435 « CCMP89-RD-025

& R A AR — R T2 5 Pae-
oniflorin ¥& NMDA }&-232 B k{552

Studies of analgesic action mechanisms of
Paeonialactifloria ParL.—The realtionship

betweenpaeoniflorin and NMDA receptor.

W B B 2% 2 2 3y 22 )
-G

%

BYRBATT BERRLE > NHREHERITISTAZTE - d&ML
R RERER - @ BAMR A - UEEREREER 5 #—F
m#EH X A4 Paeoniflorin > RN B A LARIER - A—FAEa g
SH R AF FA M3 > AR A A Paeoniflorin ~ NMDA 5 2 8% 4% Ho B & B R A
%k A (antisense oligodeoxynucleotides ) » & 4E3t Paconiflorin & &
# NMDA #: % 8 A B o #] B Paeoniflorin ~ NMDA #: % 8 3% Hu &
(MK-801) » =F B A XA - D BRAZE T B XS 1% B
BER R B 2 % &R MK-801 1545 A Tk D B AEREH
E 5 1%38 B Ak P 2R o RUE 05 Fal 484 (early phase, p<0.001; late phase,
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p<0.05) - ¥4%4# A Paeoniflorin (48, 96, 240ug/5ul, i.c.v.) #4& B3R
By > &3 5% early phase st 5% late phase % & BH a4 A (p<0.001) ;¥4
BEE S 5 B E BT AL R & 4 seizure-like excitation 2 #5 % - 4 F IR
#F ¥ MK-801 T 2& &/ BB/ 41 & B =%k 7] &2 seizure-like excitation
Z B AE85 R (onset) » B’V — NBFM clonic seizure-like excitation 2 %%
fE 48k # (p<0.001) ; E4%4% A Paconiflorin 75 7T 2 37 %] & & A7 2 49 1
A (p<0.001) ; —HF4rHE > Hig ZA/ER Ewik o EA R F 2 88
X, (NMDA R1, 2A, 2B, 2C ) #5377 3t & & %) & "5k 3] &2 seizure-like exci-
tation Z 25 4E 85 F] (onset) > Ak ’V clonic seizure-like excitation = % 4F 48
k¥ (P<0.001) ; 4 A Paconitlorin 77 ] juw5& HipHl /A o A L& R B8
;~ » Paconiflorin #f NMDA #: % B prifi N2 AT A RJER B 4F R » H e
AR - M -

BISES : &% 4K NMDA mgs

Department of Pharmacology
China Medical College

Yuh-Fung Chen

ABSTRACT

Paeony roots ( Paeonia lactifloria PALL ) has been used in gyneco-logical disor-
ders as an antispasmodic and analgesic drug. From our pre-vious studies, we found that
Paeonia lactifloria has analgesic, sedative, anticonvulsive and hypothermic effects. Its
active component, paeoniflorin, was also found to have analgesic effect, In order to
study the analgesic mechanism of paeony roots, paeoniflorin, NMDA antagonist and
antisense oligodeoxynucleotides of NMDA receptor were used in this study, Paeon-

iflorin (48, 96, 240 pg/5ul, i.c.v.) or MK-801 ( 5ng/ul, i.t.) was administered alone
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showed significant inhibition of formalin-induced licking behavior in mice . The in-
hibitory effect of MK-801 on formalin- test was potentiated by co-administration with
paeoniflorin. Furthermore, the seizure-like excitation behavior induced by intrathecal
injection of high dose morphine was inhibited by MK-801. Paeoniflorin administration
alone could inhibit morphine-induced seizure-like excitation. The effect of MK-801 on
morphine-indcude seizure-like excitation was potentiated by paeoniflorin. Morphine-
induced seizure-like excitation was inhibited by antisense oligodeoxy-nucleotides of
NMDA receptor (NMDA R1, 2A, 2B, 2C) ,and this effect was enhanced by pacon-
iflorin. Results above revealed that there’s close relationship between paeoniflorin and

NMDA receptor which needed a further study.

Keywords : Paeonia lactifloria PALL, paeoniflorin, NMDA receptor

P

“ Al

]}
Ol

af ALEEF % F 4 M4 Paeonia lactifloria PaLL. 89 25 0% 48 > &4 P
BHH Y > #ANELALR - AERIERID  AREFLZERIEL 0 4
A ER T BAARAE A SS)  HR 6K B Kk E RAR B A B 3 A R
RAERW > HIRER ~ RAXBEBEE ZRIGPHERS S B rEE HREIR
BL-FRALA EFEE G RBEAER - B4 %2 X F i 4 & paeoniflorin 7 > %
WS E B IRTRRIEERAER > TIpH KA B R T8 T8 Ak
F1@9 > 3 FAB R S FrEk RS (stressulcer) (01D o $bph e ms 4 e an, A1) 5T AL
7 H nerve-stimulated twitch responses!2-10 s 3T 2& & hexobarbital p735 2=
BEBRBF ] 0 3 B A A TR AR AR (T8 > pboh dy hedp 4] carrage-
enan ~ dextran & a-chymotrypsin A7 2k K B R 3EIEFEIR % > BApHl B 018
HME > ZH K B Paeoniflorin /fF AR B X IRAXRRKII AR S R - A AH R
F 2 FA X545 31, > Paeoniflorin 7] fusk g9k 4 AE A > B H 4 A €4 na-
loxone (non-selective opioid antagonist) FRFEET - 7B 4h > ¥ B A KA S
mFeEHEEF > & 3|4 KR & 4 allodynia - H 454 A ARRE M Z 4 A5 M
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agitation & vocalization!®2D) » &y peri-aqueductal gray (PAG) R &
Sax B EHYE o T3l XA A B HEHEER2 > £ NRA TR
B ZAF RS iy BRI L 5 B 259k @ 5] A2/l R E £ — seizure-like
motor syndrome, H 4521 %1%k 4# & (hind limb extension) & |2\ WU 4

(myoclonic twitches ) ° gb4h > HELEERIME TG H, &h AG BB T
PR L5 B 25 E0s, @ & AR % (ahyperalgesic state & myoclo-
nus)027) o gy XEK VT %o 0 A BEIE 44 B kPR 5] 42 % seizure-like motor behavior
It R 5 & opioid-receptor R 4 1)-(192023.25 5 (a1 4o 45 N R, 0 SbAE A 3£ R 4% na-
loxone A 35 4> B AR & 7 ax tolerance™ > £ K R A M #) & R
(19.202223) o o £ 37 2 B 7545 &} > strychnine & bicuculline 42 X &, & 7| #2 #8431
"Bk By 2k 2. seizure-like motor syndrome1:2328) » B JF 3 # 4 NMDA (N-
Methyl-D-aspartate ) 3% 8845 50 @ T2 LB EMAFA > Bk NMDA
FHEXBUCRAHULEEZAGAL - BAARE LTI TR T H I > Pae-
oniflorin ] i #2 & | Z & kTl e X B EBMHAFA » HIL BT FREAHNR
NMDA #: % 82 VE R > AR AT &SRR o AF 52 4t4] A Paconiflorin
&4 R 5) NMDA $: % 82+ 5% B NMDA 3% 8 2 R - B+ 4%, (anti-
sense oligodeoxy-nucleotides ) - R #£3¢ Paconiflorin ¥ A 454#% 7 & Bl =5
=k pr & 4 eizure-like motor syndrome 2 35 %8 » T H M NMDA B2 8 A M
UL EA R i — 25 8% A2 Paeoniflorin & T fE 20 & "% 9k AT 3% A AR B M A BT R
R BEREANAERS T BRIESZ G —HEKRER

S EE Scpap:

— R
1. formalin: wako - Japan
2. (+) -MK-801 hydrogen maleate: RBI - USA
3.N-methyl-D-aspartic acid: RBI - USA

4.Paeoniflorin: Yoneyama Standard - Japan
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5.Substance P TFA salt: RBI - USA
6. Antisense NMDA R1, 2A, 2B, 2C, Sense: SIGMA - USA
7.Morphine
8.NaCl: SIGMA - USA
9.KCI: SIGMA - USA
10.CaCly: SIGMA - USA
11.MgSO4: SIGMA - USA
12.NaH2PO4: SIGMA - USA
13 NaHCO0s3: SIGMA - USA
14.Glucose: SIGMA - USA
DA ZE S S
16.30 3% 4t+2a : BD - USA
1727 3% 4ts8 : BD - USA
Y s )7
(—) ~ B9 FERD Paconiflorin 7 $HERER L,
BURMBEGRERRET &R KEMIR > UTFERAERZ
13T B EUR 0 R = RABF SR 0 S 0F T B BUREIRIE R4S
Rk T EAR 0 152 F B 0 BETIIeER » BUKE SR 58k
ARy HATEIZ KRR - AET BT B HE - BET B2 A A 50 5
B/ AN 0 ARELLf X 8/ F B AR AR AR 0 BELE &R
i H & (HPLC) BB & & (TLC) 547 » T4 LI o7 &
Paeoniflorin 4Z # & tb 4 » U413 8] # 4+ F 2 Paeoniflorin o
(D)~ EEFY
AR E 18-25gICR L AMMER > S EARN—H£N » RZHEN
12 NeFeg A B BAERE T > RADEEK B B > Mtk #E
AR FREEARER —R -
(=) ~ $EfEESE (Antinociceptive effect )
pe il SURRAE & © NMDA 3% Z 42 5uE| MK-801 & ra i 18 &4k
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Reme) FEAR A RIED > S8 B ARG RIE > R A LTE
NMDA #: % % 2k o B0k > &AH] A A48 B AR B R AR 3T 4 3 8
NMDA #: % 35 2 [ 69 Bl 4% -
1. %8 B Ak 5% (Formalin test )
%% Dubuisson & Dennis &) 700 » &R FLFREB EX
4 #3% (Paeoniflorin, 48,96,240ug/5ul) > HB AR L FAE LS
Ko &2054%  AMEESEZA2T R4 ERALABRAT
BFES 20n 16y 1% HHE R I HEEAEANREHTY B
RIEHRS peEscskiE RAR (ABMF EH4RHEHRGIRM) 2
BB H&8k 30 548 - 45 0-5 pégx MBI A TR
% —#8 (early phase; first phase ) 2 &% R JEIFMH » M 15-30 2452
BRI A S A B & F —48 (late phase; second phase ) % J& & R
FE BT o
2. % %3 (Paconiflorin) # NMDA % 88 LB 4£48 BB LB L
#Ag Lutty KL A (1994 55 ) prgf &k 2 % %0 > NMDA #:%x
A HUA MK-801 (Sng/ul) > M EEH SHETNZL AER > B
%4 # T Paconiflorin 1 » 248 B BE -
() ~ SEEIFVES|LREREEEEIT AR (clonic seizure- like ex-
citation ) ZEREZ
L. 5H 2 E9E5] A2 R F8E & BB 47 A (clonic seizure-like excita-
tion) Z ¥
2 Lutfy KEAZ FECD g3 S W% e E 59
(80ug/5ul) % > ¥ b 2esr— NeENEE R £ & clonic seizure-like
excitation 2 Z&4F B i A R #L o
2NMDA #: 2 B E B H & B 2597 R A BE 2R ETA (clo-
nic seizure-like excitation ) % %5 & §& B HEE P #% 92 NMDA H: < 34 45
HLEIMK-801 (Sng/ul) 5 4-484% > A dEE NILE & H 59

{;ﬁ
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#0523 24k — NEE & 8 & 4 clonic seizure-like excitation 2 25 1 8%
Fa'i &

3.7 %3 (Paconiflorin) # NMDA # % #8H HE| £ & &l 259k 5] A&
P2 R fase B A 47 A (clonic seizure-like excitation ) = 2 % 45§84 &,
B 18] 5% ¥ 4 F Paeoniflorin (48, 96, 240ug) 10 4424 » NMDA #:
ZHEHE MK-801 (Sng/pl) dMed ML ¥1E S 548 > BdMEd
N5 B Z %9 0 BRI sk — N B N AEMERE R E 4 clonic se-
izure-like excita-tion 2 2% B3 F] B R 3 o

() ~ NMDA #2282 RFEESHANZHR

AE B pr4E A antisense ODNs 89 5 %] » & %% Standaert ( 1996)

E2FNRE > LR T ¢

Subunit Probe sequence 5°-3’ Bases
NMDARI G CAG GTG CAT GGT GCT CAT G -1to +19
NMDAR2A CA GTA GCC CAA TCT GCC CAT +1 to +20
NMDAR2B CTT CAT CTT CAG CTA GTC GG -14to +6
NMDAR2C CCC ACC CAT GTC ACC TGG AG -11to +9

NMDARI (sense) C ATG AGC ACC ATG CAC CTG C
INMDA # B2 R A Hx 8B S E 59| R R BEEHE
47 % (clonic seizure-like excitation ) % 5%

§E B A5 448 7 F) NMDA #: % 88 2 R 5 %% 845K (antisense
ODNs) 15nM 77 ACSF ¥ » il i £ 4 2 24 /0345 > Btk d
HEZHEHYE (80 pug/Spl) % > BB K EFENBERAEL
clonic seizure-like excitation = 25 4F b ] & R 2L

2. % #3% (Paeoniflorin) ¥ NMDA B8 > R 5B F AL S B =
wEulk | AL G R Fa e & BB 4T A (clonic seizure-like excitation ) 2 #7 5%

§& B 5 A &4 K F) NMDA 3 % 88 2 R 5 54 845K (antisense
ODNs) 15nM s ACSF ¥ - da {al B ¥ &6 2 24 /[N o5 4% > By B
% $% ¥ Paconiflorin 48 ug/5ulls5 74844 » B MR NIRE S H E5
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9k (80pg/5ul) # - # 2 I e4k— NF ML R & 4 clonic seizure-like
excitation Z 28 4F B R B R 2L -

S it R

— ~ B9 ERND Paeoniflorin 2 #HERERAEAL

B EM AT EZABAT T EHREUR > B ZRAARE S &4
BT B BURGIRIR kG » PR T BiL - /92 F B fadhdy - BETIK
H B > BURE SRy B 0 BEOKRE 0 AR T BR AT 5 By Bk 0 BUE
TERFRZEE ER T » AR E LB Z JA5/F BER SRRV -
It B Bk Rk (HPLC) R R & (TLC) 5#7 » 474
AL it #1279 & Paeoniflorin 4Z # % Lb ¥ » L3 2] & 44 + 2 Paeoniflorin o
Yo & — o -

Paeony root

l MeOH extraction
MeOH extract
‘ n-Hexane/H2 O

' '

n-Hexane layer H20 layer
‘ CHCl /H, 0
CHClj layer H;O layer

n-BuOH/HzO

' '

n-BuOH layer H,O layer
Silica gel chromatography l

CHCI3:MeOH (10:10:3)

HPLC
TLC

B— e RAR SN 2 ARE
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SRR Z R E AR T EL T &N R > B ENK  KER
ERY 5 A AR &R - ) BAMRAF R B S BARAE o
— fﬁﬁ%mﬁ'ﬁ ( Antinociceptive effect )
4 B3 B NMDA 3% 845 Huf MK-801 #48 & AR 3K 5 7 41 R
2

RS
i

e db 3R 50 K B 0 A1 A 48 B kKB (Formalin test) - ﬂi%’ﬁ%é?%
HFE > AR ELERERARY TRRAGRIE  AIHE - K
B — & B =694 R T 4% 2] NMDA % % #HiuE MK-801 ffﬁ’k’iﬁq«ﬂi
1 5ng B > @R RAR B RRY FHAMERE - MEBL T Y ES
48 > 96 > 240ug B > [E{K B9 42 Btk MK-801 £ K » {22 &6 — & 1& A
B 0 MRt HAGAR T A R B X 2w AR - M BA B =K
# M (dose-dependent ) &4 B4 774 ©

140 N frempin
I Mkl

i [ WeET
T 1 FEdR- KR
. FEas
B PGSR
.
I FF 40 KADT

105 4

duration [sac)

m my &R d e

wiiE
Lt “hi
40 4
piw R
@ L
o

G BEFR NMDA #ﬁx%‘*#ﬂm’] MK-801 #}43 & K5 F
R EZ % 4 #3 (PF) 2485 A Bl 4 48,96, 240u
g/5ul ’ ﬁ%m—tfﬁm“‘*mﬁ 1S s BRI AR R

R4 20ul 1%43 B Ak - MK-801 (5ng/5ul) Bl& &
ﬁ%ﬂMl%@%%%ﬁS%ﬁiﬁéﬁ%&ﬁ°%%
KRB R K& @ TF3E (FEHR > *P<0.05, ** P<0.01, **
*P<0.001 K& &wmgryrflsaf] 2 b B £ > f# P<0.05,
## P<0.01, ### P<0.001 R %& % #3452 MK-801 4 A 4% >
#1 MK-801 group 42 2 tb#x & £ -

-
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160 5

150

120

duralian (sec)

B 4

=11

a0

Z0

=

[0

fs] (onset) >

1410 4

100

I ‘ormalin
= ME&ED
-

1 #F4B+MEDI
—

B FFSE+MKEDT
24D

| == FF240+MKSD

agr
LT

| =5 F- P

aww bl

R aEa

11 10 10

n= 11 12 11 LLi] B

.w- Mt

A B3 R NMDA 3% 3845 Pu ] MK-801 38 H k35 8%
HMREZHE - B @3t (PF) 2488 %2 4 48,96,240 u
g/5ul BB RS TLE s IS 8B A AR 2

x4 200l 1%38 Bk sik - MK-801 (5ng/5ul) B &4
51% 20ul 1% 48 HARER 5 w4 X AT AT AR L o B4k
KB R L&A PE (ABEFR > *P<0.05, ** P<0.01, **
*P<0.001 K&k &4 diirhlaaf] 2 thi £ £ > m# P<0.05,
## P<0.01, ### P<0.001 B 4X & % 2342 MK-801 4 A 4% >
# MK-801 group 48 LE# & £ o

o [B] v P T (A) KA BB E 595 AR G RIE B AL BT
(B) &orgkslefinERMEE LN - ERABRE

%R MEAEAF 8RB
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apg 4
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Toial pmhare o domc-seizurs ke pxcEainn

Blvw ~ Ay %4
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o
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ull

]

30

Al

[a T
s
wan ¥
: I I
'
3 L ¥ B a ig in T

= A1

(B

1

I moptne
=0 FF 42
I g

ol FF 248
I R E-AT
N PF AN
I FFageRE
=] PP 2404 E

N monohine
I FF 48
. F
3 PF 240

[ AL

I FF 45+mE
. F oM
0 FF J40+MK

] L :-.-

aa T

T T T
14 15 1H 1¥F

] m

& NMDA #: % 8 # 5 MK-801 # 3 %] & "B kAT

BRER AR RERBZEE - JBY (PF) 21 A Al
74 48,96,240ug/5ul > HEER MBS FLHE - 15 4815
HRERZAEE L4 5 B 259k - MK-801 (5ng /Sul) B
AL EHSB EHYES D EZI AT RS R o Z15IKE
RELZ@FHME (ZEH * P<.05, ** P<0.01, ***
P<0.00l &K@ HH EHar b i £ > m#
P<0.05, ## P<0.01, ### P<0.001 BJ4%X %k 4 23 g1 MK-801
# M 4% > #1 MK-801 group 4a 2 tE#x & £ o
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(A) h&R > EHlaay B 23.5£1.96 £ > &7 4 835 48
(45.83£8.03 #) > 240ug (94.70+£22.74 b ) 2 4% > TR K S HF
HaR I AE ey AL 4L B (p<0.001) - M BG4 T MK-801 T A A
AR (55.84+£4.55 %) > p<0.001) > o =—FHF A% > HILRHR E miA
#a (160.90+£23.08 » 196.71+£20.57 » 379.06+£61.62 » p<0.001) - B 4
ARG =M H 243 EH4 T MK-801 5% (p<0.001) - d& (B)
Blegss £ s hlmR e A 55.85 +4.27 > 4 F 4 #3F 48 5 96 > 240ug
(30.50+7.19 » 27.00+3.85 > 12.50£1.61 ) = 4% » =T LABABATSMR 1 /N8
NeYEER$ > mBA B ZREEG MG - EHL T MK-801 &y #
o IR & RS R (23.1542.44 5 p<0.001) ° Bow > H PR
h e B EHEey R E W B A MK-801 4% > % R 3%
(13.87+£2.57 » 14.00+1.81 » 13.7742.97 > p<0.001) - & b If & £
F4o 0 BT B R MK-801 - 5T sAdp bl & % & Bk 5| #e 2 $E %
BRI B H o TR AR B AR -
NMDA #2882 RFBEEEZAZ AR

4 #3% (Paconiflorin) ¥ NMDA #:% 82 2 R 5 &% 84514 5 H
SE kD] A HE R HER ¥ 84T 4 (clonic seizure-like excitation) % i,

S

e

H

Yo B AT 0 B B BB AR R Rt A s 5 R (on-
set) » & FRAEEEEAMS-NR] ~2A 2B~ 2C ~sense » &R HRE
¥ NRL~2A~2B~2CH% > THBELE K SHH B EEERLBLR
JErkR] (p<0.001) - #EE & Ae4s RER (p<0.001) - MmAER % &
H48-96-240 (g LEABRGHERR BN > Hie KRR K LER
B TFTRAEFREFEABRE R Wi R 48 4 %34 240ug 55

(p<0.001)  2A B 4 35 240ug %5 (p<0.05) - 2B Al % 235 48
B 240ugiF (p<0.05) > 2CHF A 4 %3+ 96 ug (p<0.01) - f£sensec ¥
TR Rl e R R £ R > mAFA A #3548 > 240ug B > R4
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F1 A p<0.05 % 0.001 ¢4 % & $5, -

Bl oS &ornoBdks| e EREAL 1NN BRSO RE - &
by R T RAEEE A —NRL ~ 2A ~ 2B ~ 2C ~ sense » 4 £ 4
HEEL T 2A ~ 2B ~ 2CH4 > T 91 BA 1R % ol BB ok 4008 B A 4F R %

(p<0.001) - M6 A %) 4348 » 96 » 240ug » & 2 A RA &3 K RIE BT
Mo HAERRRLEBLTRAFEEM L& > wof RUGHA A #3F
48 > 240pg B (532 p<0.01 & 0.001) > 2A #t A 3 %3 96ug 5%

(p<0.05) - frsense B Forsairdhlath £ 2454 (p<0.05) -
i fF G R %) 2854 48 0 96 0 240pg B > Al 43l A p<0.05 ~ 0.001 &
0.001 &4 2 2 35 > M B 240ug 85 > 92 sense AN A IpHIREH £ R

(p<0.05) -
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Cngat lime ol clonic-selzune ke excilalion (sac)

180 -

160

140

20 4

100

a0

G0 -

40

20

Bz -

® B morphine
ay [ antisarse
. I FF4g+antisanse
- [ PFa&+aniisanse
H FF240+antisenss
S I
" : + g : : . :
. = T . J_' :r
- morphing . F1 .2."-';- EENEE
n= 3 Z1UN 1820 20I11E1S ISIHIE1Y  IEISLS04 (I3 1502
% #3F (Paeoniflorin ) ¥ NMDA #: % 82 > R F &+ 8 4%

NAE & B E59F 5] A g B e # # B 4T 4 (clonic seizure-
like excitation ) #1E R # 2 B ENMDA B2 R 5 E
a2 #K (15nM /5 (1) ”‘J’fi 24 B BMEERE S
Bl BBk (80ug/Sul) - % #3F (PF 48,96, 240ug/5ul)
AR S E 2Bk 15 /\éﬁié@m“"”a‘y’tﬂ » m Bl
HEAT 5] e BE R B FEL BT A Z BRI A 60 ndE - &
HAKE X & & @l (REHR > *P<0.05 **P<0.01,*
¥*P<0.001 K& S M SH EHFAMZ LR E £ > M
P<0.05, ## P<0.01, ### P<0.001 B 4X % % 2235 ¥1 NMDA 3
T2 R R A BB A% > 92 NMDA B: % 82 R A
EEFERaZ b g £ o
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Tatal number of conic-saizure axcitation

G0

50

40

40

20

10 1

E moichine
[ antisanse
B FF 4B+antisnnsm
[ 1 PF 9B+ antisarnse

'|' B P 240rantsense
SRS -
# "o i . . &

! 5:[ # - e » . F ™ T

i_ ) ® T_ : "o ) : ]
N K e |

[ I
| TT
T
morphing R1 25, 2B 20 SEM5E
n ¥} B inlinh 30X inis IRig IR0 JRI51594 IKIVISE)D

+ 4 %3 (Paconiflorin) #f NMDA #: % #8 2 R - % 4%

KRESBE B3| RERBEEHETS (clonic seiz-
ure-like excitation ) #4F Rk #H2 B % - NMDA B2 # 2 &
3 EAR (150M / 5ul) #6524 Jesg > 8
% B E %k (80ug /Sul) - A 3 (PF 48, 96, 240
g/5ul) A GH BHEYZ 15 pERTHAIRKERE > &
Bl B Hkrr | e R # A BT AZRE M A 60 5
8 o BMERBER A& @A (ARER > *P<0.05,**P<
0.01, *** P<0.001 X & & 492 % K 5k i) 2 b &
£ 5 W# P<0.05, ## P<0.01, ### P<0.001 B4 % 4 &3
NMDA 3 38 2 R T 5% 8R4 A 1% > 28 NMDA %
B RAEERXEBAZILBEE -

BEAZRBANXE&ERBE T BERHLTRAFEEEZEALE -
NR1 ~ 2A ~ 2B ~ 2C ~ sense > & 44| & B 59 F B AR LITAG R
JE > WmABHE TR B3 48 > 96 > 240pg 2 1% > T LA L BA A Y AE K & B
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R 2 (O R Y I S AN SR bR (S O

23 @

FE AR T PR 6948 RIERE X - 48 Bk AR © 48 HIkREan
1977 S35 42 h 690G > 848 HARR RIS B2 R 0 Gl R 0 &
BB E IR RABR 24T /KR - 1984 SF8F » 4% Takahashi 5 £ 5 #1 5¢
FERE > HprE A GFHERIE » A% & (biphasic response ) &) 4% 2k F A
BB 4 0-5 pdnF > HFHRIE (early phase) ;5 4£ 15-30 4048 > Ak
#ARJE (latephase) o T2 PAREIER » A AERHARERSE (no-
ciceptor ) > ### substance P sk bradykinin % 2 40 4 0 ok A B & B ey
YER > #A8 BARg A 22 X RE » B b2 %4 Y > 4o histamine > pros-
taglandins > serotonin - kinin % & B “D o

HARWRRT > di@ 5RO TRERF40 0 4 BHT US43
By AREIRER 6 T8 Rek 29 R E © NMDA $:% 35 945 L MK-801 =T LA 1§
KT HFe s AR JE » MR HBF A 2 1% > HapHl R B G942 B L £ hmBABA ey >

FERTH R RIE » LA B E&RAME (dose dependent ) o B 7> pL3f

SARBERERNER T @ BHKMEREZIATATE R - A BT g
Hlia HIR) T4 - s RIE R BB RIE > ZAF A8 o 1984 F Sug-
ishita“2 4% & » 27 BH-T A Hl 4 R & LATA 0y B sin R IE » L&
RTEBMHBAFARFT S - AL B ROER - TR > HEGH
NMDA % B2 M A MEMEFE -

1994 5 > F 254 % MK-301 @34 & #2595 BEEITA
Gho 2k &R R 545 MR /T AR TE B NMDA B3 S m R -
ol KA TR T TERT > 4 B A M S MK-801 $ &% & S5k 4
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EAVGTUEFTEBERCD - FrEL 0 B AR 0 BT ARERR i
Mol P B AR R 0 RAFIpHIR 0 T RE R A @I Bl 458 T R B M
ja\ o

ARG R BT AR E KRR G LR PTZ rsfaaya %
RECS > R A %) B & FF K 4 e S 45 8 T 64 R %) > 3 o dm il 19 45 84
R (3) 3b Ap bl 4m i PR 45 BT 09 R BH (D) 0 1992 & - R R AR AR & 5]
% B (abdominal assay ) > B B:AEHES NIE4H458F 72 nmol £/ R & L >
T AR 0 M BT bl 4% NMDA 3548 6 SR 2 0% o) L8 47
#,40) o

PRUA > AR PR E &R > Ti32] — B4 - HETFaERZ

— 399 —



HFREABYE NMDA Ex B985 REF MR - A HE—F

th ~ fSemEd s

B L ERIHER - |2 NG -

1.3 25 ¢ ik NMDA #8235 il MK-801 #42 & Ak 35 = Hp 4]
¥R > BobfER 2R ERAFM -

2.NMDA #H:%#EHuE MK-801 Hp#] & | Z 5=k rr 2 /8 R A e &
R BRIk > BAER ZHRB ZRAME -

3.NMDA #: %8R FEM 2 RF FARWE G305 % B 2 59k B2 84
RIBESABER WA e RBT2RB ZRGEM MR -

B L EERE R BT 0 ) A8 AR ER 2 4R 1F A A BT

BB BT RE R B EE M > TREM NMDA % 8
2 A M AmAE L EERA M > B AE SR -

ERRRBRADESIERKE IR - IRE NI B S @ET
LAY Bz padh By O fk » RETHNRE RN KH AR BT N
2 o UMY BT ATEAYRAHKZIEARAS YD
BG4 R B % 52 2 receptor binding assay ° LABE AR )
BU R AR AT -
3.4F3T X B A BV AR Fh MK-801 2 NMDA %8 -
1 ZIFRFYEHREZ TER, AHMEX > SR ER Y EHGE
o P B R R ZE R m A

— 400 —



fE ~ SF3RR

LaEE P82 (L) > %FdHikit > 64 162-4 > 831-6 > 1991 -

2 FAFk T “HEAAR R REES” B PEPEMI - 141
52-3 > 1989 -

3 BIARE HBEGZHA > awmPERE > 531-6 1984 -

4. F 4% HEBEBAFH O P EITHER > PR EITLEHR 0 25Q2)
26-8 > 1984

SRS F N BEYE G BRI RAERER » ¥ % > 13(7) : 36-7
1991 -

n:~

o

6. Shibata S, Nakahara M. Studies on the constituents of Japanese and Chinese
crude drugs. VIII. Paeoniflorin, A glucoside of Chinese paeony root. (1).
Chem Pharm Bull 1993, 11: 372-378.

7. Shibata S, Aimi N, Nakahara M. Studies on the constituents of Japanese and
Chinese crude drugs. IX. Paeoniflorin, A glucoside of Chinese paeony root.
(2) Chem Pharm Bull 1963, 11:379-81.

8. Takagi K, Harada M. Pharmacological studies on herb paeony root. Effects
of paeoniflorin on circulatory and respiratory systems and isolated organs.
Yakugaku Zasshi 1969, 89(7): 893-898.

9. Kobayashi M, Ueda C, Aoki S, Tajima K, Tanaka N, Yamahara J. Antichol-
inergic action of paeony root and its active constituents. Yakugaku Zasshi
1990, 110(12): 964-968.

10. Takagi K, Harada M, Pharmacological studies on herb paeony root.Il Anti-
inflammatory effect, inhibitory effect on gastric juice secretion, preventive
effect on stress ulcer, anti-diuretic effect of paconiflorin and combined effects
with licorice component FM 100. Yakugaku Zasshi 1969, 89(2): 887-892.

11. Yamahara J, Yamada T, Kimura H, Sawada T, Fujimura H. Biologically ac-

— 401 —



tive principles of crude drugs. II. Anti-allergic principles in “ Shoseiryu-
To” anti-inflammatory properties of paeoniflorin and its derivatives. J Phar-
macobiodynamics 1982, 5(11): 921-929.

12. Kimura M, Kimura I, Muroi M, Nakamura T, Shibata S. Depolarizing effects
of glycyrrhizin-derivatives relating to the blend effects with paeoniflorin on
mouse diaphragm muscle. Japan J Pharmacol 1986, 41(2): 263-65.

13. Kimura M, Kimura I, Kimura M. Decreasing effects by glycyrrhizin and pae-
oniflorin on Intracellular Ca2+-aequorin luminescence transients with or
without caffeine in directly stimulated-diaphragm muscle of mouse. Japan J
Pharmacol 1985, 39(3): 387-390.

/4. Kimura M, Kimura I, Nojima H. Depolarizing neuromuscular blocking ac-
tion induced by electropharmacological coupling in the combined effect of
paeoniflorin and glycyrrhizin. Japan J Pharmacol 1985, 37(4): 395-399.

15. Kimura M, Kimura I, Takahashi K, Muroi M, Yashizaki M, Kanaoka M, Kit-
agawa [. Blocking effects of blended paeoniflorin or its related compounds
with glycyrrhizin on neuromuscle Junction in frog and mouse. Japan J Phar-
macol 1984, 36(3): 275-282.

16. Dezaki K, Kimura I, Miyahara K, Kimura M. Complementary effects of pae-
oniflorin and glycyrrhizin on intracellular Ca2+mobilization in the nerve-
stimulated skeletal muscle of mice. Japan J Pharmacol 1995, 69:281-284.

17. Takagi K, Harada M. Pharmacological studies on herb paeony root. I. Central
effects of paeoniflorin and combined effects with licorice component FM100.
Yakugaku Zasshi 1969, 89(7): 879-886.

18. Sugishita E, Amagaya S, Ogihara Y. Studies on the combination of Gly-
cyrrhizae radix in Shakuyakukanzo-To. J Pharmacobio-Dynamics 1984, 7
(7): 427-435.

19. Ohta H, Ni JW, Matsumoto K, Watanabe H, Shimizu M. Paeony and its ma-

— 402 —



jor constituent, paeoniflorin, improve radial maze performance impaired by
scopolamine in rats. Pharmacol Biochem Behav 1993, 45(3): 719-723.

20. Ohta H, Matsumoto K, Watanabe H, Shimizu M. Involvement of beta-adre-
nergic systems in the antagonizing effect of paeoniflorin on the scopolamine-
induced deficit in radial maze performance in rats. Japan J Pharmacol 1993,
62(4): 345-349.

21. Ohta H, Matsumoto K, Watanabe H, and Shimizu M. Involvement of alpha
1-but not alpha 2-adrenergic system in the antagonizing effect of paeoniflo-
rin on the scopolamine-induced deficit in radial maze performance in rats. Ja-
pan J Pharmacol 1993, 62(2): 199-202.

22. Abdel-Hafez AA, Meselhy MR, Nakamura N, Hattori M, Watanabe H, Mur-
akami Y, ElI-Gendy MA, Mahfouz NM, Mohamed TA. Effects of paconiflo-
rin derivatives on scopolamine-induced amnesia using a passive avoidance
task in mice: structure-activity relationship. Biol Pharm Bull 1998, 21(11):
1174-1179.

23 Watanabe H. Candidates for cognitive enhancer extracted from medicinal
plants: paeoniflorin and tetrmethylpyrazine. Behav Brain Res 1997, 83(1-2):
135-41.

24. Meldrum BS.Excitotoxicity and epileptic brain damage. Epilepsy Res 1991,
10:55-61.

2. Stephens DN, Meldrum BS, Weidmann R, Schneider C, Grutzner M. ( Does
the excitatory amino acid receptor antagonist 2-APH exhibit anxiolytic activ-
ity? Psycho- pharmacology 1996, 90: 166-169.

2. Trujillo KA, Akil H. Excitatory amino acid and drugs of abuse: A role for N-
methyl-D-asparate receptors in drug tolerance, sensitization and physical de-
pendence. Drug Alcohol Depend 1995, 38: 139-154.

27.Coderre TJ. The role of excitatory amino acid receptors and intracellular

— 403 -



messengers in persistent nociception after tissue injury in rats. Mol Neurobiol
1993, 7: 229-246.

2. Young AB, Greenamyre JT, Hollingsworth Z, Albin RL, D'Amato C, Shoul-
son I, Penney JB. NMDA receptor losses in putamen from patients with Hun-
tington’s disease. Science ( Wash. D.C.) 1988, 241: 981-983.

29.Davidson EM, Coggeshall RE, Carlton SM. Peripheral NMDA and non-
NMDA glutamate receptors contribute to nociceptive behaviors in the rat for-
malin test. Neuro Report 1997, 8: 941-946.

30. Dubuisson D, Dennis SG. The formalin test: a quantitative study of the anal-
gesic effects of morphine, meperidine, and brain stem stimulation in rats and
cats. Pain 1977, 4: 161-174.

s1.Lutfy K, Woodward R, Keana J, Weber E. Inhibition of clonic seizure-like
excitatory effects induced by intrathecal morphine using two NMDA recep-
tor antagonists: MK-801 and ACEA-1011. Euro J Pharmaco 1994,252:
261-266.

32. Lutty K, Shen K7, Kwon IS, Cai SX, Woodward RM, Keana JF , Weber E.

Blockade of morphine tolerance by ACEA-1328, a novel NMDA receptor/
glycine site antagonist. Euro J Pharmaco 1995, 273(1-2): 187-189 .

33. Standaert D, Testa C, Rodolf G, Hollingsworth Z. Inhibition of N-methyl-D-
aspartate glutamate receptor subunit expression by antisense oligonucleoti-
des reveals their role in striatal motor regulation. ] Pharmacol Exp Ther 1996,
276: 342-352.

S ARAR A > ) B AR E AR T AR A XA P B B B2 P B B2 R AT
WEm 1999, PR BERZR - &F > 6 -

3. Tsai HY, Lin YT, Chen YF, Chen CF. The interactions of paeoniflorin and
veratrine on isolated rat atria. J Ethnopharmacol 1997, 57: 169-176.

56. Sakaguchi Y, Kuno M, Kawasaki K. Protection of excitatoxic neuronal death

— 404 —



by gluconate through blockade of N-methyl-D-aspartate receptors. Neuros-
cience 1999, 92(2): 677-684.

37.Stieg EP, Sathi S, Warach S, Le DA, Lipton SA. Neuroprotection by NMDA
receptor-associated open-channel blocker memantine in a photothrobotic
model of cerebral focal ischemia in neonatal rat. Eur Jpharmacol 1999, 375:
115-120.

38. Abdel-Hafez AA, Meselhy MR, Nakamura N, Hattori M, Watanabe H, Mo-
hamed TA, Mahfouz NM, El-Gendy MA. Potent anticonvulsant paeoniflorin-
I derivatives obtained by incubation of paeoniflorin and thiol compounds
with Lactobacillus brevis. Chem Pharm Bull 1998, 46(9): 1486-1487.

39. Sugaya A, Suzuki T, Sugaya E, Yuyama N, Yasuda K, Tsuda T. Inhibitory ef-
fect of peony root extract on pentylenetetrazol-induced EEG power spectrum
changes and extracellular calcium concentration changes in rat cerebral cor-
tex. J Ethnopharmacol 1991, 33(1-2): 159-167.

40. Hornfeldt CS, Smullin DH, Schamber CD, Sun X, Larson AA. Antinocicep-
tive effects of intrathecal taurine and calcium in the mourse. Life Sci 1992,
50(24): 1925-1934.

41. Shibata M, Ohkubo T, Takahashi H, Inoki R. Modified formalin test: charac-
teristic biphasic pain response Pain 1989, 38: 347-352.

42. Sugishita E, Amagaya S, Ogihara Y. Studies on the combination of Gly-
cyrrhizae Radix in shakuyakukanzoto. ] Pharmocobiodyn 1984,7: 427-435.

43. Takahashi M, Tokuyama S, Kaneto H. Implication of endogenous opioid
mechanism in the production of antinociceptive effect induced by psycholog-

ical stress in mice. Japan J Pharmacol 1984, 44: 283-291.

— 405 —



— 406 —



