLOEBFEREZEICNT 2R IS VA —
VERBEEIEHE VbR Y, BE5EKEOMELEP,
HBREDRIE) X 7 OTLER E ORIER ORI S H
52 &h 0, BOKRE TN ChAT EHOREER %
RSB ESIE, FhOoDBREICRABMIENSS B b
DEEZ T,

= o

SEl, ey EELSHROPRMBERICHT B
HORRZHOMEST BT EEENE LT, PEBH~<
9 2EHOVTHMROT £ F L3 ) v EBESE (ChAT)IE
& R EERTF (NGF) 8 & U NGF-mRNA RE&E
EDEIKT BT R+ T U4 - VRSB & UYIRAGEK
HEES OB OV THERIT 2T 7o TORER, I
BB 10 B®%OKNEES L UEBEICB ) 5ChATIE
L NGFEBOETIHMLTIE, =AM Y9+ =VET
‘BERZOSEHMIMSE B LRSI NI, F 12 NGF-
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mRNA o L T bR SRS 0 ice —F, R4
EREORSET, ANKE - #8850 ChAT EHOF
BRI NH, NGF B & U NGF-mRNA
HBCEL TREELE(LBBRI AL - 1,

i 53
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