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T REBHEERT - TREZHEHR > FHEE - A2 & #
Wi~ Bl REE - B ERARFERER FHBEERE FRET
fBE - ERANEREEFARETIREETRREEEREER K4
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—RIGEMZ A ~ B+ C =HI7E KM & B 99 B 4 £ 8 hexobarbital
iR cBEREE SEAEBHCZHERBER S HEEOERERM” -
SE A BEHE 2 C # A M B B B} scopolamine #4 38 % ¥ step-through latency
(STL) EHHBEZERIEA » A ~ B » C Z# ¥ cycloheximide #3%%% & STL
FHBELERIFAE - -EEREHRORB D 5 CH (1.0g/kg) RIFa H 8
FIERBRE > HBEBER— R BE% %S i apomorphine + PCPA T & 2
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B (KXHEE) REEHBFFEH FEKE (ABE) REEREFR - 2
HOCH) ERMBEEMERHPERCES  ZEFHECNE &
a~H W E BT B 1F A B 0T 68 5242 5% 1 4B cholinergic system &
protein synthesis Z ¥E ¥ EFE > M A - B #H A W] 58 8438 38 protein synthesis &
CEWEER - WA 2H (CH) 285 /F R E T A8 5 K18 18 cate-
cholaminergic system Z {& % - ¥ 54 serotonergic system 2 /&M HM s M& 5
(CH) ZHEFPBE WL EIGHE D E catecholaminergic system & %
% * K% 1B serotonergic system & G B R °
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: REF(Leguminosae E¥/3E Astragalus membranaceus

(Fiscu.) Bar HYRZMUAR o

. RILIEH Araliaceae ¥ A 22 Panax ginseng C.A. Meysr

PRI

: BAUERI(Umbelliferae 1l i5 Angelica sinensis

(Ourver) DieLs. HYEZMRAR -

L : RAF(Compositae) Y HiltAtractylodes macrocephala

Koz, MYHZRERIRE -

: RE R (Leguminosae MEY HE Glyeyrrhiza ulensis

Fiscuer et De. BUFZHAAR AR -

: REBRRMEYIRECitrus reticulata BLANCO. [R5 BaRT S

R -

: BERB(Ranunculaceae YA ZIEFHFE Cimicifuga

heracleifolic KOM . B85 SARTEE o

: R RMEYISE Bupleurum chinense De. FYESIAR -
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Hexobarbital * Scopolamine HBr ' Cycloheximide (Sigma) *
Haoperidol » 5-hydroxytryptophan(5-HTP) » Apomorphine »
dl-p-chlorophenylanaline(PCPA) » a -methyl-p-tyrosine methyl
ester lcl(Ca-MT)
=~ Bggh
(D ICRARHEME/INR - BRB18~2500 5% -
(2) Spraque-DawleyREEMEAE, » B2 180-25023¢ -
P R |
(—)fiexobarbi ta | FERAIEIRIHIEZ F2: o
P R RS =B A D SR DT R R O IRAS EE - BB — RAGHE
REL B — BB e - *ﬁx’ffﬁﬁéﬁﬂm‘mH&**/J\B?fﬁ‘z(*i@@ﬁ?ﬁﬁ%ﬁﬂﬁﬂ@fﬁé%
— R 0 N/ URIAEE604 814, IEIPF ik 5 Hexobarbital (100
ne/kg) , FFRMENR, #2620 RHHETES Nexobarbital %/ B2 0K A |
(righting reflex) MKWFMHE (onset) K HEIE M K& 182K F B HIIF R
(sleeping time, duration) - ¥iE%HiGsaline - ' ‘



(DOHKREEFER R PE

EHRWERERIYEDERELEE ( MK-ANIMEX Activity Meter
Model SE + Muromachi Kikai Co. Ltd. Japan) » SUREEER 35 uA - &
SR BAC RS THI TP 2 RS M R % » R RIE DT RRML (B
FEE) - BHIZ - BAG - MBS - HEO—JUGEN R EESTAEEE - — 8
SERLHL IR R BB 2 A6 R 2R 08 = RS AR5 545 14 (— B AG BE4H
B RAGEE—R » ERERG—E, RS/ CRIGEEI D HER), A ESEE e
DI SEFBHIARISR - BIECEIERT S, 2/ 0 94 6% - B LA/ BE T
JNHF - BliRiHAGsaline o

(=) SCBIE P R ER Y B AT [ B SRS R .

FIA:T  HERS — TS EE B — e A — RS A TR
B 2 T2 ARSI RAEI55 458 (— AR A A A A 2 —
R BAEGEE—HE - A\ KIGHES0 8% - TR E S BIHH - T3l
FERITDS M R BB I 58 PO 545 S A4 E06% » BE 0 LR 8R /)
[ 6L - EERE L7/ RE TR - IFA g sal ine -

ARNEERATIE AT B i PImonoaminergic systen®B & Bl & B RERI43 B «
a-MT(50 mg/kg » i.p. )2/ NRFH#AEE > apomorphine(0.3 mg/kg » s.c.)10434%
ARG EE halopéridol(0.0i mg/kg » i.p. )30 EATAGEE - 5-NTP(50 mg/kg »
i.p.)5AMHATHEHE - POPAC200 mg/kg » 1.p. )21/ INFERTAAHS -

(U ) 3R B2 B v P v e B2 28 R G

AEBEWTN "B REREEE , (Muromachi Kikai Co. Ltd.
Japan) » [LEE M EIERGY + HERAI(Shuttle Box)fRiS— MMM RS
MHIFIAR/NZ22 (48 X 20 X 30cm) B9 T~ B HHE (4% (MCU -101 Controller
Muromachi Kikai Co. Ltd. Japan) ; fFFEEEEERRE L WMHEAN =2
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AU AR, » BAEOT -

BIEH - ATk 24/0NEE PSR BB AR » [FIRFICEHRRIFT - 3d8k
KEAEIATE WA [ (step-through latency » STL) « &A1= HrBFE]
KIABSHE(B00FNHE + HIFEA B2 SEEIAS I IE 0D - |
(F) B35 B I b 22 2 S TR e o S -

BE O — A R — BTG - — GBI b R Ras =
S DA |/ NI LURIR R IR F o S8 S ey
B g 5ER) - AKBIRAIATE - AT - BRI
U/NER S » IERBEERE AR » #ITHEE » FUSKBEN R IR » —
SEEBOESE RS BEH T R RS = A Y — K - Eife—E
AR % —R ORGSR NI TR - BT FRBE R EIA -
RETE (D) - RBRBRABE - IREETIME - REIERE 5 24/
% BABEEREANE  H#ETHE - LSk EREEREIFE - R
ST Tl B P AR E - E O SIREAE Tsaline -

74 B I T 15 A 5 8 K LR T R R MR R ) 2 R R R PR T A3 B
Scopolamine HBr(1mg/kg 1.p )R FIBkRT30 > SAGZEO(E 32 23 1L BT
#i) > cycloheximide (2.5mg/kg @ s.c)MAFIBETZHEGRID (EEHLESK
HIRHIHED -

(FOBMEED :



Aa\BR i H R B 2 i g B K FEA 2 B R 5 BRI R 2R 7 A B
U1 o ARGUERH ARG ER 18-25/0 38 ICRIEEME/ NG, » 18/ BB 1A B RS0 B RN
£(55X0.5°C) - S ERLIEVIR I EE - BERET - B SuRIHIAS 3ERT < SFERR
(reaction time) - f¥O/T 8 » Fflle » R FERF I ZAESTO LA & dmsdefiutt

THETE -

(&) MEtESIT -
- ANERATECBIR - ¥9Llone-way ANOVAL » #ETIGAMTHEIZE S
) HEETE - L PIE/NR0.05 LT - AR A METER -
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81 Table 1A » /INE3ELREAASE IR SIS T4 22 585 (Pu-Chng-[-Chi -
Tang  PCT)ZAEZEHYY - BEF] R ETEBI & ARG - (HHLDS0II A0 e/ke AR
P RRSEEENY < B RS - .

Table 1. Acute toxicity of PCT extracts in mice.

Drugs Routes LD50 (g/kg)
Group A P.0. >10
) o [.P. >10
Group B P.0. ' >10
1.P. >10
- Group C - : P.0. >10
[.P. > 10

(1) MEBERGHEARED: B8 AZ - 75 - 54
(2). B EEERIRRIOA) : Bt ~ M - M0 B
(3) CHMTARSE: B AZ - - 299 Gl BB BE - HE



— - Hillexobarbi tal TSR BYEARIS L~ S22

4 Table 2.f7 » ¥illexobabital Aah%e s MEARAFM] » —RIGEEERHPC
$(1.0 g/kg)ZonsethFfEfEs » £/ E& (0.1 g/kg) T=/liZsleeping time
EERREES  FEAREIER.0 g/kg) FT=#Z sleeping time HHEEFEELRN
£ o EEGEERAL/E.1 g/ke) TAHHonse thRFfE MR E - HEaTH
EFEFEonsethFZ (EA - TEABIE(.0 g/kg) T = Honset AR
& M= ¥ sleeping timeHEABHEGIHS -

Table 2. Effect of PCT extracts on the Hexobarbital-induced hypnésis
in mice.

Drugs Dose(g/kg)P.0. Onset(min) Sleeping time
(min)
Single
Control 4.2+0.1 47.840.6
Group A 0.1 4.31+0.2 40.140. 1%
1.0 4.0+0.4 57.240.2%x
Group B 0.1 4.240.3 40.040.1%
1.0 4.110.1 55.240. Ixx
Croup C 0.1 4.040.2 40.340.1x
1.0 3.840.1% . 60.640.3%x
One week
Control 4.3140.3 43.810.6
Group A 0.1 4.2-4+0.2 : 46.9-40.1
1.0 6.240.3%x 26.610. 2%
Group B 0.1 4.140.3% 46.4+0.2
1.0 6.3140.2%x 26.940. 2%
Group C 0.1 4.140.2% 49.340.4
1.0 6.440. xx 27.440.3%x

(DAEBEESEHBRARM): FHE - A2 FHHL - 5557

(2)BRAEFSE (AN . Bt - BREZ - B - HE

(DCEMIRARSME: =8 - AS AW - 5858 - ot - B - i - HE
Values are expressed as mean+SEM for six rats.

PCT: Pu-Chung-I-Chi-Tang

Onset: time from drug injection to righting reflex disappear.
Sleeping time: time from onset to righting reflex recovery.

xp < 0.05, %xp < 0.01, compared with control group (ANOVA for
repreated measures followed by Duncan‘s multiple range test).
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£ Table 3.FFF » &MEFAWIE/INED. 1 o/ke) THIEGSIER - Tt
KEIR(1.0 g/ke) T » —KIGTEEB R » AETEREE605040 - BIEZEIREEI0 60
5 ~ CRETEAREE30 - 60ROV BT EEIER - MBQHERD » A - BRC=

RSB TER - '
Table 3. Analgesic effect of PCT extracts in mice.
Drugs Dose(g/kg)P.0. 30 min 60 min 90 min
Single
Control -10.61+4.3 -33.5+6.7 -22.6+4.1
Group A 0.1 -14.94+8.5 -33.9+10 -28.01+4.7
' 1.0 -1.946.5 -10.7+5.3 -8.1+6.2
Group B 0.1 ~-13.0+11.4 -22.0415.3 -29.6+12.6
1.0 -2.38+2.7x -9.8+4.2% -23.9+5.9
Goup C 0.1 -13.247.8 - -14.3+10.5 -36.3+8.1"
1.0 44 .54+1.6% ~55.243.9% -55.9-+2. 4%
One week A
Control -12.94£6.5 -19.3+3.7 -22.6+5.7
Group A 0.1 -37.24+9.1 -27.0+10.3 -59.3+10.5
1.0 -11.8£2.5 -11.24+5.7 -17.3+6.3
Group B 0.1 -1.0£6.1 -15.0+7.0 -37.6+45.1
1.0 -24.8+8.0 -7.7+4.7 -26.749.0
Group C 0.1 -29.247.2 -21.84+5.6 -40.3+5.2
1.0 -10.0+£3.2 25.3+ 3.6 -35.3+%1.2

Values are expressed as mean+-SEM for six rats.

PCT: Pu-Chung-I-Chi-Tang
Time of postadministration - Time of Preadministration

X 100%

Mean=

p < 0.05,

xxp < 0.01,

Time of Preadministration
compared with control group (ANOVA for

repreated measures followed by Duncan‘'s multiple range test).
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40 Table 4.Ff7R » —RIGBEWERh > FERARIET A - BRC=MY
scopolaminegE® 2 step-through latencies (STL) ¥EHEEAZEE/ERA - HE
fGEERY > ERABIET > AXBiHE % scopolanine 25 # 2 step-through
latencies (STL) M HEBHEMEEIER @ MCHBIEEZEEER -

Table 4. Effect of PCT extracts on scopolamine-induced impairment of
inhibitory passive avoidance in rats.

Drugs ~ Dose(g/kg)P.0. Step~through latencies (sec)
Single - ' :
Control >300
Scopolamine 6.8£0.5
Group A 0.1 7.41+0.5
1.0 12.440. 6%
Group B 0.1 8.3+2.0
1.0 10.540.6%x
Croup C 0.1 8.41+1.3
1.0 11.140.4%x
One week
Control >300 :
Scopolamine : 17.24+0.3
Group A 0.1 16.510.4
1.0 11.4:R1. 1%
Group B 0.1 16.9+£0.1
1.0 10.740.8%x
Group C 0.1 16.54:0.2
1.0 183.649. 6%«

Values are expressed as mean+SEM for six rats.

PCT: Pu-Chung-I-Chi-Tang

¥p < 0.05, *¥p < 0.01, compared with control group .(ANOVA for
repreated measures followed by Duncan‘'s multiple range test).



f Table 5.FF5% » —%&

TEM -

FREEST  FRABET A BRCZHAY
cycloheximideZ5 %2 step-through latencies (STL) fEEZ4E - HEREE
BRef o ZERCKBIET 0 A~ BRCZ#BeyclohexinideS58 2 STL #4755 SEEE

Table 5. Effect of PCT extracts on cycloheximide— 1nduced impairment

of inhibitory passive avoidance in rats.

66.611.

Drugs Dose(g/kg)P.0. Step-through latencies (sec)
Single ‘
Control >300
"Cycloheximide 10.940.2
Group A 0.1 11.140.3

1.0 10.514:0.4
Group B 0.1 11.04:0.3
' 1.0 12.2+1.0
Croup C 0.1 12.840.7
1.0 11.54£0.3
One week
Control >300
Cycloheximide 13.240.6
Group A 0.1 12.840.5
1.0 51.740. 4%
Group B 0.1 12.640.7
. 1.0 29.640.8%x
Group C 0.1 16.540.2
- 1.0 B33

Values are expressed as mean+SEM for six rats.

PCT: Pu-Chung-I-Chi-Tang

xp < 0.05, x%p < 0.01,

éompared with control group (ANOVA for

repreated measures followed by Duncan‘s multiple range test).
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Fig.1. Effect of PCT on locotor activity in rats.
(A)The activity was measured 1 hr afler single dose of PCT.

- (B)The activity was measured 1 hr after the last dose of 1-week consecutive
administration of PCT.
PCT: Pu-Chung-I-Chi-Tang.
*p <0.01 as compared with the control group .N=6 (ANOVA for repeated
measures followed by Duncan‘s multiple range test)
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(A= » JUBET a-MT(50 mgkg » ip.)#k » WEHEARZ
FHLWL » Ffil [ ERSEBIL0 kg p.o)PHTT a-MT 18 - THIA R 15 BHT
) B IEAK(p<0.05) s ARAN R EHBI(1.0 ghe/day + p.o )G T AR~ -
FHOHH a-MT -+ AllGERE LI S RIS B G2(p<0.01) -

!- A) 1200r (B)
N wl 77 T
E 7
Tt
/ L %\
/ % 400 |- %\
N N
N %3

' 0]
Control a—~MT PCT a=MT/PCT Control «-MT PCT o~MT/PCT

Fig. 2. Effect of PCT on the changes in locomotor activity induced by @ -MT in
rats. « o .

(A)The activity was measured 1 hr after single dose of 1.0 g/kg PCT.

(B)The activity was measured 1 hr after the last dose of 1-week consecutive -

administration of 1.0 g/kg/day PCT.
*p<0.05 »**p<0.01 as compared with @ -MT group. N=6.(ANOVA for repeated

measures followed by Duncan‘s multiple ranges test)
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7ZIN | Z s

. o |
control APO PCT APO/PCT control APO PCT APO/PCT

Fig. 3. Effect of PCT on the changes in locomotor activity induced by

apomorphine in rats.

(A) The activity was measured 1 br after single dose of 1.0 g/kg PCT.

(B) The activity was measured 1 hr after the last dose of 1-week consccutive
administration of 1.0 g/kg/day PCT.

PCT: Pu-Chung-I-Chi-Tang.

##p<0.01 as compared with APO. group(ANOVA for repcated measures
followed by Duncan‘s multiple ranges test)
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~ Activity counts / 2hrs

1200

800

400

- (3) UIBPMITIR » JUHAT haloperidol(0.01 mg/kg » i.p.)# » FIHHIEA
G L BEHI I » REA DA 5405(1.0 whg » p.o.)ffE)1] haloperidol % > THILA
SR B A RIS (p<0.01); ARAN 17358 85(1.0 g/kg/day » p.o UG TF—
e » THHE haloperidol + AlIER KT LA BRI RURISL B4 (p<0.01) -

- (A) 1200 (B)
- Z | 800 % ’_’r*
| \ N
- | T 400 |- / \
/
\

- 0
control HALPCT HAL/PCT control HAL PCT HAL/PCT

" Fig. 4. Effect of PCT on the changes in locomotor activity induced by

haloperidol in rats.

(A) The activity was measured 1 hr after single dose of 1.0 g/kg PCT.

(B) The activity was measured 1 hr afier the last dose of 1-week consecutive
administration of 1.0 g/kg/day PCT.

PCT: Pu-Chung-1-Chi-Tang.

**p<0.01 as compared with HAL. group N=6.(ANOVA for repeated measures

followed by Duncan's multiple ranges test)



(HEEESR » BRHET 5-HTP(50 me/kg @ ip.)TIMHMEARZ B BE
WyfRk - BHIHERABI(1.0 ghe » p.o )P S-HTP #& - FHIKEC H BHED)
BRIE(p<0.01) ; RANPARFI(1.0 gke/day + p.o)WHUAT—EH: » THH
FA S-HTP » AMERS I REGED) B KL 31 42(p<0.01) -

1200 (&) - 1200 - (B)

é 800 |- 77 | 800 |- 77 "
1l FUl
gmp-/\ 400-%§

0 v
. control 5—HTP PCT 5- HTP/PCT control 5—HTP PCT 5—-HTP/PCT

Fig.5. Effect of PCT on the changes in locomotor activity induced by 5-HTP in
rats.
(A) The activity was measured 1 hr after single dose of 1.0 g/kg PCT.
(B) The activity was measured 1 hr after the last dose of 1-week consecutive
administration of 1.0 g/kg/day PCT.
PCT: Pu-Chung-I-Chi-Tang.

. **p<0.01 compared with 5-HTP group.N=6.(ANOVA for repeated measures
followed by Duncan‘s multiple ranges test)



Activity counts / 2hrs

(S)WEFSHTR - BMIE T PCPA200 mg/kg » ip ) EIIIAR S & 25T
MyBk - BHNPEABI(L.0 g/kg + p.o)FF/T] PCPA 4 » BTt L3t B Sy e
I IRAR(p<0.01) ¢ ARHFFRFE(1.0 ghg/day » p.o BB T—BE
HOtA PCPA » ANAEIASH BB K R RN B §:(p<0.01) -

_1 500 - (A) | vzooo - (B)
§ 1500 |- 1
87/ x T 1000 |- § '
500 |- ‘ 7 \
N\ N

0 0 .
- control PCPA PCT PCPA/PCT control PCPA  PCT PCPAP/PCT

e

Fig.6. Effect of PCT on the changes in locomotor activity induced by PCPA. in
rats.

(A)The activity was measured 1 lir after single dose of 1.0 g/kg PCT.

(B)The activity was measured 1 hr after the last dose of l-week consecutive
administration of 1.0 g/kg/day PCT. -
PCT: Pu-Chung-I-Chi-Tang. ‘

**p<0.01 compared with PCPA group. N=6.(ANOVA for repeated measures
followed by Duncan‘s multiple ranges test) -
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FEHRARERRSEER RS PR WP RRSEFREER R
ST FPRRAG — KGR F I ER - B EEURE BB
Fi - SRR ARS RS AT + AFZEblhexobarbi tal FFHIER
HRERAEARS BRI RN AR SR MREETR X
faTEIEHIR(].0 g/kg)RRLICHE FTRHEE & Kehexobarbi tal 5 5 i MEMRRF ]
A —BAG BT » A B n B Hi K hexobarbi tal FE & 2 MEAREEHE - NAE
RS CH Y 1.0 g/kg) ¥TAE B RED R BV RER » —X
BB AERE R E A B B REEN R  TBEGYE AR - JITEEEIIR
Bz B BEIE - AL HEREUT MR ARE— R H SRR -
EHE—EGRERAREE -

E}?ﬂﬁn’iﬁlff\%@i&%’glzﬂnorépinephrine - dopamine ~ serotonin®G Y17
R BRI TR AR BRI ST B At o - FiP R85 CHE.0 g/ke)
AR BB — BB S RIEE S R RS R - SOUL IR G —
e RIS LR E TS R E SER ML WE - #ELMRE T AR
Yol SEEF B F IR - EABRE P R%ES i Ecatecholaminergic
systemZ BR{% » {4 FHapomorphine ~ haloperidol + a-methyl-p-tyrosine( a
~NT) » DABREHlFR R 08 i SRS K SUTEHHH - Apomorphineffdopamine 2 4%
Zﬁﬁm’ﬂﬁkﬁ%ﬁﬁ%i%@@mw°§ﬁ¢§ﬁ%%wwmmm%¥_
- R IR EEY - RERTE Miklapomorphine TR B SHETN B FUE(EH
P —EAEHE - AUREYIRAIE iaponorphine T # . F SLEH) RIUE (F
Fil - Haloperidol Bi#S2 882 FEHRI » AT KB B BHEEN RIIBERME ™ - EHi
AR haloperidol fHH] + FA—7CEBEM + Bhaloperidol FTEEH &1 %
B EHIHI A ARBBERIR G NEEGEE—E% - ¥haloperidol fiiE5 52



< B BEB AR A R & 5% - a-NTftyrosine hydroxylase -
fE FH B tyrosine ## 1k dopa £ T F #F catecholamines(norepinephrine -
dopamine) 2 L&k - HEAE B FEHRFDY - EHTRRESH o -NTH
F o R—RiGEE% - REREEEIONN o -NTFTA S B S ES BT & 5 O
—EGEES - e o -WTFTR S B SRR RIS S - DA LR |
RS (CRD—RIGEES SRR E FAHREY - TTREEFG catecholaminergic
systemZ {EPEG B 0 TEMA —EAGEE BE (E A - BT AL 819 5
catecholaminergic systemZ iEPEARE -

HARBEREIPRRE (CH - 1.0 g/kg) Baffiserotonergic system
BR{R » #{H F5-hydroxytryptophan(5-HTP) ~ d1-p-cholorophenylalanine
(PCPA) - 5-HTPFserotonin FiEEYy - ﬁb?,zr—JEPﬁ}ZserotomnﬁE EEE
SEHREFRAD - EHPRRE G5 NTPHHA » Y —RiG%E - ¥J‘5 lITPFﬁ%‘ﬁ
2 B EEEE RIS A OIS P RSB W5 IITPFrEESS
2 B B 00 B SR 5 B B 90 %2 - POPASS serotonin J i £ of
tryptophan hydroxylase:Z #IFIR™ - EHHRFBHPCPAHA » A—R4E
Btk > RERCEIIHIPCPARTRE I B S ER R R B ; NEE— BRI
HIREREAIGTRPCPAFTRE B B BHE R REE/EA - DI ERRET - #iPa
ﬁ%—ﬁ%%ZﬁEﬁﬁfﬁ ' B]HEBEIR IR P il serotonergic systemZIEPEA
B > T B R P - WHESURESserotonergic systenZ IHHEA
BH o

REFSHITRRGEEER D&%m@nﬁf”‘ ZVER » AHSE uﬁaﬁm@‘
FEERBRRT I T 4R RS Yy $ scopolamine ~ cycloheximideATEE5 2% 0
EFEEE 2 22 - Scopolamine& cholinergic muscarinic receptor;Z H4i
Bl - Ei%TFscopolaminef& FI A cortex ~ hippocampus ~ striatum@ i
Zacetylchol inefJIBREIRA » BE{Kcholinergic systemiEM: @ KB



R B X BRI R R - ERRE R R RS
EEE  BEHEGREBE—URBZER  RiFFEHcyclohexinide(BHEGK
HIRIED ERGTIREEHR S - EHMPRKS Hscopolaninefff A%k » —RiE
BEAH & RBAE BRI R T H I BEE scopolanine TR Bt BB ERTIRIERE © (03
cycloheximidefffif# < SERTRIFBEIMAGE - HEBIHEZCHA.0 g/ke)
- ¥fscopolamine * cycloheximidefEEst v B2 s (RIS A EHEETGEE » A B
#(1.0 g/kg)¥fcycloheximidefifiH i BEIREHE AR - JURER
SREEREA  — S EE A BYURIER » BRi— S EE S 4 B
BECREEE R E B AR R TGS & E S RE
TR » REURHS B MRS BEAH 5 AH ¥ scopolamine cyclohexmldeﬁﬁﬁﬁzm?ﬁ'
SO PR P R R MO B T R TP - |

WA LRREUR - MRS 205 (GRDIEATIE(1.0 g/ked—RiaZE
% FmEA ﬁﬂﬂ%“]ﬁ‘é@i[‘ﬂlﬁcatecholammerglc systemz&r&&i@
#rifEserotonergic systemZ YA ; MU —ESHEE - EAMIIAR
EREHDELIREZELRER C/EMN » H/FFH BT 6 5 m
catecholaminergic system » cholinergic systemMprotein synthesisZ¥E
4 B KR i serotonergic systemZ VEPEAR o Lh4) - AR K BREBFAIRTR
protein synthesisZ FEPEIRTERIR @ ARHAICZ R » TRATRRE
TERRIR L HYBE TR L T HTRTREARILRIR -

% H IRk
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BRARAFEMENERE ZERRARNINEHRATRERYEE
KE o RBEOOHmERE > MEGFK LM (Retinal Pigment Epithelial
Cells) AT LA B HY — 6 71 B B9 37 48 100 8 70 o6 X 7 K 4000 o6 49 st 3 4k 1f & B9 %
Bk o+ T & B 5K B B K TR R 9 R 9 3 B8 #R 48 % (Mac ular Degeneration) BfI
B3 T BRI 4% B9 4 If %8 % X (Choroidal neovascular membrane) T & » 535 i
HERD  HURBEHEEKEAR L FHE RPE) 88 1t (Dysfunction) Ff i&

) B |

MR EMBEER LR RPE) fESEWN (target) » FBHHEERE
R RMZBTEARBYERET HWREFEMRBRBESHEY
ROBEMBETRAFEERBAPEENEEGOR LA QKPE) MH
Hiffl » CEHEZBZBREESF » YZ5B % lug/ml, YZ5F 7 0.lug/ml %
MEAOE EAARECERFHENEERBEOR LEMRSEER » &
FHEGEENHBERE TEEYEYE  REFERNFEFHERNAEET
BEIRFNER  WEOFE RS EODIEESR IR SHE
@fﬁ’ﬁ*%%ﬁﬁﬁﬁﬂa?ﬁﬁE’J%ﬁ%THﬁH?UTﬂ&B’JEﬂ.ﬂ  ERAERADHEE
BAREEGEHMARSRE-SHE -



1.5t B &y

R A EAIE, ﬁfﬁﬁ%ﬁ—'fbé@ﬁ.’ﬂﬁ:?q’r R X LK
BEHLHETR. AALLANESNT, FFALBARTNEAT
REMAHBERNHARGMEA. RABRNEFMEANRF R F, A F
BEAAREEFREFHTRE, MASGREAGLTHO S HEBEA.
mABARK AR AT RARMAN TR, R EREsR, &
—HAHTANRMAELRE AR LD RRRLE. AXPNE
FEERT, KMBAEATLBLECARNMEARREHZABALANKR
e F # 4% .

HMBEWBEF LK ok (RPE) {E 5 EH B (target). 4
BE & LK mp (RPE) BAMBHRINE, ol EmpniE, foil
WENRGENE, AREE O AN . MBEE LK (RPE) — &
WB2F LRI, $RG B Bk, rhodopsin W4 K, WmMm 4
TEREEHHE, FobimpmshH (rod outer segments, ROS),
B4 ROS A4 (renewal) 8§ AT 4H 894y , subretinal — it $ 3 3
extacellular matrix &#44m , #& 4t physical X, chemical barrier.
VAFA b subretinal RE B tIEN, URARAEEZ LR 4 H.

LA EMAR BB (proliferative vitreoretinopathy ,PVR) FAf
FEEBFRGBEF, FHMABEE LB (RPE) #HHBAAN
vitrous cavity M A MM FAMB L EARLA S EARLT K. 4
WRILHMERT, MBEEFL M (RPE) TS —HE+ EHF
(growth factors), RIRELMB & % L X 4ok (RPE), astrocyte, & A.
B8R tm AR (corneal fibroblast) 24 &, MR HAXEBE P .

b, BARBENBHELTAERNT HERXRARINERRE R
REFEZRAN. RERLGME L, ARE L LK @K ( Retinal
Pigment Epithelial Cells) TR & - S NAK{H L & FH4HF
REHNABMERTANR. MERXFARVURALE RN ZHELD
# (Macular Degeneration) BP&}&&%@}&%&&_&L%‘{@E&% (Choroidal
neovascular membrane ) % . BB LI s, AT MBe %

Y K tmpe (RPE)&4iR 4t (Dysfunction) FAr#&# . .
ABEF LR B ARAE L E b4, TILZR HLA-DR



antigen, A FHHE AR LAHHH P experimental autoimmune

uveitis T A $RF #| Ia antigen #4 H, A A phagocytic H4k 2
1% macrophage #yW K, fo— LB N ¥ B X (uveitis) B EFT
RAF WA . B, KrmEas s R AP GLmpI#
AR AMROTRERR. KABRTE AR FTERATF, HiF
FRMBEFAALFEHR.

BRRATA(AL) "%FE, ORAFGR, LHEB, R, 2B
SEE." A (HGABE) "HA, AK. BEE, WA, S8, B8,
B RLZLERN XA XA B, AT, HA I, B&L.
EFRF. TEL. K. FAL . H+L. 59, HALL w¥RA
E.REF. FRE. (RHdI1:k¥ (A&L) Cassia tora L., X &:
RUMPI, $FHR. BEAX. BiEE. B3 . FHE. (RS HEHT
@ K F B (Chrysophanol). X 3% % (Emodin). B % K% % (Aloe-emodin) ,
R®B (Rhein), R¥ZXEFH HBH . RH¥FELW. A% % 78 ( Physcion).
#YIF (Obtusin, B 1, 6, T-ZFA K -2, 8 ~—MA-3-F R E352) .
# 3% P "% (Aurantio-obtusin, B 1, 7 -~ YA % -2, 6,8 -=#L-3-
FTHER) WUAHARTFERXMEE ( Rubrofusarin ), b )2 N
(Torachryson), } ¥ N & (Toralactone). % 4 # 4 % A.

# 42 F Lycium chinense Mill., sy Ml :3&: %%, HMAH, AT, WA,
BRI, BREARY, AE, A8, BR SR, BS UK, G, L.

RER[ T RAERATR, FHRE, $a, BA, £H. WA RE,

BME, BA" "APEH": "MiET, BAaA, FEEA, BLRAEFE. M
MR BR, ANTEARTRL . $2NAMLEA. FABEATZX
AN, SBRBRABHABI LR, FASALGERLA, RRERNEY
B4, BRAEMLE, BERMAa gk, FHEAE, BAFPLET, —&

ZHERAEA, MAHERAL." "a‘@#a?ﬁéqﬁfé?i‘%ﬁéiiﬂf%, EmRBEEH, ded
MBETN, ARELEBRT, BRECE, ATHAZ. BA, $HALEA. &

MLORAET. RAAEK, MEMBZE L. :
MERHBGGAREE DAL AMESRLBRBEY R LIRS
SRR, R T RIANEH TR ANGAMET A FEN.

2 IR T RBRBITHRE.
a. MBE % LK mp (Retinal Pigment Epithelial Cell)4n #& 3% %

WMBEF L Lal (RPE) oA R A



¥EBFERAEERRBHET-9 RBEBREER, BILBREKIEK.
3k B4k . sensory retinal # , $lée#y posterior cupif R 5k faik,
W 0.02% EDTA/PBS A X % K 740-60%%, RPE ta B R T A R E B E
(Tapetum) AR 3, ML A 0.5% Trypsin/PBSA3TCRIL 15 58, KA
SRE BRBEFTHE - RPE af - AANSH 103 Bhf himth
Eagle’s MEMIZ # X P £ 37CF, 5% C02 &4, FMH2-3 L #H3x 4 X.

b. R AR bR
Prepareation of Bovine Retinal Rod Outer Segment
20 frozen bovine retinas

shake with 45% sucrose ,0.1M phosphate buffer(PH=7)
pass through 300#mesh

- = = -

The suspension is centrifuged in an TL100.3 rotor (Beckman)
for 31 min at 30Krpm and 4° C.

| phosphate buffer resuspended

| pass through 300# mesh

| The suspension is centrifuged in a TL100.3 rotor for 85min
at 23000rpm and 4° C.

[SS-34 rotor (Sorvall) for 20 min at 15000rpm and 4° C ]
resuspended in 40% sucrose phosphate buffer

pass through 300# mesh

T1100.3 rotor for 85 min at 23000rpm and 4° C

résuspended in phosphate buffer

pass through 300# mesh

pasé through 55# mesh

— = = = = =

store in 40% sucrose in phosphate buffer -20° C

c. RS B ERE
| 4 Ros-FITC= 1:1/1000 (w/w) # 4 C # 1.5 hr in Borate buffer+

10%sucose pHB8.0
| Wash 4 times with Tris-acetate+20%sucose pH7.2 (12000 rpm 10min



d.#m &, %+ K e i FITC-ROS H LM 4k &4 R % .

Phagocytosis of rod outer segments by retinal pigment epithelial cell

L RPE cell 5%*10°4 /ml in DMEM + 2% FCS 180ul/well
l 37C overnight
J drug 20ul/well with 2%FCS
4 37C overnight
|l Labelling Ros (FITC-ROS) 1%10"7/ml 50ul/well
d 37T 3hr
J washed 4 times with PBS+2.5% sucrose ‘
1 Cyto-Fluorometer reading EX Filter 485/20nm ,Em Filter 530/25nm
e. VB GH 1
B F 450 # 4 methanol #&JKX{&'%‘?}Q@& ethylacetate &, #- 7 &
., lmg/ml. ethylacetate A& F % Silica gel chromatography, %" %]
A 33MeOH, 7%MeOH, 50%MeOH K th, BT FHHKBEES -
YZ5A 3%MeOH/CHC13 YZ5D 7%MeOH/CHC13
Y7Z5B 3%MeOH/CHC13 YZ5E 50%MeOH
YZ5C 3%MeOH/CHC13 YZ5F 50%MeOH
SHEK log/ml, RiIT#£ —-FEMFHEBRT.
Jagasg.

$BF (Cato) HMAME F LA mBAR-LIER (FITC-ROS) #H 4.

£ 1M 36 3= 9 F 4 methonal B % & H20 layer ,Ethyl acetate layer.
Cato H20 layerfh B 4y & 1000ug/ml £ lug/ml} B #RPE cell Phagocytosis
#7445 Bl . Cato Ethyl acetate layer # M 4pA 1000 ug/ml 8 R 4o 4% A,
7 £ 10ug/ml, lug/ml 479 B t4{2 & RPE & i Phagocytosis (Table 1).
HUFORLERES T, Y258 A lug/nl H@AMEF LR mmEobie AA
B B 44 1R # RPE #m i, Phagocytosis (Table 2). ¥ FLBHLUBARERD T,
YZ5F 7 O.lug/ml HABEF LA o B-LIERMA ABGIRAE RPE fo il



Phagocytosis (Table 3). HIMIE R —H oL silica chromatography
WEFER R EERERL, AT46FEE.

Table 1.2t % F (Cato) MENHHMAREF LR B BLERGBE.

Conc. Group MEAN STD % Iﬁdex T Prob.
Ctrl 1 101.33 10.23  0.10 1.00 0.00 A
2 91.17 6.62 0.07 0.90 2.04 C
Cato (HZO)‘
1000 ug/ml 3 86.17 5.04 0.06 0.85 3.26 F*
100 ug/ml 4 79.33 11.29 0.14 0.78 3.54 F*
10 ug/ml 5 70.67 17.50  0.25  0.70 3.71 F*
1 ug/ml 6 67.17 9.58 0.14 0.66 5.97 G*
Cato (Ethyl acetate)
11000 ug/ml 7 78.67 13.47  0.17 0.78  3.28 F*
100 ug/ml 8 96.17 4.22  0.04 0.95 1.14 B
10 ug/ml 9 127.83 19.30 0.15 1.26. -2.97 E*
1 ug/ml 10 126.67 11.91  0.09 1.25 -3.95 F*
T Prob.: A B o D E F G

1.00>p> 0.50>p> 0.10>p> 0.05>p> 0.02>p> 0.01>p> 0.001>p



Table 2.3 % F (Cato) LatLE AR H AR EF LA MBI LIERGEE.

Group MEAN
Ctrl 1508.33
1463.67
(ug/ml)

YZ5a 100 1085.83
10 1162.67

1 1457.50

0.1 1626.67

Y258 100  1512.17
10 1530.67
1 2321.83
0.1 1779.33

YZ5C 100 1030.00
10 1541.50

1 1779.83
0.1 1811.00
T Prob.: a B

1.00>p>  0.50>p>

146.
.78

205

82.
274.
203.
200.

373.
405.
486.
192.

205.
216.
192.
363.

0.10>p>

65

97
32
71
02

15
02
72
42

05
37
18
58

% Index

0.10 1.00
0.14 0.97
0.08 0.72
0.24 0.77
0.14 0.97
0.12 1.08
. 0.25 1.00
0.26 1.01
0.21 1.54
0.11 1.18
0.20 0.68
0.14 1.02
0.11 1.18
0.20 1.20

0.05>p>

6.14
2.72

G*
D*

0.50 a
-1.17 B

-0.02
-0.13
-3.92
-2.74

4.65
-0.31
-2.75
-1.89

0.02>p>

0.01>p>

G
0.001>p



Table 3.3: ¥ F (Cato) LBLBAERS;HM@RE R LA mRF-LIFAHLE.

Ctrl 1169.83 204.56 0.17 1.00 0.00 A
1165.33 181.83 0.16 1.00 0.04 a

{ug/ml)

Yz5D 100 776.40 28.64 0.04 0.66 4.23 F*
10 1060.83 183.33 0.17 0.91 0.97 B

1 1493.33 453.20 0.30 1.28 -1.59 B

0.1 1236.67 225.58 0.18 1.06 ~-0.54 &

?ZSE 100 952.00 155.64 0.16 .0.81 2.08
10 1092.17 73.06 0.07 0.93 0.88

1 1320.00 177.58 0.13 1.13 -1.36

0.1 1361.67 182.63 0.13 1.16 -1.71

W W w N

YZ5F 100 901.20 142.61 0.16 0.77 2.47 b*
10 1245.83 219.68 0.18 1.06 -0.62 &
1 1338.20 124.27 0.09 1.14 -1.60 B
0.1 1930.60 154.37 0.08 1.65 -6.83 G* -
T- Prob.: A B C D E F G
1.00>p> 0.50>p> 0.10>p> 0.05>p> 0.02>p> 0.01>p> 0.001>p



4.4

8 AR A, dRTFORCE AN AR LR R
ﬁm&&%%?%Mﬂﬁm?%%%%ﬁﬁ%ﬁﬁﬁﬁﬁ%%ﬁﬁﬁé-t£
KBB4 1000ug/ml k3 lug/hlﬁ #RPE cell Phagocytosis ¥ P 1E
B, mMERRAFLBRUKRE 4%, Y25B # lug/ml, Y25F & 0.lug/ml &
Eﬁ@?i&?mﬁ&@-"ﬁﬁ?ﬁ]%‘“ﬂiﬁé’ﬂix@fﬁ&éf?l&:ﬁw%#%ﬁFﬂ ﬁfﬁ*ﬂﬁ'ﬁ-
b &R E TAHEWFRE, S FARAFRANFOACATRARATHERE.
KM E AR E&ALWE, ﬁE&ﬂﬁ%ﬁ%ﬁﬁﬁ&@?i}iﬁﬂ%?%?-iééﬁ‘ﬁﬁ'ﬁ
e R .

mAERE ST REHETFRERLITR, B H AV G A L AR AT A B A A
Mk FERGABBRARERLIRG, FEATHE FRESMARE. RS
%&@?LK@%?%%W%ﬁﬁﬁ%%ﬁﬁﬁﬁM.@%*%ﬁ%%ﬁﬂ%ﬁ
&TM%ﬁﬁTﬁ%ﬁWm,i%ﬁﬁﬁﬁﬁbﬂﬁﬁﬁ%&ﬁﬁﬁA&ﬁ —¥%
BE. RPATAWF 6T H— L@ # A KR RPE eﬂ@%‘ﬁ%‘#ﬂ"’"?ﬁ%ﬁﬁ?
%R, 4 %#®E RPE dysfunction #RFEERGR LA Y -

3 & % Reh i Nature (1987) ## & B, ?ﬁﬂﬁé‘?iiéwﬂ@(RPE) #
laminin #4& AF, T3 transdifferentiation % neurons, #HITZX,
M E & LK taf (RPE) 34— @ ¥ HH MM AL (regeneration) i 3
neurons # R iE. B, KM%, SBRELX LK mE (RPE) MM A EAT
ez HEEEF, AHEAME—FEEAGE NGEFAERAAR.
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Mutagenicity testing of Chinese drugs ( V )
Anemarrhenae Rhizoma and other 29 Chinese drugs

B9 37 5% ) 8 2 e 5 1 2 B O 5 7 B I 4%

1 £:3

BTHEHERTEEHEEN » RS "HERFhEHiug , &
REREFEHARA BARAFNL BRAEEREAME WG - 55 . #iE
E - BRBE #2 BF FUE AHE -T2 58 .S58 -7
B M HAEILUER - HF - KE TR ET FEZ 44
HEREXBTEHRBETHEEREBE L WEEE L8 T8 2
B HHE - LRF VA% Bl - %2 xSt EdE QEy
BoKRIRY > AP [E 18 22 8 3 1% [ Salmonell a/microsome (Ames) test
1 B 15 78 54 9 Bk % DNA & 5 8 2 ¥: [ in vitro unscheduled DNA synthesis
(UDS) assay | B Ze M HTE - RHRSBERBET » HREFZE .
BRE IUER -HE 881 L7 - BHP Ames test H 7 Nz
T 5 B UDS assay HIRMGHEER S HE o DUSS/N G BV IR 5
[ in vivo micronucleus test in mice ] & B Ze 8 it I SR GE I S 25 BE -« sy .
T2 HWEREE  BERETEVMUEREFEHEICR NG B8 /N EB% - B
BREZEHPEEEREQ  Sg/ke)  BRBEQ -~ 5g/kg) ~ &1~ 2 »
dg/kg) ~ FIZE (2 ~ Sg/kg) BFEE (1 ~ 2 ~ Sg/kg) @I@IN/NZI- H 2 -



ABSTRACT

To evalu.ate whether Chinese drugs have mutagenicity, the water extracts of 30
Chinese drugs such as Anemarrhenae Rhizoma, Phellodenri Cortex (PhC),
Gentianae Scabra Radix, Eriocauli Herba (ErH), Sophorae Radix, Fraxini Cortex,
Paeoniae Veitchii Radix, Rehmanniae Radix et Rhizoma, Scrophulariae Radix,
Lithosperrhi Radix, Loniceraec Flos, Lonicerae Caulis et Folium, Forsythiae
Fructus, Taraxaci Herba, Menispermi Rhizoma (MeR), Belamcandae Rhizoma,
Patriniac Herba, Indigo Pulverata, Aloe, Nelumbinis Folium (NeF), Perillae
Folium, Bupleuri Radix, Caryophylli Flos, Alpiniae Oxyphyllae Fructus (AlOF),
Artemisiae Capillaris Herba, Smilacis Glarae Rhizoma, Carthami Flos (CaF),
Zedoariae Rhizoma (ZeR), Astragali Radix, and Epimedii Herba were tested with
the Salmonella/microsome (Ames) test and the in vitro unscheduled DNA synthesis
(UDS) assay. In the Ames test, PhC, ErH, MeR, NeF, AIOF, CaF, and ZeR
exhibited mutagenic activity. In the UDS assay, none of above mentioned Chinese
drugs increased UDS. Using the in vivo micronucleus test in mice, PhC, ErH,
SoR, NeF, and AsR were further evaluated. The results showed that PhC (2, 5
g/kg), ErH (2, 5 g/kg), SoR (1, 2, 5 g/kg), NeF (2, 5 g/kg) and AsR (1, 2, 5 g/kg)
signiﬁcant_ly increased the frequency of micronucleated polychromatic erythrocytes
in the bone marrow 48 hr after intraperitoneal injection of test drugs into the ICR

mice .

HiI

i

BX ~ 2% - HERFENERARNEEY) (SFETHEE) L Bl i .
KRB MEE M SR R R E R G RS - MR AR (WilREE



B) ZFMERdR (1 - MERESESERCEARAY (Eh) Bxg
WEHE » IRRET A MBS YR - B 77 e s sy
RN BN RITEER S TR PSEE RIS IME | festE
o B BT I RE R | (2) PRSI H S - R
R PURER - BRI - S35 KRB St - BT HES SN
(AR TR E RGNS EMSEE (genetic toxicity) « 27
AEHE VHFENAUER) Tt M RE g, S—SmsmE 5
A 400 TR SEREERTY. 30 MErREE - BUEE 50% ZEEsiEukiie
VLI PTEEIE I (Salnonella/microsome (Ames) test) JiEaas.
FEHEE DNA SECHIEE (in vitro unscheduled DNA synthesis (UDS) assay)
BB EALE - WS ERRTREEIES - S SRS ) 2 R
R/ N BVIMZC BB (in vivo micronucleus test in mice) ¥ Ekzemsit
HEHERMERE - B5—F (AT - DOB-CD21) 467 Anes test K UDS
assay FFMEEL  WEAR—FTY] 29 FEELOBINEH MR 2 rhEs b fs » e |
U K7 ~ JRoE8E - A - BUEsh - BIERES S Y 50% ZEhiey R
RO B AR (3,4) - BEEHE (J\—4EF > DOH81-CH-
064) REMIRLANZR —FToIE A PUERESRES 29 ?EEP%*%%%%{&’FEMZQZ%A
JEERIE - MEENTVERNE BN ISR R SRS — AR Anes
test 2 UDS assay HIREAEZeR Y 7 g R ArrE B E B it
A RERBURAE ~ (B - BIE - BT - 40 - P TR E s
Anes test BATZEMIEN, TS « B K RBIBEGIAN DS - SHLEH
ERBRHL 50% ZEMEMNEESEE T ERSIem/ M- 2 R %
(8) « =5 (J\-+Z4EFE » DOH82-CM-062) mtaliss =FryiEess R RRESE
T 29 EPEBEC BB R  SREERLET  BET -
T BT BT - EFRECHN Anes test EETRZERIEM, AR



T ERET - ST RFECEEI UDS 0 B4 LEHECBES RERCHNEES
IR T EI@I/IME IR (6) - FENE (J\-F=5 - DOH83-CH-018) A&
SRR ANERTUSIEE A EEA 2 20 B Bk YHAECLIOEIE, » R
SERHEBCR Anes test EEEZE# M s MESR/IREEEM UDS - LITERE
/INA BN IR k2 Bz s e I A e R AL - B E RETGFECRRT
TEF -~ HETF - BT BRT - EET - ET - #C ARETRNEEE
5 5 g/kg (BEEIES 0.5 g/kg) E ICR /AR 48 /INEFE - RIREZBHEH

BT - BT - ETERECEIEN/MECHER (7 - REE (Gl
SEFEF  DOHSA-CH-003) MEBUBMANEEF I M rhiE BEIchEEsng , (2) FEAHS

VK~ TEENEUN - PSRRI BV AR S — HE T B R AR (8,9)
B T B BB IR E S T 5 - S HAVKRIEEYIEAEM
ZWE, - W LIEES/INE BN IR R RS R A BB 1 H BRI
BEERTZEEER -

1. HRIEER

ER TN (RAFR) T PERERERRE, () TREEERR

K~ EEGEI - FEREEBE BRSNS —TETERAERT 6.9 & N
WS TRE EPE B E T » AR S R = TR - B EALT
HHEET 2 B ECEE TS B “7OKE R 60 SHEREHIR - AL
$2=0R o HORHRIOS Whatnan 1 SREAGEREEE 60 C IIZWRIEERT 500 2
FHLISE > TS THIE SR D SIS Y) - DR R Z KRR LIE
B2 DMSO B ZR/KECRGZ VAT FITATRZe B I B,



IT. EzeseiHiEs
A. Ames test EZ UDS assay

FERRESTY "HREBFAINE St EFFELS
Salmonella/microsome (Ames) test B2 in vitro unscheduled DNA
synthesis (UDS) assay #ERi%k (3,4), HEFTHRZ B EFE -

Ames test AIHIGABOAIC PERIMY P ETREBFEREEBEEE 2
genome F‘éﬁﬁﬁg’%‘j‘ #1 (base pair substitution) BXHE#EA7 &L (frame-
shift) Zzem (10) - LLHIFRE R MM AE R T RE R -  RELEERE

) R R R (1) -

P12 Anes test MM ERAEHFRIE S (direct plate
incorporation method) - {# Fj & Bi#E{% Salmonella typhimurium TA98 )4
TA100, EHZEBIMNMNAZ Dr. Bruce N. Ames {48 & A5 BUEISEE [AEATRE(Y
BRBENBERZEBYE (10) - IEERT: B 2 ol FEERE (45
C) PRFFIIA 0.1 ml #EBES, 0.1 nl Salmonella typhimurium TA98 B¥
TAI00 R, TRFFEMA 0.5 nl microsomal S9 mix, HEIHEEaEHl
BERNERBEBEETRE, 1 37" CEBEETES 48 /NG REBHE hist
Hizeg (hist revertant) BiEH - TAYS Eikk EHIARZEMEIS 22-38 (FR&SY)

“*)E 37-46 (& S9); MM TALO0 £ 99-147 (F& S9) K 116-181 (&9S9) - 7(5
BB AR LT eSS EVE BOEE Ll B R BE R L -, BIESSMs
B BB (12) - B EMERN TAS @ 3 2-aminofluorene (10
pg/plate, & S9) E picrolonic acid (250 mpg/plate, K& S9); 7R
TA100 f#/ 2-aminofluorene (10 pg/plate, & S9) ¥ 4-nitorquinoline-

- N-oxide (1 pg/plate, F& S9) » SEE—ESFIHE 150 - 20 ~ 60 & 50 15
e - |

ﬁE%ﬂﬂrﬁ%’ﬂlhﬁ%ﬁfh@%Z SY BEEWEHEIT (13) : ﬁéﬁﬂﬁﬁﬁ



gt Aroclor 1254 (500 mg/kg) FRIREUEATEE > TOA 0.5 M KCl #REWE A
Potter-Elvehjem B HE¥ S BERE - DL 9000 x g (Beckman JA20) ME.C 10
5 FE BRSS9 RS - HEERIPSHEE (nicrosones) » ATEZ
'iﬁéﬂu%@? (mixed-function oxygenase) HEffEEEEZe® Al (indirect
nutagen) TE(LEEABZOEEEIRIREZEHE| (ultinate nutagen) = & 1 nl
S9 EEW RS 0.1 nl S P > 8 wmol MgClg - 23 wmol KC1»5 u
mol glucose-6-phosphate » 4 pmol NADP % 100 pmol sodium phosphate >
pH 7.4 - )
UDS assay MUSMGEANNGY DNA HOSCRBBBE 2 EHAET  TAREH
Sy E BRI EE Y — 5k o (RYIEM UDS JFIELL Ames test BRAT
Hv R MTMEEARE (11 - FREILZ UDS assay RABABPIRETEL (LSC)
{Eﬂi& o fifi 2 MBI RR R A E B MM AR (human fibroblast cells >
CRL1508) » SpHrhfkr A B FR 2 es il it - ELAREMAN T : HURAT 8-14
x 104 MM 6-vell ZHEEI (2 ml Dulbecco’'s modified Eagle
medium & 10% fetal bovine serum » 100 unit/ml penicillin » 100
pg/ml streptomycin 0.37% sodium bicarbonate)dt » FAEETURKAMERSE
(confluence) B (fSIM& 10-24 x 104 fHw) FBAARIRTEE - WHRHESF
SmA 10 M hydroxyurea (LUEBFAIREEA S phase (14,15)) » BBEMAL
=t b vE L Bl S9 mix (0.2 ml) o BEEIEE S 0 K 8 p Ci/ml (methyl-
3H)thynidine ((3H)TdR, 68 Ci/mmol » ICN Biomedicals, Inc) - MEFEHE
(10% CO9, 37°C) ¥5& 3 JNEERS » BRAUK ELAKEZ 150 mi NaCl SRy
—% > A 1 al VKAKBTER -30°C WHEER - FRDULAR - 8 cell
lysate BZEREH - A 1 nl ¥K¥wZ 20% tricholoacetic acid (TCA) ¥&
WK 45 A4 » LIk 5% TCA WERRIRE B2 g T BL
GF/C BRI Friise TCA REEZUTHRY) - WLKImZ 5% TCA oL —



R (16) - WHLL 10 ml POEESF#0OK Ready Safe (Beckman) =X Ecoscint
(National Diagnostics) | B Mk -

B. EHYNEIBNS{ BB

TE R/ N B M IR R IR TP SR Y R S i (e
FiiRs>22% (mitotic apparatus) - HLEISRETHEH REARTESARTE
PR S B & HIRRRE P2 — T, FITAKE Anmes test 25 in vitro 3
AR BB 1) B R ARSI (12) » HBEIE S BEA ST
FRAIEEY 5 &0 5 £ IR NEHES—BEE (RAREREFEH 3 58
—il) - HERAFA—BEHEE - —BENEE SETEES S hem
(1~2~5 g/ke) - BMEEERAAMA cyclophosphamide (17) - EFEEEREIMIL
IRECEEMIRRTRLS » AR 48 /NFRRMEIARRAY S o BB RS A R AT
TRFEA 3 FEHEA L REHHEEEE 5 %L May-Grunvald B2
Giemsa-staining ARG (18) et - Bl 1000 (SEMEHE - SEEH
BV SRR EDEE 3 x 500 {8 polychromatic erythrocytes (PCE) it
HEFHZDEE/IMELC (nicronuclei) REHEENH - BEBEERTE D
Student’ s t test B one way ANOVA HEEH434F o

C. MRS S

AR KR W + 18 Anes test LITFIE DISO B4
0.1 TR 2 BEVSHEASAIR: 1 UDS assay BRI BV
(R TR L = JOB I BRSBTS 0.5 S B BIER 2
B TRETLA S ORI A A - ZETE M NS B IR I
B 10 ¢ BEMBIERT 0.1 nl Z8siess -

—43—



S

Elg

A. TREEKHIERY)

B ch Bk R R VA W LB T S B IR P R B T B L AU B - FTDUR
SHE LUK RRYIZRETE - RAEUR 30 T P BRSBTS A iR
> B R EEEN EE Y EALE (BIERE) - Hhbl 19, EE S (65.9
%) » ML 3. BhERIE (2.3 %) - HR R R R EE AR, B
TR AL L AR RIS R B R SR DUR S B T ERUK S
RYICEERT -

B. Ames Test

TAGS Tk B RZEBES 493 (& S9) B 30+2 CCh& SO - 1
TAL00 £ 138+5 (& S9) B 144+4 CF& S9) - 30 FFEE/KHHREY) (HEHf
6. 22 RKHHEVIRED JCIAE BRI - SRR AT - ILE
BE T EEAEL 1-3 ZEFF DUSO AU 0.1 g HeHIZEM DR KR VIRE T
ARSI > TR ATIE B SRR E T R M E R - A0 AR
iﬁ%ﬁ@%ﬁ%ﬁ%&@%E%%%ﬁ%ﬁZ:ﬁu:%%ﬁ&ﬁ%ﬁﬁﬁ

gesgfe S (12)  HIRA TA9S o 4. BB (459 & -S9) - 20. 775 (+#59)~24.

A= (-S9) ~ 274176 (-S9) K 28.FJjft (-89); 1& TAL00 FHIE 2.5HEE
(+89) ~ 4.ZUREEE (489 & -S9) ~ 15.LUEAR (-59) ~ 20.743E (459) - 3EE g wy
2,388 (30 ng/plate) B TAIS AEEELBULEAES » 1Y SO nix T TN
% . (BRSO mix FEAE RIS TALOO ABABA(ER - % 2. BEZ AIERAR
BEEZERAETTEIA% (/0 - 4 BRE (351 ng/plate) TEHM SO nix
FAET B TAOS B TALOD SHEE BRI (R HBREA
B SO mix BAE FEASZERET  ERRMALAERRS /O 206



3£ (88 mg/plate) BAE S9 mix F7E N TAIS B¢ TALO0 > 3yzems
BEFT (k) § EBIRBARRIR SO mix e TS TAOS s, » (af
EERLANERRE (/0 - 1518 (0 ng/plate) # TAI00 » 7 24,5
B1Z (29 mg/plate) ~ 27.417% (50 mg/plate) B 928.%it (71 mg/plate) 35
B TAIS HEZEEMER - H S9 nix B TIHEE (BE)  RFEHEIERE
BIERPRE A% > B EE—STE - 19. 8% (30 ng/plate) TRIE
TASS 52 TAL00 - HBIBMEE 1/5 MR (/) -

LR HER Anes test ZAERAE 18 M 1.408 - 2.8 - 3.
BEMEEE 5355 L 10,555 ¢ 12,8~ 13,8 - 15, (TR - 19,585 - 21. %8
BREE - 20,458 23. TF ~ 24. %54 - 5. BIBRE ~ 26. L7525 - 27, £T7E ~
29. 1 ~ 30 EFELM Norimoto FA (8) FKTEE » TH 14 BEhEE
1508 ~ 2. 3588 - 3. BElBEE - 5. %% - 6.55 ~ .55 - 13388 - 14.HA
3~ 22,568  25. BT 274076 - 28. 30T ~ 20. 55 + 30, LK Vin
SA (9) FHTEE  HERERT ILRSRERYS - SRR ¥R
HERIT - ERBEERYE S ERAK At —5 2 5 - BRI 8
TP 4 SHEE 8L AHE - 0.2 ~ 11 RARFE ~ 1639+ 17308 - 1.
B 20 WIS S RS AT R - il 4 BRER 20,
RS AR -

EIR Morimoto ZA (8) ZEEHfFA L BELHENER (BEE
10 mg/plate) » B ELEH I ARTILY KRR S R EEA B8 — 5]
Hi o Horimoto A (8) ¥E 2.358% (65 mg/plate) REHHE S9 mix F1E
TES TAGS STECEBER - {8 TALO0 AMAREIER 7 Yin ZA (9) B
B (5-40 mg/plate) ¥ TAYS ~ TALO0 IMEBERHER] ; TiAMERE 2.
B3 (30 ng/plate) B TA9S AIEA > £ SO mix L TFEIRL » (HR S
nix 4 TS TALO0 AR - Norinoto B (8) %M 3. MEIE



(32 mg/plate) NEFHE S9 mix FETE TAIS K TALO0 HHEZNZEBEA
{BAHFFE (32 mg/plate) B Yin ZA (9) (40 mg/plate) FJFBMIEM -
Morimoto ZEA (8) $FM 12.7& (91-182 mg/plate) FEHE SO nix HHE
TE TAS K TALO0 3SHEZEB(ER - HAWSE (122 ng/plate) FHFE(F
F - AR 15.IUEAR (70 ng/plate) ¥ TAL00 HEM - M Morimoto
FAN (8) RsREMIER (52 mg/plate) » (HEFE MIYHIE TALO0 BIE
H - Morimoto A (8) #E 22.4#7 (86 mg/plate) ¥f TAL00 H{EA ' E

B SO mix fFHE THRRK ¢ AWI5E (86 mg/plate) HIRBIMIEA - ABHEHE
24, 2% (29 mg/plate) ~ 27. %L (50 mg/plate) K 28.%FJft (71

ng/plate) 38§ TAGS GECEBHER - 7 Morinoto ZA (8) HUSE 24. 2%
1= (73 mg/plate) - 27%]7{5 (50 mg/plate) ~ 28.3%Jft (106 mg/plate) FWfE
B Yin A (9) BISEE 274076 (5-40 mg/plate) ~ 28. &Il (5-40
mg/plate) #EFEM - Yin A (9) #¥ 29.35E (5-40 mg/plate) FY SY mix
GAETE TAYS STRERERZEER + [ERAHIZE (23 ng/plate) HISRR(ER -
fA Ames test ¥ — BB EKMEMENESEERE L AT 640
mg/plate) ~ 5.2 2 (5-85 mg/plate) ~ 7. 7752 (5-40 mg/plate) ~ 10.E
(46-231 mg/plate) ~ 13. W (5-126 ng/plate) - 14. A% (541

mg/piate) - 19. B ® (15-30 mg/plate) ~ 21. %&FE (39-58 mg/plate) ~ 23.

T % (65 mg/plate) ~ 25. B B (5-57 mg/plate) - 26. =R %F (30
mg/plate) ~ 30.E¥% (48-96 ng/plate) - (HEFER 1.408 - T.REZ - 10.
SER 14 HATS - HETEETRARRYIR Ares test HECIE 52
RETCHRBAR T BHEBEEENE (8,9) o BIANEKFMIRYIR Bacillus
subtilis rec-assay TEBZEEMES 19.8E & 23.7& (8 1 5.%2
T /N E B SR B BRI 8 KEL (chromosomal aberrations)
SN B (9) -



AT PRI KRR 1055 « 14. A% (19) 7€ Anes test B
B AR TIZBRES) BN AR IR R B S BAE H7 2 chgiesy R AEHE
BRIERES BRI WE -

C. UDS Assay
KFEBE®E DNA &/ (UDS) REIE (3H)TdR ff AFR7ZE cell cycle S
phase ZSHEMMMAY DNA Y » FTLU% A hydroxyurea KFHETARMIE A S
phase JFHETESMER DNA & (14-15) - RT2RFZE (3,4) B4 10 o
hydroxyurea Al 96-98% & (BH)TdR f# A MM 2 DNA - 2 2
CRL1508 #HfRiE#EZE » fﬁﬂiﬁfﬁfﬁtﬁﬁﬁi%ﬁﬁéﬁﬁﬁiﬁﬁ—ﬁ
CRL1508 AHAfazicisifl - AELIFE 10 mM hydroxyurea HAEZMEILT (FIHIE] 80-
88% 2 (SHITAR f AMHAIZDNA) » IZ% 1076 M NQO & 3 x 1076 M NQO - 4&
REERIIAE 7316% (n=3) K 98+27% (n=5) i€ UDS - A5 B AL
T R B R A P B B S E@TZ%BB@%&EE@%@%@?EU%&B%Z%H@
B H PR A M 2 SR T A 58 DU KBS R DL ARG % RIEE S B SR I T Ml 2
(SHITAR 4 AMBELAE4EAE (1500-2400 dpm vs. 4000-6000 dpm) » {ELFA 10 mM
hydroxyurea f77E TH (SHITAR ff AMEEEE4EZETS (1000-1600 dpm vs.
) 1200-1400 dpm) » #HEEF 10 mM hydroxyur_ea BMAREF 22-35% &l (SH)TAR
R AMIIEZ DNA (n >10) - BIRILET NQO (1076 3x106 ~ 105 ) myemymps
HEFRHINE (SHITAR £ AMEMZ DNA » Fifd 10 mM hydroxyurea F#EF &
(3H)TdR A (EOFFEEZ UDS) RIZBIE 62% - 36% ZI@MNK -10% 2%
- BREZROTTREEEE M MAER > FR 10-5 ¥ NQO BRE =/ NEF I A
ZIEAREBRRE B - BRI IE T RIEt 2 B v HZBREFRE  FtAE
ERUEE—4 R R HAT FREE B kRIS IR S e - Bt
REBRTNET - BRI EELE TSN T2 BET 4 LaRE (5



mg/ml) ~ 6.2%8 (20 mg/ml) ~ T.7REEE (5 mg/ml) ~ 10,5525 (40 mg/ml) -~ 12,
HAR (40 mg/ml) ~ 13.E# (40 ng/ml) ~ 14. 5L (40 ng/ml) ~ 19. E&
(5 mg/ml) ~ 20.frEE (20 mg/ml) ~ 21. %REFZE (20 mg/ml) ~ 22. 5280 (20
mg/ml) ~ 23.TF (10 mg/ml) K 24. &%= (20 mg/ml) - FREETEIHIMER
fBE R EE =/ NS T AR RO s s B E - Erhll 150
PANIEES 30 S PYENEMIHT Y FARTOR SR MR R S - SRl - e 40
FATBISA Y PR (1-40 ng/nl) i 26.H783%5 - 28. 301 ~ 30. 182
o o RSB EARHE (SH)TAR A DNA, HoRDL 19. & (R
3 o % 10 mM hydroxyurea F#7E Nz (SH)TAR A (B UDS) ik RA{EM
EE KR BEHIE N - bk 9.%X2 - 26. 11k%F - 28.FfL ~ 30. &8
S Hego P NG EIREEE A RIS UDS (B1) -

| BIFEE—4 > 7 UDS HIEARIRANINAE Anes test FREER(E R EHEACRH
MEIEALE SO mix DABETHOZHE LI BGEHR - ARAERIRHESE
T BB SR, HRETMNERAZEET K 4.588E (20
mg/ml) 4% > REAEIN UDS Z g - AN S9 mix GFEEEMEY (SHITAR HA
BHEERRE > T 6.2 5% ~ 7. R%E - 12. 84 ~ 1388 - 24. 2%~ 25. ;WK
5 B 3 R A PR 2 E s g SITAR $EA - {EAIE BRI S9
mix 27 $ERAHEREES - RS MERAEEEML (Ft+—) - Y0 S9 mix {REHEESEIN 2.
HEE~ 0.~ 18. FHEME CNIR HAZIEM - BR{E 25. KBREHIH
(BH)TdR fHAZER - ABARLRTAREHIEIEM DS & 4. BIRERILEE:
FHIREEE e UDS 5 EEREARLN  EYERTREEE - R
BEEHS ML EE - AR+ A BEZ 4. BT ERE A R
(HYTAR fEA DNA - TR hydroxyurea (10 n) 7E7E TR BRI
HoTh AT g 4 BREERIERA | hydroxyurea FETHTEREER
Husm&l (SH)TAR fH A DNA - fhEEZEMHTTAER 4. BN E A (e K H]



(SHITAR A DNA ZRUADIETE - THilElE D BRI » AR — B e
B RS EE L BB ER - (EARR IR R - SRR EY
LB 3 /N MR R B R B © IR ERE
EWE S BEm - AERE—P 25T -

D. JEHE/INE B IME A

218 Salamone EA (17) 3 » ICR /N ELASHEIEVE 54 1 1 S H ey
cyclophosphamide (50, 100 w«g/kg) 48 /NRFEREH @ NIREANEHRER (B
EEE 3 B, CEERLES L 1000 SEMEEEHRAHELE 500
f& polychromatic erythrocytes (PCE), #IR/IMZ{= (micronuclei) ZB(H
HHEEN (F+3) BREAEMAERY @2 - ARFRBREE
cyclophosphanide 200 pg/kg 48 /1NEF - BYIHL B PIEBER S hEE L PCE - 48
DRGSR BEEE 6 g/ke) B (EHELSEEERTME 2. %8 - 4.
BORE 5.ES - 20 WER 20.%E  HERNETERT - B 5. E22E
FIREBI B MRS - HaR 4 TErREE (R eI RE W - Hop
BL 20,7 (5 g/ke) MIVMELZHIRERB - |

Yin A (9) ## 5. %2 (0.5-2.0 g/kg) ~ 13.:E# (3.4 g/kg) ~ 27.
5L7E (2.0-4.0 g/ke) B 29.%% (1-10 g/ke) EH@NVIME-ZHERE » [B%
S 2. OIS HE o il 5 R 29, 3B 0 B Anes
test MIRBBVATZEBE (9) - KHZEBHE 5.%8 (1-5 g/ke) K 29.%E
(1-5 g/kg) EP@NIVINEE—Z B - (HAISSE 2. 3588 (2-5 g/kg) @AM
B2 IR > HBIATIZES Anes test mibg 2.ZEBERY SO mix 77E T
TALO0 FHZe: (Ft)  WEEYE - 55 NARZES Anes test
(Fb) RHEBZSBEY B (4159 & -S9) B 20.73E (+59) FRgig
MV =2 B (E+=) -
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SRR T A B S (20) B isoquinoline &)
B (21 EAESCEIES IR B 2R R S e
BEABZERME (22) - AR B ERA RN E R 2 B BZeaE
77 WHZ Morimoto FA (8) KARE Yin A (9) RESHEIF LIRS
BT - AR FERAEER A E TR L2 BB

11 RART S B S EGREET - KRR TR LS -
Mo BRI, SRS T T R B T e S T E

BYRSAR - ERNEREBENCPEETHATEROBECRER] » JEA
ISR ENE Z BRI BB BT - IR E— TR -

=t
(ST

gllll

AshEEE T T B AT R B S S ) - BT
B (LR ER] IERSTARIBERED Anes test ZHIT » ITERBEM LB MMBELE
SRR E 2R R BRI - PR YR
ol 2 i A S G AR RATEA B R B G
Rzeik# (DOH-CD21 - DOH 81-CM-064 - DOH 82-CM-062 - DOH83—CM—018 )4
DOH 84-CM-003):Z#EBl » TEBL—{H&EEEH -
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. A2  (Ginseng Radix) %ﬁbﬂﬂk’} (Panax ginseng C.A. MEYER) ERIRZ &R (564)

HiiE  (Crataegi Fructus) BEEEILAE (Crataegus pinnatifide BUNGE) ZESMBSLETE (424)

KHEI (Cirsii Japonici Herba) B34RIKHE (Cirsiumi japonicum DC,) ZESHRZEEERAR (494)

KEE  (Zizyphi Fructus) BBZERIKEE (Zizyphus jujuba MILL. var. inermis (BGE.) REHD.) ZE5iary:
PURE (582) ’ :

L= (Pseudoginseng Radix) BHENMBI=+t (Panax Pseudo-ginseng WALL. var. notoginseng (BURKILL))

ZEERR (500).
filz¥  (Curculiginis Rhizoma) BEFFEMIZF (Curculigo orchioides GAERTNER) ZBEMREZE (627)

B3R (Imperatae Rhizoma) FRAKIEF (lmperata cyclindrica (L.) P. BEAUY. var. major (NEES) C.
E. HUBB.) ESRREIZGZARRRE (489) '

. B (Lycii Radicis Cortex) SHEMEIC (Lycium chinese MILL.) ZEIBIRE (127)

248  (Scorpion) BHEIE&SSHE (Buthus martensi KARSCH) Z#5is3B8 (336)
$#F+E (Moutan Radicis Cortex) BBHEEMIIIR (Preonia suffruticosa ANDR.) BEEIRIBRAER S SRR

(123) .
BAME.  (Saposhinkoviae Radix) FTEZEISGE (Saposhin/;ovia divaricata (TURCZ.) SCHISCHK.) ZEZipiR
(14)

P (Eucommiae Cortex) S#L{fRMHt{d (Lucommia ulmoides OLIVER)Z &1ty (610)
REAF (Cassiae Torae Semen) BT RIHRBE (Cassia torae LINN.) ZE@EF (91)
HAH{F (Plantaginis Semen) FERFTRIER (Plantago asiatica LINN.) ZEEBIEF (249)



15.
16.
17.
18.
19.
20.
21.

22.

23.
24.
25.
'26.
217.
28.
29.
30.

RIEHE (Evodiae Fructus) BEERIRZE (Lvodia rutaecarpa (JUSS.) BENTH) ZEZIREE (184)

HHET (Celosiae Semen) RERIEHE (Celosia argentea LINN.) ZEZIRRIVET (102)

W%  (Laminariae Thallus) BERFRIEW (Laminaria japonica ARESCH.) Z#ZHRTEIRES (396)

BK{=  (Persicae Semen) EEEEWE (Prunus persica (L.) BATSCH) ZEMRmishkRRERE( (530)

FH4E (Loranthi Ramulus) BEFERIEFTE (Loranthus parasiticus (L.) MERR.) ZE5hEk:EE (598)

HiEE (Prunellae Spica) BEWRIEME (Prunella vulgaris LINN.) ZE5IRTEFEM (74)

EJten (Aristolochiae Fructus) BEJRMRIETISS (Aristolochia debilis SIEB. et ZUCC.) ZE/RRE
“1

$9#k  (Uncariae Ramulus et Uncus) BS¥ERMAME (Uncaria rhyncholphy!lla (M1Q.) JACKS.) Z3ssaisis
(140>

filfE3E (Biotae Folium et Ramulus) BS4RMAI (Biota orientalis (L.) ENDL.) ZEZIBFYZE (481)

#ZE  (Scutellariae Radix) BEMEIEE (Scutellaria baicalensis GEORGL) ZEZHE(R (TT)

¥H#E  (Coptidis Rhizoma) BEHREIEE (Coptis chinensis FRANCH. )i EIRIR 2 S 12iREE (80)

##®  (Polygonati Rhizoma) BEHSHEIER (Polygonatum sibircum REDOUTE) Zﬁ’z‘.ﬁ%ﬁﬁ (603)

%7t  (Chrysanthemi Flos) B%®I% (Chrysanthemum morifolium RAMAT.) ZHEERIERE (3T)

BiR  (Puerariae Radix) BEME (Pueraria lobata (WILLD.) OHVI)ZSUARBRZRR FIEEIRITIES (40)

EBF  (Angelicae Sinensis Radix) B#TUEIERS (4ngelica sinensis (OLIVER) DIELS) ZE&HEiR (595)

Fidr  (Siegesbeckiae Herba) BIEIHSE (Siegesbeckia orientalis L. var. pubescens MAK.) Z&5132
R E&ILD)

R R ZE b
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12.

13.
14.

)= (Aconiti Carmichaeli Radix) BEERYIIETE (dconitun carmichaeli DEBX. ) Z $5 M BRARBR AR

(305>

. 2 (Salivae Miltiorrhizae Radix) BEFURHIS (Saliva miltiorrhiza BUNGE) ZEZER (519)

4B (Achyranthis Radix) SSERBHEARE (Achyranthes bidentata BLUNE)Z E5h84R (532)
BE  (Tiglii Semen) BAMMEET (Croton tiglium LIN. )ZE&MBET (210)

. RIK (Chaenomelis Fructus) SRR (Chaenoneles lagenaria (LOISEL.) KOIDZ IR R

(296

- K& (Akebiae Caulis) FAERIEAE (dkebia trifoliata (THUNB.) KOIDZ.)FEA\RE 2 dE4REE (256)
. KBIC  (Cocculis Rhizoma) BFFTRIARC(Cocculus trilobus (THUNB.) DC.)ZEsHRAR (298)

. FHRE  (Cimicifugae Rhizoma) BEEBIFHR(Cinicifuga foetida LINN.)ZEMBMREE (46)

N1 (Gastrodiae Rhizoma) %Fﬁﬂfﬁ[(:‘astmdia elata BLUME)Z E5 4R REE (746)

10.
11.

RME (Arisaematis Rhizoma) BRXBIERIRRE (Arisaema consanguineum SCHOTT) ZESERBRZE (356)
BfNEE  (Acanthopanacis Cortex) BFMBIEN] (dcanthopanax gracilistylus W. W. SMITH)Z 85 0iR 7
(294) )
fl#8% (Agrimoniae Herba) BEEBISEFE (dgrimonia pilosa LEDEB. var. Japonica (MIQ.) NAKAI) 2
- EIRRE (496)
HE  (Glycyrrhizae Radix) RERIHE (Glycyrrhiza uralensis FISCH.) ZEmRRit FHRIRE (585)
g% (Photiniae Folium) SBEHMBIE®H (Photinia serrulata LINDL.) ZE#5ME3E (311)
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17.
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30.
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=F=23
BT
HEEAR
HHE

FAHT
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BEIM#E
fL 2N

(Angelicae Dahuricae Radix) B#MTURIAIE (dngelica dahurica BENTH. et HOOK. var. pai-chi
KIMURA, HAYATA et YEN)ZEZHRAR (327)

(Tribuli Fructus) SEREERNERE (Iribulus terrestris LINN)ZEBEE (323)

(Aconiti Coreani Tuber ) BERRIETESH (dconitum coreanum (LEVL.) RAP.)ZE5MEBEAR (325)

(Corydalidis Tuber) SEESERNEHR (Corydalis yanhusuo W.T. WANG)ZEsHBZE (464)

(Artemisiae Apiaceae Herba) B%RIE (Artemisia apiacea HANGE) ZEZMAZEE (51)

(Pini Nodi Lignum) SARHHHR (Pinus tabulaeformis CARR.) ZESHERRZRES (334)

(Clematidis Radix) BEREUEB (Clematis chinensis 0SBECK) 25 RAREE (292)

(Erythrinae Cortex) BSERUFIA (Lrythrinae variegata L. var. orientalis (L.) MERR.) Z&74%
B (30T

(Gentianae Macrophyilae Radix) S#ERGRIZH. (Gentiana macrophlla PALL.) ZEEE (301)

(Aconiti Kusnezoffii Radix) BEREHLEIR (Aconitum kusnezoffii REICHB.) Z&5iGsuiR

(Trachelospermi Caulis) BFATHEHER (Trackelospermun jasminoides (LINDL.) LEM. )2 &spass

R (316)

(Polygalae Radix) BREERIETR (Polygala tenuifolia WILLD. ) AMR o esmiing (735)

(Hanfangchi Radix) BEFHENEGEST. (Aristolochia heterophy!la WEMSL) 2850848 (288)

(Angelicae Tuhou Radix) BRUTBRIEEEEE (dngelica pubescens WAXIN. f. biserrata SHAN et
YUAN) Z $284R (290) ‘

(Millettiae Caulis) REREEETHR (Hillettia dielsiana HARNS) ZESHERRRE (314)

(Ligusticun Sinensis Rhizoma et Radix) BTRIEZL (Ligusticun sinensis OLIV. ) B5pafRze
AR (330)
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. 4T
. AT

. BIFF
. T

EHT
EET

. EHHT

BeAHE
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igF

(Hydnocarpi Semen) SABTRIABRTF (Hydnocarpus anthelmintica PIER. ex LANESS.) ZRPhE
F (799)

(Ligustri Fructus) SSREERIZE (Ligustrum lucidum AITON) ZE5IEmsnEeE (661)

(Arctii Fructus) B¥RIER (drctium lappa LINN.) ##pisns mar (35)

(Schizandrae Fructus) B/KBIRIABRT (Schizandra chinensis (TURCZ.) BAILL.) ZESHREgy
(685)

(Sinépis Albae Semen) J+FFERIBTF (Brassica alba BOISS.) 2 RPESRAET (361)

(Kochiae Fructus) S#RHEE (ochia scoparia (L.) SCHRAD.)ZESIREE (791)

(Rosae Laevigatae Fructus) SBEMEME (Rosa laevigata MICHK.) ZESIRE® (698)

(Quisquqlis Fructus) BEEFRUEETF (Quisqualis indica LINN.) ZEMMRMER (769)

(Meliae Toosendan Fructus) SS##REYI (Helia toosendan SIEB. et ZUCC.) ZESMARSAEE
(457)

(Sterculiae Semen) FIBHARMEANS (Sterculia scaphigera WALL. )ZESIBFET (345)

(Thujae Orientalis Semen) BHIRHEMY (Thuja orientalis LINN.) ZEIRE(Z (733)

(Lycii Fructus) SFFRHIIE (Lyciun chinense NILL) ZESMAMERE (600)
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(Leonuri Frucus) BEWBIABE (Leonurus sibiricus LIN.) ZHEZHRTE (554)

(Gardeniae Fructus) ESPEEERMETFH (Gardenia jasminoides ELLIS. var. angustifolia NAKAI]
PR RE (65)

(Pharbitidis Semen) ESHEFERIBIIEEES (Pharbitis nil (L.) CHOISY) ZEZ#RET (218)

(Cnidii Monnieri Fructus) F#fZElEER [Cnidiumvmonnieri (L.) CUSSON) ZE-MamiRE (789)

(Perillae Fructus) BEWRHKEER (Perilla frutescens (L.) BRITT. var. crispa (THUNB.)
HAND-MAZZ . JZRE (13)

(Raphani Semen) B+FtEI3RIE (Raphanus sativa L. var. hortensis BACKER) EZiRpipiET
(422)

(Cuscutae Semen) BHEfERIBAT (Cuscuta chinensis LAM. ) ZBZERRMET (629)

(Broussonetiae Fructus) BEBHE(H) (Broussonetia papyrifera (L.) VENT.) ZEZIREE (649

(Lepidii Semen) B-+FIERMBITE (Lepidium apetalum WILL.) ZEZMEEET (372)

(Ricini Semen) BSAEREIEERME (Ricinus communis LINN.) ZEZHBEFFET (216)

(Xanthiun Fructus) BS%RIEE (fanthiun strumariun LIN.) ZEIREE (30)

(Nelumbinis Semen) ESHEMAIE (Nelumbo nucifera GAERIN.) ZESIREE (692)

(Prinsepiae Semen) SEFRI/NEMF (Prinsepia uniflora BATAL.) ZEZHERIEE(Z (671)

(Viticis Fructus) BEWERISEIERM (Vitex rotundifolia LINN.) ZEEREHREE (49)

(Canarii Frutus) ESfUEEHEIE (Canarium album (LOUR.) RAEUSCH.) ZRE (349)

(Rosae Multiflorae Fructus) BEHRISTEEM (Rosa multiflora THUNB.) ZEHERE (175)

(Coicis Semen) BRAEBIZEL (Coix bacryma-jobi LINN,JZRE(Z (254)

(Rubi Fructus) BEHMBIETRAT (Rubus chingii W)ZEBRRBHEE (694)
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BHE
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TR
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(Armeniacae Semen) BEHAIE (Prunus armeniaca LINN.) ZESIBRUBNVET (401) -

(Asteris Radix et Rhizoma) SBZ§EIEFY (dster tataricus L. f.) ZEsEBRREIRTE(403) -

(Farfarae Flos) BERIEKL (Jussilago farfara LINN.) ZESMEIEEE (405) -

(Eriobotryae Folium) BEFIREMIE (£riobotrya japonica (THUNB.) LINDL.) ZEEHMREE (407) -

(Platycodi Radix) Bt&EfERMEME (Platycodon grandiflorum (JACQ.) A. DC.) BRES RS IR
(410) -

(Mori Radicis Cortex) E38ERIZk (Horus alba LINY.) ZESHMRARE (413) »

(Stemonae Radix) SEERIEILEL (Stemona sessilifolia (MIQ.) FRANCH. et SAV.) ZEzpepiig
41m -

(Ginkgo Semen) ESRASEMBA (Ginkgo biloba LINN.) ZEsIBEEF (420) -

(Adenophorae Radix) ESfEAERHRIEDS: (Adenophora tetraphy!la (THUNB.) FISCH) BeESt s
AR (3400 - :

(Lilii Bulbus) REERESE (Lilium brownii F. E. BROWN var. colchesteri WILS.) M%< #hss
(343) -

(Trichosanthis Radix) SZHEEHERR (Trichosanthes kirillowii MAXIN.) ZE5HRAR (347) -

(Fritillaria Thunbergii bulbus) REGRTRR (Fritillaria thunbergii HIQ.) ZEFIRME
(351) -
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(Pinelliae Tuber) BXEERIPH (Pinellia ternata (THUNB.) BREIT.) FélRr2 &5tz
(353) -

(Cynanchi Stauntoni Rhizoma et Radix) EFEBERMNZESET (Cynanchum stauntoni (DECNE.)
HAND.-MAZZ.) ZRZBRERAR (359) - v

(Inulae Flos) RZFIERIE ([nula britannica L. var. chinensis (RUPR.) REGEL) Z$ZMESRIRTE
F (363) -

(Gleditsiae Fructus) BEBIER ((leditsia sinensis LAM.) ZE5HBEE (366) ¢

(Dichroae Radix) BFEEERIM I (Dichroa febrifuga LOUR.) ZEZIEIR (368) -

" (Peucedani Radix) BEEEIETERIEE (Peucedanum praeruptorum DUNN) ZEsiER (370) -

(Bambusae Caulis in Taeniis) BRAFENEIT (Phyllostachys nigra MUNRO var. henonis STAPF ex
ENDLE) BRZEHERE » BIBTHEWRMIRY (375) -

(Trichosanthis Semen) BZEHEEHEIE (Trichosanthes kirillowii MAXIM.) ZHESIRFETF (389) -

(Carpesii Herba) BERIKLH (Carpesium abrotanoides LINN.) ZE5iRiRE2KEE -

(Fritillariae Cirrhosae Bulbus) BE&BHESERG (Fritillaria cirrhosa D. Don) ZEZRRSHEE
(398) -

(Arecae Pericarpium) ES{FRERHMERS (dreca catechu LINN.) ZEMRRRBAERT (436) -

(Aurantii Immaturus Fructus) BEFRWUE (Poncirus trifolia (L.) RAF.) ZERMEE
(441) - '

(Linderae Radix) SiERIE&ZE (Lindera strychnifolia (SIEB. et ZUCC.) F. VILLARS) ZEZM:R
(446) -

(Cyperi Rhizoma) BI¥WERISE (Cyperus rotundus LINN.) ZEZMMRZE (452) -

(Curcumae Radix) SERIES (Curcuma aromatica SALISB.) ZEZMRBEAR (455) «

(Magnoliae Cortex) EKEIRLEAL (Hagnoiia officinalis RERDER et WILSON) ZE5iEisisr (461) -

(Corydalidis Tuber) ESPESERMELARE (Corydalis yanhusuo W.T. WANG) EEiRINZE (464) -

(Kaki Calyx) BZHifHh (Diospyros Kaki L. f.) BE LEEHE 479) -

KA\ UEERERIEZ 8
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(Anemarrhenae Rhizoma) FE&RIHRE (dnemarrhena asphodelpoea BUNGE.) ZESIBIREE (62)
(Phellodenri Cortex) FZERIFHEE (Phellodendron amurense RUPRECHT.) BREHFZ et (84)
(Gentianae Scabra Radix) EREREEISENE (Gentiana scabra BGE.) ZESIRARSUREE (89) _
(Eriocauli Herba) ESEESIRMSUNE (friocaulon buergerianum KOERN) ¥ 8siisiofis 165 (94)
(Sophorae Radix) BERES (Sophora flavescens AlT.) ZEMRR (98)

(Fraxini Cortex) RABRMINELMS (Fraxinus bungeana DC.) ZRIE (100)

(Paeoniae Veitchii Radix) BBEXNBNIHRE (Paconia veitchii LYNCH) ZE5M4R (114)
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(Rehmanniae Radix et Rhizoma) B ZFHbHE (Rehmannia glutinosa (GAERTN.) LIBOSCH.) ZEiEiRRAR
(119

(Scrophulariae Radix) BXZRIXZ: (Scrophularia ningpoensis HEMSL.) Z85EEHR (121)

(Lithospermi Radix) F3SEBERISEEY (L[ thospermum erythrorhizon SIEB. et ZUCC.) Zizi®iR (133)

(Lonicerae Flos) BEKLRIEAL (Lonicera japonica THUNB.) ZEZIRTEE (141)

(Lonicerae Caulis et Folium) BEKXEIBX (Lonicera japonica THUNB,) ZEZIRMSEEREE (144)
(Forsythiae Fructus) F/KERRLEM (Forsythia suspensa VAHL.) ZHEHERE (146)

(Taraxaci Herba) BHEENEARE (Taraxacum mongolicum HAND.-MAZZ.) ZE5#R2E (150)
(Menispermi Rhizoma) BTRIETAR (Sophora subprostrata CHUN et T. CHEN) ZE#i@4R¥E (157)
(Belancandae Rhizoma) BEREISTT (Belamcanda chinensis (L.) DC.) ZEZEMRZE (159)
(Patriniae Herba) BRKEERIATEREE (Patrinia villosa JUSS.) ZHARZE (161)

(Indigo Pulverata) SEPKEIEEE (Baphieacanthus cusia (NEES) BREM.) Z2#7iafask (163)

(Aloe) BEERIETHEA RS (4/oe perryi BAKER) ZIER H-T/QEpBaIRL 7 1088 (166)
(Nelumbinis Folium) BREERIE (Nelumbo nucifera GAERTIN.) ZEZMEZE (179)

(Perillae Folium) BEREHESEER (Perilla frutescens (L.) BRITT. var, crispa (THUNB.) HAND-
WAZZ.) ZRzZHR3E (SUfidE) (8)

(Bupleuri Radix) ES#UURMTIESSE (JL4SHH) (Bupleurum chinense DC.} ZEZEMR (43)

(Caryophylli Flos) Bbk&isRI TES (Lugenia caryophyllata THUNB.) ZEZIBIEHE (189)

(Alpiniae Oxyphyllae Fructus) BSERIEE (d/pinia oxyphylla W1Q.) ZEIHREAER (192)

(Artemisiae Capillaris Herba) B3RIEME (Artemisia capillaris THUNB.) ZEzhshzesE (259)

(Platycodi Radix) BEIERMERE (Platycodon grandiflorum (JACQ.) A. DC.) BRESEZERIR (410)

(Carthami Flos) S4RHIIE (Carthamus tinctorius LINN.) ZEZHRIEE (52T) )

(Zedoariae Rhizoma) FSEERLEIM (Curcuma zedoaria (BERG.) ROSCOE) Z¥zBRARZEE (539)

(Astragali Radix) BSERIASFEEFE (dstragalus mongholicus BUNGE) ZEZHEMR (573)

(Epimedii Herba) S/NEERWEX¥E (Lpinedium grandiflorum MORR.) ZHEZiath FEREiZEEE (625)



S

FA PEOKHHRY)Z R

BEHF HEEER (%)% BER R (%)
1. 4IfE 48.2 16. B 15.8
9. #E 16.8 17. 8BS 12.9
3. BefeE 31.7 18. #HR 3.8
4. BREE 2.3 19. E& 65.9
5. %5 11.8 20. FidE 11.4
6. 25 11.6 21. BEE  17.2
1. FREEE 32.1 22. 4t 11.7
8. M 55.3 23. T& 15.4
9. XB 50.8 24. BE  13.8
10. %t 4.3 25. BIEE  17.6
11. &857E 30.9 26. +%E 333
12. B& 5.5 27. KI7E 20.1
13. 8.0 28. ikt 9.5
14. FEATE 16.4 29. HE 42.9
15. LS4 19.2 30. EEE  10.4

¥ HEER (%) = CkHRMEER / FEMES) x 100
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Revertants/Plate

o
e

\ TA98 TA100
BE -
(mg/Plate) +S9 -S9 +S9 -S9
HEAE 49438 30+2 13845 14444

1. &8 17 67 34 160 154
2. HEE 30 76 122 322 234
3. BEREE 32 62 33 182 179

4. BfFEE 351 116 67« 588 311x

5. ¥& 85 63 49 234 460%
6. B - - - -
1. FRETEE 31 43 53 198 177
8. EMIEE 24 43 58 186 171
9. ¥ 26 30 42 - 152 153
10. %% - 46 63 29 137 143
11. &Rt 32 46 42 172 174
12. B& 122 43 57 179 211
13. =5 126 44 31 231 233
14. BT 41 39 46 142 161

15. [IEE 70 64 38 188 322%
16. #F 63 54 51 198 150
17. B 78 61 37 152 164
18. HE& 5 87 34 188 125
19. & 30 25 0 20 1
20. THFEE 88 254x% 43 298 210
21. HEEE 39 46 30 191 157
22. YEHH 86 55 54 178 163
23. T&H 65 76 8 173 146
24. BE{C 29 61 64x 166 148
25. HMEE 38 28 12 153 158
26. THKZ 30 61 38 169 155
27. 4I7E 50 45 68% 155 157
28. Tt 71 74 63 156 203
29. HE 24 90 35 210 192
CEEE 49 36 74 153 158

§ 0 BB REES SEEHERREERR - EYELRREE CTHEE

ESON
D RREEEEEONR R R R
-1 FRAREE

*



FN AFERIECHEE - BT - 75 EEERYEO P IE SRt

E
. Revertants/Plate
TA98 - TA100
=y
(mg/Plate) +59 -S9 +S9 -~ =S9
et 45458 345 13047 1374
2.EHEE 30 66 119% 290x 234
: 15 40 52 213 134
4. R 351 94% 68 289% 229
176 104x% 54 272% 217
88 90 45 233 ‘ "~ 176
20.7ar2E 88 251x% - 304x -
44 127% - 225 -
22. 90 - - -
19. & 30 25 0 20 1
' ' 6 32 34 159 190
#: IR DIUREIE 2 FEEMZEREERR » BEYHELRKEIE 2 F91E
E-ZIN
%1 FORNSBERBANRERER
L - FORREIE

F. 4-Nitroquinoline-N-oxide (NQO) ¥} (3H)thymidine HANER AR
i = '

Control Hydroxyurea (10 mM) Hydroxyurea
BE - : Control
(mg/ml) dpm/dish (% of Control) dpm/dish (% of Control) %)

EaLCE N 14347150 (100+10 > 1058+94 (10049 ) 74

NQO 1 pM 1254499 (87T ) 17094187 (I61+18)% 136
3 UM 1079441 (7543 ) 1444¥52 (13615 ) 134
10 Wi 932525 ( 65+2) 95814 ( 90¢1) 103

REREIR D REEE (E T B R R
*p < 0.05, ZE¥RHE vs. M



F+ TELEZ e kg (3H)thynidine HEANBRAREA

_E_/
2

© -HU/+HU (% of control)

BE (ng/ml)

1 2 5 10 20 49
1. ZF 104/97 104/94 90/86 112/64 31/27
2. HEE 87/81 48/55 35/37 21/37  22/21
3. BEiEE 105/83  93/80 76/88 59/74
4. BHEEL 105/110 97/95 81/82 62/79  63/83
5. &% 101/91 92/92 82/85 44/62  35/53
6. | 112/109 , 46/50 - 25/23 15/26 15/28
7. FRAEEE 105/109 72/132  75/91 59/82 33/67 27/53
8. &4ihE ' 73/71 63/66  64/81
9. ¥ 86/88 88/100 75/89
10, ¥ , 94/89 93/176 56/63 18/27
11. &$8R7E  104/97 101/109 104/96 31/54 21/30
12. B& 87/90 " 77/86 - 76/82 21/49  15/22
13. =¥ 76/93 68/91 55/94 26/40  16/27
14. HRZE 65/86 43/63 31/40 24/36
15. [UEAR 66/101  66/107 31/77
16. &+ _ 49/85 39/63 31/51
17. B ‘ 56/78 45/69  31/62
18. HE 57/73 55/72  43/60
19. BE® 84/101  26/53  23/50  20/47 .
20. TEE 117/112 113/119  61/65 26/51  34/58
21. HEREE 53/75 38/50 25/32  18/23
22. LA 101/117 100/103  98/102 67/81 45/74
23. T& 95/111 51/48 42/48 27/19
24. &% 100/106 102/118  178/96 55/76  30/51
25. BABEES  109/111 85/82  60/63 24/18
28. RS 110/108 112/104 123/108
27. KL7E 83/95 67/74  47/60
28. It . 1117101 108/100 90/103
29. &E 101/89 88/77 90/84 80/78 63/76
30. ¥E¥E 107/113 109/122 86/91

ERERREAEEIFHERR
HU = hydroxyurea 10 mM



F£+— 89 nix FE FHEKERYE UDS 2o

+39/f59 %)

-S9 +S9
BE
(mg/ml) dpm/dish ¢ of control) dpm/dish x of Control)
HEEAE 631434 (10045) 45848 (10042 731!
1. & 5 583+5 ( 92+ 509+5 (111+1)% 87!l
2. FHEE 10 516412  ( 8212) 364+1 C 79+0.2)xx 7111
3. EEREE 20 737421 (11743) 499+18  (109+4) 68!
4. BRE 20 3474118 (5514+3)%x 3261487  (T1241%)%x 94
5. &2 20 579418 (9243 469+11  (102+2) 81!
6. K 5 528414 ( 84+2) 625+11 - (136+2)*%x 118
1. FREEE 5 665+14  (105+2) 627+12  (137+3)%x 94
8. 4£HEEE 20 492419  ( 78+3) 420429  ( 9246) 85
9. X2 20 502+ 5 ( 80+D) 385420  ( 84+4)% 77!
10. £5¥ 20 538+28  ( 85+4) 4504130  ( 98+D) 84
11, &ER7E 20 522413 ( 83+2) 512483  (112+18) 98
12. F& 20 529+27  ( 84+4) 053+14  (12143)% 105
13. &&= 20 430445 ( 68T 545+14  (11843)% 127
14. FEQE 20 420421  C 67+3)% 519479  (113+17) 124
15. (IR 20 558120  ( 88+3) 507412 (11143) 91
Eapshec] 672410  (100+1) 447+13  (10043) 6711
16. H+ 20 474415  C T142)%%x 495437  (11148) 104
17. B 20 526460  ( 78+9) 447425  (10046) 85
18. HE 20 533t13  ( 7942)x 385431  ( 86+7) 72!
19. E€ 5 348+ 4, ( 52+DD%x 397453  ( 89+12) 114
20. EE 10 667+58  ( 99+9) 6961104 (156+23) 104
21. EEZE 10 039+60  ( 80+9) 546462  (122+13) 101
22. B8 20 700436  (10445) 532435  (119+8) 76
2. T&H 5 383+47  ( 5T4T)x 538480  (120+17) 140
4. BF{C 10 679482  (101+12) 695431  (155+7)% 102
25. HHBEE 10 464118 ( 69+3>%x 551+ 1  (123+0.2)% 119!
26. £1RZE 20 9264106 ( 78+15) 537118  (120+4) - 102
27. #7820 460115  ( 68+2)%x 426426  ( 9546) 92
28. Fit 10 580412 ( 8642)x  515+21  (11545) 89
29. & 2 442435 ( 6645)% 263435  ( 59+8)% 60
30. EFE 2 524451  ( 7848) 580436  (130+8) 111

HRR L B EE T SR T
¥ p<0.05 %k p< 0.0 ZE¥E vs. BB

P'p<0.05: 1! p<0.014S9 vs. -S9



x®TZ 7Fﬁ?%l§2§§*%ﬁ7kﬁlb%%¥a‘ (3H)thymidine HANIERGEMHTE

7
"Control Hydroxyurea (10 mM) Hydroxyurea
BE Control

(mg/ml) dpm/dish (% of Contro1) dpm/dish (% of Control) (%

HRME 14344150 (100+10) '1058i94 (10049 ) 74

48905 10 25214256 (176+18)% 26791685 (253+65)% 106
&) 20 3358493 (23446 )kx 43474613 (411458)*%x 129
40 5647955 (394467)xx 68501374 (647+35)%x 121

4.8EE 10 13644514 ( 95413) 9474131 ( 90+12) 69
(%) 20 12184631 ( 8549 )x  733+146 ( 69+14) 80
40 10641256 ( 7845 kx 515:95  ( 4949 ) 48

B S L R B T M S (R
x p < 0.05, xx p < 0.01, ZEWHH vs. HRAE



—

= FEOKHRYR MICHERR L #

BEEY) | INEE NG MR (%)

i 48 0.44%0.18  0.09+0.04

Cyclophosphamide 50 mg/kg 48  2.78+0.68%k 0.56+0.14%k
100 mg/kg 48 1.67+0.33% (0.33+0.07%x

2. KB 1 g/kg 48 0.89+0.31  0.18+0.06
g/kg 48 - 1.6740.53%  0.33+0.01x%
5 g/kg 48 2.00+0.58%% 0.4040.11%x

4. 5055 1 g/kg 48 1.0040.24 0.2040.05
2 g/kg 48 1.89+0.45%x 0.38+0.09%x
5 g/kg 48 1.8940.45%% 0.3840.09%%

5.2 A 1 g/kg 48 . 1.89+0.39%% 0.38+0.08%x
g/kg 48 1.67+0.41%  0.33+0.08%
5 g/kg 48 1.1140.26%  0.2240.05%

20.fZE : 1 g/kg 48 0.4440.18 0.0940.04
g/kg 48 .7810.36%x  0.36+0.07%x
5 g/kg 48 2.89+0.35%x (.5840.07x

[

29. %% 1 g/kg 48  1.4440.29%  0.29+0.06%
g/kg 48  1.6740.47%  0.33+0.09%
5 g/kg 48  1.78+0.52%  0.36%0.01x

k. BB 3 £ IR /NEBEERBRENEREKLIER (B 3 B §HFEE
500 f polychromatic erythrocytes (PCE) thHi¥RZ/MZH—8H - SEE
MOARESL 9 FEdRs IoE TR 2 ESR -

X p <0.05, %x p < 0.01, ZEWp4H vs. BB






)
. J
R

% %% DOH84-CM-004

AMERPESEEEREESSLN
30 7B 5 B

Effect of traditional Chinese medicine in the prevention of
low density lipoprotein oxidation.

HEE

I8 37 R B K B2 10 % 58 2 Y 5%
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MEEEBEBEAATE SRELHEBARZIETRE B ()
AANSNFSRRIAGRLR  NEREREZL  (2) SEHARE
SRR LARBHGEERENENEEEN (2) SEREXRENY
EhERTEENE GRMEANFERZE-STR - N

AhE@Eh FOAFRLEREEN—HG  c BAMLW  OABEFH
BRd A EEMNAG  RELABEFENEERM 0] BRDEFZME
NETELBARARS Y CNER TRZSRER  RERBHRA - E
AMERPEREELFELZIEHS - MERENS COFREER
RARENREARE  KELABRECOERDABESTRAMELIRE °

 FEGEAEKE BARRESEHELCERE WA U5 A
H.EHSES RTREOFR (] SHLCRRE > BRLE - BRE
wE, EAREEEHSEINACHREHROMES  RERER - FHAHE
EAEEE s BOE W IBLHFL ~ THOE Fo ’

SEECHNER DB RREEMEZKE  EEHRFORERRTM
wE s BRERBRZAAREE BEELMERZFRBEFR » M
EE - IR MEMESFEALZER D] EHONTFRZERRE
B - BRI NREIE R ZPERFE c AN CFBEROTEERERS
I EHIREA N EEEBREE 4-7] c HROABRHETHFRALMK
B BEE ZFR 8,9 RE 82 % 7 RE 83 F 6 AEEHcHEEWR
%ai’Xﬁﬁﬁmaw¢%2ﬁ§m%ﬁ%ﬁ»%ﬁygﬁﬁﬁmiﬁﬁm
F 2 e RAAEEMENEEEREO R ERNHFERZRERM
e RREREAHRBEMZIKR -

' T HE

— \ ERESOEERR:

CAREMATERRE  cmSROBELPIEH% » BLE 53 FXiM
&k 1x REEZEN -8 aRSRETHN - MELIEE  E8
Heparin B ik $EIil » BiE 4t A & pentobarbital o 37 % p 5 By AR 3 & 1= 4%
%4 Heparin ZABEAB K BEEEBRHREATHUIEFESE - HEH
R (HESELBREIRIZET—49) BT WER -70C » #H
RE{LEEZHE o

HERRETEREAKA/ A ZAE '

ApEER SEEESORER  ETEMSORESN > HEHE/RE
EHE - ETEREASELTHOSE% » Ll 1ouM Cusos FIERKRAL
ZIEEEIEY » £ L thiobarbituric acid reaction 3Kl EFE £ &

i1

- — 68 —



‘tﬁ%ﬁﬂaﬁE!ZE[ll]°f‘§§xi§é%?“f§2%ﬁ EETERESES
RS EAL

S EIREAEEZHE [12)
FHARLL Sudan IV k@fﬁ  FEMETHREAGCREZER T AKE
B§ ATHE Lv-2 Plus color image analyzer (Winhow, Taiwan) s ¥ E 8k
BLEKZ Ko

Y ~ AEREREY S INYEEET=ES Caffeic acid l-octyl. ester (CAQ) -
MR R =EHRIGEEE)  FERI(LEAD » 2EBIFHR) » HMARIGEM)
ZER RS - B BEEE— :%FHCAOZEEE{?@%Wme vitro
F5e - SR IECAO B A MR E (R )

f~ 44

B4 EEER(ES) -

B SEEREER () -

E=H  SEEREER kIR EEE#SProbucol (£8) -
U - EiEERETRn%(w/ 2 (LE) -
BHAE | SFEEEEETRN0.5%(w/w)CAOCRE) »

= R
- MREE RS ¢ CAORERSEREERE ME(E =) -
BEEEIEEDGEMAEES | CARBAMEFEEIEESSAEM) -
~ IREENARRELEE © Probucol RFTERERKME - {ECAOTRERHEEIIREEL,
T

|

Y ~ i
CAOBETERRIME TSI ER - (ERE A REIEERE RSB AIRBE (SR AME
HIFAR R E ORRBAR R -

HO

CAO
B 1 YRR EE A



Inhibition (%)
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712 ~ CAO ~ fTZ2E3Es B K probucol 2224 &
e

In vitro antioxidant effects of CAO () , Sal B
() , Probucol ( @ ) and SM ( A )
determined by inhibition of conjugated diene

formation in Cu*™/O9 induced. LDL lipid
peroxidation. :
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Plasma Chol (mg/dl)
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Changes of plasma cholesterol.
CAO (H) , High Chol (A ) ,SM. (A),
Probucol’( @) and Normal () . Probucol vs.
~ High Chol, two-way ANOVA, p<0.0001; S.M. vs.
High Chol, two-way ANOVA, p<0.005; Probucol
vs. S.M., two-way ANOVA, p<0.0001; * vs. High
Chol, p<0.05. (CAO: Caffeic acid 1l-octyl ester;
High Chol: High cholesterol; S.M.: Saluvia

miltiorrhiza).
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T BARS (nmol/mg chol)

—
(o)}
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— o ——9
0 4 - 8 12
Time (hr)

O

ARIEE R ZBERENRE

Time course of oxidation of rabbit SLF ex vivo.
TBARS valués were expressed as nmol of
malondialdehyde equivalents per mg of SLF
cholesterol. High Chol (n=7) - A -, CAO (n=6)
B -, SM. n=7) - A -, Probucol (n=7) - o -
each measurement value adopted mean of
triplicate. All datas were expressed as mean *
SEM of each group. (SLF: special lipoproteln
fraction -- 1.019 < d < 1.063, High Chol: High
cholesterol, CAQ: Caffeic acid 1-octyl ester, S.M.:
Salvia miltiorrhiza).
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Atherosclerotic area (%)
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* vs. High Chol, p < 0.005.

p>0.1.
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Probucol vs. S.M.,
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Abstract

Salvia Miltiorrhiza (SM) is a Chinese medicinal herb widely used for the

treaﬁnent of atherosclerosis-related disorders. We found that a Water-soluble

fraction, which was rich in salvianolic acid B, can scaVenge free radicals and



inhibit human LDL lipid peroxidation in vitro. Since antioxidants which
prevent LDL from oxidative damage may interrupt the progressior{ of
atherosclerosis, we fed New Zealand white rabﬁits for 12 weeks with either a
normal diet, a high cholesterol diet, a high cholesterol diet containing 5%
water-soluble extract of SM or a high cholesterol diet containing 1% probucol.
Both SM and probucol sigm'ﬁcantly reduced plasma cholesterol. Probucol also
reduced plasma HDL level but SM did not. Lipoproteins collected from SM-
treated rabbits were more resistant to oxidation. The vitamin E content in
lipoproteins from SM group was higher than those collected from rabbits
treated with high cholesterol diet only. SM treatment reduced the
atherosclerotic area in abdominal aorta by 56% and cholesterol deposition in
thoracic aorta by 50%. Since atherosclerosis area adjusted for‘ cholesterol
exposure was decreased by SM, inhibition of atherosclerosis by SM relied not
only to its cholesterol'lowering effect but also to its antioxidant activity.
Endothelial damage evaluated‘by the leakage of Evans blue-albumin across
" endothelium showed that SM had an endothelium-protective effect. We

concluded that SM contained potent water-soluble antioxidant which

increased vitamin E content in lipoproteins, prevented lipoproteins from
oxidative damage, reduced plasma cholesterol level, inhibited endothelial

damage and slowed down the progression of atherosclerosis in

hypercholesterolemic rabbits.



Key Words: oxidized LDL, atherosclerosis, Salvia miltiorrhiza, antioxidant,

en_dothelium, cholesterol

Introduction -

The pathogenesis of atherosclerosis involves .endothelium dysfunction,
infiltration of monocytes, activation of monocytes into macrophages and smooth
muscle cell proliferation. (1-2). Many cytokines, growth factors and
vasoregulatory molecules participate in the cascadé. Oxidative modification of
low density lipoprotein (LDL) plays an important role in the iniiation and
progression of atherosclerosis (2-4). Several studies have demonstrated that
oxidatively damaged LDL (oxLDL) is cytotoxic to endothelial cells (1-6). OxLDL
is also a chemotactic agent for recruiting and activating monocyte-derived
macrophages (2-3,5). Modified LDL is capable of inducing a numbér of gené
expression in response to growth factors and cytokines (3,5), which may result in
deterioration of atherogenic process. LDL is oxidatively modified by endothelial
cells, macrophages, and smooth muscle cells (2,5)l The formaﬁon of oxLDL is
most likely enzyme-mediated (6-8) and takes place in the intimal layer of the
vessel." OxLDL is readily taken by macrophages through the scavenger receptors
(9). Deposition of oxLDL in macrophages - g-raduallﬁr leads to the formation of
foam cells and fibrous plaques (2). Immunochemical studies have demonstrated

that oxLDL is present in the atherosclerotic lesions of human patients and



diseased animals (4,10,11). Vitamins E and C, which protect LDL from oxidative
damage (12,13), decrease the morbidity of coronary heart disease (14-17).
Probucol inhibits atherosclerosis in nonhuman primate (18) and rabbits (19)..‘ )
Recently, N,N’-diphyl-phenylenediamine and butylated hydroxytoluene were |
demonstrated to reduce cholesterol-induced atherosclerosis in experimental
animals (20,21). The effects of these compounds to prevent atherosclerosis are
mainly due to their antioxidant activities (20-22). -

Several Chinese medicinal herbs contain strong antioxidant activities.
Many toxic chemicals, such as CCls (23), PCB (24) and ethanol (25), induce
hepatic injury by generating reactive oxygen metabolites. These oxygen radicals
vdamage polyunsaturated fatty acids in cytoplasmic membrane and membranes
of subcellular organelles. Some hepatic injuries of this type can be ameliorated
by Chinese medicinal herbs that are rich in antioxidants (26-28). It is likely that
these herbs, which showed protective effect in chemically induced hepatic injury,
may behave as antioxidants to protect LDL from lipid peroxidation.

Salvia miltiorrhiza (SM) is a Chinese medicinal herb widely used for
treatment of cardiovascular disorders. Its nohpolar extracts contain tanshinones,
which inhibit platelet aggregation (29) and protect myocardium against
ischemia-induced derangement (30). The aqueous extracts of SM contain many
phenolic compounds which protect liver microsomes, isolated hepatocytes and |

erythrocytes against o%idaﬁve damage in vitro (31). Salvianolic acid B (Sal B) is
l one of the most portent antioxidant components in SM. The purpose of ﬂﬁs
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study is to evaluate the in vitro effect of SM to inhibit LDL oxidation as well as its

in vivo effect to reduce the severity of atherosclerosis in hypercholesterolemic

rébbits.
Methods

Materials. Probucol was purchased from Merrell Dow Pharmaceuticals Inc.
(Cincinnati, USA). Caffeic acid, i,l,S,?:—tetraméthoxypropane (TMP), cholesterol
(95%), ethylenediamine-tetraacetic acid (EDTA) (disodium salt), 1,1-diphyl-2-
picrylhydrazyl (DPPH), formalin (10%), bovine éerum albumin (BSA); o-
tocopherol (95%), retinyl acetate (90%), Evans blue, Sudan IV, and haematoxylin
were purchased from Sigma Chemical Co. (St. Louis, USA). Reference standard-
of Sal B was a gift from Institute of Materia Medica, Chinesé Academy of Mediéal
Sciences at Beijing, China.

Acetate buffer contained acetate 100 mM at pH 5.5. Sudan IV solution was
consisted of O.Sg-Sudgn IV, 50 ml 70% aqueous ethanol and 50 ml acetone. Evans
blue albumin soluﬁqn was consisted of Evans blue 560 mg and 20 ml of 200
mg/ml BSA in 0.85% NaCl.

Amimals. New Zealand white (NZW) rabbits were obtained from and
Animal Center, National Taiwan University Medical College. During the whole
course of experiment, we adhered to the guidelines for care and use of laboratory
animals of this hospital.



Preparation and characterization of the aqueous ethanolic extracts of Salvia
miltiorrhiza. Plant materials were dried (45°C in darkness), ground, and extracted

with 25% aqueous ethanol. The crude extracts were extensively concentrated by

a rotary evaporator. The extracts were analyzed for the presence of Sal B by
reversed phase HPLC (1090 series I1/L, Hewlett-Packard, USA) equipped with a
photodiode array detector (Model 1040 series II/M). Separation was achieved
- with a pre-packed Cosmosil 5C18-AR column (5-pum, 25x0.46-cxﬁ LD.) from
Nacalai Tesque (Kyoto, ]apan); |

Free radical (DPPH) scavenging activity in vitr&. According to the method of
Blois (39), 10 ml of acetate buffer, 10 ml of ethanol and 5 ml of a 500 nM ethanolic
solution of DPPH were first mixed, then 5 ml of an ethanolic solution of a tested
compound was added. The change in absorption at 517 nm due to scavenging of
the stable free r;adical of DPPH was determined.

Inhibition of human LDL oxidation in vitro. Blood samples were collected
from healthy adults after overnight fasting: = Sera were fractionated by
ultracentrifugation (Beckman L8-80M; USA) with the density adjusted by NaBr.
LDL was obtained from the fraction corresponding to p 1.019-1.063 (36)- LDL :'
was dialyzed extensively at 4°C/N2 against phosphate buffer saline (PBS, 5 mM
phosphate and 145 mM NaCl, pH 7.4) in darkﬁeSs. LDL cholesterol (LDL-C) was
determined enzymatically (37).

_ LDL was diluted. with saline to 0.9 mg cholesterol/ml. In vitro assay of



LDL oxidation was carried out in a 96-well microtiter plate. 50 ul of LDL was
added to each well. LDL was pre-incubated with test compounds at 37°C for 1

hour. Probucol was used as a positive control. Aliquot of CuSOs solution was

added to each sell to ind&ce lipid peroxidation. The final Cu** concentration was
10 uM. Microtiter plate was again incubated at 37°C for 2 hours. After
incubation, 150 ul EDTA (2 mM) was added to terminate lipid peroxidation. A
100 pl aliquot from each well was transferred to a minivial. After adding with
0.9 ml 2-propanol, the mixture was centrifuged (12000 rpm, 8 min). Conjugated
diene formation was determined by the UV absorption of supernatant ’at 232 nm.

Animals and treatments. Animals were randomly divided into four groups.
Five rabbits in thé normal group were fed with normal diet (High fiber ;'abbit
chow, Purina Milling Inc., St. Louis, USA). Seven rabbits in the high cholesterol
group (High Chol) were fed with high cholesterol diet containing 1% (w/w)
probucol. Seven rabbits in the SM treated group were fed with a high cholesterol
diet plus 5% (w/w) SM extract. The selection of SM dose was based on its
antioxidant activity comparable to that of probucol as determined in the in vitro
assay. Diets and drinkiﬁg water were provided a libitum. Animals were bled
periodically for measurements of plasma cholesterol levels and liver, function.
The total feeding period lasted for 12 weeks.

Ex vivo assay of rabbit lipoprotein oxidation. Fasting blood samples were

collected into vacutainers (0.1 ml 15% KsEDTA) from rabbits after 9 weeks of.



feeding. Special lipoprotein fractions (SLF) corresponding to p 1.019-1.063 were

collected and dialyzed as described previously.

Assay was performed according to the procedure of Yagi with modification
(35). The dialyzed SLF (0.9 mg cholesterol/ml, 500 pl in each tube) was
incubated with CuSOs (500 ul, final conc. 25 uM) at 37 °C to indﬁce lipid
peroxidation. The reaction was terminated by adding 1 ml trichloroacetic acid
(20%, w/v) after incubation. The incubation mixture was added with 1 ml
thiobarbituric acid (TBA) solution (0.6%, w/v) and heated at 100 °C for 45 min.
Malonaldehyde (MDA) formation was determined as thiobarbituric acid reactive
substance (TBARS). After centrifugation, TBARS in the supernatant was
measured by absorption at 532 nm: TMP was used for calibration.

Vitamin E contents in lipoproteins. A 200 ul aliquot of lipopfotein (SLF) was
added with 7.5 uM retinyl acetate ethanolic solution 200 pl as an internal
standard. The mixture was then extracted with n-hexane containing BHT (0.4
g/100 ml) in darkness. The hexane layer (1.5 ml) was dried under nitrogen and
re-suspended in 100 pl mobile phase which was composed of
acetonitrile/ tetrahydrofuran (70/30, v/v). The extracts were analyzedn by
reversed-phase HPLC (Cosmosil 5Cis, 5 pm, 25x0.46-cm 1.D.) (37). A photodiode
array detector was set at 326 nm for the first 6 min and at 292 nm for the
remaining 6 min (37).

Cholesterol level and lipoprotein profile. Fasting plasma were obtained from



rabbits after 0, 6 and 12 weeks of feeding. Plasma cholesterol was measured

enzymatically (33). Cholesterol exposure for each rabbit was calculated as the
I

area under the curve of plasma cholesterol versus time. For lipoprotein analysis,
and aliquot of plasma was - pre-stained with Sudan black for 20 min.
Electrophoresis (36) was performed on agarose gel (Lipofilm,. Sebia; .Paris,
France). After drying, the gel was scanned by a densitometer (Preference-Red
1500, Sebia; Paris, France).

Analysis of extent of atherosclerosis. After 12 weeks of feeding, animals were
sacrificed and the aortas (from aortic arch to iliac bifurcation) were collected and
cleaned of adhering tissue. The abdominal aortas were stained with a Sudan l"V
solution to visualize the lesion area (38). Sudanophilic areas Qere photographed
and quantitatively measuréd by computer-assisted planimetry (True Color
Image Analyzer LV-2 Plus, Winstar Technology, Taipei, Taiwan). Thoracic
aortas were weighted, finely minced, and extragted for tofal lipids. Aliquots bf
the lipid extracts were saponified in an aqueous potassium hydfoxide solution.
The released cholesterol was extracted in n-hexane layer and determined by a
modified method of Abell and Kendall (39).

Determination of endothelial damage. Endotheligl damage was evaluated on
additional animals after 6 weeks of feeding, using Evans blue-albimu'n.(EBA)
conjugate as a macromolecular tracer (40). In brief, arumals were anaesthetized

by a mixture of ketamine and rompun solution.. The right femoral artery, vein



and right carotid artery were cannulated. Fifteen ml of EBA solution was slowly

" injected into the femoral vein. Exactly 5 min after EBA injection, an overdose of

pentobarbital was given. Shortly before euthanasia of the animal, heparin (5000
USP units) was injected intravenously through the femoral vein to prevent
intravascular blood coagulation. The arterial 'system was perfused immediately
with a heparinized saliﬁe éqlution (2 units/ml) via the right carotid artery (at a
physiological pressure of 120 mmFHg). When the fluid was drained from the
femoral artery and the vein turned clear, the perfusate was then switched to a 10
% neutral-buffered formalin solution. Perfusion was continued at the same
pressure for another 10 ‘min for preliminary perfusion-fixation. .The thoracic
aorta was excised and immersed in 10% formalin solution for 1 hr for further
ﬁxaﬁon._ The adventitial tissue and branches were carefully removed. The aortic
specimen was cut 10ngitudinaily and dissected into 6 pieces (1 cm?/piece). The
aortic specimens were stain with Harris’ hematoxylin for 1 min. An
epifluoresence microscope (Nikon Corp., Microphoto-FX; Tokyo, ]apan) was
used for detection and quantitation of EBA leaky foci. The EBA fluorescence was
studied with a green excitation (wavelength 546 nm).

Plasma biochemical analysis. Blood samples were collected at the beginning
and the end of the study for measurement of plasma Na*, K*, Cl, triglyceride
(TG), glucose, BUN, creatinine (Cr), AST and ALT. All measurements were

performed by an Ektachem DT autoanalyzer (Eastman Kodak Co., Rochester,



USA). For.SM group, additional blood analysis was carried out after 7 days of

feeding for evaluation of acute toxicity.

Statistical analysis. Results were reported as mean + sem. The differences in
number/density of EBA leaky foci between groups were analyzed by paired t
test. The other statistical analysis were obtained by using unpaired t test or
analysis of variance (ANOVA). A p value less than 0.05 was considered as

statistically significant.

Results

Free radical scavenging activity and inhibition of human LDL oxidation in vitro.
Figure 1 shows that the major antioxidant in the water-soluble extract of SM was
Sal B. The content of Sal B in the extract SM was 4.44%. There was no detectable
vitamin E, vitamin C or carotene in the extract of SM.

Table 1 shows that both SM extract and pure Sal B exhibited tree radical
scavenging activity in DPPH assay. SM and Sal B were also effective in
preventing LDL from lipid peroxidation induced by Cu**. Sal B was 4.4 times .
more potent than probucol in the former and 3.3 times more potent in the later
assay. It could also be estimated that Sal B was account for up to 75% of

\

antioxidant activity in SM extract, since Sal B was 17 times more potent than SM

extract in both assays.

Oxidation of lipoproteins ex vivo. Figure 2 shows thﬁ,t lipdproteinS‘ collected



from SM and probucol treated rabbits were more resistant to oxidation than
.those frorn_High Chol rabbits. Time reqﬁired to achieve half ma;ximal TBARS
production was defined as antioxiciativity. The antioxidativity‘of SM (6.2 £ 0.2
hr) was significantly higher than that of high cholesterol diet (1.1 + 0.1 hr). The
antioxidativity of probucol (34.8 £ 1.1 hr) was the highest one among these three

groups.

Vit E content in lipoproteins. Figure 3 shows that vitamin E level in
lipoprotein collected from SM-treated rabbits was 21.7 % 2.1 nmol/umol
cholesterol. It was significantly higher than any other group.
| Plasma cholesterol and lipoprotein profiles. All groups of rabbits gained
weight during the 12 week feeding peribd. Normal, High Chol, Probucol and
SM groups were started at 2.65 £ 0.04 kg, 2.58 £ 0.06 kg, 2.65 + 0.04 kg, 2.52 +
0.004 kg and ended at 2.90 £ 0.12 kg, 3.01 £ 0.06 kg, 2.94 £ 0.05 kg, 2.96 + 0.07 kg,
respectively. The differences in body weight among groups, both at the
beginning and the end of the study, were not statisﬁcally'significant.

Figure 4A shows that plasma cholesterol levels were increased during the
study period in rabbits fed with a high cholesterol diet. Both SM and probucol
attenuated the increase in plasma cholesterol. In figure 4B, cholesterol exposure
for each rabbit was calculated from area under the curve of plasma cholesterol
versus time. SM caused a'29% decrease and probucol caused a 44% decrease of

cholesterol exposure as compared with high cholesterol diet.



Analysis of lipoprotein profiles showed that reduction of cholesterol by SM
and probucol occurred predorm'nantly in p<1.019 fraction which is the rabbit
equivalent of B-VLDL in human. Figure 5 shows that Probucol treatment
significantly decreased plasma HDL-C. level with time. However, such a

decrease in HDL-C did not occur in SM group. Throughout the course, HDL;C

levels of SM treated group were significantly higher than those of prébucol
group.

Effect on atherosclerosis. Cholesterol feeding resulted in severe
atherosclerotic pIaQue 'forma‘tion at the luminal surface of aorta (Fig 6). The
atherosclerotic area in abdominal aorta and cholesferol deposition in thoracic
aorta of High Chol group were 37.2 *4.4% and 28.7 * 1.9 mg/ g, respectively. -
SM caused a 56% decrease m atherosclerotic area and a 50% decreasé in
cholesterol deposition. Both changes were statistically significant. Probucol
treatment also resulted in 74% and 56% decrease in these two atherosclerotic
parameters, respectively. There was no significant difference between the anti-

atherogenic effects of SM and probucol.

- There was a linear correlation between atherosclerotic area and cholesterol
deposition (Y =1.224X—1.54, r2¥0.807, p<0.001). It indicated that the extents of .
atherosclerosis in abdominal aorta and thoracic aorta exhibited the same trend,

and the severity of atherosclerotic area foretold that of cholesterol deposition,

and vice versa.



Cholesterol exposure is a well-known risk factor of atherosclerosis (41). To
reveal the influences of factors other than cholesterol exposure on
atherosclerosis, atherosclerotic area was normalized by its cholesterol exposure.
Figure 7A shows that both SM and probucol significantly reduced atherosclerotic )

area per unit of cholesterol exposure and the difference between these two

| treatment was not st_atisticaily significant. Accordingly, it was concluded that the
anti-atherosclerotic effects of SM a;nd probucol relied not only on their
| cholesterol lowering effects but also their antioxidant activities.

OxLDL may induce endothelial damage. Table 2 shows that the number of
EBA leaky foci in the thoracic aorta of rabbits fed with high cholesterol diet was
sig-niﬁcanﬂy increased as compared with norma} group, and such an increase can
be partially prevented by SM and probucol.

Biochemical analysis. Table 3 shows that probucol, but not SM, caused slight .
but significant elevation of AST at the end of study. Hy?ertriglyceriderrﬁa and
hyperglycemia occurred in all animals fed with high cholesterol dief; neither
probucol nor SM significantly prevented the elevation of serum triglyceride and

glucose. As for electrolytes and renal functions, there was no abnormalities

noticed through the study.



Discussion

This study showed that SM, a Chinese medicinal herb widely used for the
treatment of car&iovascular diseases, is a potent antioxidant with cholesterol
lowering and antiatherosclerotic effects. One of its water soluble component, Sal
B, scavenged free radicals and inhibited LDL lipid peroxidation in vitro.
Lipoproteins collected from SM-fed rabbits contained more vitamin E and were
more resistant to oxidation than those collected from rabbits fed with high
cholesterol diet only. SM feeding also reduced the severity of atherosclerotic
plaque formation and endothelial damage in cholesterol-fed rabbits. The content
of SM extract in rabbit chow was 5%. However, our SM extract contained only
4.44% of Sal B, so the concentration of Sal B m rabbit chow was 0.22%, much
lower than that of probucol.

The scavenger activity of antioxidants assaygd with a DPPH test was
dependent on the capacity of their functional groups. Water soluble antioxidants
such as Sal B exerted their free radical scavenger activity well in DPPH test.
However, the antioxidant activity tested in a LDL solution was dependent not
only the capacity of the functional group but also the interaction of antioxidants ,
with LDL particles. Lipophilic ‘antioxidants such as probucol which bound to
LDL augmented their effect in a LDL solution. It was interesting that the relative

potency of Sal B to SM remained unchanged in both assay system. This was an



indirect evidence that the antioxidant activity of SM predominantly came from
Sal B.

Being water soluble, VSM are removed during dialysis. How could it
protect lipoproteins from oxidation in the ex vivo experiment? Besides, a water-
soltble antioxidant can hardly be bound to lipoproteins. The mechanism for the
anitoxidant activity of SM could be a recycling of vitamin E in LDL (43). Jill et al
showed that vitamin C, a water soluble antioxidant, can preserve the
endogenous lipophilic antioxidants in LDL (44). Since we showed that vitamin E
content in lipoproteins of SM group was 2.3 folds higher than that of high
cholesterol group and the extract of SM contained no vitamin E, we postulated
that SM indirectly protected lipoproteiﬁs from oxidation by preventing the loss
of vitamin E or other endogen lipophilic antioxidants in lipoprotein.

Lipoproteins collected from hypercholesterolemic rabbits are more
susceptible to oxidation than those from normolipidemic rabbits (45). Although
there is no direct evidence to prove that the cholesterol-fed animals produce free
radicals in their blood stream, several reports showed that higher amounts of
TBARS are present in the blood of hyperlipidemic and atherosclerotic patients‘
(46-48). - These arguments support our hypothesis that SM scavenged free
;édicals in hypercholesterolemic rabbits and spared vitamin E in the lipoprotein.
from being oxid_ized by free radicals. On the other hand, both our data and

previous reports (49,50) show that probucol can not preserve vitamin Ein LDL.



Decrease of cholesterol predominantly occurred in p<1.019 fracton of
: lipopfotem and this fraction is corresponding to B-VLDL. This is mainly due to
the fact that in cholesterol-fed rabbits elevation bof B-VLDL is the major event (51).
That probucol treatment decreases HDL-C level is a well known adverse effect
since HDL-C is inversely correlated with the incidence of atherosclerosis (52).
However, such a decrease in HDL-C did not occur.in SM treated group. The -
transient elevation of HDL-C is believed to be due to the formation of cholesterol
ester enriched HDL (52) while the subsequent subsidence is an inhibition of HDL
synthesis caused by high cholesterol feeding (53).

For determining the impact of cholesterol exposure and antioxidativity on
atherosclerosis, we performed a multiple regression analysis and obta;'ned the
best-fitting equation as following: atherosclerotic area = 36.8 + (0.0014 + 0.041) x
(cholesterol exposure) - (4.07 + 1.02) x (antioxidativity) + (0.092 + 0.025) x
(antioxidativity)2. Only. antioxidativity and (antioxidativity)? were significant
variables while cholesterol exposure was not. As shown in figure 7B,
atherosclerotic areas under similar amount of cholesterol exposure were less in
SM- and probucol-treated rabbits than that of high cholesterol group. The
antioxidant activity of SM and probucol in therefore more important than
cholesterol exposure in the prevenﬁén of atherosclerosis.

Endothelial cell injury was suggested as an initiating factor in “the

pathogenesis of atherosclerosis (54). It was also demonstrated that oxLDL is



cytotoxic to endothelial cells (1,2,5). Antioxidants including vitamin E (53) and
probucol (56) were found to restore endothelial functions in cholesterol-fed
animals. We evaluated the protective effect of SM and probucol on endothelial
cells based on the study of morphological and functional integrity. We found
that SM protected endothelial cells more effectively than probucol. This
observation implied that SM, being a water soluble- antioxidant, may on one
hand scavenge free radicals in blood stream and reduce their direct injury to
endothelial cells, while on the othe.r hand preserve lipophilic antioxidants such as
vitamin E in Iipopfoteins to résist oxidative stress in the subendothelial space.
We concluded that SM.contained potent water soluble antioxidant which
increased vitamin E content in lipoproteins, prevent lipoproteins from oxidative
damage, reduced plasma cholesterol level, inhibited endothelial damage and
slowed down the progression ot atherosclerosis in hypercholesterolemic rabbits.
The potential of SM and Sal B in the treatment of hypercholesterolemic patients

need further studies.
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TableI. ECso values and relative potency of Sal B, probucol, and SM for DPPH

radical scavenging and against oxidation of LDL.

Scavenging activity Antioxidant activity
Compounds ECso Relative ECso Relative
(ug/ml)  potency (ug/ml)  potency
Sal B . 120 17 44 0848 17 33
Probucol 53.0 38 1.0 2.79 52 1.0
144 1 -

SM 100 1.0 -

ECso values were obtained from HP concentration-response curves. Each value’

represents the mean of duplicated determinations. Decrease in absorption at 517

nm after 90 min of incubation of each test compound with DPPH was taken as a

measure of the radical scavenging activity (left column). Antioxidant activities

were determined by inhibition of conjugated diene formation in Cu*/O2

induced LDL lipid peroxidation (right column). For relative activity the

equivalent concentration of SM or probucol was set as 1.0.
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Legends

Fig1.  Liquid chromatographic profile illustrating the p?esence of Sal B in the 25%
aqueous ethanolic extraction of Salvia Miltiorrhiza.
The extracts were chromatographed on a reversed-phase column
(Cosmosil 5Cis-AR, 25 x 0.46 cm, 5 pum). The mobile phase was
composed of solvent A (water:acetic acid = 97:3, v/v) and solvent B
(methanol:acetic acid = 97:3, v/v). Solvent A was set at 75% for the
first 6 min. It was reduced to 65% A linearly in the next 4 min and
maintained isocratically for another 5 min. The ratio of solvent A was
further reduced to 60% linearly in the next 5 min and kept constant
for the final 20 min. The whole elution time was 35 min.
Fig2. - Time cburse of lipoprotein oxidation ex vivo. |
Lipoproteins corresponding to p 1.019-1.063 (SLF) were collected
for the assay. TBARS values were expressed as nmol of MDA/ mg of
SLF cholesterol. High Chol (n=7) - A-.SM (n=7) - A -, Probucol (n=7)

- ® -, Each value represents mean + SEM of three determinations0

Fig 3. The concentration of c-tocopherol in the specific lipoprotein fraction.
The values were expressed as nmol of a-tocopherol/SLF
cholesterol. Each data represents mean * SEM of each animal group (*

vs High Chol or Probucol, p<0.005).
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Fig 5.

Fig 6

Changes of plasma cholesterol concentration (A) and cholesterol exposure
(B).

High Chol (A), SM (4), Probucol (@), Normal (O). Plasma
cholesterol concentrations were lower in SM and probucol-treated
groups vas compared with High Chol (2-way ANOVA, p<0.005). * vs
High Chol, p<0.05. Cholesterol exposure was_ defined as area under
‘the curve of plasma cholesterol with time. (* vs High Chol, p<0.05; t
p<0.005; § vs SM, ‘p<0.05).

Cholesterol contents in lipoprotein fractions corresponding to p<1.019
(VLDL) (A), 1.019<p<1.063 (SLF) (B), and p>1.063 (HDL) (C).

Normal; BBl High Cho1; Probucol; C=1 SM. (A)*
vs High Chol, p<0.05; ¥ p<0.0005 ; (B) *vs Probucol, p<0.05; t
Probucol 0 week vs 12 weeks, p<0.0001. |
Atherosclerotic area percentage of abdominal aorta (A) and cholesterol
deposition in thoracic aorta (B).

Normal; sl High Chol; E=3 Probucol; =1 SM. In
(A), the aortas were stained with Sudan IV solution and sudanophilic
areas were measured by computer-assisted planimetry. The
atherosclerotic areas were expressed as % of total. Normal,
0.31£0.06%; High Chol, 37.2+4.4%; Probucol, 9.60+£2.94%; SM,
16.5+2.7%. (* vs High Chol, p<0.005; Probucol vs SM, p>0.1). In (B),

total lipids in the thoracic aorta were extracted for saponification.
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Fig 7.

Cholesterol was extracted into a n-hexane layer and determined by a
modified method of Abell and Kendall. Normal, 0.63 + 0.03 mg/g;
High Chol, 28.9 £ 1.9 mg/g; Probucc;I 127 £33 mg/g; SM, 143 + 1.9
mg/g. (*vs High Chol, p<0.005;  p<0.0005).
Atherosclerotic area percentage as a result of cholesterol exposure (A). and
Plot of cholesterol deposition in relation to cholesterol exposure (B )..

(A) | Normal; my High Chol; gz ProBucol; — SM.
The results were obtained by normalization of atherosclerotic area (%)
with cholesterol exposure. The scale adopted here was arbitrary. (* vs
High Chol, p<0.05; Probucol vs SM, p>0.1). (B) Nofmal (O), High
Chol (4), SM (A), Probucol (®). Groups supplemented with
antioxidants appeared in the lower part of the plot in spit of similar
cholesterol exposure. Poor correlation (r2=0.528) indicated that

additional confounder (antioxidants existed).

— 107 —



Detector response

350

300

™71 '

N
(]
Q
i

T

Salvianolic acid B (Sal B)

L

200

100

50

ol / w | .

Illl'llllllllllllllillll'llllllllllllll_‘l

0 5 10 15 20 25 30 35 40

—

al

(]
lllllllllll_r_rllll'll

 Retension time (min)

—108 —



8

1
™ 0 < o
—i

(Toyo Swr/Towmu) SYvEL

L
O
—

12 24 30 36 42

Time (hr)

*i— %
3

s K

A

(Toys jour/jow) g MA

N

— 109 —



<

Yoot

2000 [

n

oY) BWSE[d

1500 F
1000

|
Qo o
o

1
Q )
O

300
240 -
180 |-
120 |-

(1/3 x Joam) ogmo&xm oyD

— 110 —



3000 —

2000 |-
1000 |-

(1p/3wr) [o1a183[0YD)

(Ip/3w) [o1a18910Y)

400 |-
200 |-
0

* H

= ~
- -4
%
NSl
H .
+H-
AU o
4
S|
v | _
K - o o o
() 7o S 7S
ol — -
(Ip/Sw) [o1a189j0Y)

Time (week)

— 111 —



X _ &v
-ux.x \
Q
* >
%
S [
| °g
@)
| D
e
S
. \w@
(@)
| A
1 1 1 1
S & Q = <

(%) ea1e osobﬁomowoﬁ/\

o

O =

1
o
<t

o - ©
e N —

(3/8wr) womsoda(y [0y

— 112 —



N

[

200 B
w
7
o 150 }
o
b
8
— *
o) n
'6100 T
| T
= X
§50-\
5 \
£ 1A
> ]
@3&‘ L %-@
gv%
B
40
=0 A
~
&0 A A
E0T o A |
I A a
= 20 F A A
3 o A
o, * .
)
A 10 2 ..
=
= ®
o cQ 1 ¢ I I 1

0 . 100 200 300 400 500
Chol Exposure (week x g/1)

— 113 —



— 114 —



% 5% DOH84-CM-005

SEEENREERMEEEY
Pa 25 (1)
— LU BA# iz #1102 # 5R 5 1

N

e B B 22 B R AR S W B 92 i

i 3

_ MR YU /MR BF 8 B AR 1% 481U &R ( Litsea cubeba Persoon ) #f #1 3 12
AAEEYBELLEY S8 isocorydine (1), N-methyllaurotetanine (2),
boldine (3), liriotulipiterine (4), reticuline (5) J litebamine (6) o H Aporphine

) LBH# ADP, Coligen & PAF [ 3] £ #9 I /M B8 8 » 75 3 42 1 50 5 6 6 52 o

Aporphine 2 HI #f & ADP, AA, Collgen ff 5| {2 # If /) 47 % 42 2% 45 B S == 31
B 0 B PAF F7 5] A2 10/ AR 58 42 B 8 5 3R o Aporphine 3 $2 AA, Coll-’

gen AT 5| B EY I /IR EE £ R B E 2 I HI R o F * B 1 Benzylisoquino-
line ZHEI L & 97 5 RIS AA Fr5| A M /MRE LSRR E 1% » % ADP

FslEMM/NMIRERRIXE o P DA b B B 2 S 7 A SR R R A A Y E 45
E—-SHRYN FBHICEY RNAEEYTREE LB -

— 115 —



G FHRFVENFORRTR > FoBA S REAR
SMAANREFARTGZAE > TB "AREES, - ERAR
ERHEZCCEALTERTARBED AR TR EIE
 BMEEBERAR AL TSR RiEY LAY oA H L
Mo 0 RART R B T BHRGEY c AT RRBRZIEAE
TR > — e KRB LEHRANEMR ARG B RERT » B
FHAR o EXHBEEATRKE > ARPEAYTHOERNTR
I ARG KRR ~ SRR 0 R R TH BORILA R RZ T
R o MAEALH B ARF A B & AR BP AR RE AR ~ R~ SR
OB BUUE R BER i E s ROFRMAE o M AR EA
GO SHBHAEEE ~ B - Box HOREIT S Y
RABERZ — AW s "Dicentrine” EH 3 o /E A Bl 37 dn s
WmEEEZAER o F&F » B4 "Asia Pacific Journal of
Pharmacology (1989) ; 233-248" #E XK (H o EMMEY
#) > &4 Dopamine agonists & antagonists X i b
B Az KRR K %4 isoquinoline = A& 4hih o mikfl ~ £ %
AP EHEPF A R R — Wb 0 TR % B3 isoquinoline
FAZ % Mdk o 835 aporphine » benzylisoquinoline »

protoberberine » berberine..... FA o

AR LW FEHFBEATERM LA E > BEHAGHE
SEEENZME o FRAERAZIMAE . AFHkBAFERRC
Wit g% T M B AE A R R R o

— 116 —



WA R TERMAN R o A 2B
BB 4515008 RBAEL TR 8274 %
HEMEEEARBHISHE 12004 REAREH5H
£ 8 4% o MARYE S MMM H > AENE RO (83 AER
SR EIEE) M BESBEMNSNAL 2B 6 6 /M6 B 1 4
#F o

AEXERRY ARARZFZABFTAFRELFELL
EZER (BHCHAE RABIERE) Zma 257 %A A a9
o MITHLATEREEE SR - o RABA M B EM
Bt E PR PEAARTHLL BRI BAEMHE
MERR 709 5T £ 4 » I3 HE Structure-Activity Relationship
(SARD) » AEL B MEZRER o

A EBRA S REFET > LTAM T RZ TAEE B R LB K
Ro-ilde T !

TN FF L REFEEM M2 Cryptocarya (BEEAE)
Cassytha (#483 ) ~Dehassia (fEF4H) ~Litsea ( KE

F) ~Lindera (494%) -~ Machilus(Persea) (#ih) -

Neilitsea (#fK#-F) $ Phobe (Feth) %8B A & 34 Ft

Fissitigma (/A K) #L Goniothalamus (S#4%&) s Annona

B Artabotrys /% 44 e vk % o
S B DREUE — R A AR RO A R SR O ~ A

A REFERZHE (RAEELEEMERERZ) o
ZNBEE B EXIHRR o |

— 117 —



W~ Fe R ARHA XS R AR AR AR T AR
5 1 8 E AR ©

E~FEE D EHEITEW o RBAStructure-Activity Relation-
ship 8957 % » SR B RBEZMH o

(=) HF AT ik

BRI L AR — BRI RSN & A At o B i
TPEXN ) TYCRE Y S A TS S SR P
Mz Eak Aok o EHEAMEMZE » BH » SREHE » TIHES
G ABELE  MEEHEE > KAFEF & 515 24K |
3 Ao M Rk BWIEFANLWE LR JRE > BEWH |
R EABEAM BwE » 2B AG | ML HRHAE o FERIK
B2 fBENJE ©

F AR o AR NI TR E RS E R AW
B~ ELFHA o RBTRAT B RIS P B RAFL > RAR
B A LA B 3R gV A 0 3 AR TR o il BRI B o R T R R
YR > B RAERE > HEREHGEAER » FlAREHRZ
AL © H L SRR R EE B Bt e AR SR R SR 2 B i > BT A
AR EA M fn AR EREAE R 0 B b BATIRIT HAE R AR 0 AME
BB R Z IRAE o

1991 = A £ F R % = 348 A B3 LR AT L i 12
Kg» AR WERRIZEI > REEHIRE T EF » &ok ~ CHCLs ~ BR g 32
ZAERF MR ARy 0 B EAE 5 B R B ROLIEMRAT o o ResbAb T o
HeiF B 94t o BRI A dpide R —FFF] o



2%

2k i g _ 52 B 5 FY%

isocorydine (1)
N-methyllaurotetanine (2)
boldine (3)
liriotulipiterine (4)
reticuline (5)

)

0.000083
0.000075
0.000433
0.000017
0.000058
0.000025

DN ©

DO DO OO
OO OO OO =
~1 o

o

litebamine (6)

3,

5.

- ARTESE R LE 22 28R IR 00 A0 P BB I OB 1 WZAEM 0 Rl — s

B SIELL T 2 AT OB 82+ b L RIS S MR SRS 2 5 80~ B
i 2 2 B4 G5 ot 29 U 0 25 4 IR AR 0 2 routine 5 Bk B o T AR U ¢
Ut € A B S7 DB AT B T o T SR 5 B 60 4 A T

ML BE YRR platelet-rich plasma, platelet suspersion R 2R

WIREZ )54 138 D6 1 A Chrono - 109 i /IR 58 41 ) 22 38 ECER o B Gt

HR R A impedance 5 #: B Whole-blood Aggregmeterillig o

o M AR B Ji IR B FIMluciferase-luciferimfgATp BEALFNZ T H: A

BUBE 48 2 ATPAG TC LA o

. Thrqnl)dxnne B2, C-AMP{];Jﬂ[dei,‘Z}[éT& ! il A agonisgts G4 S #2 LLEDTA(

2nH) B indomethacin(50 y M) LL SOME o BbaC the o 53085 08 590 00 o o ne 1

- PARKMUTXO22 Ik o C-AMPZ W+ Y 4E agonists i 643 41 + Uk b ot [T

B o 7 BlUEE 0 PAC Imiva fr itk » iy RIAJG B 0052 2 (LA L 3% B2 N Amersham
ZRIA kits) o

fibrinogen bindingfi M2 B o TR S W TE S B L~
i1 ulr it 44 + Al BLSchsteh plots #:i iz 125 I-fibrinogenfith ﬁ%)ﬂiﬁ?lﬁé-’sﬁ
273 o

o AU P9 915 E T e FONC/INAR R R TR 25 M DL A M S qu - 2 4 Fur -

O-2N1 Toading U #He « WL L4 MR 4T o NG Y 05 FET 19U 09 0 50 gu i -

— 119 —



Lo.

11,

12.

13.

14.

2% fura- 24§ & M 5 42 416 298 I (Ex339nm, Em 492nm) o

Phosphoinosi tides breakdown : [f /waz?ﬁ LR EL 75w Ciz [3H])in-
ositoeho i If 20+ BE I 14 HO A8 P I o MU BE BT E U TCA ol 36 I Z %
JIRTCA + oK JG ST 3 Dowe - L Bk T- 38 4 €8 JF 43 47 » 36 BLLICT s - InsP. Ph-
osphatase;Z [T I o W WAL 2 LIP3 + TP K IPZ & [ o (BEI IF 43 i 1k é{é
SRS W)

10055 25 AT L 22 AUTN0E =2 0 48+ IR B B2 Mg oA i R o B 2R 9 BL RN A% 0 B
ZASHT LA Eagle minima) essential medium(HEM)j}u_l;lO% colf serum(
LX) IE 4 v BAS- LOAR 2 3% 4% 4 M A% T B3 44 5t o

- N B Y 21K i i 4> Bk 0 BAnorepinephrine G| {2 157 A1 420 5 fifi 2%

T G (60mM) R+ Bl cumulativess SN S5 T 31— W Sk 0 e
IR U BE OGN R SR AN e

(B T P BT AN NG 2 T AL g v BE IR 53 R A SRR U WAL o U R SR e
G+ AR EE 0 (R F G A S0 o 7R 2 KrestingZ Blarachidonic acid i
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45Cadk influxz JUsE @ WL il B norepinephinef 7L F « 45Ca-dk influx

ZRTT PRS2 DR E S - Cadt -channelZ blockers
(Receplor-1inked) o 35 LI U #0 F Z Cadk - influxfll 15 blockers for

voltage-dependent Cadt channel o
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Bih o |
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1991 4 = A &5 R 5% = 3l & SO B LR L A B 12
Kg» A0 PERRIZHIR » B 1HMRE TEL > &7k~ CHCLs ~ Bidh iR 32
Z B TF A B8Ry 0 VA Siogel » &M% > Sephadex LH-20 % 4-#
7 XIFF| 54 £ ik isocorydine (1) ~ N-methyllaurotetanine
(2) ~boldine (3) ~ liriotulipiterine (4) ~ reticuline (5) ~
litebamine (6) o A4S X4 T :

CH3O CH3O
N N
CH30 ‘\H\CH3 CH3O \‘H CH3
HO
CH40 CH,0
OH
mn | 2

OCH,
(3) 4)
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N
HO
CH,0
N CH,0
HO \*;\CH3 3
HO
CH,0
CH,0 o

®) ©

AP 123 % 4 BHA aporphine #ité&4h » 5 T B
benZylisoquinoline BEM > W 6 AE G AT EFERG Y
FHRAGEY litebamine » i1 REBRE B — KR IO 813 5] 2 144
6 A ER CH RIS KB ERBEATRTZHL ) T L4
litebamine /B2 o kil HAR &AL AWtk = A2 HF % ik 14T 8 59 45
RAZ it s it R R Z EMde Rk —fF 7 o

% = ~ Antiplatelet effect % aggregation (Mean=+S.E.(n))

> compound ADP AA Col PAF
(100 pg/ml)l (20 pM) (100 ) (10 pg/ml) (2 ng/ml)
control | 78.841.8(4) | 88.4%+1:1(5) | 88.52:0.4(5) | 90.541.1¢5)
1 30.29. 1(30kxk | 77.545.1(8)0% | 47.3414.5(A0% | 25.1+14. 0(3) ks
2 0-0:0.0(8%k¢ | 0.0:0.0(3%k¢ | 000,080k | 68.146.2(3)
3 61.04.6C3)k | 0.0::0.003)%6k |20.149.5(3)%xk| 75.78.22(3)
5 58.743.003)%k | 39,2419 6(4)k 85.9+2.0(3)

“*:p<0.05; *k:p<0.01; kxk:p<0.00].
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Abstract

Cancer is the leading death cause in Taiwan. Virus-related
diseases also increased rapidly in recent years. Chemotherapy. plays
an important role in treating cancer and virus infected patients. Most
clinically useful anticancer and antiviral agents from traditional
herbs and natural sources usually possessed novel structures and
mechanism of actions. In this project, we used multiple human tumor
cell lines to screen traditional chinese herbs and their chemical s
constituents for anticancer activities and HSV-1, HSV-2, as well as
CMV virus for antiviral activities. Aglaia formosana (Hayata) Hayata
(Meliaceae) was selected for study when a chloroform extract of the
‘stem bark was found to display significant cytotoxicity in A-549
(human lung adenocarcinoma)", HT-29 (human colon
adenocarcinoma), KR (hﬁman epidermoid carcinoma) and P-388
(mouse lymphocytic leukaemia) cell culture systems when assessed
using standard protocols [1-2]. Bioactivity—guided chromatographic
fractionation led to the isolation and characterization of two cytotoxic

constituents, dehydroodorin and rocaglamide.
INTRODUCTION
As part of continuing search for tumour inhibitor from natural
sources. Aglaia formosana (Hayata) Hayata (Meliaceae) was

selected for study when a chloroform extract of the stem bark was

found to display éignificant cytotoxicity in A-549 (human lung
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adenocarcinoma), HT-29 (human colon adenocarcinoma), KB
(human epidermoid carcinoma) and P-388 (mouse lymphocytic
leukaemia) cell culture systems when assessed using standard

protocols [1-2].

RESULTS AND DISCUSSION

‘Bioactivity-guided chromatographic fractionation led to the
isolation and characterization of two cytotoxic constituents, 1 and

2. Componnd 1 was obtained as colorless needles, mp 167-168°,
and exhibited a molecular formula of CgH,;,O,N, as determined by

high resolution mass spectrometry. Presence of a cinnamoyl moiety -
was indicated by the appearance of mass peaks at m/z 131
(PHCH=CHCO) and 103 (PHCH=CH), by IR bands (KBr) at 1660, 1620, -

1520, 1415, and 990 cm™! and substantaited by the presence in the
1H NMR spectrum (CDC13) of characteristic lowfield signal at & 7.69

(1H, d, J=15.4 Hz, H-3"), 6.94 (1ﬁ, d, J=15.4 Hz, H-2"), and 7.20-
7.50 (5H, m, aromatic protons). 'H-1H COSY experiment yielded the
following assignments: 5 1.72 (3H, d, J= 7.0 Hz, H-4), 1.82 (3H,d, J=
1.2 Hz, H-7), 1.70-1.98 (2H, m, H-4"), 1.90-2.25 (2H, m, H-3"), 3.20-
3.56 (2H, m, H-5'), 6.08-6.18 (1H, m, H-2"), 6.48-6.60 (1H, m, H-3),
7.48 (1H, m, NHCO). The presence of this amide amino group was

also reflected by an IR band at 3270 cm™!. The foregoing evidence
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led to the conclusion that 1 represented the structure of‘ the v
cytotoxic diamide, and this was supported by its 13C NMR spectrum
(CDCL;): 8 170.1 (s, C-1), 167.3 (s, C-1"), 143.8 (d, C-3"), 136.2 (s, C-
2), 132.8 (d, C-3), 131.0 (d, C-7"), 130.1 (d, C-6",8"), 129.4 (4, C-
5".9"), 119.5 (d, C-2"), 64,1 (d, C-2'), 46.8 (¢, C-S'), 34.8 (t,C-3"), 21.9
(t,C-4"), 14.3 (q, C-7), 12.5 (q, 'C-ft). The relative configuration of 1
was determined by X-ray diffraction analysis (Figure 1).

" The assignment of the 13C NMR chemical shift of 1 and 2 was
achieved by the application of 'H-!3C hetero-nuclear shift

correlated two dimensional experiments (Figure 2 and 3) [3].

EXPERIMENTAL

Mps: uncorr. 14 NMR (200 MHz): CDCI3. MS: 70eV derect inlet.
UV: MeOH. IR: KBr. Chromatographic sepns were carried out on
silica gel G. TLC spots were detected under UV (254 and 365 hin)
and heating the plates to 100° after spraying with 60% H,30,.

Plant material. A. formosana was collected in Man-Chou, Ping-
Tong County in January 1991. Voucher specimens are kept in the
Graduate Institute of Natural Products, Kaohsiung Medical College, ’_
Kaohsiung, Taiwan. |

Extraction and fractionation. Air-dried, milled stem bark (3.5

kg) were extracted repeatedly with MeOH. After removal of solvent

— 128 —



S~

. ;
N

in vacuo, the MeOH-sol. residue was partitioned between H,Oand
CHCI3. The dried CHCI3 extract (250 g) was found to exhibit
cytotoxicity in A-549 (human lung adenocarcinoma), HT-29
(human colon adenocarcinoma), KB (human epidermoid carcinoma)
and P-388 (mouse lymphocytic leukaemia) cell cultu'ré systenis
when assessed using standard protocols [1-2]. CC of the CHCI,
extract was undertaken using CHCl; and CHCl;-MeOH mix. of

increasing polarity. A total of 102 frs (200 ml) was collected.

Elution with CHCI; afforded frs containing compound 1. Further

purificat‘ion by OC with n-hexane-EtOAc (1:1) as eluent solvent
afforded 1. Elution with CHCl,-MeOH (19:1) afforded frs containing
compound 2. Further puriﬁcation by (C with n-hexane-EtOAc (1:3)
as eluent solvent afforded 2. ’

Dehydroodorin (1). Obtained from MeOH as needles (120 mg),
m.p. 167-168°, [o] ,'® +42.5° (CHCl;, ¢ 0.01), UV A, nm (log e):
282 (4.82), IRv__ cm'':3270, 1660, 1620, 1520, 1415, 990 cm’l;

MS m/z (relint.): 298 [M™], 281 (0.4), 265 (0.2), 256 (0.3), 243

"(O.l), 236 (0.2), 229 (0.6), 215 (15), 200 (4), 199 (21), 167 (35),

151 (6), 131 (100), 103 (59), 85 (52), 83 (44), 77 (28), 70 (15).
X-ray analysis of 1. The essential detail of single crystal data

measurement and the refinement is given in Table 1. Atomic

parameters are given in Table 2. Bond distances and angles are

listed in Table 3. The molecular structure is depicted in Figure 1.
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Rocaglamide (2). Obtained from MeOH as needles (120 mg), m.p.
118-119° [a] ,*° -98° (CHCL, ¢ 0.1), UVA___ nm (log &): 215 (4.36),

234 (sh, 3.92), 274 (2.94); MS m/z (rel.int.): 505 [M*], 487 (5), 443
(5), 390 (70), 300 (82), 285 (34), 205 (30), 176 (100), 135 (14).

Cytotoxicity Testing
KB and P-388 cells were kindly provided by Prof. J.M. Pezzuto,

University of lllinois at Chicago; A-549 (human lung adenocarcinoma) o

and HT-29 (human colon carcinoma) were purchased from ATCC.

The P-388 cells were cultured in Fisher's medium supplemented
with 10% heat-inactivated (56° for 30 min) fetal calf serum (ECS). The
KB cells were ma_intained in Basal Medium Eagle (BME) containing 10%
‘heat-inactivated FCS. The A-549 cell line was cultured in Eagle
Minimum Essential Medium (EMEM) containing Earle's salts and
supplemented with 0.1 mM of nonessential amino acids and 10% heat-
inactivated FCS. The ﬁT-29 cell line was maintained in Rosewell Park
Memoria.l Institute (RPMI) 1640 Medium containing 10% heat-
inactivated FCS. All the cell lines were maintained in an inc_ubator at
37°in humidified air containing 5% CO,.

The cytotoxic activities of tested compounds against P-388, KB, A- .
549, and HT-29 were assayed with modification of the MTT[3-(4,5-

dimethylthiazole—Z-yl)-Z,S—diphenyltetrazolium bromide] colorimetric
method. For P-388 cells, 200 ul of culture was established at 1500

cells/well in 96-well tissue culture plates (Falcon). Tested compounds
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were dispensed subsequently to. the established culture plate at eight
concentrations each wi'th three repeats. After three days of incubation,
P-388 cells were enumerated with MTT. | |
To measure the cytotoxic activities of purified compounds against
KB, A-549, and HT-29, each cell line was initiated at 1,000 cells/well
in 96-well microtiter plates. Eight concentrations encompassing a 128-
fold range were ‘performed on each cell line. KB, A-549, and HT-29
) cells were enumerated using MTT after the exposure to tested
compounds for 3, 6, and 6 days, respectively. Fifty ul of 1 mg/ml MTT
was added to each well, and plates were incubated at 37° for a further
S h. Formazan crystals were redissolved in DMSO (Merck) for 10 min
with shaking, and the plate was read immediately on an enzyme-
linked immunosorbant assay reader (Titertek Mutiskan, Flow) at a
wavelength of 540 nm. The ED, was defined as 50% reduction of
absorbance in the MTT assay. Cytotoxicity of 1 and 2 was shown in

‘Table 4.

4 J
N’
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Figﬁre 1. Molecular structure of dehydroodorin (1)
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Figure 2. 'H-13C 2D HETCOR spectrum of 1
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Table | Crystal Data

Formula

Formula weight
Diffractometer used
Space group

a, A

b, A

c, A

PC)

vV, A3

Z

D(calcd), g.cm?
A(Mo Ko, A

F(000)

Unit cell deta (No., 6 range)
Scan type ‘

2 0 scan width, deg

2 O range, deg
t(Mo K, cm!
Crystal size, mm
Temperarture (K)
No. of meas reflns
No. of obs reflns(I > 20(1))
R* .
Rw**

Refinement program
No. of refined params
Minimized function
Weighting scheme -
g (second. ext. coeff.)x10%
(A/c)max

(Ap)max, min (e.A3)

C1sH2N,0,

298.38

CAD4

P2,/c
8.044(1)

12.061(3)

17.419(3)

96.16(2)

1680.2(16)

4

1.180

0.71069

640

24, 9-120

0 /20

2(0.8 + 0.35 tan0)

- 2-50

0.7 _
0.15x0.25x0.35
298 '
2955

931

0.060

.0.059

NRCVAX %
200

2wl Fo -Fc |2
counting-statistics
0.13(3) '
0.042
0.22,-0.19

*R=[Z | Fo-Fcl /| Fol ]

“Ry =[Z w(| Fo-Fe | %% w(Fo %]"2; w=1/0%(Fo)

*¥** ref 4
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Table 2. Atomic paramerters X, y, z and ch’f of dehydroodorin (1).

E. S. Ds. refer to last digit printed.

X Ly z Beq

Cl 0.4799(12) 0.7832( 7) 0.2100(5) 5.4(5)
c2 0.5479(12) 0.8823( 9) 0.2368(5) 6.2(6)
C3 0.5883(12) 0.9618( 8) 0.1847(6) 6.1(6)
C4 0.5612(12) 0.9403( 8) 0.1075(6) 5.9(6)
C5 0.4964(11) 0.8397( 8) 0.0804(5) 5.1(5)
C6 0.4542(10) 0.7589( 7) 0.1318(5) 4.3(5)
c7 0.3818(10) 0.6520( 7) 0.1058(5) 4.7(5)
c8 0.3320(11) 0.6224( 7) 0.0343(5) 4.8(5)
C9 0.2569(12) 0.5120( 8) 0.0174(6) 5.1(6)
010 0.2509¢( 8) 0.4413( 5) 0.0683(4) 6.2(3)
N11 0.1916( 9) 0.4930( 6) -0.0556(5) 5.2(4)
Cl2 0.1234(11) 0.3831( 7) -0.0795(6) 6.0(6)
C13 0.0639(16) 0.3988(11) -0.1621(7) 10.3(8)
Cl4 0.1494(18) 0.4948(10) -0.1891(6) 10.6(9)
C15 0.1859(14) 0.5722(¢ 9) -0.1213(5) 6.2(6)
N16 0.0658( 9) 0.6605( 7) -0.1145(4) 5.5(4)
C17 0.1096(15) 0.7686( 8) -0.1215(5) 5.7(6)
018 0.2550( 9) 0.7932( 6) -0.1281(4) 8.1(4)
c19 -0.0275(13) 0.8515( 9) -0.1147(5) 5.8(6)
C20 -0.2040(14) 0.8162( 9) -0.1168(8) 12.4(9)
c21 0.0181(13) 0.9550( 9) -~0.1092(6) 6.9(6)
Cc22 ~-0.0876(15) 1.0550( 9) -0.1019¢(6) 8.7(7)
H1 0.457 0.724 0.251 6.0

H2 0.558 -0.904 0.295 6.6

13 0.642 1.035 0.204 6.8

H4 0.587 1.000 0.067 7.2

15 0.482 0.823 0.020 6.1

H7 0.357 0.593 0.146 5.1

H8 0.358 0.680 -0.009 5.4
H12A 0.211 0.323 -0.070 6.3
H12B 0.028 0.363 -0.048 6.3
H13A -0.062 0.404 -0.169 8.6
H13B 0.094 0.328 -0.191 8.6
H144 0.241 0.471 ~-0.217 9.8
H14B 0.058 0.531 -0.231 g.8
H15 0.303 0.607 -0.127 6.5 °
H16 -0.055 0.632 - -0.109 6.4
H204 ~-0.263 0.838 -0.067 11.7
H20B -0.283 0.845 -0.162 11.7
H20C -0.212 0.732 -0.118 11.7
H21 0.139 0.976 ~0.111 7.9
H224 -0.179 1.063 ~-0.146 8.5
H22B -0.147 1.053 -0.052 8.5
H22C -0.023 1.129 ©-0.098 8.5

*Beq =3/4 T, % B

ij3i%]
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Bond distances (AJ and angles (°) in dehydroodorin (1).

3.

Table
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Table 4. Cytotoxicity of compounds 1-2

TN

EDy, (ng ml™)

Compound

P-388

KB

HT-29

A-549

3.86
0.0086

12.63

7.24

4.38

0.0025 0.013 0.022

2
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% %t DOH84-CM-007

A AR ERH L BTER
FEk3 2% ()

245

5

B b 5% H8 B 5

17 C:3

B (HCO) S G B R BREBEECE - EPBERFHYRE
RERCERE - PR LBEHE S BE T RRFAERCBREE®
RKEGILFFRETMECBHB R AR ERBESE (NC) 2 BEWREE — -

BMECEROERRMAREBERRNAE  BERLBFRORED
ML T2 o B 9E 2 A5 2 1% (L2 7[5 8 B (chemopreventive agent) 75

L RENBCEAEAREANNER 1 1 3R 1 75 B — 3% % (Mitomycin C)
) RFZEREN  EECENAENRET TN RREESREHES
HMEREERAR - :
ERNACHEREAETHARNSEHEE FERNES  URERE
WA EE S R » — 2 F R T 181 389 7K 2 K (TCE) B K& mitomycin C
- (MMC) — 2 & 5 55— &S AR LM F TCE » KHE 6 /NER L F A A MMC o
Pt BB R B TCE £ 75 #1150 » g/ml 1Y% & T 8 7T BH JE 69 10 ] MMC
Bk % Mg /ER (P <0.05) HEB &K ENRE - AT 300 pg/ml 5
RETHENHER  RUELEHRSEE - E—SHFAREr L&
(TBARS) 2% & TCE Wi &1L BE /7 » 3 B TCE W LUH 2% 9 #1 # Fe2 + /H,0,
MELNRERS(ER MEENEFERREEE WSS K ERG -
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FHENERAFE  RUEENHREF TCE 4.8 mg/day LAk 24.1
mg/day > SEIE R E R 0.05g LA K 0.25g HI R EEE » EERTFORUAK U
X BRFAROCKFURBEIGFERBEMFOBEES » BIRREH
BETTCEHRAR A EESEN  AEEEHMMC 2% HMAMRTTH
¥ B (4.8 mg/0.3ml, 24.1mg/0.3ml) FREIKEFE (6 K, 14 X) # TCE KIBE B &
BEHN & (P < 0.05)MMC A # MLy 8 q ©

F) I HPLC Bt S T Bz B TCE K BHHEPER LS %L
punicalin % 0.27 % Z punicalagin * &f%f&jiﬁ?ﬁlfﬁ%@ﬂ’\]ﬁ%ﬁ 0

HEFEEBNEEESBUTHR : TCEEEZREELEHG AR NG
71> WAESTE in vitro K in vivo ¥ A & MMC Fr# S HEE R ( MN E"JE
) o MEBNAESENERBE RS —HH AR TCE P2 FINH
Lt > MEPTEEENEEF -

ABSTRACT

Hepatocellular carcinoma (HCC) is the leading cause of male cancer
death in Taiwan. Early diagnosis and surgical removal is still the most
effective treatment against HCC. Due to HCC is not responsve to
chemotherapy, we have tried to develop chemopreventive agents in
preventing HCC formation. Chemoprevention is happen to be one of the

major research areas in National Cancer Institute (NCI) of USA.

Terminalia catappa L. is a commonly used berbal drug in the treatment of
liver related diseases in Taiwan, yet the mechanism remains elusive. In this
study, we investigated the chemopreventive potential of T. catappa L. by the in
vitro and in vivo methods. :

The leaves of T. catappa L. were extracted by water, filtered and
lyophilized.. We tested the effect of water extract of T. catappa L. (TCE) on the
frequencies of micronuclei (MN) induced in cytochalasin-B blocked binucleated
Chinese hamster ovary cells (CHO-K1) by a bifunctional alkylating agent,
mitomycin C (MMC), in vitro. Two different treatment protocols, simultaneous
treatment of the clastogen, MMC, and the TCE, and pretreatment of TCE then
MMC were used. The results showed theat the TCE significantly decreased
(p<0.05) the frequencies of MMC-induced MN at 75 pg/ml and 150 ug/ml in
both protocols. At high dose 300 wg/ml, the TCE incued cytotoxicity in CHO-
K1 cells and hence the MMC-induced MN was not observed.

—140 —

N J



TCE-induced Fe+2-, HoO2 -induced thiobarbituric acid reactive substance
(TBARS) in rat liver microsomes with a ICsg of 6.9 pg/ml.

In vivo treatment of TCE at 24.1 mg (original 0.25 g) and 4.8 mg (original
0.05g) per mouse pér day for 6 and 14 consecutive days did not induced MN in -
male ICR mice. This treatment protocol significantly (p<0.05) reduced MMC
(1 mg/kg, ip)-induced peripheral blood MN. "

The TCE was anlayzed by HPLC and demonstrated to have pumcahn
(1.5%) punicalagin (0.27%) and other unidentified compounds.

These results demonstrated that TCE might be a useful agent for
chemoprevention of cancer and has anticarciogenic potential in vitro and in-

vivo. The inhibition of MMC-induced MN may be related to the am10x1dant1ve
constituents in TCE.

— Al

#W 1 # (Terminalia catappa L.) % # & F ¥
(Combretaceae) BYFE Y » S BII0 Fig. 1 (A) » B D HTERT
REHARENES FAESUEBUSE - -BRE - -BEHELEUR
B A TR oMyt Es (1) XEYENE ~ HRED ~ R
F U BEE - EESH S ERSA RN A NS
AR m: E-RE-ET7 -#HKEMEARANEEANZ
s EEAEIEW R Rl WS R (2~4) 0 RIEE K
BHEAUSHEHEGHIEE > ARFROEGE » K562/ H
RO~ZREKIER® - ERESHEFARA 65,6 °

BRGIHESRSNAEREBRASHEST ZNAKSD
fR Tl 8 B (hydrolyzable tannin) » #0 punicalagin, punicalin,
terflavins A and B, tergallagin, tercatein, chebulagic acid,
geraniin%¥ 16 #]E (7,8)° HHF Ll punicalagin Z 2 & %
(0.48%) » i1 punicalin (0.055%) & terflavins A (0.058%) R 2
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(Table 1)(8)c EE MK S MUK HFF ZEEIFH » Nonaka
% ABF$E Y punicalin & punicalagin B 2L H] HO #E sk
Human Immunodeficiency Virus (HIV) 2 & & » H punicalin Gl
PLim#l & {2 HIV X 88 & (reverse transcriptase) * & IDso
% 8 uM (9) ° [ Weaver % A 1f 3 3 punicalin 7] L{ [ & HIV
rgp 120 ME R WM EZE CD4WE S (10)° 7E 1993 &
Satomi % A #f ¥ — % ellagitannins > H H 1 8§ T punicalin
AR punicalagin E—ERD » BEITHAERBHEER ST U
#1 %] carbonic anhydrase (CA) #9i% #£ » i punicalagin #9 fll \/
RE 3 (ICso) H1 ¥ F8 B9 Acetazolamide th & » % F M & -
punicalin By il HI R H ¥ £ » I % Acetazolamidé ¥ 1/5 15
(11) e

B T punicalin & punicalagin & W & & 7 5t »
Kashiwada % A 7% 33 chebulagic acid & geraniin & /i & £ #&
CZERSHTEE 0.0055% K 0.018% SEMNEETLUEEEY
#9 % PRMI-7951 melanoma 4l i 5 £ & ¥ » & i o 4 5 #JE
(antitumor) B9 Y F§ » H EDso 2 31 25 0.8 ug/ml LL & 0.35
ug/ml (12) © '

MU ENBERREETHCE R ER S T HV R
VRN EEHEARREES RER  BOEEASR
FRAEOR AR O CREE - EHBMNFZE
P —ER L BE AN AR ERCEERT RS2 ENE

8 = ¥ (chemoprevention aganist chemically-induced genetic

damage) EFiipE AR ©
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EETEGEEEY (chemopreventlve drugs) 2 B §i & i
EVERTBREABRN -8  TERHEEFHT L@y %
HEHEREEREAR AN EEEEEOEE
il T promotion {Ff » FITTE 2 8 R NI EBENRER 0 —
 BEEMFEE  BRSHRBTEEEREORBEEY » &—
£ B # I # & (Enzyme inhibitor) #1 : cytochrome P450
inhibitor » W[ LA R 2R B D EE B R R S B R RS e it
HEY . B—FEA R MR RS G — R RIEY
TEVENE phase | BER M BRAAELENREEY » m
phase Il B¥ & K95 B (Enzyme inducer) » ¥ phase I B9 B2 %

KMEBRBEDRRENER > 3 %Bﬁ‘b}m%ﬁﬂwf H‘JL@J
(initiation)(13) e

i E B 43T H SR (Antioxidants) 1 © Vitamin E
& B-carotene T #EE E W LR #E K — L FHIE W (carcinogens)
ERNBENRRERERERBENEE 14~ 10 TE
. # W Z Z B #H (Green tea polyphenol; GTP) » ] LA %% 9 11 & —
£ HE M - % % S K (Ultraviolet light), TPA (12-O-
tetradecanoylphorbol-13-acetate) #1 benzola]pyrene (Bla]P) 2§
FRTIE R HY R e - i E o I A9 (18,19) » i &t
HEXRFEOE - th# R GTP Y AN glutathione
S-transferase A% catalase EEEENDNERF S E (20)° L
HPLC 754 GTP» BHEZ ¥ KR T S H catechin HI5EH » 0
- = (-)epicatechin (EC), (-) epigallo-catechin (EGC), (-)
epicatechin-3-gallate (ECG) #1 (-) epigallocatechin-3-gallate
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(EGCG)» T E Ll EGCC & &®/ e » UG T MEEN—F (21,
22) FIFGE TR SETHE - FHRATSEE TPA
RS R Y 22 5 19 8 £ (edema of mouse ears)(21) » Bl & ¥
B[a]P, aflatoxin B1 %% ¥ M K& & (Salmonella typhimurium)
TA100 #1 TA98 {1922 & (mutation) F 1 &l fF A - 18 £ 0 &l
8 /71335 X DL EGCG MR B% (21,23) UL ELEHEH
BB TER A B A A3 R LS R A A (24, 25) c WS
BEOAERNEREETEELURERER - ARRAKB—(LEED
Bl HR—EEEEVHEOHOER T EREZFRARET
MBS 2GMH e |

A EE M A micronucleus assa}; REFERETEBEWN
#51 » micronucleus assay 4 (R B 2 A TE AT A S DR
W9 #% # (anaphase) cE ¥ 2 MM FREBE W HE &
(spindle fibers) % [i] W% E 88 (asters) B & » MRPBEHE
(chromatid breakage) 3¢ % f # ¥ @ (chromosome
aberration)r B & B & 4 & # Y B R (chromosome
fragment)» MG MEFE M E S » k@ RO B RAMDE
(micronucleus) » ;B F) 5 PR a0 e B R L 4 i » I VT B R
# T B2 E micronucleus (MN) B3 5% o H B micronucleus
assay B AR A BEEEY (genotoxins) F{E B » EHRIR
E iy — S EEEYNRE OB Q6) c FENEMHIEREER
B micronucleus test £ —HEH - URHEHESFENLHE - E
ZH R A DNA damage (R AR THEZ — (26~ 28)° Rk
AEBRMGE T —FER — mitomycin C (MMC) KRFEH MN
BIERR » FIES BT invito & invivo B &8 H
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EEEHEEMH (Antigenotoxic effect) ©

= AR i
(—) #&¥
—HEYE ICREER - 25~30% » BEBHABEHYHL o
— ME#E SD (Sprague-Dawley) K H il » 89300 % » B O
BEARZBRERGYHL o
BMRTERE - BEESNHYREN > 0BFHS 12
/NEF - 8Bl (Purina Lab. Chow., St. Louis, MO., U. S. A.)
e K S8 Bt L E o

(=) ik
CHO-K1 (Chinese Hamster Ovary cells) Hy 5 5 ks 8 F &
B R AT i o
ETE McCoy's SAREBIE T » EBK TS 10% fetal bovine
serum, 1% L-glutamin, penicillin G/streptomycin sulfate
(100 U/0.1 mg/ml) BL B 3.7 g/1 2 sodium bicarbonate »
BERHNERS 14~20 2/

(=) & A
1" % (Terminalia catappal.) B & F‘%iﬁfﬁiﬁg Bl &2
Bl o
FMAEEEAEHSBEE Sigma (USA)

() B 2 oK 22 K B 8L % (Water extract of Terminalia
catappa L.) . '
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MESEE (0 Fig. 1B) £ ) BREE (W0 Fig. 1
(B) & ) © B I ¥ 4% U & 100.15 72 » LA 1500 E T
CoRAMAEBETSE > B R > WE RO
o EEE  BE S R EREGE LS RREFS
GRS A% - TSR KRB EEY » E
BER4CUHEEST » REBHBEEI = RKE B R
TR o Pk {5 K UK BT ES TCE o

(ZE) SR KZEEEHEF (Water extract of green tea)
FEURA 1005 » LL 1,000 EA B = RAKE#H+ 58
BRIEZR s WERZRMEE » B WEMESEEFX
T HIE BRI TCEMI S ik o B 5 K BB S8 GTE o

(7%) BBIMM/NEES B (In vitro micronucleus assay ) :
FEBBE Salvadori % A (29) B Fenech (26) i & £ 1
GEMLB#iMA © CHOK1 3% McCoy's 5A BF 3% 1%
fF#E X1 & (passage) » B4 A 37CHIE » 5% CO?
CEMBEBENEERT oF CHOKL MM 1 x 104
cells/60 mmdish » BREBRFBE B - KR LT F
I &% B 9 TCE 2 1 uM #9 mitomycin C (MMC) » f JE — /]
R 2 - G5 W URE - LL HBSS BERI R » M 0.5 ug/ml
Z cytochalasin-B, [7 fE 18 /N % P b 2 i I 4s » vk
(3 PBS BEMI R » I 0.5% KC1 X BE+ 43 58 $ IR & KCl » D)
20:1 B9 B EEAD @S B @ AR - Bl 22 LA Giemsa 4B #
TRE > +oERERER > ZRE%% 5 40050
IR T B 1,000 fH 2 B4 (binucleated cells) 12 %
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ZOEEMAINEEMEIE (MNBN/1000 BN)(Fig. 2) o

BBHEESREEL T FRAEEN TCE » RIES /N
Rf % » Ll HBSS ¥EiF =3k » B 1uM Y MMC » S HE —
INEF > DL HBSS ¥R iF =R - 2 1% E A 45 B AN B0 R w AT
(L) MiEEERAB

1 x 104 cells/60 mm dish CHO-K1 & i » & i1 % 55
BE LB RE2E D ()BT RERE 75, 150, 300
ng/mlf TCE» FHE 1 /NEFSE 6 /B ; (2) [ 654 5
MMC B AR ER TCE» KM 1 /NEF » % L HBSS it 8
MAHHERR » BRIEERT 1908 » %L TEG
(Trypsin-EDTA-Glucose) B FE 402 » #/§ trypan blue %2
B BRMRTEBTHAEYEE > S EFEX |
HERRHAE TCEREHFMEESEA o

(& S A

&R (survival ratio) : :
MHE R (FEWEE + SEiE )

(/\) EESMIEEB S5 (Lipid peroxidation test in vitro):
L #8% 82 JE BB 4 (microsomal fraction preparation)
5 ERMKHE Snell B Mullock 72 1987 &EFR & £ M5
5 (30)° # SD KEH R L BEREBE » AR 2B BT 8 »
Uk HI 1.15% KCLIE R S R 1% » FIREY 1 glIFFR »
DT g7Evk BIRMF © TR MA 4ZF k2w
0.1 M ¥ L EB IR (pH7.4) » ATHES th » Ll ¥ 5 i
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N

(homogenizer) HE®R » SFEAVEER » BIEHEER
BINBEDE ™ » Y 4C » 9,000 xg FEED = +45 5 »

S EEEERBSESOMTE 4C » 100,000 x g A

DA+ oE > ISRy MNE - Mkt
EWEEMAN 1ZEHOIM BBEHRER » TEHS

» B1% microsomal fraction ° f£7E 5 -70°C {& & vk 55 »
HHEIARE 200k BB E ok LETERS o

.\ BHE&28F (protein content test)

EFEERSLNABIELAMNERBTEAERN
2 = o LA bovine serum albumin (BSA) & fZ ¥ 5 » F
Bio-Rad &= HERABPE » 1Y SOSnmE KT » TE5 K
T EE » KRB - BAEMNENST
HEEE - Eﬂﬁfthﬁtﬂﬁ%égﬁ?ﬁﬁ%@qaﬂ'ﬂé\%
fE @ ® & {6 @ & (Thiobarbituric acid reactive
substance, TBARS)

It 5 % & & B Ohkawa % A (31) B Nagababu 0

Lakshmaiah (32) FRE2RBITTEMEMES ST &K o

B ZHE 500 mg protein (9 N E2HER 2EH »
A 200 uM FeSO4, 100 uM H202 AR 0.15 M NaCl7E
JICT » MEARTIE ZBMA1ZEF 20% 1Y
TCA #1 2Z 7 0.67% (w/v) B9 TBA » @K T & + 4
FoMBEZREHSBRED > WEEET 5320m T
#l TBARS WA E SR » AT LI TAR K B HIE
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HEEAHER -

‘ kSt % & (OD)
BE (0= (n mol MDA/mg protein)
0.156 x mg protein

B PWeE TCER GTERHMIEERS/LEER » BIRS F
FeZ+/HyOr A Blal S B MAARHEEDN TCEE GTE -
B E {20 BR e 75 vk |l L PRk o

) BN SRS (In vivo micronucleus assay ) -

75 %2 8% Hayashi F AT 1990 & Wang #F A Bt

1992 FREEFX M TR (33, 18)

1. Y B
BEWICRRERGDEEE-~HZ2R BEsaH
RAHERE HEMUFESAERET 03 EH

2 ERK ﬁﬁ;%’*%ﬁ%i?ﬁﬁuu 4.8 % 24.1 mg/0.3
ml H20 # TCE* CEENT o RUR 14F® > RRA
LARE W i 8% MMC 1 mg/kg ° i & 81 DA & F 5 MMC #&
WBPIRTFEHREERELM—RK o

2. Acridine orange (AO)-coated glass slides
AOETAZRAK » BEALEEE 2 mg/ml 2B R ° H L& HE
7 EE W IR R OES 70°C BB AR (hot plate) L FE#L ©
RiouW BAaOHTEMMRERE ERERERER
Felw o
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. BB RE
%%MF%&M%DM#ﬁFEfEﬁAOWwHL
s Z FEWAR LEBREH E§F4cwﬁ’w
BHYNEEBE > FHRLETE

4. % HA% $8 (Flouorescent microscopy) |
hRreE B E T I blue excitation (450~ 490 nm)&
barrier filter (520 nm) » # # & 7] & reticulocyte (RET)
2 reticulum 2RS4 5% - 1 BE Y micronucleus
Al 2 & & & 3¢ (Fig. 3)» L E 1,000 @ 5% B &
reticulocyte 1 & H % /0 f#f micronucleated reticulocyte

(MNRET) 4 & B2 # € A9 15 1% ©

(+) HPLC % TCE Z 4%
HPICHR BT ©
& #F (column) @ Waters 5C18-AR > (4.0 x 250 mm )
% 88 (mobile phase) : 0.1% TFA (Trifloroacetic acid)-H20
K& © 254 nm

B S
A
1 ml/min O~ 20 min
0.9 ml/min 20.1~ 60 min
e B
0.6 ml/min 0~ 10 min
0.5 ml/min 10.1~ 20 min
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0.4 ml/min 20.1~ 30 min
0.3 ml/min 30.1~ 40 min

1 ml/min 40.1~ 50 min

PAE#F A 22 #7 TCE ¥ 2 punicalagin » &% punicalagin
B4E& 10, 50, 100 BLR 200 pg/ml VY & ¥ B » Ll HPLC
DB FEIBESBEETHE - IS = |
&l & (standard curve) » B 20 wl Z punicalagin (1
mg/ml) Bd 80 ul 2 TCE (3.34 mg/ml) & & » L) HPLC%
PrEE - LB B A TCE [ 3 LY BN W 5 40 TCE
HRE & H punicalagin © ifj punicalagin B9 & & 3 & #1
FIF B 0 4 e i 4R BT I\ B 9B 1Y TCE B 3% L
M7 punicalagin B gh & & # B 7] & B HEYE TCE 11y
=8 o LUEM B 44 punicalin B TCE o punicalin f9§&
S B LTk o

TCE 2 [ 35 it B 37 8% &% 6 (9 46 (= 22 K 3 g ( ZH 755 B
TCEZ LM » XA 5.85%) M- AR T
(ZWMBF KB 60C > M#3 IS > FE# 25 9.80%) 7E#H
MR 2 HPLC T 45 #f 2 [ 2% Fh 85 M, BT H BT B 4 5
MEZE W punicalin Hi punicalagin R 473 2 & &8 o

= ~RER
(—) TCE Wy s
100 M BEEHIM S ERIE > BAHGELHE 9.04 5
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» HERZ 9.64%°

) GTE W9 E=E
100 TR BRKER T EEE B 5REEHK 26457 »
- HEED 264% 0

(=) BE4F TCE ¥ MMC Ffi 55 % micronucleus 89 [l il ¥F A

AL T TCER MMC » RIE—/NRFZEE R
EEIHS T MMC B » BT 558 69 micronuclei &% 87.0
+ 2.2 MNBN/1000 BN *» £ P AR & EH TCE, 75 ug/ml
K 150 wg/ml 4 B 87 (09 10 AF A (68.6 & 1.0; 59.2 =
6.5,P<0.05) - EI¥ REMALEE » HiNSI oo 515
21% K 32% > B2 E ¥R E & % 300 ug/ml B - Al i
BAENS MNAEFEE » IH MN O E B BEEME
%5 91.5 + 2.6(Fig. 4) °

B. %% F TCERIE 6 /NRFTR » B MMC 2% R

KA B ERHUFBFL T TCER MMC BYEERHMLL o &
4 F 75 yg/ml B 150 pg/ml 7 TCE T LA #0148 1 MMC
FREEEN MNRIE R « H{EH 100.3 = 0.7 MNBN/1000
BN BE{E £ 80.3 £ 3.4 K 749 £ 1.6 (P<0.05) fiIfl &
S BE 20 AR 25%C EEE S E 300 pg/ml B
» B MNBIBIE % 98.9+ 0.8 BHEIBHME » KRR E
H il B9 4F A (Fig. 5) ©

() TCE % 4 b9 2 b /i FA
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MU EOBESRERER 8 TCEEHER (300 ug/ml) »

AR EEIE (75, 150 ug/ml) ¥ MMC 35 3569 MN &
WEH - MERBNEE TCEAS » YRS EH &
H7EBOERBEES 4T 75 & 150 ug/mi B9 TCE K
& 1 /NBFLL R 6 /NBEG R & 3 BRI TR T KA B E > &
MERERS 300 ug/ml MEBERMAMOTECHE G 9 H
B THERE 6 NENBRT » EEEXREY
NHH BN 60% £ 4 (Fig. 6,7)° MR H LT MMC
RAMRERN TCERE 1/ 6> QI HYRENSEE
iy TCE (300 ug/ml) SR EMMAFIZ X » f7E 75 B 150
mg/mlIRET » WIBKME —REFE » HiE %R0
BAEMA MMC $F8% (Fig. 6b) ©

(Z) 845 TCE M5B/ H .

£ invitro T » #4F FeSO4/H20;, 1 » 55 T 1Y 14k B2
HKHEHH 8 nmol kY malonaldehyde (MDA) &4 » &
F 0.01,0.1, 1, 10, 100, 1000 ug/ml % R [ ¥ £ TCE &
GTE> ZBHMH MDAMEARETHWE S G A
€ 10 ug/ml Bt FF BB IS BB E AL B B » 2 3 s 18 g
£ 1000 pg/ml> B 5 £ 96% A9 40 #ll 1% F (Fig. 8) ° T
TCEFI GTEHY ICs0 43 1% 6.9 ug/ml B 4.6 ug/ml e

(75) BRI TCE ¥ MMC FREEEEHY MN = J1 %1/ F
MWEEH R4 FRE TCE 4.8 mg/day B 24.1 mg/day 3
BAE > BH MR R ERESH » & FEEE MN
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WIEE » EHE T RUERETFH MMCH 48 /hNEF 218 » ¥
BMAMRBHEEN MN A& 28.0 £ 0.7 MNRET/1,000
RET» fii 4.8 mg/day 3 TCE (#E&H% 0.05 g = B &
BH) HTPRETUE MNREE 21.5 £ 1.0 (P<0.01) » fIl
BOWES 23% 8 TCEEERA SE&® > HeRTF 241
mg/day #9 TCE (FHE 025 g 2 RE{-HEE) » HHIH
fE A B9 B I (18.1 + 1.3;P<0.01) » MM E S L%
35% (Fig. 9) ©

EiR=E TCERR TR » ERY 4K (BEEORZ
®o KE—K > ek 14K) % » Il TCE ILMEFEEE MN
EL > 5 F MMCEMZRE MNBIEEFRE FAE
B E 4.8 mg/day B 24.1 mg/day HJ TCE i H BH 8 19 &
> (P<0.05) » B 29.3 £ 1.7 [ 23.2 £ 1.7 & 18.8 + 1.6,
CP<0.05 » HWHIE S LS 21% LL R 36% (Fig. 10) ©

(t) LA HPLC 4947 TCE Z#H R
LA 845347 TCE . B340 Fig. 12, 2#1 punicalagin
5+ B30 Fig. 13 #% punicalagin B2 TCER & —#E »
Pk HPLC ¥ IBl 5% » W IE 10.635 2 8 A9 K 5 0 B0
o s b 2% WE TCEZ S B TF 10.635 &
R IZ % punicalagin » W EH EESHEEZ BRI TCE
MEEHSHES 027% © & punicalin 82 TCER & 2L
HPLC i KB » FREE T D peak EEE >
A » A2 B #2471 © Punicalin & ¥ mq A 2
27495 pHEFEHREHE EEETHE TCE2oHERELE

—-154 —



o WEE 26.738 D EEFAYEEIE > B2 punicalin >

TEGRGZBERE TCEFMSEH SIS 1.5% (Fig. 14,
15) c HELHMEEAEBRFTHICH TCEH & punicalin
& punicalagin E R TN K5 BEI S o

HTEEAR BRI BE - B OK X I B 3 00 Fig. 16 B TCE 2 [
W bR AN BB G AR » KEH punicain &
punicalagin Z & 8 75 514 0.79% LL & 0.075% o ifi i &
PR ZE ™ Fig. 17 M S B LS LB D, 5
L5 E punicalin B punicalagin 2 & & » o] fE K & =
SREDZ B o

&
ﬁ{:%ﬁ’i%F‘aﬁﬂ’ﬂﬁ)ﬂ%ﬂﬁﬁﬁ?ﬂﬁﬁ@%% » AR TR 48

FA > KGR A TR — M0 B 05 SR » 52 DR R &
BISGROER > SRS E KRG (TCE) » B8
B 35 B 7E 31 MMC B3R 35 (9 UL (MIN) B 2E » T3 B 7E
B 51 B 88 P2 7 M0 R R i

MMCH B MR S g ERAasEE BT E — @

quinone L&Y » EX—-BEEFHNEEREER —#
Semiquinone ) R E &1 » LB HES T > T A
superoxide anion radical (02", hydrogen peroxide (H>0-) & &
hydroxyl radical (-OH) % & £ &1L ¥ (Reactive oxygen species;
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ROS) B9 FE & (34~ 36) > HEIT A ROS & ¥ DNA R F Rt
HERIEE (37) W DNA B e ¥ K iy B & (Strand breakage)
(38, 39) B & & & tE @ B (Modified bases) iy i E (40) > T &
A9 35 HE @R Y initiation & promotion T {E # 89 fEH
(41~ 44) o i B — T MMC 7E B @& F & F — Aziridine
B - TR 5 B DNA T B 1L K (Alkylation) » I A
2 &£ ¥ (DNA monoadduct B¢ DNA biadduct)(34, 45) » i 3
IR EREE o

H DL E/84%1 > TCEHN® MMCE N MNE K » TaE)E
B2 H &l T b — kg > 3% /D ROS B9 AE B FH 1k H DNA R84S
7EEE 4L TCEHIE] MMC RSB Z IO MN E A » RS RE
I TCETERE S 75 ug/ml PA R 150 ug/ml B9 EF & ¥ i CHO-K1

4 i A B S B 0 4R A (P<0.05) (Fig. 4,5) » EE RE S E 300
ng/ml BIEMEEMEER > R ERERERE (Fig. 6a,7)
fE Micronuclei assay FFtE 2R TE 300 ug/ml HIIRE T » HW
4MHE (binucleated cells) & MM EKEARFR PUER - W
H MN# B Y RBEMEmMBENHEM (Fig. 4,5) o #H
HEE > AR S TCETE R (75, 150 ug/ml)
& — EH S 1t ® (Antioxidant) » 1 ¥ {8 MMC #f 4 8 55 &
MN EAERRE S » BEEZEE 300ug/m) KAl MEES—
B /ALl (Pro-oxidant) » ¥ M IEER B E » ﬁ%&ﬁﬁ%ﬂ TCE
PN EEHERETESEHZNSIHBLS D
(Polyphenols), Laughton % A IR EF Z W #E ’ft”%%FF’ > 40
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quercetin; myricetin 3 B% 5 2% 47 & A6 B 75 [ 0 X % B & A6 &
(46) » LEH HK ¥£ hydroxychavicol & — B WL S WA B E L
E—SEMH KRR ELWRES (47) 0 T TCE7ER S >
®BEE KBTI R BB E LA W BN 5 5L 77 3 6 4
FAERBELMIIRE » 5 TCEAS AT —THaE? 58T
RS TRATEEE > RS EBSEERKE TCE
MR - BARROSHE LSS HARAS
Hille B EAL BIRE 7 (48) > HTE ILER 9 DL 2 B 0K B
GTE%?VE%&E%%%H » idF LL HPLC & #F GTE W EGCG W94 & » 31
PR Z2 R &8 14% B9 EGCG LhBH BT TCE 89 H AL 8 1 2
i1 7 61 Fig. 8 ATLLE 4% TCE #E AR 1 wg/ml 578 5 B4 1
HIEEBEMRES » S EESE 1 meg/ml BF > £ 0 & f¢
AU A+ #EE St » 8 GTE L8 » H 18I B9 Bk /y HE 2=
BESHEFZMEN - HEHEREE TCERERAAHE
1L E Hy <

RECHABESMHNIELGESR{CER » mEd B
cllagitannins (YR RHE > ~BRIBABEE—EHAHENBELRS
(radical-scavenger)> M1 & ft 77 B H & # h & F
hexahydroxydiphenolyl group (HHDP) % {E A B9 HA BT B (49) o
MERTEENMA S BEEEREHL S S HUDP 1

» ! punicalin; punicalagin; geraniin; chebulagin acid;
corilagin ¥ %% o LA HPLC A #f TCEW B E S EETHRES S
punicalin ¥ punicalagin > 2 &% 3% 1.5% & 0.27% ko8
HICRL # 3 1Y punicalin & &% 0.055%, punicalagin 0.48% &
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Te  TEERERB R LA ERRREGREU 80% 1Y
REEER > MAEBRUEEDKRRIKS o HELTUAER
EABBRFEANTCERRESH B — R BB LR HAEIKS
8 ERBELERIWRFEEFNIBRS » HEEEE—
SEONEERBCEFTNEENE - SAESER IR
MR ELEE S » RTB T RAEEAERESH ET 6 TCEM
WA HRZ BT REH S » HEE HAEFEHES 300 ug/ml ViR
ERA T HME MNAERKIEMIE?

Bhimani ¥ A FAEHFHEESERHE EGCCREAR F
HE % v Al 4R B9 B2 B penta- Ogalioyl—/a’ -D-glucose (PGG) H
ARYEE S TPA FREEAE 9 H20o OHISI - ZBREWMR S A E
5 3% EGCG £ 25uM & PGG = 10,;M EH—-SERERKD
ME G » BER-EREE EGCG 250 uM; PGG = 50 uM K »
HEARKMAWMTE 25 uM B 10 uM BEARAE » M1 H20: EENR
MiRZ » FEDHETHERFNREYE  EEHERSHES
WELRRERER » KB E 7 UH0H TPA P 5% 32 #9 ROS #Y
FE 22 7 U616 G R O R » 385 DA B0 455 55 (h 40 4 6 00
BEESHMETRMEHda FILEEEEEIR (Redox
cycling) M A K EY ROS EEZE - & E (€ (€ H b MM iy | AL AF
Fi (24) ° Imanishi % A ESH SR BHRETE LEEE T HE
REEOFAFATE RAGER > &L MMC & UV K53
CHO #f @ sister-chromatid exchanges (SCE) 1 chromosome
aberrations (CA) B £ » 3 EGCG; ECG; theaﬂavinvdigallate
(TFDG); theaflavin monogallate A (TFmgA) & theaflavin
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digallate B (TFmgB) % A% 43 7€ & Bl B B (< 6.7 ug/ml) 5 8 5B 19
Ml SCER CAWIEE /1 » EEHBERSE 20 ug/ml BF 8] SCE
R CA fE £ R T4 78 L 3 BB B B (50) ©

MU EEERIHE - HAEAE S S0 TCE
ZPRELB B MMC RSB 3 19 MN EE A Hugg Rz —2
SR LEXBOER % SRR —HSE > EREs
AR A E NIRRT URRYE SRS HEEE
BRERREENR MRUBENEAETERES A
MR G EE T RO OB S XL TP TCE» KB HY MMC
P MNEEAE R o

DEEAARBITRELRARAEES : 4.8 mg/day B 24.1
mg/day iy TCE» ZREME R 0.05g R 0.25 g WYEKEE » |
HRERTERAGA 5mlhk > BIBESA 1% LB 5% i
BROKEW - IR R B SCRF ARS EE g E
L.25% MBI (18)° 1% 2 —EESEIKAEE » 5% 8 2 — 8
EHEE - ER LT S AR T2 58 5 DG = &
FH%E&E@E%%‘E%E}Z%L& TCER D EKRKFREEHERE
F 35 W A R A RS A9 45 T 2R B TCE 0 80 MMC #F F i g
71 EHERT 6 KR 14 K%k » &1 TCEABHBER FEE
BMNBIEERE » BRI E RS ERRE T O SR EEESH
HIPFH » 2B BIESE 7 KRE 15 KL MMC 53 5 MN (97
% BEGHET TCEWRRE MNEEMEFHEH/PHOBREE
<0.05)(Fig. 9, 10) e TEE N BHMBE THEH R ABET TERK
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ST MM (reticulocytes) » 3 BITEEE T R M EH TCE 14
K2t » & reticulocyte B HELH AL R L BB H L IIE R
A (Fig. 11)» EF 7 TCEERKEHSG FEEZE (14 X » 24.1
mg): LA EHFHERSHEET > MELOHMBRER > B
—FEHERNEERE R EEREEEN TR
FtHAEEFHE TCEELSHENLTLEEEHER
FEHE > H¥ MMCFIEEZ M MN B IS UAE 77 o LB BR 92
TCEWR FTH R ERAEMOREmMITS LMHOER - thak
ERTEEENT 6 AR 14 R2BENEH MNBERNE D
L% FHE > WAERYEE % ¢ TCEH MMC 4 MN HIH A
—~ERENR  AZEARTFHRMMAERZRA > FUE
EESE — S H e o

A EFiS > BA5E TCE 7L in vitro B in vivo 75
mEEH - MMCEHE3 MNEANRE D » msEEAISH MMC
FHRE B OB SR EXEE o

o~ Khow SR

'ﬁt%%%@ﬁ%ﬁﬁ%%%’ﬁﬁﬁﬁﬁﬁ&mm%15

Eh:UEE L A A METEEEE 2 -

iﬁ’iﬁ%ﬁ—#ﬁZﬁ?ﬁ%&%@%&ﬁiﬁ(ﬁmﬁﬁﬂﬁﬁ@—‘%ﬁz

B o
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Fig. 2. The picture of micronuclei in CHO-_KI cells. .
bn: binucleated cells '
mn: micronuclei

Fig. 5. Fluorescent microphotograph of mouse peripheral
- blood cells using the in vivo acridine orange staining
technique for micronuclei.
ret: reticulocyte
mnret: micronuclei reticulocvte
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FHAREEERNNEERBIT(THD) SR BEEFEVERA T E - M
FBEZ H B A KT 5 picrotoxin EFCHE RN @ —BHER - &MAFH
BTSN CERAEBTEATHEENRZRRD T AREEERER
TRECEFRBHEFcRELE  KMAFHRLCBENEREFEEMN
k¥ » KB Z tremor, myoclonia, turnings 82 locomotor activity ¥ 88 =& 338 pn o
R ZAMALEASKERERFAREEHRNBEAE SHEK - N&EEE
1T Z % F A f# v] [% 1K tremor, myoclonia, turnings 88 locomotor activity Yy 2 4
fiE » T 2 A R R K B B IR B Rl Bk 2R o 3k M B & 31 THP X haloperidol
( —%& dopamine D, E!5Z B HIHIA ) W] LAHT & picrotoxin B & ) # 55 2 5 i
BIERARENITREEEHRNBRE SRR HAERERiER &
AR B U & BT A BE AR B /E Al F dopamine D, Y 5% #8 iz FH 7 1 #0 ) K
BHREREEE - FH THP 2 .LIMERMA/ER B W% H i (pharma-
cology, 1995) X o |

¥ Chueh, F.Y., M.T. Hsieh, C.F. Chen, and M.T.Lin DL—Tetrahydropalniatine—
produced hypotension and bradycardia in rats through the inhibition of

central nervous dopaminergic mechanisms, Pharmacology (in press), 1995.
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7%1”53&'{’?53%@;\
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2 89 32 33 | 69 4% A (Jin et al., 1983; Jin et al., 1985; Xu et al., 1985)
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codynamiase Et De Therapie, 258(1): 39-50, 1982.
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Table l Maximal changes in mean arterial pressure (MAP), heart rate (HR) and striatal DA release produced
by intravenous injection of THP in rats under urethane anesthesia

Treatment AMAP AHR APaCO; APa0, ApH AStriatal DA
mm Hg beats/min mm Hg mm Hg release n/mol
(n=28). (m=28) (n =8) (n=6) (n=26) n=28)
0 mg/kg 48x1.2 -2.6+0.5 -2.5£0.5 -7.0£2.1 -0.03£0.01 3+2
1 mg/kg -13.8+2.2* -11.3+£2.3* -3.1£0.5 -53x1.4 -0.04+0.01 61£7*
5 mg/kg ~-20.6+3.1* -27.5+5.3* -3.4%03 -6.2+1.3 -0.03%0.02 122+ 11*
10 mg/kg ~29.413.6* -42.5+6.5*% -3.6+0.4 -6.1%£0.9 -0.03£0.01 168 14*

Values are mean + SEM for the number of rats given in parentheses. The control values for MAP, HR and
- striatal DA are 97 + 10 mm Hg, 410 + 16 beats/min, and 209 + 19 nmolN, respectively. A = Difference between
) control values before and 10 min after the start of THP injection.

* p < 0.05, significantly different from control values (O mg/kg group), ANOVA.

Table #: Effects of intravenous injection of saline, amphetamine, apomorphme, haloperidol or THP on setir
MAP, HR and striatal DA release in rats

Treatments AMAP AHR AStriatal DA release
mm Hg beats/min nmol/
0.9% Saline 4x2(n=7) -3x1l(@=7) -4%+2(n=2)
_ Amphetamine -
N0.5 mg/kg 32+4(n=238) 42+5(n=28) . 55+6(n=8)*
-/1.25 mg/kg 48+ 6(n=8* T1£7(n=28)* 18622 (n=8)*
Apomorphine ’
0.5 mg/kg ~33+5(n=6)* -66x8(n=6)* ~12£9 (n = 6)*
1.25 mg/kg -54t6(n=6)* -105x14(n=6)* -128x13(n=6)*
Haloperidol
0.5 mg/kg ~13£2(n=T)* -15£2(m=7)* 85+9(m="T)*
1.25 mg/ke -47+5(n=238)* —62+6(n=_8)* 288+32 (n=8)*
0.9% saline + THP 10 mg/kg -31x£3(n=6) -43ﬁ(n=6)‘ 162+15(n=6)
Amphetamine 0.5 mg/kg + THP 10 mg/kg 3£2(n=6)** 4£2 (n=6)** 22127 (n = 6)**

Valu&s are mean + SEM for the number of rats given in parentheses.
* p < 0.03, significantly different from corresponding control values (saline group) ANOVA.
** p < 0.05, significantly different from corresponding control values (saline + THP group), ANOVA.
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NEF W E]Z{ﬁ tetramethylpyrazine
HABERBRDEREY
FRME 2R

EA R 48

B 5 B £ e S5 B2 Y

i 3

N1 55 % B tetramethylpyrazine A & 5 B Ik I & K FE#: < & :

e BRI E F %R AD tetramethylpyrazine (TMP) ¥ A % J& 8 Ik
#f serotonin(5-HT) 5|2 M ME R FEZ B - BEBRE R /R « TMP BB AN &
TERALIAFKNESZTFERERELEZR o TMP Z & & 7 HEM
theophylline {H @y & 5 A #; propranolol Fr fH 7 » [& B¥ & #f TMP Ef theo-
phylline #f J&§ € < SF R K FER B EFERA - W 4F » TMP w7 3@ b I & 4E 4%
AN c-AMP & & - 54 TMPMIAE EMEFRA - TMP #5-HT 5|#£ <
MEKBREKELZELRRE TMPAEBHE FTEEMH 5-HT 5| £
phasic responses * SRZE KB R » R % 5-HT 5| #2 & B FH o i X e 39 H i )
TER - ¥ AU LR EER : TMP ESFRIKSMEER > EsEERRERE
2 HE B A c-AMP R FHET 85 B DL 3 MR 2 B AT 3 o
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B XIHE

The vasodilation of isolated canine basilar artery by
tetramethylpyrazine (TMP) was studied by examining its effect on
serotonin (5-HT)-induced contraction. We found no difference between
the effects on intact and on endothelium-denuded preparations. The
“effect of TMP was similar to theophylline because propranolol did not
block the vasodilation. Also, there was a summation effect when the
pyrazine was combined with theophylline. Furthermore, like that due to
theophylline, the vasodilation was accompanied by an increése in cyclic
AMP. The pyrazine, as do other dilators, affected differently the two
separate phases (phasic an tonic) of the contractile response elicited with
either 5-HT or high potassium. The drug predominately suppressed the
phasic responses but both the phasic and tonic phases could be inhibited
significantly if the concentration of pyrazine was high enough. The
present results suggest that intracellular accumulation of cyclic AMP
and blockade of the release of calcium from internal stores may be
important elements of the mechanism by which TMP reduces the

development of tension in canine basilar artery.

Key Words: tetramethylpyrazine, 5-HT, basilar artery

A

Tetramethylpyrazine (TMP) 2 ) % F % hyz— > #IK

B Ligustici Wallichii R E 30 » A PR KK AALROKARR
sk fe K (1-4) - TMP A 33 Bacillus substilis ##8 2R # &

nl|‘4
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#H(5) e BAXBRIRE TMP Hu R AR - Kosugs » Ho &
Dai A (6-8) W& %L TMP THjok & K E Mk do i o AL &R
A TMP A 4F5k4 4 R A B ERIER -

B #¢ 1980 % Furchgott % (9) ¥ A& 4%, acetylcholine & —#&
TR AR AR MALEEBRAL T hEERYE 4o
substance P &%%ﬁ%#fﬁ’ﬁﬂ%@iﬁﬁf’ﬁﬁl@%‘ﬂ-ﬁ?ﬁ%lﬁIi?'-?fi
(10,11) » FRILFKAPI4L L 231, adenosine Z AT AR A R 2
& (12) o BEA LG R T RAE— 5 0AA B TMP 2474 545 ]
RELR ALY Fi—FI83H TMP LIS hiAz i - &
o RERZAGAH = : —  1f3 TMP #HEB X ARSR LD 2R
JEYE © =~ 3R3F TMP # Lk 45l 2 T He4% M #4538 o @ X Ein s & 2
AP R 5 R ¥ B 2 340 o

TRy ik

— BT

By oy AL RE 72 4% pentobarbital (30 mg/kg) AREEAE KA BP B AL
dr > 3 I PPREEEMALE  RRIK > EEAAE5% 02 &
13% CO2 4 R Krebs Rz ( 424 mM » NaCl 118 ~ KC1 4.7 ~
- NaHCO;3 25 » KHyPO4 1.2 ~ MgCly 1.2~ CaCly 2.5 & glucose 11)» £
Ml TRESINK » X0t 8 B &4 M RISy » I — N B
BEIH > BRENEEEY 34 EXRELSE b S Eh e
EAB A —BhENBERREE RS RS ERAE AT A
289 Lb— Bl R M B > B —583833 Grass FT03C
IRREE o BARIREHI S 20 EHEA 95% 0, & 5% CO2 A A
2 Kreb KR AMIEBIE Y » B 8H 37 C o 2B ALY Grass



FTO3C 77 $44835 > #4350 1%:£ %] Grass Model 7D %4 52 % 48324k 4%
TRAA % KA E 08 &> EEA ARG LT 60-90
DT EATESR o o AT EME T ¥ x40 T (1) YAACh (10-7-10-
5 M) Ae N E > KB RERE A BACh 34208 E IR
BJREEH & - (2) AFHXETFRMBEES - RERIME—R TR
R 2 B RRBE T R RRA Ry X, MaEHFRRALAX 5-
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M E 20 mg 2 A KEHMKE S 1.0 ml = 10% trichloroacetic
acid (TCA) # 4'C T R %Hi& & 8y B HT B WATE - R4 2500X g
R HS 15 548 Mdew LA REIN 25 ml 4 8o F N 5 ml
VAZRGOAn LB o AR E X/ RE | min - MRBRTER M A
TEBRRIRE N c ALEEZREMEARE - MRBATERFRIER
B 80°C Ak A 5 AR EARE TE » IR 0.5 ml AR RBER
70°C > #% 0.5 ml A 0.05 M sod.acetate » pH=6.2 #£#|A rad-
ioimmunoassay Kit & £ c-AMP (13) - & & H & £ 4| Al Lowry 7 %
(14) -

W~ R EARZ RS
#24% Bohr (15) & Hurwitz (16) ¥ # i jésin 2 Be R BB Z 0L
% RO A Z B ik AR S R R B AR B MR o BriR AR HEEAZE 20 B
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R s R BAEZ B 18124849354 S min 4% - A FER 5-HT 25
SPULHE R B TMP #b M3 a2 ik I R R B A8 2 %

F - HF
5-HT » Isoproternolacl » propranolol » theophylline & Carbachol 34
8% Sigma Co. (St.Louis, U.S.A)) » Tetramethylpyrazine B & Aldrich

) chemical Company (Milwaukee, WI) Radioimmunoassay Kit for c-AMP
B8 & NEN (Boston,US.A) ,

7%~ it oAt
WEANXE 1 mg BERE/AIIL mg KB A7 AHRETF
ML AERRE o AR Student's "1 test & T3 & A (P<0.05) o

TR

1. TMP # A K R EREAZFRTZ4RRE

) B— (A) B8 TMP # 5-HT (10-7 M)72 52 2 8 & Y B o 287 M R
FEHEH o TMP AZ|BHE (5X10-5-2X10-3 M) o & & &8 48 B 1447
TR K TMP HAKX X EATHGFRRBEREL TR
TMP Gl fe B 4F R R MR — A L RBIAFEME — B) -
TMP 40 #] 5-HT Z 45 1% 86% AR EH B & 2 mM o

2. TMP #f c-AMP = %% :
TMP FlR e E4FRRAKE @A c-AMP > R 4ibd
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isoproterenol #1 theophylline 4 bb#k o 2 1§ & T & A K E k¥ 5-HT
OWW@&m%éﬁ%wwmésﬁﬁw%ﬁgzm@mmoi,
BT TMP 4o £ B solb A4 mtaiE ) c-AMP » P3Aody c-
AMP # B # Bz s - @ S-HT A4 EFHE c-AMP > Hittafe
H c-AMP 30 %A% AT ERMZE R -

3. TMP # 5-HT 3l Al sgta 2 & % -
SCHT T3 de il i 4a i Bl = - TMP £ 0.5 & 1mM F

(P<0.05) ¥4l S-HT 3|Actkikiatase » TMP & | mM Firhligikis

(B =B) o 4 L& R386 TMP i i in i #1 4k Fl 8 A B -

4. TMP #&év5l 2l & X

B= &+ TMP #&srilemin a2 RAE G - ERBAT
TMP (10-3-2X10-3) JEAE TToHEH Sor5l 2 Falkss - X TMP
(10-3 M) A& T R4 Hopir ks Rk M BB E  RIFRARIE 2
X103 X £ & sz R kA0t LA HIIER -

- W .
AE BB TMP 314206 o % 47 5% BUR & — 8 38 Pk R M43
R o EbHARSIET T TMP 2475545 F & —# 35 1 & 475 dw 3]
# (B — A &B) - A LB RABHAMAE TMP 47358 RHE A 2 TH
”Wm%ﬁ |
— R At A o-AMP %, c-GMP 34T 3| Ae i 5477k -
AFBRERDE IMP X4 aBRUERAREGHE 0mEA c-AMP 7F
Mo MY HRERY cGMP EENELE - A S TREUER
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methylene blue (—# guanyl cyclase #74]#]) i# F# & TMP 2475
M ° & =8 propranolol T [LEf isoprotenenol 3 | A2 Z 473k & 4] c-
AMP %012 T %% theophylline & TMP 2 4735 & /& « s 3 -
Theophylline & TMP 77 & % 4840 /k Fl = dy it k42 2 B o3t TMP
B ERREHE B A c-AMP FFE o

t— % WE TMP % final common pathway 45:€#¢ > % - KF
MALH X EE (S-HT) REEEBMUEEE (F47) 34 TMP
HREZRE ) BRB+ SHT JR®mBA R Lot iR
H@FFRE » BRI K5 A NIA5,16)75 o Z0 5453 ki
ARERAET R 245 6 5h MA(17,18) « B 2 8 REF TMP (5X10-
4 M)# Heik A8 247 5] 15 ) 01 BR8P BB A8 (103 M) RIZEA -
HERHY TMP 2 B4FIRAEA 2 RIS I SIS MR o sesb 545
51 A2 M K B AR RO T AR verapamil (10-> M)Afdp 4 (12) 0 drdb & 3t
Has5 5 R ARG ELRAGNA - 4B = 355 TMP (10-3 M) £
%Wﬂﬁmmm’%W%kaXMJMWﬁHWMdWWMw@
He & R TMP # (rapid-activated Ca2+ channel) 4 F< 45 Fl « [k
BLEA TMP $#H394]45 & DUIE 4845 Rl S840 4045 iy RRIFE R - R E
) BRE o8B TMP Z4F dn %1k Bl £ 48 30 ) 45 ) L35 408 FE AL o

PN
CTMP BA4FEIS S Ve R » Jb4FEAE Bl TR oS dnifh, » BIL 7T
R TR LN th B - 2T EERAARYTREEIRAE

RE QRIS A MR BIEFERPTR - |
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Table 1 Comparison of the effect of TMP, isoproterenol and
theophylline on the cyclic nucleotide levels of intact aortic
rings. Values are means £ S.E.. Significantly different
(P<0.01). Control and test rings were contracted with 5-HT.
The test rings were exposed to dilators for the times

indicated.
Treatment N c-AMP % relaxation
(pmol/mg protein)
control 4 2.03+0.10
5-HT

(10-7M, 8 min) 5 2.02%0.11

5-HT .

+Isop. 3X10-8M) 5 4.02+0.24 637
5-HT v
+Theop.(5X10-4M) 5 3.68+0.16 62+8
5-HT o
+TMP(10-8 M) 5 377+0.22 6748
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Table 2 Comparison of vasodilator effect of TMP and theophylline
on contraction induced by 5-HT. The data are expressed
as means=S.E. The relaxation induced by each relaxant
is expressed as a percentage of the S5-HT-induced

contraction.

Drugs N % relaxation
Isop. 3X10-8¥M) 10 6214
TMP (10-3 M) 8 65*5
5-HT+Isop.

(3X10-8M, 1 min) 5 4.02%+0.24 637
5-HT+Theop. |

(5X10-4 M, 3 min) 5  3.68%£0.16 62+38
5-HT+TMP . '

(10-3 M, 3 min) 5 3.77£0.22 67+8
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Contraction (mg)

Contraction (mg)

400 7

300 -

200 -

100 A

[ ] 5-HT
[ ] 5—HT+'1‘{JP(5x10_4M)

5—HT+TMP (10 3M)

100

90 -

[ ] 5—HT
Bl 5-HT+TMP(5x10~4M)
5—HT+TMP(1073M)

\\&H*

_
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% %t DOH84-CM-010

MBPEIMAFE(IL)
REEHINREERMEHFE 22 Hh

HRAE  Bies s

CIRVASR-PNE-2- 337

] £:3

AREBEMELEBOES > EEURDNABE LHEREENA
o MIREDNAEETENR  BEEESERNEEEETREST
o BEELRSEEREERTR  WEB-BTSES - KE  $—HHEE
§§ (topoisomerase T ) 477 BB DNA LU b 58 5 AR RO BE 7 5 TO 28 US4
B§ (topoismerase 1 ) Il 2 %) FH &7 17 8 B 2 52 5% I T1F » "R & %5 =2 F) A Tyro-
sine f1 DNA # T EHE S -

EEREEHRFERSIG DNA MR AGEE  EFERALRES
MY S8 S DNA L EHSSFTERME D » #DNAERLK
hEEEEMNEEBRE RSB SHELEY -

A ERAPEREN RN S BELSYEERGETHERESE
9 B0 861 53 47 0 DA BEZK R BB B WK AE M 4T+ 3 A Densitymeter & & » K H
208 b % B R 0 B R R RS IS AU Y 1Cs, v M HLBOE SR RIS B
MR E FAEB B M SRR E R -
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XXHE

Topoisomerases play an important role in DNA replication, transcription and
repairing. Two types of DNA topoisomerases have been identified, topoisomerase 1
introduces transient single strand DNA, and Topoisomerase II are capable of passing
DNA double strands via enzyme bridged breaks. Both of the enzymes are covalently
linked to broken DNA.

Mammalian DNA topoisomerases are common targets for a number of anticancer
drugs. These drugs block the rejoining reaction by stablizing a cleavable complex
between DNA and DNA topoisomerases, and may be the cause of cytotoxicity.
Comparing structures between these drugs, most of them carry polyphenolic group.

* Inthis investigation, we screen the polyphenolic componds from Chinese herbs for
stimulating bleakage of DNA by DNA topoisomerase and compare the relationship
between their structure and activity. Then, we can find the common structure between
the drugs that contain higher anti-tumor activity.

B 1953 % Watson & Crick B X-ray ## Rk R BH M #EH
DNA B2 % 4 UERXRBCERERLHH DNA BEFEAHTE
HARAGEEFE EREZ recombination #IFT R, R AEZ KB
¥ DNA THABRBEH AW exonuclease &% KR §X174 phage
DNA & R¥#3# ¢X1774 DNAAcircular form. 2| B 47 % 1k &4 4o
Z phage DNA, virus DNA 8 X2 4B H#HE. Fe&W¥ S DNA o
plasmid A& 4% £ ¥ mitochondria DNA; ##1Z chloroplast DNA, F
HHEHBY BARRAEEWZ chromosomal DNA & H#H KRAME X
Z DNA %43 2 anchor # chromatin scaffold % nucleus matrix +
A —1EMBZ Joops, B DNA L A BB M BZ — BRI

1965 F Vinograd et al. # %64 # DNA RBHFEIBMA FIABHE
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L EARRLT DNA  RREZER,
T=a-f

£ F o (topological winding number) £ & 5&: # DNA duplex X — K]
Ri—tab F—BAHE-BAAREHEK B (the duplex winding
number) %4 DNA & TR LI ARHFZIT (unconstrained), DNA
duplex T X — A #3Z DNA duplex < P8P REX BHK @ o (the
superhelix winding number) 248 DNA duplex ¥ 4 % Z 48 8t pd P38
L BTEH | |
© a: linking number (LK)

p: twisting number (T's)

T: wristing number (Wr)

B DNA BH eI IhLHmp T RALERS
DNA LK LB EHE EHAK Ecoli FAETAE supercoil form
DNA relax Arelax form DNA LB % 2| 1976 % Gellert et al. 2] #7
BB R T XA #6 ATP M4& supercoil form DNA # A relax form DNA .
e enzyme ® & & gyrase. F & WML HHZMW(105kDa) a &
~ (95kDa) B polypeptides. o #* DNA binding; ™ § = ATP K&A M. &
) Htmig relaxing enzyme (topo I) CWREFRELHIR 2 TFEH S
100-110kDa, H#safe 5 —HMAE ATP ¥ cofactor < DNA relaxing
enzyme (B EHBEF ) LARRY R gtz P8R R 24
homodimer, % — polypeptides <% T & 4 .4 170kDa, # N #% aa.
sequence ™ gyrase Z o subunit ¥ a.a. sequence 1844; @ C v gyrase
Z. B subunit % a.a. sequence AR L& $ FXHF R DNA oL LR
KOmESMBETH B DNA HE RNA IHF HEADNA U=
BRI RRI NG A MERRBEFZIH WS F LR
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B A &4 DNA Topoisomerase £ R B AL H A M F HRig4k
supercoil form DNA %% relax form DNA ¥R #H £ R T2 %
Topoisomerase I & Topoisomerase II W (Ref 1-4). Top I TEAR—§
B DNA BT R ¥R 24 JBBATHAS A2 BRI AW @ Top
I ARAER—EK DNA MR TR A WEE ATP IBFLET
FEARM ATP HAFRE RFABEAZHY AR EZERABRS ﬁ
MTHERANEOTEEH (I SDS) M EHEBEEF supercoil
form DNA B&ZIERE THEIEREZ DNA T HEW G EFEDR
(SLE ).

TR R — A LZHAERAERILAE @ (Camptothecin,
doxorubin, actinomycin D, epipodophylotoxins, VP-16(etoposide), &
VM26(teniposide)(FF &3 & Hi L 8k 1), AR e B B K E A H
ZRE ETHEFRBRFARE EEH T O e B < o B 4T ¥
Topoisomerase T & II, #H A E# 4 DNA LMk, EBHAZ
DNA #4174 8 X #F#F Topoisomerase ALK, EEXF DNA
Bz v HAH Mg mpe B aRE )

ARGE S VEF s d et RS LA AR DNA
AR R — SRR AN —RTGE R A
BAERBEXZE M ATRMKELELEA ALH &HH Ei
WA BRTIEHTERRRY Ad RFPARRZ
DNA Topoisomerase I ¥ & R KB XK , YA supercoil form plasmid
PBR322 & LB H  7X 1% agarose gel Y &% supercoil form # relax
form DNA X LA E@&BAE KK A density meter #Hi, BB R
form DNA EXAH A ERREMREERAEN EEAREHT
#2474 DNA Topoisomerase FHZ FRE#ER LY |

— 216 —



L sxEa)

I HRBRETR ERIEIETE KAE XS Fréah PEF A0 14
HE L BERRESARBRIE LY | | :
DRARCERREF > REZBRAN R B REERELMRA
B TR AT RAE |
SHOAMETHEZ T BB TEFHANE NSO XRBEREL R
BEMEKEY.

485

(1)Topoisomerase L,pBR322 plasmid DNAS% A promega”® @ Proteinase
K % B BRLA 4.

(2)Tris, KCl,MgCI2,EDTA,SDS,DTT, Acetylated BSA,EtBr# & sigma 2
&l

(3)Agarose | B A BRL2 4]

¥ LIS B iRees B RBAE

w7k

R 3T TS T2 PRSP
AHTEBERAGELMRINRELEZ TR T AR 4K
B K IA100 % DMSOF 8, 73+ 208 FRZ 2 #T
—Topoiaomerase I HEARFERIRY,
# ¥ % 3 N A 300 mM Potassium Phosphate(pH 7.5), 5SmM DTT, 0.2

mM EDTA, 0.2 mg/ml acetylated BSA, 50 % (v/v) glycerol. 4 SF iR &
410 unit/ulZTopoisomerase I 780 miﬁ*%iﬁ&ﬁ{iﬁ%%;&%z
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unit/ul.
= Topoisomerase I & B2 # 2Tk

| AT %R E 2 AR F Bastow (Ref 10)Z7 % B 40.5 ulZ &M
8% (50 mM Tris,pH7.5, 50 mM KCl, 10 mM MgCl, 0.1 mM EDTA).Z®.
A2 ul(0.125 ug/ul)ZpBR322, 0.5 ulX T R F & s A (55100 % DMSO
F). & £ AmAL5 ul(2 unit/ul) Topoisomerase L E37TET RR30AT4E,

5 A5 ul 11 % SDS (F#50 mM Tris-HC, pH7.5)1% £ K& SR F
#mA2.5 ul Proteinase K (25 mg ##50 mM Tris-HCI, pH7.5. 50 mM

KCl, 10 mM MgCl,, 0.1 mM EDTA, 20 % (v/V) glycerol (4’), #E

BT RIE04E. |

3 A2 EBr1 % agarose gel, TR100 v, BBTKE, B A REBrZ K
BRREEZ -

43 s BE W1 B, LB q s R 024 EMBER R
40 g/500mlL BB ACKR T & RA, #ee XA densitymeter
THREEZL,

5P E R HAIHRERL T

B & A EME100 %-(S-A) %
s & F ¥4 Fagarose gel £ supercoil form #7146 Z A &34,
A H B a0arose gel L relaxed form AT4EZE & A,
%1 B 71 YAIC5o(50 % inhibitory concentration) R .

6.l A+ B 8 Ftopoisomerase 1 B :

Bk ST AERT R0 %ARERER BERRBRREE,
Tl celite-545 THREARERBAGEE —LHET LARFIFR
BB HRASY. LBRE RAFTEREEAephadex LH-20 &
B EACEFRBHSAM SN SRR Bk bE
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Hsephadex LH-20F #4780 % P HA SR FREE% ALV E®
MCI-gel CMP-20PE # &30 % T B #4% £{()-Epicatechin; %2748 &
Y142 ¥ sephadex LH-20F #fo F 8EF 4247 2 (-)-epicatechin-3-O-gallate;
5 AL 4 ) JL4E FTMCT-gel CHP-20PE #2130 % F BEAE R ¥ &
4 W sephadex LH-20 *A T B¥ ¥ 32 #£ & 2| (_)-epigallocatechin & (-)-
epigallocatechin-3-O-gallate. FEA A& AR e B B Ao S AT
%4&’5‘%{%7& R E&RmT o LMk
7. R AR E i 4] topoisomerase Iﬁi—f}‘ :

ARBIAALZAMNERRY FhoLBERESMRE Aok
FBATy ik AaRef 12: 8 6 T F BJE 7 & B ¥ Z 4 (Lonicera japonica
Thunb., FA£RIE)TEF 6N A hn-Hexane Z B BEIE B % n-hexane
REBETAREI BN AEBTAT BRI M EBURM0E T RR
R4 Edcelite T HRE RA U RER FELWRR E QR TR
R AREATERT BT EREL(E =),

&0 8T IF . RERERAY, St hsephadex LH-20E 4 B & K. T8 &
o #k FEIAL A2, A3ZHE, BXHAAMCI gel ZODSEH AR
Rl 2 BB AT S de BEAL D B 2] L] (protocatechuic acid),
) A2 #F £ LJ-4(methyl chlorogenate), A3#F £{1J-3(chlorogenic acid), LJ-
9(luteolin), LJ-10(rutin), LJ-11(4,5-di-O-caffeoylquinic acid); % R ERER 4}
KA BREILLL, LI-2, LI-3, LI-9, LI-10, LI-11 ¥ ~# A4 (B =) &
T B8R 23R40 7 & sephadex LH-20% B A T B ACE IR 47 28 M1
M2##4r; M1 BIMCT gel &sephadex LH-20F 4%, #A60 9% F Bf T
Bf & B & AT 2 B 7 2] 11-5(3,5-di-O-caffeoylquinic acid), & LJ-
6(methhyl 3,5-di-O-caffeoylquinic acid); M2 | &BODS EH A F B K
& 74 %% B ¥ 4 84 2LJ-2(methyl caffeate), LI-7 (3,4-di50-caffeoquuir1ic
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acid), LJ-8(methyl 3,4-di-O-caffeoylquinic acid); o P EEERAY , R EF
2(LJ-2, LJ-5, LJ-6, LI-7, L]-83% Z M sty (B =B).

REBIF FIHEERW BT+ — LM THRAXR=
#8 . phenolic acid(LJ-1, LJ-2), flavonoid(LJ-9, LJ-10),
caffeoylquinate(LJ_3, LJ-8, LJ-11); A caffeoquuinate&ﬂaVOnoidﬁ L4
M EEES RBALEZERG, HLTF BEEBRYrETAFIEERS
z AL F , igExcaf’feoquuinate&ﬂavonoid’»’fﬁ(LJ-4f’érﬁ’]‘)?'k’f/lE PR sk
B EEWR A S hRE RSB AEITET A LELER
ST RS, =

8.2 “H#+ ¥ & #topoisomerase AT

AT BT Z K (castanopsis hystrix, LR B Fa#Rm B 6
BB EEGETRE LS ERAT KoRef 13-16: KK
BEHEEREBRE TRFHHEBRET 10507, £EZRTHR %
AEAE IR REHM EBRBR KR & Hsephadex LH-20F HRE
VA B R B ESE BT BB, B F 1 BAMCI gel B4
A 7K . F BEAE S 3 4% 2 4-0-galloyl-(-)-shikimic acid 7 5-O-galloyl-(-)-
shikimic acid; %2 ¥4 2 B BAMCI gel &4 A K- T HAEER,
cosmosil 140 C18 EHE A K. F B I R toyopearl HW-40/A K- F B - )
& 5347 ] 5-0-galloylquinic acid, 3-O-galloyl-(-)-shikimic acid, 3,5-di-
O-galloylquinic acid; &# X LMk

9. % A B & Ftopoisomerase 1A (Ref 17,18)
AERABREHHEAAGF AL ERRET LEHAMEKS 6.
10. 8 RA+¥ 8¥# #topoisopmerase A5 (Ref 20)

ARRAREEAGHERFHAYN 4 h 5 AR B XRE W

RATHRA & X UMk,
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| 11. kﬁﬂ'ﬁgﬁ%%ltopoisopmerase Iﬁ&.{ﬁ\ 25*?%7%317{&*‘,‘6‘3%%
ETx#EBE#AN #aé k%ﬁi‘%ﬁﬁffrﬁ# LB B ALES.
R LM

FRERRHS

LWL ENSERTFFRERQR MR Topoisomerase I 7

M A HF |

WBBRTErES. (-)Epicatechin,(-)Epicatechin-3-O-gallate, (-
)Epigallocatechin(-)Epigallocatechin-3-O-gallate, 7 #7 #] 5 & LI & %
MR (LE ), ETa A+ RAXSEHZIC, (LK), 54 1.06 uM
1.85 uM, 2.5 uM, 3.2 uM,EFRERFE B Th. oz EEBFHI X RS
H-OHA R #, FARFREMS RZHAF RILA -OHJE(S&%
- Ribgalloyl & %,

DR.BAMNERIENREF FERRD I H 24,

RERHHBARABT RELEHZC MAR) HBLLHZ
R S, £R1-EH A caffeoyl group B, 5 —caffeoyl group #HR4Z .
) MRBIERIME EH Hh R4-EZ carboxyl groupfit-F& % — ﬁ-ﬁ-z
FRA, EMT EAMEEE HHARMRE TS
3.3 AR P AR A2 1S M

Rl R RIC, (R B 8 & &) & RE B, (1) shikimic acid & &M
ZHREZEAFRKERALS Aquinic acid® EMEMA (2)£ 48
REREHZIERT RAEKARS AlHHXRECH GyEmR#
ABRRAZHERT, galloyl group ZER1-EA B HHH R
4.5 AR AL 2 B A R O 4 047
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WA IC, ML E 9 ks) EHRERLER C5LXARTA
Cmiii&%ﬁa%wﬁ%%ﬁﬁ%%ﬁkkﬁﬁ%,

s EHHAFCHAREF LA XBAGMETHRE T oM FHA
AR EBE10 ug/mlZ YT FrelZRS k&0 %A ERLE
6).
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Fig. 1. Models for the initial steps in the strand-i passing reactions of eukaryotic topaisomerascs | and Il and for the formation of cnzymc—lmk’
strand breaks (adapted from Ref. 62). Top: Topoisomerase L (A) Topoisomerase | and substrate DNA. (B) Enzyvme bound to DNA 1
noncleavable complex. (C) Eazyme bound to DNA in the cleavable complex. Treatment of the cleavable complex with SDS or alkali can resuit o
single strand-break in which the 3° cnd of the broken DNA strand is linked to denatured enzyme. Bottom: Topoisomerase U1, (A} Topoxscn'ncﬂs\71
homodimer and substrate DNA. (B) Enzyme bound to DNA in noncicavabie complex. {C and D) Enzyme bound to DNA in the daﬂﬂ
complex. Treatment of the cleavable complex with SDS or alkali can cesult in a single- (C) or double- sln.nd break in which cach S broLcrL DF

strand is linked to denatured enzyme. |

Fig 1.The Mechanism of Topoisomerase I & II Binding with
Supercoil DNA
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FORK ARREST

3
3
{

CELL DEATH

Fig. 2. Schematic diagram of a possible mechanism of <amptothecin-
induced cyto(odd(y.ﬁC.amp(othccin and its bindimg sitc on topai-
somerase 1 are represented. The cleavable complex s apped when
“camptothecin % bound to the enzyme. Interaction ef the trapped
cleavable complex with the replication fork resafes replication

arrest and fork breakage, which lead 1o celf doh

‘Fig 2. Schematic Diagram of a Possible Mechanism of
Camptochecin-Induced Cytotoxicity.
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- Lonicerd japonica Thumb.

n-Hexane extract

Y Y
Hexane Fr.: Residues

MeOH extract
conc.
Celite column

Acetone MeOH

\Z %
Acetone Fr. MeOH Fr.

Fig YA. Erdotidiation of the extrgeiSfri the flowerbiudssof Lonicera
jopoiicaThimb.
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‘AcetoRéEr MeOH Fr.

Sephadex LH-20 Sephadex LH-20
(MeOH/H,0) (MeOH/H,0)
v v \% ‘L "l’
Al A2 A3 M M2
MClgel =~ Ipcrgd  |ODSed MCl gel
(MeOH/H,0) | (60% MeoH) | MeOH/H.0) (60% MeOH)
8133 f‘;‘\;[ oM Sephadex LH-20
(] [
, (EtOH)
v vy MO0
LI-1 LJ-1 A3l LI-9 (MO
ooy Y v
| (MeOH/RO0) 115 LJ-6
T _
v \% v r |
LIl LI10 LJ-3 . Y .oy

LJ-7 LJ-8 LIJ-2

Fig2/B. Further fractionation of acetone and methanoél fractoions from

Fig A,
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" Fresh fruits of Anndﬁ‘re.:date

*-r

extxacts with MeOEE x S
Y
MeOH extracts

conc. to remove Ne=(OfH

(CHCITIO)
! V
H,O layer ' CHC. layer
Ethyl acetate
1
| |
Y M Si0, voluma
H,O layer EtOAc layer
! n-Butanol { Sepaadex LH-20
‘ l | S10. caiumn TLC
\ 2 . \4
H,O layer n-Butanol layer |
\4

(-)-Kaur-16-en-15-oic acd
v
Methyl-16B. | 7-dikydroxy-(-)-kauran- 19-oate
Mixture of 17-kydroxy-16-B-(-)-kauran-19-oic acid

-and-17-kydroxs-16-a~(-}xauran- 19-o0ic acid

F1g 4f\The flow chart of isolation of kauranes from the fruits of
Annona retzculate
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Fresh fruits of Annona squamosa

extracts with MeOH x §

Y
MeOH extracts
. conc.. lo remove MeOH
(CHCL/H,0)
! !
CHC], layer H,O layer
3% HClI
|
l |
\Z | v
neutral of CHCI, layer acid layer
Si0, column’
Sephadex LH-20
TLC
HSCCC

Y
16p, 17-Dihydroxy-~(-)-kauran-19-oic-acid

(-)-Kaur-16-en-19-ol

16a, 1 7-nihydromye(-)-f<aur;n-1 9-oic acid
166, 1 7—Acetoxy-(—)-kauran- 19-0ic acici
(f)—Kguran- 19-al-17-oic acid

16B, 17-Dihydroxy-(-)-kauran-19-al
1683-17-Hydroxy-(-)-kauran-19-al -

Fig. 4'BThe flow chart of the 1solat10n of kauranes ﬁ'om the frults of
Annon squamosa.
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Stems and leaves of Phyllanthus myrtifolius Moon.

v
40 °C air dry
(9.7Kg)

N
95% EtOH extracts
(690 g)

Y,
Partition

CHCl, extr. 170 g
EtOAcextr. 29 g
n-BuOHextr. 250 g
N H,O exw. 238g

CHCI, extr.
Hexane
Y Y
ppt Silica gel
1 MeOH/CHCI,
| Toluene/Acetone
\Z
Phyllamycin A

Phyllamycin B
Phyllamycin C
Retrojusticidin B
Justicidin A
Justiadin B

Fig. £ The flow chart of isolation of lignans from the stems and
leaves of Phyllanthus myrtifolius Moon. '
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®  (-)Epicatechin
®  (-)Epicatechin-3-0-gallate
A (-)Epicgallocatechin
v  (-)Epigallocatechin-3-0-gallate
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a0
80
70
S
> 60 1
=
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Q
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= 30 -
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0 - ! l = T |
0.0 0.2 0.4 0.6 0.8 1.0

Inhibitior Concentration (jtg/ml)

Fig 6.The Inhibitory Effects of Epicatechine and It's Derivatives
on Topoisomerase I.
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3,4-di-0-Caffeoylquinic acid
3,5-di-0-Caffeoylquinic acid
Methyl-3,4-di-0-Caffeoylquinic acid
Methyl-3,5-di-0-Caffeoylquinic acid

4 rme
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Enzyme Activity (%)
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[-a1bitior Concentration (pLg/ml)

Fig 7.The Inhnbitorv Effects of Caffeoylquinic Acid and It's
Derivatives on Topoisomerase I .
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3,4,5-0—ga!loﬂqulnlc acld 3,4,5-tri-0-gatloylshikimic acid

] L]
- & 3,4-di-0-galloylquinic acld u  3,4-di-0-galloylshikimic acid
A 3,5di-0-galloylquinic acid A 3 5-di-0-galloylshikimic acid
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.70 1
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=4 8
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104 @ )
v \ A
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L4 3-O~ga_lloy‘lshildmic acid
®  4.0-galloylshikimic acid
4 5.0-galloytshikimic acid

Enzyme Activity (%)

[nhibitior Concentration (1g/mi)

Fig 8.The Inhibitory Effects of Shikimic Aci
i f Shikimic Acid and Quini .
on Topoisomerase I. nd Quinic Acid
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Acetyl-Annoreticuin-9-one
Acetyl-Squamone

®  Annoreticuin-9-one
®  Squamone

A Annoreticuin

z Acetyl-Annoreticuin
]
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60
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Enzyme Activity (%)
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Inhibitor Coneentration (lLg/ml)

Fig 9.The Inhibitory Effects of Squamone and It's Derivatives
on Topoisomerase I.



Table I

DNA topoisdmerases of various sources

iglibstitute K*

spermidine not needed
ATP not needed
jahibitor

direction of - to 0
Bupercoiling o
Iinkage to 3' OH
A yr-5'p

required

required
for negative
supercoiling

gvaa:
nalidixic acid
oxolinic acid
gyaB:

novobiocin
coumermycin Al

- to 0 (ATP-)
0 to - (ATP+)
3 OH
tyr-5'p

not needed

not needed

camptothecin

- to O
+ to O

Prokarvotic Eukaryotic
Topo I Topo II "Topo I Topo II
(gyrase)

Zharacteristics
Fr (kdt) 100 gyaA 105 110 170
v gyaB 95" ‘
féomposite monomer tetramer monomer dimer
Hg2* required required activated required
jg required required réquired required
Nat to ves no ves- ves

not needed

required

mAMSA
VM26
VP16
WA

red-120
- to O
+ to O

3. OH
tyr-5'p
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Compound , v Ics0

uM)
(-)Epicatechin - 1.06
(-)Epicatechin-3-O-gallate 1.85
(-)Epigallocatechin 2.5
(-)Epigallocatechin-3-O- 3.2
gallate

Table 2.The ICs) of (-)Epicatechin and It's Derivatives .

Compound 1 ICs0

(M)
3,4-di-O-Caffeoylquinic acid - 5.88
3,5-di-O-Cafteoylquinic acid 8.85
Methyl-3,4-di-O-Caffeoylquinic 8.90
acid .
Methyl-3,5-di-O-Caffeoylquinic 15.4
acid

Table 3.The ICso of 3,4-di-O-Caffeoylquinic Acid.
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Compound IC50
(HM)
3-O-galloylshikimic acid 1.25
4-0-galloylshikimic acid 425
5-O-galloylshikimic acid >10
3,4-d1-O-galloylshikimic acid 0.058
3,5-di-O-galloylshikimic acid - 0.13
3,4,5-tri-O-galloylshikimic acid 0.015
Compound | ICs0
(M)
3-O-galloylquinic acid - >10
5-O-galloylquinic acid - >10
3,4-di-O-galloylquinic acid 0.128
3,5-di-O-galloylquinic acid 0.254
3,4,5-tr1-O-galloylquinic acid 0.053

Table 4. The IC,, of Shikimic Acid and It's Derivatives.

Compound IC50
(UM)
~ [Annoreticuin-9-one >10
Squamone >10
Annoreticuin >10
Acetyl-Annoreticuin 6.31
Acetyl-Annorzsticuin-9-one 8.10
Acetyl-Squamone 9.20

Table 5.The IC50 of Squamone and it's Derivatives.
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- Compound Conc. | Inibition
(ugmh| (%)
Methyl-16pB,17-Diacetoxy-(-)-| 10 <10
Kauran-19-oate
(-)Kaur-16-en-19-oic acid 10 30
Methyl-16f,17-Dihydroxy-(-)- 10 <10
Kauran-19-oate
Methyl-163-Hydroxy-17- 10 <10
Acetoxy-(-)Kauran-19-oate -
Methyl-(-)-Kaur-16en-19-oate| 10 | <10

Compound Conc. Inhibition
(Lg/ml) (%)
Phyllamycin A ' 10 <10
Phyllamycin B 10 <10
Phyllamycin 10 <10
Retrojusticidin B 10 <10
Justicidin A 10 <10
Justicidin B 10 <10

Table 6. THe Inhibitory Effects of Kauran and Phyllamycine on
Topoisomerase 1. :
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Camptothecin

o
: — 0 —
ﬁ ’ C Ic, X o <
n, —— T var——— Drg oGy =gy,
@ g 2 | ° :
% _
N———CH,—CH,—-N\
s o] N
¢
O { ] :
ll b
» N . 0 H,C C— N"' ovv—Drc HQGIV——H(.fj
' Amonafide 0 NHz
Actiremycin D
o
0 OH I
C—CH,0H
Voo
H,CO 0 oH O
Elliplicine
)
HyC
NH,»
OH
H,CO
Adrtamycin
Cenistein Ztoposide
NHSO ,CH,
-.Co oK .0 i (CH ), NH (M),

oH O -.-_———(cH,)7—NH—<CH,),"3

m-AMSA

-

Mitoxantrone

Apendi'i 1.The Stl‘li"cf_»i‘lft;’é:s‘:;“_ﬁ'&hfitumer Drugs
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‘ Ri1 R2
(-)-Epicatechm ., wun OH H
(-)-Epigallocatechin =~ < wan OH - OH
(-)-Epicatechin-3-O-gallate - wt Q-galloyl H
(-)-Epigallocatechin-3-O-gallate - O-galloyl O

Appendix. oL Structure formulae of isolated polyphenolic
' compounds from Camellia sinensis.
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Caffeoylgquinate

Monocaffeoylquinate R R,
Chlorogenic acid Caf H
Dicaffeoylquinate
3.4-di-O-caffeoylquinic acid Caf Caf
3.5-di-O-caffeoylquinic acid Caf H
4.5-di-O-caffeoylquinic acid H Caf
Methyl 3.4-di-O-caffeoylquinic acid Caf Caf
Methyl 3.5-di1-O-caffeoylquinic acid Caf H

Caf:Caffeoyl group

Luteolin

Rutn

Caf
Caf

Caf

a¥e

™

aslasiasierian

00

Appendix. 3Structure formulae of isolated phenolic compounds
from flowers of Lonicera japonica Thunb.
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Gallovlshikimic acid

3-O-galloylshikimic acid
4-0O-galloylshikimic acid
5-O-galloylshikimic acid
3.4-d1-O-galloylshikimic acid
3.5-d1-O-galloylshikimic acid
3.4.5-tr1-O-galloylshikimic ac:d

R1
G
H
H
G
G
G

0OO0TQI IO

OH
Galloyl group . —C \ Y O

OH

Appendix. 4iStructure form:lae of isolated phenolic compounds
from leaves of Castanopsis hystrix.
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(continued Appendix. 4)

Galloylquinic acid

3-O-galloylquinic acid
5-O-galloylquinic acid
3.4-d1-O-galloylquinic acid
3.5-di1-O-galloylquinic acid
3.4.5-tn-O-galloylquinic acid

Galloyl group:
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Annoreucuin-9-one

OH
: s CHsy
T T ST I
| O O 0
‘ \,/\/\/,/ \\J/\\/\C H-
-OH .
~ [soannoreticuin
O_\‘H e
; ’ N _H-
/(\/ \//\/,_/\\ 5 - \//\/ /\.‘/
L5 077N, ©
TN N S~ -~ A~
1/\v - . <_ CH;
OH

Squamone

Appendix. {Structure formulae of isolated polyketides from
leaves of Annona reticulata.
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(continued Appen - ()

e ococH,
. 30

OCOCE.
Acetylation of Annoretreun-9-one
OCOCH- OCOCH,
| /\)\/\/ ""\"\//\\.//CH;
T h X
' H _ e,
\/\/\/\/\'CH’}
OCOCH. | |
Acetylation of [soannorcucuin
: Q
’ X i ~~._-CHg
: o] o C
\<}—{/\ ~ O
l ~e - M :’_{

Acetylation of Squamuone



Methyl-16f,17-Diacetoxy Methyl-16B-Hydrox

-(-)-Kauran-19-oate 17-Acetoxy-(-)-Kauraz-19-oate

"COOCH;

(-)-Kaur- 16-en- 19-oic acid Methy-l-(-)—Kaur- loen-19-oate

Ry R2
Methyl-168,17-Dihydroxy H CH-OH
-(-)-Kauran- 19-o0ate CH-OH H

Mixture of 163.17-H iroxy-(-)

-Kauran-19-oi¢ aviz :nd lou -
17-Hydroxy-(-)-Karein- 19-oic acid

Appendix. L Structure formulac of isolated kauranes from fruits
of Annona reticulata.

— 246 —



,\—, J

,D Ry =hH .Ry=0CH,
=H R, =H

Phyillamycin A
Phyvilamycin B
Phyvilamycin C
Rerojusticidin i3
fusoadin A
Justicrdin B

L T T S B B R

)

Appendix. rl Structure formulae of isolated [igrl;irls from roats
and stems of Phyllanthus myriifoiius Moon.
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% 3% DOH84-CM-011

S FIBA D 2 2

% & K

B 37 P R B BE T 52 A

17 E: 3

AEHEN R A T o B SRR S Arctiin I Arctigenin
DR EE B ERREE AERN SRR AURNREBT RN 4SS
FooBgEs BRESSTOHER - ABHFUEERSBEULHMNET
BEIHAR - BEESRETEENKEY > 56% > ERVWERBEF
BRE EFSH TRESIAEERS - RERERS THEUWE
REBFEES  REUBERNFR BESHEZEES - SEES
AR BTHEE -

Abstract:

The aim of this project is to isolate the components
of arctiin and arctigenin from the seed of Arctium lappa.
These components are used as standards to detect the con-

tents of the extract of the Chinese medicine for the De-
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partment of Health, Executive Yuan.

Thé ﬁethod wag to blend the seeds with water and then
the mixtrue was thfacted with hot acetone three times.
The extract was concentrated to 15 liters and the oil layer
was removed by separatory funnel. The aqﬁeous Iayer was
basified and extracted with chloroform. Arctigenin was
dissolved in basic aqueous layer due to phenol group. The
arctiin was also remained in the aqueous layer due to its
high polarity. After the acidification, the aqueous solution
lwas extracted with chloroform and n-butanol. After removal
of the extracts, the residue were subjected on Silica gel
column chromatography. The two crude products were eluted
from the column, which were rechromatographed with the same
methods. The above products were further purified by multiple

recrystallization, Five grams of each component are submitted

to the Government.

)

m+

THORANFTEARNRS » YU R I EOHEFHRASREGETAR
SRR BRERE OMEREANGHALLLRIET » Hiw
BMHAUMELARE L RADSMARBTHRSASE
o A HBEAAZRE O

i%ﬂﬁ%&%ﬁ?&?%&%%ﬁ&i%%»m%%?%
GBENET O RAAT LT REMI TR BRI Z RBREIH
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ABBEAELT » AABREAFT  QHEARSGFTIHBER
s VIR BB R o '

AHEQANALBARDAT S WAL BRETE
R FEFHIEERKS Arctiin Fo Arctigenino

AR
EEMFFTFHAELTRCHEI LS ;

Rt |

b3 3 Silica gel 60 (70-230 mesh) » Merck ;
TLC ¢ Silica gel 60 F254 > Merck ;

NMR : Gemini 200 ;

MS ¢ Finingan Mat TSQ-46C ;

HPLC Column ¢ 5C-18 (4.6 x 250 mm) » J.T Baker ;

BREZFFFB0 XF) ~eRkARHRITEL » ERAA
RN » WAHE (100 25t~ /& 50 F) ¥RZK o HEE
BRARUME 15 RHA#H » R 10 % et RFBERIEL » B LR
Wil Rk o R BR R AIA B AL B 00 4.0 » BH I AEAY
FodE TR o R ERBRBRAHNIEEE » MAFRR
REEAREE 3 ET 8 RICRAM G R 0 R HA B2 4 E TRy
SHENDER N RHBTXEA BB B F4 (100 x 10 cn)
LR 5% VE/RAF Bfisidn 0 R B R THYILHAE 105
s BITHY o £1TH & RATE A By Arctigenin » #4254 b 2 4
BA U B A Aretiino M4 A TLC E~ Xk E
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R AR R FEZRBRFE  ARELEE o AR
#7 Arctigenin #e Arctiin FAEE M o 2 FA 30% & ER
Ee A 5% PE/EAF BisiAn » HBBENETE (100 x5
em) k-~ #iTtad o REMGRES MY » XK FRAL RN
F R HIT4AE 0

% ¢

Arctigenin 7 TLC L » A 10% LER LA/ RAF X 60% L
BAEs [ EE Y AMIE s ARf = 0.4 @ Arctiin WK 20% ¢ B
[§45 ABeg » L Rf= 0.50Arctigenin THELK-LERLE
PSRk HGERRANK R Arctiin TRPHF-LARLE
daLLR HatstikElho BES B R THER

Fr 43 thArctigenin fo Arctiin Z B i X BN
A wA (1, 2) 0t HPLC 45 & PF4eT ¢

#m 1: Arctiin

o s 5C-18 (0.46 x 25 cm)
Higndn z  46% TE/K
y: i S 0.5 ml/min

o4k ¢ 230 nm
#egadrd ¢ 13.60 nin

o 2 Arctigenin
BAE ¢ 5C-18 (0.46 x 25 cm)



AEhAn s 45% PEL/K
AR e 0.5 ml/min
Heohdp sk 2 230 np

M ed] : 38.45 min

Rk

Rahman MMA, Dewick PM, Jackson DE, et al:Lignans of
Forsythia intermedia. Phytochemistry 1990;29:1971-80.

Nishibe S, Chiba M, Hisada S:Studies on the Chinese
crude drug "Forsythiae Fructus." II. Syoyakugaku Zasshi
1977;31:131-5,

M &% <

)

10.

1
2
3
4.
5.
6
7
8
9

Arctigenin Z i
Arctiin 2 # &
Arctigenin X § L#¥EH
Arctigenin X g§-13 A2 F
Arctigenin Z DEPT # #H
Arctiin X g A #E
Arctiin X g%-13 %M
Arctiin % DEPT %R

‘Arctigenin % HPLC W3

Arctiin % HPLC H i
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<Abstract>

Survey and Compilation of Formosan Medicinal Plants

The first book of Formosan medicinal plants —"A Guide t6 Folk
Medicinal Plants of Taiwan" was written and published in 1924 by a
Japanese forester Sasaki Syun'iti. This book included 579 medicinal
plants and still beihg the important reference for medicinal plant
studies. : ‘ o

increased year by year and reached a number of two thousand,
estimately. Some of these folk remedy plants indicated clinical
effect, but the actions of a majority are still uncertain.

In the past 70 years, the number of medicinal plants in Taiwan

. The major works of this study are: (1) Complete the suplement
“and translation of Sasaki’'s "A Guide to Folk Medicinal plant of
Taiwan" into Chinese; (2) Survey and compilation 231 most effective
clinical used folk remedy plants in Taiwan;(3) Full colour photograph
of each plants were added.
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i =

3

&k LS R AR RO B

M Helminthostachys zeylanica (L.) Hook.
¥ ¥ Ophioglossum vulgatum L.

A% E R Cyrtomium falcatum (L.f.) Presl

B AR A% Asplenium trichomanes L.

4 M%&H% VWoodwardia japonica (L.f.) Sm.
.R¥ B &4 Davallia divaricata Blume

.M B Davallia mariessii Moore ex Bak.

Co =1 O U1 x> LW DN =

. & ¥ Sphenomeris chusana (L. ) Copel.

9. %5 ¥ Lycopodium cernuum L.

10. &## Lycopodium clavatum L.

11. % £ Selaginella doederleinii Hieron

12. 4% % Ginkgo biloba L.

13. %4 Pandanus odoratissimus L.f. var. sinensis (Warb.)

Kanch.

14. % 3% Coix lacryma-jobi L.

15. % #% ¥ Eleusine indica (L.) Gaertn.

16. & #% ¥ Pogonatherum crinitum (Thunb.) Kunth.

17. 8 B ¥ Setaria palmifolia (Koen.) Stapf.

18. 7k #¥ Xyllinga brevifolia Rottb.

19. ## Areca catechu L.

20. 4 % Arenga engleri Becc.

21.3 3 Amorphophallus konjac K. Koch

29. 54 ¥ Eriocaulon cinereum R.Br.var.sieboldianum
(S.et Z.) T.Koyama

23. % % ¥ Commelina communis L.

24. K #4714+ ¥ Commelina paludosa Blume

25. # ¥ B4 Stemona tuberosa Lour.

26. N A& F1 4 Liriope minor (Maxim.) Makino
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27.
28.
29.

30.
31.

32.
33.
34.

35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.

48.
49,
50.
51.

52

AT %A Liriope spicata Lour.

#& M ¥  Ophiopogon japonicus (L.f.) Ker-Gawler

t # — 47 Paris polyphylla Smith. var.

(Franch. ) Hara

# Smilax china L.
X% % Smilax glabre Roxb.

Yﬂ% Dioscorea alata L.
& ¥ ¥ Dioscorea hispida Dennst.

AM ¥ Dioscorea joponica Thunb. var.

(Hay. ) Yamam.
B ¥ Musa bajoo S.et Z.
¥ 5% Curcuma longa L.
# ¥ Langua galanga (L.) Stuntz
£ %1% Anoectochilius formosanus Hay.

chinensis

pseudo-japonica

®H — Bk Nervilia purpurea (Hay.) Schltr.

## % Spiranthes sinensis (Pers.) Ames.

# Houttuynia cordata Thunb.

=@ X Saururus chinensis (Lour.) Baill.

Juffi %  Sarcandra glabra (Thunb.) Nakai

# M Myrica rubra S. et Z. var. acuminata Nakai

#H#  Celtis sinensis Persoon

# #  Broussonetia papyrifera (L.) L' Herit.
W% & # Cudrania cochinchinensis (Lour.) Kudo et Masam.
var. gerontogea (S.et Z.) Kudo et Masam.

#&f. % TFicus carica L.
% XM R TFicus formosana. Maxim.

K # B  Boehmeria densiflora Hook. et Arn.

* & Boehmeria nivea (L.) Gaud.

. ¥ ¥ B Gonostegia hirta (Blume) Miq.
53.
54.
55.
56.

"X A% Laportea pterostigma Wedd.
%% % Scurrula parasiticus. L.
# % % Viscum alniformosonae Hay.

A% B RS Aristolochia cucurbitifolia Hay.
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5T.
58.
59.
60.
61.
b2.
63.
64.
65.
66.
- 67.
68.
69.
70.
71.
72.
73.
4.
75.
76.
7.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.

88

#% ¥  Polygonum barbatum L.

X % % ¥  Polygonum chinense L.

B4 Polygonum cuspidatum S. et Z.

4= #£ B ik Polygonum hypoleucum Ohwi

iz 4 b Polygonum perfoliatum L.

¥ %  Rumex crispus L.

X+ 4% Achyranthes aspera L.var. indica L.
® M Phytolacca acinosa Roxb.

£ Xk¥ Mollugo pentaphylla L.

% ¥ H  Portulaca oleracea L.

# % ¥ Drymaria cordata willd.

# 4 Stellaria media Cyr.

¥ ¥+ X3 % Mahonia fortunei (Lindl.) Fedde
+ X % Mahonia japonica DC.

R+ K34  Mahonia oiwakensis Hay.
AW & Cocculus trilobus (Thunb.) DC.

£ & 7 B4 Stephania cephalentha Hay.

F 4 Jk Stephania japonice (Thunb.) DC.
& 2 ¥ Michelia alba DC.

Ml db vk Schizandra arisanensis Hay.
# Cinnamomum camphora (L.) Sieb.

b M4 Cinnamomum pseudo-loureirii Hay.
Wb M Litsea cubeba Persoon

# % Raphanus sativus L.var. acanthiformis Mak.

X # # ¥ Kalanchoe gracillis Hance

AN

& # t 24 Pittosporum pendandrum (Blanco) Merr.

F&E ¥ ¥  Agrimonia pilosa Ledeb.

¥ % Duchesnea indica (Andr.) Forke
# & ¥  Potentilla discolor Bunge

#  Prunus mume S. et Z. |
4 3% Rosa taiwanensis Nakai

. ¥ # 33  Abrus precatorius L.
'89.

4 4 ¥ Acacia farnesiana (L.) willd.
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)

90.
91.
92.
93.
94.
95.
96.
97.
98.
99.
100
101

114.
115.
116.
117.
118.
119.
120.

121

& # Albizzia julibrissin Durazz.

% 16 &
$ 57

Bauginia championi Benth.
Bauhinia purpurea L.

% M Cassia glauca Lam.

#®¥  Cassia tora L.

ki Z  Dolichos lablab L.

# % Entada phaseoloides (L.) Merr.

b & AR
R 4

Euchresta formosana (Hay.) Ohwi
Leucaena glauca (L.) Benth.

LU Bk Millettia reticulata Benth.

N 2

. 8% A Phyllodum pulchellum (Benth.) Desv.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113. &

% ik
CR R
B E
M A5}
BE %
b 4
A% AF
) #%
e F A4
i ) A
I

N -
A

BERE
JE
46 HE
B AR

B A
+ 8 ¥
LB A

. Mimosa pudica L.

Pueraria lobata (Willd.) Ohwi

&  Pueraria montana (Lour.) Merr.

Rhynchosia volubilis Lour.
Sophora japonica L.

Oxalis corniculata L.
Tribulus terrestris L.
Citrus liminia Osbeck
Citrus medica L.

Citrus medica L. var. sarcodactylis Swingle

Clausena excavata Burm. f.
Murraya paniculata (L.) Jack.

38 Phellodendron amurense Rupr. var.

(Hay. et Kaneh.) Chang
Zanthoxylum ailanthoides S. et
Zanthoxylum nitidium (Roxb.) DC.
Brucea javanica (L.) Merr.
Canarium album (Lour.) Raeusch.

# Melia azedarach L.

Bischofie javanica Blume
Breynia officinalis Hems].
Croton tiglium L.
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122. X ®&#% ¥ Euphorbia hirta L.

123. 414k % Mallotus philippinensis (Lam.) Muell.-Arg.

124. % T#% Phyllanthus urinaria L.

125. & Sapium sebiferum Roxb.

126. & 48 # Securingea virosa (Roxb.) Pax et Hoffm.

127.3% ¥ Rhus semialeta Murr. var. roxburghiana DC.

128. M # Ilex asprella (Hook.et Arn.) Champ.

129. ¥7 46 #+ Fuscaphis japonica (Thunb.) Kanitz

130. & & -F Sapindus mukorissi Gaertn.

131. 4 & 4 Berchemia lineata (L.) DC.

132. % & %% Ventilago leiocarpa Benth.

133. .4 # % Ampelopsis brevipedunculata (Maxim.) Trautv.
var. hancei (lanch.) Li

5

134. &

135. @ # i Cissus repens Lam.

136. =% % ¥ Tetrastigma dentatum (Hay.) Li

137.ta A #H %  Vitis thunbergii S. et Z. var. taiwaniana Lu
138. ¥ & A& Triumfetta bartramia L.

139. B4 ¥ Abutilon indicum (L.) Sweet

140. A %% Hibiscus mutabilis L.

141. % 4 % Sida acuta Burm. f.

142. % % ¥ Sida rhombifolia L.

143. & & -F VUrena lobata L.

144. A 4% Bombax malabarica DC.

145. % %% #  Actinidia chinensis Planch.

146. 4 # £ M Actinidia callosa Lindl. var. formosana Finet

Cayratia japonica (Thunb.) Gagnep.

et Gagnep.

147. ¥ B ¥  Hyericum japonicum Thunb.

148. 7. ¥ ¥ Hypericum sampsonii Honce

149 44 A% Echinopsis mulfiplex Preiff. et Otto
| 150. &4 Epiphyllum Oxypetalum (DC.) Haw

151. #% Elaeagnus oldhami Maxim.
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152. # # Syzygium jambos Alston

153. 4t/ Melastoma candidum D.Don

154. =3 # iw  Acanthopanax trifoliatus (L.) Merr.
155. % ¥ %&£ Schefflera octophylla Harms.
156. i B, &K Tetrapanax papyrifera C.Koch
157. # 24 Centella asiatica (L.) Urb.

158. Z & # Hydrocotyle nepalensis Hook.

159. & & % Plumbago zeylanica L.

160.4 Diospyros kaki Thunb.

161. 4 % 3% Jasminum hemsleyi Yamamoto
162. & &1 Catharanthus roseus (L.) G.Don
163. 8 % Ecdysanthera rosea Hook. et Arn.

164. 3 ¥ & Rauwolfia verficillata (Lour.) Baillon
165. .4 B % Tabernaemontana divaricata (L.) R.Br.
166. % # 4 Dichondria micrantha Urb. _
167. B # % Ipomoea pes-caprae (L.) Sweet subsp.

bresiliensis (L.) Qosst.

168. & 4 Ipomoea nil (L.) Roth.
169. &4 5 Symphytum officinale L.

170. i &3 Caryopteris incana (Thunb.) Mig.

171. &% Clerodendrem cyrtophyllum Turcz.

172. £ ¥ # Clerodendrum philipinum Schauer

173. #& A% 56 Clerodedrumvpan_iculatum L.

174. & #2 45 Clerodendrarh paniculatum L. var. albiflorum
Hemsl1. .

175. #% # % & Clerodeéndrum trichotomum Thunb.

176. % & # M ¥ &  Clerodendrum trichotomum Thunb.

var. fargesii (Dode) Rehd.

177. # % Phyla nodiflora (L.) Greene

178. it 4% Premna microphylla Turcz.

179. E# Kk Stachytarpheta jamaicensis (L.) Vahl.

180. E# ¥  Verbena officinalis L.
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181. % # Vitex negundo L.

182. B # Vitex quinata (Lour.) F.N. Will.

183. & # ¥ Ajuga pygmaea A. Gray

184. &% Elsholtzia ciliata (Thunb.) Hylander T

185. £ 4% # 4 Glechoma hederacea L. var. grandis (A.Gray)
Kudo '

186. @ AT 4 Hypfis rhomboides Mart. et Gal.

187. & {4t 5 & ¥  Leonurus sibiricus L. var. albiflora Migq.

188. # Lycopus lucidus Turcz. var. formosana Hay.

189. ¥ # #7 Menthe canadensis L.

190. & % Ocimum balsilicum L.

191. 8 4% Plectranthus amboinicus (Louf.) Spreng

192. ¢ ® i 4 ¥ Rabdosia laciocarpa (Hay.) Hara

193. 9 M # Dature metel L.

194. ¥ Physalis angulata L.

195. . 8 % Solanum aculeatissimum Jacg.

. 196. 4 % Solanum lyratum Thunb.

197.#£ 3 Solonam nigrum L. !

198. % 47 ¥ Siphonostegia chinensis Benth.

199, 47 #. % %  Torenia concolor Lindl. var. formasana

Yamazaki
200. £ B B. Gendarussa vulgaris Nees
201. % /& Justicia procumbens L.
202. 4K 44t Damnacanthus indicus Gaertn.

2035%%2& Mussaenda narviflaveas Mot
004, 3 & % Paederia scandens (Lour. ) Merr.

205. &£ 4k Uncaria hirsuta Haviland.

906. % & ¥ Gynostemma pentaphyllum (Thunb. ) Mak.
907. ¥ # Trichosanthes kirilowii Maxim.

208. # % Platycodon grandiflorum (Jacq.) A.DC.

909 414 % % ¥ Pratia nummularia (Lam. )A.Br. et asch
910. T® % Adenostemma Lavenia (L.) 0.Kuntze
911. B 4= & Ageretum conyzoides L.
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212.
213.
214.
215.
216.
217.
218.
219.
220,
221.
222.
223.

224.
225.
226.
227.
228.
229.
230.
231.

BZ® Arctium lappa L.

% it % - Artemisia annua L.

R4 ¥ Bidens bipinnata L.

A % ¥ Bidens pilosa L. var. minor (Bl.) Scherff.

A %M Blumea lanceolaris (Roxb.) Druce

&M £ Blumea hieracifolia (D.Don) DC.

X & ¥ Carpesium abrotanoidee L.

# Cirsium japonicum DC.

# ¥ Crossostephum chinense (L.) Mak.

b B B, Echinops grilisii Hance

f# ¥ Eclipta prostrata L.

X % % Elephantopus scaber L. subsp. oblanceolata
Kitamura

¥ 3% % Erigeron linifolius Willd.

L 2 ¥ Eupatorium formosanum Hay.

%% Gnaphalium affine D. Don v

# % ¥ Ixeris chinensis (Thunb.) Nakai

# % Siegesbeckia orientalis L.

& B~ 3% Taraxacum formosanum Kitam.

#% ®¥ Vernonia cinerea (L.) Less

%1 %% VWedelia chinensis Merr.
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% 3% DOH84-CM-013

PEMZEBTEAR

il

PREJ  #HEAM SBFER HMXE AR

Hh B 5 A e

jid £:3

AHRGE 2 B M9 1E 1 90 o B 2 B SRR VR ALY o R A A A
Mo BEEAREE BRER - B MR REM RN BRER
AR SMHEFEIRFEEY > ETEEHAE  FESFEZEE
VAR R4 ¥ G iR i P B8 GMP & iR BR AR ¥

FEETRTIUEPEIAE  ZIBHEBLMOT ¢
1. %I.'B ¥ Kadsura japonica (LINN.)DUNAL. (Schizandraceae)

2. %%t Curcuma phaeocaulis VAL. (Zingberaceae)

, ) 3.. K J#i Gastrodia elata BIUME (Orchidaceae)

4. {7 & & Polygonum multiflorum THUNBERG (Polygonaceae)

5. BE i /€ Lerodendrum paniculataum L. (Verbenaceae)

6. 2k H Fritillarai verticillata WILLD. var. thungbe?gii BAKER (Liliaceae)
7. /% B8 R Portulaca oleracea LINN.(Portulacaceae)

8. # & % Cassia acutifolia DELILE (Cassia senna L.)(Leguminosae)
9. |l Z 14 Tulipa edulis BAKER(Liliaceae)

10. & & Pyrrosia petiolosa (CHRIST)CHING (Polypodiaceae)

1.4 % Zingiber officinale Roscoe. (Zingibeaceae)

12. ¥2 %% Aster tataricus L. f. (Compositae)
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13. ¥ 25 Polyporus umbellatus PERSOON. PILAT.(Polyporaceae)
14. 7k 35 Poria cocos WOLF.(Polyporaceae)

15. & Anemarrhena asphodeloides BUNGE(Liliaceae)

16. k. B2 41X Siphonostegia chinensis BENTH(Scrophulariaceae)

17. B8 % Pulsatilla chinensis(Ranunculaceae)

18. F. 11 B Acanthopanax gracilistylus W. W. SMITH(Araliaceae)
19. 2  F¢ Fraxinus bungeana DC.(Oleaceae)

20. #E # % Corydalis turtschaninovii BEES.(Papaveraceae)

21.% & Polygonum aviculare Linn. var. vegetum LEDEBOUR. (Polygoaceae)
22. B ¥4 B Plate bunella (Prunella vulgaris)LINN.(Labiatae)

23. 2% ¥ & Eriocaulon buergerianum KOERNICKE(Eriocaulaceae)
24. B8 B3 Eclipta prostrata L.(Compositae)

Pharmacognostical studies on Chinese Crude drugs

C.C. Chen, M.T. Hsieh, N.Y. Chiu, C.F. Yeh, W.C. Hsieh, T.H. Lin, Y.J. Lin,
. C.W. Kuo, F.S Chuen
China medical college Taichung Taiwan R.0.C

This study identified the authenticity of the crude dnigs and their
plant origins. The inner structure of the crude drugs and their powder
: charaéteristics were examined by microscopic methods and the results
were documented by hand drawiﬁg and photographic methods. Thése
documented figures were supplemented with the morphological
descriptions of the inner structure of the crude drugs and the
characteristics of the powders. A survey of the origins of each
investigated crude drug on Taiwanese market was also included. Those

results will provide authentic information for quality control standard for
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implementing GMP practice on Chinese crude drugs preparations. This
study selected 24 species from 360 species reeorded in Chinese Crude
Drugs Pharmaeopeia published by Ministry of Health, Executive Yuan,
Republic of China. Forty two species had been completed previously. .
The names of the 24 spec:1es completed in the current year project are
listed below

1. Kadsura japonica (LmN.) DunAL. (Schizandraceae)

2. Curcuma phaeocaulis Vav. (Zingberaceae)

3. Gastrodia elata BLume (Orchidaceae)

4. Polygonum multiflorum THUNBERG (Polygonaceae)

5. lerodendrum paniculataum L. ( Verbenaceae )

6. Fritillarai verticillata WiLLD. var. thungbergii Baker ( Liliaceae )
7. Portulaca oleracea L. ( Portulacaceae ) |

8. Cassia acutifolia DeLie ( Cassia senna L. ) ( Leguminosae )

9.T ulipa edulis BAKER ( Liliaceae )
10. Pyrrosia petiolosa ( Curist ) Cuweg(Polypodiaceae)
11. Zingiber officinale Roscok. (Zingibeaceae)
12. Aster tataricus L. f.(Compositae)
- 13. Polyporus umbellatus Pers. Er.( Polyporaceae)
14. Poria cocos Wotr. (Polyporaceae)
15. Anemarrhena asphodeloides Bunce (Liliaceae )
16. Siphonostegia chinensis Bentn (Scrophulariaceae)

17. Pulsatilla chinensis (Ranunculaceae)
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18. Acanthopanax gracilistylus W. W. SmiTH (Araliaceae) |

19. Fraxinus bungeana Dc. (Oleaceae)

20. Corydalis turtschaninovii BEEs. (Papaveraceae)

21. Polygonum aviculare LinN. var. vegetum LLEDEBOUR. (Polygoaceae)
22. Plate bunella ( Prunella vulgaris )LINN. (Labiatae)

23. Eriocaulon buergerianum KOERNICI%E (Eriocaulaceae)

24. Eclipta prostrata L. (Compositae)
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Bmr | A AR AAHINBELMIARTRAAR

FHEA (BB 83 |BEHIIZ Eairid
A |dteEat| pr K |BERAAER gt R
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FEA K| # E |AFHEMKRE REMNET
T4 (e AEE |EwRTE

T3hA Huk| siEL |BBRIAE

T4 |ax| HELE [ERTHE

TihA |WARE| BTEE |KBRIAF

THA WAt ARE (FRIE

THE B m| ARE REIfE

— 304 —




— e
A RZE R EAFR T EZ BB 0 ] B
HEM > RRAANTBE > REM BE > EHEE M A
PR RABZAE  ERTE T EZ RS > BATEEARR
RS AT ELBE A EBELRMTE GMP 2 BBAE o

% =

v

—~ sl

AN ERSMENOH BB R(LHTEH - THE -~ P 5
B) > AE TR EEL > BABARA L B EHERES 7
Wl REHLEBRRTLES » BIEEA AR e %
FEETRUR 5T EHRBRAZER » 5+ 52 F
3t

~
2

F.‘!?}

(¢]

\

ERTETE > BARERAENE > RERH AT | ()%
| HRBEL  BRFAS > BERE o QBMHZABAR > A
B2 TRt > B LB A F LB o 3)AL ARk
EMYRARRBRMBE o KRBT RIRITR R ERETFERR T L
iﬂ\lé’éﬁﬁz&%Oﬁ’;ﬁ" 77 ~ 78 ~ 79 ~ 80 ~ 81 ~ 82 ~ 83 %L1
FRATH 44 Y EHZBAFE > 84 SR L2 24 5 » 2
kR b Bb GMP 2 M BAR et > 7 B A4 A B 2 B4 3
AR SR o '

— 305 —



=~ BRI RS

LAr B MR R B ~ R
2EE R AL AR E ~ HREE
3. RMIAagMdrasdE -~ Rk
AATH Bz SRR A EE ~ RS
SEALC T AR EREAE - HRMEE
6.3% BXMBHARAEKE -~ wRABE
THERZ ABHEA M EE - HREE
8.5 B2 sk R MR E ~ HREE
0. A B E R BEE ~ HAREE
105 Exa8BERa8E R AE
1.4 F2adHEiaiE  Hrks
128 RXABMARLEKE > HREE
13.3% FZ @R ankE > HRBE
14.3 X mSHERAKE - HAHAE
1540 HZ @ AR mE&E ~ HRABE
16. 368l i 2 m i R A B ~ Rk
17 EHZ B R MR ~ B RRE
18. Zfe B X AP MR B B ~ Y RAFE
19.5 EZASRARAKE HABE
0L EX MBH AR ABE - HRBE
21 FxadMitrasE > mREs
VEHEZ MEH AR AKRE - HRBFE
BT AEMLRAEE - HRIFE
24. B2 3 x4 B B R ~ R

L a}i— 1

P

L
T

— 306 —



B 9% 5t Bl 3R &

B (hEGRTE)
Kadsurae Caulis

Kadsura  japonica (LmN.) DunaL, ( Schizandraceae)
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‘Kadsura japonica
Kadsura japonica ( Schisandraceae)
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Curcumae phaeocaulis Rhizoma

‘Curcuma phaeocaulis VaL. ( Zingberaceae)
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&N % U0 Curcumae phaeocaulis Rhizoma

7\—"‘\) Q@Qﬁ%@\ Curcuma phaeocaulis ( Zingberaceae)
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Gastrdiae Rhizoma

Gastrodia elata Brume ( Orchidaceae )
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Polygoni multiflori Radix

Polygonum  multiflorum THUNBERG (Polygonaceae)»
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Clerodendri Caulis

Clerodendrum paniculataum L. ( Verbenaceae )
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Clerodendri Caulis
Clerodendrum paniculataum L. ( Verbenaceae )
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Thunbergii Fritillariae Bulbus

Fritillarai verticillata WILLD. var. thungbergii Baker ( Liliaceae )
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Thunbergii Fritillariae Bulbus
Fritillaria thunbergii ( Liliaceae )
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Portulacae Herba

» | Portulaca oleracea Lmn. ( Portulacaceae )
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Portulacae  Herba
Portulaca oleracea Lmnx' (.-Portulacaceae )

— 321 —



1> : > =R
% g *
Sennae Folium

Cassia acutifolia DeLie ( Cassia senna L. ) ( Leguminosae.)
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Cassia acutifolia Dsue ( Leguminosae )
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Santsigu Tuber
Tulipa edulis Baker ( Liliaceae )
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Santsigu Tuber
Tulipa edulis Baerx ( Liliaceae )
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Pyrrosiae Herba
Pyrrosia petiolosa ( Crrist) CHING
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" Pyrrosia petiolosa (christ) ching ( Polypodiaceae )
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Zingiber Rhizoma

e

Zingiber officinale Roscoe.  (Zingibeaceae)
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Asteris Radix

Aster tataricus L. f.(Compositae)
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Polyporus

Pelyporus umbellatus ( PErsooN.) PrLat( Polyporaceae)

[ 8R4 7] : AeBREM A > ERHERAE B TR BN
Mo 5 %eh B AAGATERBCEEE 0 MAKREM > THREHR
W B EERARATERAAE  BAT > AIRRE
Gk ES o BHAKXSRE > VEREGIEHY) BE2 ~
14um o EHMBLEZAFRINS EH ~XAH > FAB - HRFTR
A — fi HE 0 SR SRR ©



: 0
) o
Q
; o @O
P AN
ASNE BESEI60X
CHEREER s80%,
- LR 2ERESR 3 ARE
B
Grifola

Grifola umbellatus Pers. Er.( Polyporaceae)
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Poria

Poria  cocos Worr. (Polyporaceae)
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Anemarrbenae Rhizoma

Anemarrhena asphodeloides Bunce ( Liliaceae )
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Anemarrhenae Rhizoma

Anemarrhena asphodeloides Bunge (Liliaceae )
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Siphonostegiae Herba

Siphonostegia chinensis Benta ( Scrophulariaceae)
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Pulsatillae Radix

Pulsatilla - chinensis (Ranunculaceae)
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Plate Pulsatilla chinensis (&s@47)
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Acanthopanacis Corgtex

Acanthopanax gracilistylus W. W. Smita (Araliaceae)
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Plate Acanthopanax gracilistylus(Ze k)
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Fraxini Cortex

Fraxinus bungeana Dc. (Oleaceae)
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Corydalidis Tuber

Corydalis turtschaninovii Bees. (Papaveraceae)

[ 84 R]] . BB a7 2%E 6N TS BT alp 248

T EFY A ~ MU ~ 35 B B > Bk
fo s MEHRERK  mBZRAY . MHY > wRREE > AHF
BIE o REFEEa > afp BB ML E o bk & A B 4n
# o

By K4 5] CEMB AR L RREIRTRE  TMFH,
BT, BEkFTH > BEAS~1lpumo AT R B mph > k54
&> 2R, BERAKH., BEFHB. BLAK > TRikskikte
R > AMERFH A o Bl BHA T Ll > 5 BEHBRR K
REf o KKK E B EETT BERFH. BE AW o L5
BEELELT > BHEEKESF o

— 346 —



Tuber corydaidis (€8 4)
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Polygoni avicularis Herba

Polygonum aviculare L. var. vegetum Lepes. (Polygoaceae)

[ 8R4ER] I Rkt B AHRE o KRB %> i1 ~ 107 mfe 2
Mol I LIS RS RS AT PRMBEAR >
BRI BAR Z IR o MK » & A B
b, > S EE o 2B BRI B s b A SRR o

By REER] . RkmpaEi ERZmp & 1~10 B
MR AR MBI > BARBMBIRAFTH | MEFH
%ﬁ? A o MM KA H R Mg > SRk 0 B RMA el

S RBREH

%ﬁ

E] [e]

— 348 —



)

(¥

Plate

Polygonum aviculare Linne var.

A s X |

B.%E X 30

C.amsH X 250

2]
it ]

e
N

ps:!

3:Famph DA:ES

DL:#% D2: %% D

D.#HERE&MHEE X 250
D6: &AL
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Prunella cum fructu Flos

Plate bunella ( Prunella vulgaris) L. (Labiatae)

[ EAER]] : Rt B AR » ML » 02 ~ 128 4m p 4% »
RELF2L~TRE Bt o BB ™S ~ 15/ $ 4 afptn s, o bl
ERTH BETH . BEAH o REFMGRFME, %,k
Tetmpagn ik, o SH5 1 ~ 25 fer i 4 i, o

[ RBA MEBAEE RER Sk o AEEAH RS 1 ~ 2
_ﬂmmﬁm%%—&%&&%%o#%%ﬁﬁ%’?i%@%ﬁ.
Btafp o REMBEATR c REBHS Kb BB IER A £ o
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Plate  Brunella (Prunella) vulgaris Linn,

Ashm X 1.5

B.#8 X 30
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Eriocauli Scapus

- Eriocaulon buergerianum Koernicke (Eriocaulaceae)

[ 5]: FfmpIRERHSBEMEY o 1~ 451008 > £
A MRS o BIElRE AR KAER o ¥ &@%m’iﬁ

BER., BAE > ROARIAIGK - BHwpBER ko £
:g

rm}"

o]

(9 K 4B 5 | 53 R B SR | ~ 45400 » R0 SRR o
RobME s SHE > Wbk, BE o BER LA > 2REH,
BE > RO RAAERK - RIAKTH o Riff e T o 8
GEE - taf o BETABMELE o
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friocaulon buergerianum koernicke
(43

Plate

shR X
% X

maEE X 250

DERARMEE L 200

Dl:n&#% 2:x 3L D3:JE8E £ DA Jy DH: s
D6 - ) & 5 . .
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Eclipta Herba

Eclipta prostrata L. (Compositae)

[BAA ] Rk AR BB S MM BB b 2 B RN b2k
Witk LRFH . MEFH. RS ABZEB M o A I8
o Ao BERRRKE > b kB EEM g o

DB RABR]] D Rkt 285 % ~ MEMET o LERL o B %
Rl > AR ZRBKRIGHEER > ZRFY . BEFH. &
SABZ G o KU MBL > Kb > BERAREE > b2k
& BB RE da iy, o
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Plate
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C.qwt%El X 180
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BESR w =

ag aleuron grain

alb albumen

b bast

bf bast fiber

bp bast parenchyma

br bract

bs vascular bundle sheath
c cambium

ca clustered crystal

cb crystal bundle

cd crystal sand

of crystal fiber

clx calyx

cm cell membrane

cn needle crystal.raphid
co collenchyma ( tous ) { cell)
cot cotyledon

cr crystal

cs single crystal

cu cuticule

cul cuticular layer

cX cortex

cy cystolith

em embryo
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en

enc

ep
epc

in

ke
kl
le
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v

md

mes
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endodermis

endocarp
essential oil
epidermis

epicarp

lower epidermis

fiber
fiber bundle

- glandular scale

gelatinized starch
hair

hadrome
glandular hair
hAum
intercellular space
idioblast

inulin

cork, ( cork cell )
cork cambium ( phellogen )
cork layef
leptome

latex tube
lactiferous vessel
mark,pith,medulla
midrib,main nerve

mésophyll
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g7 W FE

mph phloem medullary ray

mr medullary ray

muc mucilage cell

mxy xylem medullary ray

o oil drop

obs obliterated sieve ( portion )
oc oil cell

or oil ( secreting ) reservoir

p parenchyma ( cell )

pa palisade parenchyma ( tissue )
pd phelloderm ( = cork cortex )
pg phellogen ( =cork cambium )
ph phloem ( =leptome )

pib bordered pit

pph phloem parehchyma

pr pericycle

pxy xylem parenchyma

re resin canal

S sieve tube _

sc sclerenchyma ( cell )

sd seed coat,spermoderm

sec secetory cell

sp spongy tissue ( parenchyma )
st stone cell

sta starch grain

ste stele ( =central cylinder )
sto stoma,stomata
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g
str

vb
vbb
vbe
vbex
vbh
vbl
vbn
vbo
vbr
vbs
ve
vd
ve
vg
vp

Vs

wf

X,Xy

Xp

# &

striation
trachea,vessel
vascular bundle
bicollateral v.b.
concentric v. b.
cortical v. b.
hadrocentric v. b.
leptocentric v.b.
open v. b.
collateral v. b.
radial v. b.
closed v. b.
scalariform vessel
bordered pit vessel
vein

ring vessel

pitted vessel
reticulate vessel
spiral vessel
wood fiber

wood parenchyma
xylem

metaxylem

portoxylem
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% %% DOH84-CM-014
5B 35 AR AL 5 2L 8

SRR E MImR E1= HEE BHES

HEE RS R

i =

H iF = B B Y Angelica sinensis(Oliv.)Diels Z 81248 » S EEHK
BiHz— FEARHSEAR TR Mk FOHESEFES - 5 T#
THPEERREABZLEEN LE AHESPBHERSIEC b
MY SERMICHEERERS ——EARXNEHENHAE > 5—HERXRS
BB RERITEREEESE -

HERSCHBRITE - fHBEEERRHBRNE  BEERT
—GrET R o

RIS : 0 - BANE > F®RE > 255
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ABSTRACT

Dang-Gui is the dried root of an Umbelliferae plant,

Angelica sinensis, which is one of the most important

Chinese medicinal herbs used mainly for the treatment of
diseases such as inflammation, asthma, thrombosis, gyne-
copathy and liver disorders.

In order to promote the quality control of Chinese
medicinal herbs Dang-Gui and its preparations,this anual
project was to establish the isolation and purification
of two marker components ——— ligustilide and ferulic
acid from the hexane and menthanol extract of Dang-Gui,
respectively. ‘Each marker component has been submitted
three grams to the Deaprtment of Health, Executive Yuan.

In the present paper, TLC ~ GC and HPLC analysis
methods of marker components will also be discussed as

well.

KEYWORDS: Angelica sinensis,.ligustilide, ferulic acig,

marker components.
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il

£ — E Hi

BRLTRBH DR TERSRARARGRE » RAR G
BHRGEUMZER > HERYR  TERBTY S ESw
BABGN T BEREIR T FESEEBEIHE o RRO4ES
AIDERAHNZRBRAIERRE ) B EANESRET -

TENCEBRRGECZES AU ERN - BT RARE
RERAEED  RUSRAEERRENAE  c AT EL S EE
WZPEMER BRI B BRSERE 2B ST TS
BB - AXRENSEAERVRBIZH  AASEEFE® » xS
BEABTET ) REMRARTE T CRERRSBR > FER
—EEEEES SRR G o

EERS EMSHARNED22 , REERS T HTHES
ERERGEER S BE QT LEMETEEEEA > REREEET
NEHSHME > BERRBRTBIRRTIF > RERERE > ANE
BTHBFEZESERS  THREINELRERZER -

3 %méﬁigﬁamﬁgﬁgﬁﬁzﬁm%ﬁ’m%gﬁméﬁ
EEBBRRBFIICH BRI B IR BRES EEAR S ERS
FERBARTRNEEERS » TR IHSBEMLZHE » #5
REBERRSE o

Eﬁﬁ%ﬁ%ﬂhﬁ% Angelica sinensis (Oliver)Diels By &
R WMUBHEAREN AL (A, acutiloba Kitagawa) . JLig
_%?E%(A. acutiloba Kitagawa va'r. sugiyamae Hikino))j’a‘é“éé_ﬂ@
A. koreana Max. o ERREARALYERAEMZ— BAMM . Bm .
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HEREE Sl K ER AR A A B ENE LIRS
WMo A ZANE (ligustilide)25-22 » B BLEE (ferulic acid)26-29
%M (safrole)’® REG % (coumarins)Gaw® %> Kb ¥

ENERTARESEROEERS 2 — FERE S UL AENE
BE - AMBEFACKRYEES23 24 > KRB -~ B MO B M A
LY BN BETERES L ERERSZE
@%ﬁﬂ@ﬁ%&émmm%ﬁmﬁIﬂﬁmwmﬁ$“34dp
w3 mEs’® svesREE c EERAAARESEET X
BB ESEES DREEREAARIER
ERSBAS EENMEYS . RIS ERUEHR.
KBRS . LWE . MEREY . EED . ABEABRABNER
CEFE o
FHEEGER AP ERNAEES  KTHRELEEL
EYHERSBTMBRE ZANE  BEERSFHK FEER
WT AR MAREEANELE) I SSPECIEERS I
N RBE S EIE AR EE 2 EERSS 11275 c RER
MBS MAMTUEEA RS ESNE  AMEANEANE
EE R IE DL ERA U DU TERZ T - .
AHBSEERLBERE) I SCRAEEERS —ELXAE
(ligustilide)( 1 )SAPTHLEL (ferulic acid)( 2 )
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10 11 12 13
7 8 9

HCH,CH,CH, CH=CHCOOH
1
6 2
5' 3 10
7 OCHy
OH

“Ligustilide (1) Ferulic acid (2)

BB SR E A

. WFFEM B

EmBE ST RERT WEERSEEERT/IBLETSHE
PIAEY Angelica sinensis (Oliver)Diels Hy&s 4R o

. BRI

- 5,48 & #7 % (GC)

Hitachi GC 3000 FID» £ 4%+ DBwax 30m x 0.53nm » FHIE
ES0C-220C » BAEABST » RABAFR » FUES4kgf/cn2 »
WA Hitachi D-2100 AT 6C MREH L IEHRK o

RAEBAYT/E e ( GC/NS )

@D JEOL JMX-SX/SX 102A Tandem Mass Spectrometer (E{:ﬂj(m)
@HP589011/VG Trio 2000 (RITK2)

- % 38 W AH g AT 48 (HPLC)

Hitachi HPLC, #Mi##HHitachi L-6000 pump, Hitachi L-4200H
UV-VIS detector, Hitachi AS-4000 Intelligent Auto Sampler
K Hitachi D-2500 Chromato integrator o
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11

14

16.

17

19.

LRGSR (VMR )

@ Bruker ARX-300 ( 300MHz FT-NMR ) (h i Zmepr)
@ VXR-300 ( 300MHz FT-NMR ) (th @A &)

TSR L B

Nicolet Impact 400 FT-IR Spectrometer (TR E BB k)

RO T

Shimadzu UV-160A UV-Visible Recording Spectrometer
(TEHEESR)

PR R RE

Yanaco micro melting point apparatus MP-500D > B E K&K IE o

Bt58 :Eyela WF0-450ND

e AL
10.

ETFERBUREFTILCH)

EF R Mettler AJ100K Mettler Toledo PB 602
12. |
13.

= & 4 :Frano-Geratetechnik ¥ 21/1
=W IR ¥ 28 :Branson 5200

FHEAkBIESE  Eyela Still Ace SA-27EI
15.

% 4. 7% Raytech Ultraviolet Equipment LS-88, ﬂ254nm&366
nm R FE R
W R 120nn x 150nm

R REH R RFTRE D EMDIIV-B
18.

EEARE BETREEETHC REERBYHRIBEL
M &4
% iS :Topnorch 486 DX-2 66,F &F 3% #& (HP,Laser Jet 4L)
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1. 4=
Wﬁ&ﬁmmCMMwl%&éﬁﬁﬁﬁ%@)

2.3%%8 | | |

AR BEREAT o« RBROB RN - b~ B
B MBS MEBAERAX G R o 5 R8RS FLS ST 5%
BA it o m@mmumﬁﬁwggém

3.

FER - X -fli  ZHZE FESTEQAR  KEXSH%
BB TEH R B S BN 2 MEAR - B& 8 SH{LEE
EARER > 2B MELR - —FERICRAETRE - RELRS
BEIEAT  BEBEFishers g MEBRAAIBEEERTAT > Jl
HRANRBREALLERAR > MECKE ~ £l5 - FES » NRX
20 B MO VA B MCDCL, ~ CD,0D ~ d -DNSO% » R B B AT o

ﬁﬁ iﬁ
Eu
%

Bo

H.Eﬁﬁﬂi
Kieselgel 60 70-230 mesh %% 230-400 mesh ( E. Merck )
Séphadex LH-20 ( Pharmacia )

TLC — Kiselgel 60F254(E. Merck)
PTLC — Kiselgel GOF:254 S (E. Merck)
h. RFE:
| R E

MBI ERR RN 0E > BRO SR EBL S » 5105
CHRSIRE BALRBNSAZERE  HRBER > BRE
RRE BRI\ BBE S EEEE U BAEE I SERARES
Sk o
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2. %y
EWERBIAT » BNFES > DECHHENSK » B
HEEOSHENSK > HREE  REBRE > SECEEEWTE -
BB W OT0TE (B AR) o M H MR 77 1% WA (BT 15C)
g o
3AEEMAZ A8~ ML REE |
ERBNELERSTEHREBHAAKBRRSWMALSH - 18

BTBREYS A BRI NS0.15-0.75%2° c EBWBHE

RAREANE (ligustilide) » & B {545-60%29/38 o am
BANERRAS SRR > TS EHE0.042-0.001%2% EAANE
RARAESBEEEES NEFATHEERRL FH ZHER
HEHEEES o

RR R Y s EANEEARBRE LS Y THEEE BT SR
ERE NAMARANERRKRMES  CEABRTEE -F A
PEE G LR T R R ETRE (4:3:2:0.55 v/V)RM%
EENBEERIONTEHE  SRESKER 3  MARMUE:
R EE(2:2:0.6v/VEHER EXENABRRSIMTERE 2%
a2 o | B

WOBTORERFEMEY  LEEVEREREAA L FIA
IEAEAEAAENAER  BRHIS SBCBATRERR
ERTCEMEYeEAENESR  PTEBHYISERETRS
M RS RBECKEFRBHYETREERRIZS
BT {F o
(1)E & PB4 B

WIES YDA BEE (70-2307L & ) B AT 5 & - &
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REAECK ~ %X~ ZHZE - PEBEETER > E50%- 705X -ECHK
BERKTHEOUTILCRES RS ERNE S S - SHFBER
BBOARW B AL BT (230-400FL & )Mk » IIET A ~ EHEWR -
E50% X-FORBEBRHEIHHZ S ES0-57 48 &9l B E @ HRK
B HENMR- NS~ IR~ UVS X RHBR(REL-B)HREEXZAEIR
gEag Y BT ABSEANE (L) -

(2)FT BLERFY & B

FRHEYMBE KSR KERRZBRENHK » GHZR
FEOHR » SI20XIX B R A MEN » KEROEBHMELE > BUZ
BXZEEY » BB TLCRAL » DL F 5 P (2:2:0.6 v/v)BEK
RHMBERE EEANBEREDIMTEHE » 3 TILCZREHEMH.
MEXSHARZEY%  UFBEER > ITSAMNRK FHE
B-kBBEAGEEESE IEMBERETEEXEONN(RES-
B 14) 30 58 3 MK B 27 42461 3 > R SRR BB (2) o

4. B P9 B RO FT 0B 2 TLC S 47 MR 44 |
EBRE AT WEEBEB P (Art.No.5554) | ¥ W E 15 & &
AEBESBRNEMESE  EANEUNELE: —FX &i5:
T (4:3:2:0.55 v/v )EHERKERE MRBmAAE &1
FBE(2:2:0.6 vVV)BRARGEE D HRELENBTHRE X
NEERREIMT2RNECE LY TARRERR254mTE
o |

5.5 AN B 2 GCo T R 14
FFAAERERBRINSREBHZERS » XM L% LUERM
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BRESFEEEART 8, PR EARERBENEZEDY REX
WA E AT 40 E & 0 A £ DBvax 0.53mm x 30mE M E A ©
B HEVA B SOC A E 220C - BARAESC » BEASAE » WX
1 kgf/cm? s WIAR D BT HGCHAR R KO & B E K o

T B0 B 2 HPLCA 7 6 4
xmimm&%umﬁﬁm@ﬁ&ﬁﬁAa”12”38“ o
AWELAFFENT BRENAAREEIREER I ENR
o MALCRFBERETB/ES 104 g/ AR » RBILBRE -
LA HE 10y 1FE AHPLCER M F » o EHE Lichrospher 100 PR-18»
Spms 4 x 125 oms BEMHEB OK -REP LT :PEW=70:30:0.5> I
EESES0.6ml, Q2%EERE B =77:23> WHESHHS0.8ml>
QB YA (PH 5.4) :H B (88:12) » XS /M S0.8mlo i H
FRE3320mm, WUARS BT HUPLCHA AR B S R IE@E o

EANBNEEERR

BEXREE, EANBELEETES IR NILBEEEE
BHIRLE  SETHURERS2INENEBE > B2 B EXNE
MEBZHRBE BEEREK BLEEE BHBEANEES
FHHEEERETHAMEY  AWEAARAEBFISINE AR
B AR o B 10moy B AN AR 250, IEC RS » HBIIKE
T T (#929-31 CIMZ R P EEIR (-15 CIRAEERIREEF -
EEF A £ W1s 1 HEACC EREPHN EAABREE > Uk
Ehﬁﬁﬁiﬁ2%§°
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1. BB E

BN
)

)

ERRZBARBIOE » RISCEREIES % » Fﬂ%ﬁﬂi
WES14.9%0
2HESRER
EE%#EIEE%MH&%@%EE%E%H&M{EZ&%% ' &
EXAEIVEE YR IRMBB LY HRAREEANE  #45
A3F  BERBERET RESBRTHE BERETISCHAEERY o
SHFEREMHY S RENSE — 5 E RS SEE3S » EREEE
¢wtﬁﬁm%%§Eﬁ%ﬁ¢oWﬁﬁﬁ&ﬁi%ﬁ$%¢¥§
EEM-—BREER- cURUEBAERETEM R W ST S Y
WA e
ERmEEERS RENERTRENBEE T » (%5 N
IR~ UV~ MS& 5 E&ﬁ&ﬁﬁiﬁkﬂﬁﬂ:%"ﬂtﬂﬂ‘*(}c ‘TLC ~ HPLC&
TOEASE TE o L Bk an T -
(l)gztﬁgﬁ‘a(ngustlllde) .
Ciol 0, Feamkma o
EI-MS m/z(%);iQO(M+,95), 161(100), 148(95), 134(28),
133(28), 120(19), 106(71), 105(71), 91(32),
78(73), 77(56), 55(63)
1H4-NMR(6DC13'):E§— - )
73C-NMR(CDC1 ): RE— 2
IRumX(KBr)cnr1 3050 (1 &) » 1763(@&“#&&) 1667, 1630 (3¢
Jkee )
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gy om (CHCIl; ) :257(log e 3.5), 245(3.6), 326(3.9)
max

(Hexane):314.8(loge 3.88)

& — BAANE(Z NMR LEHR
EERBER" MR BUR 30
~No | DEPT 6130 ° i (H%I) 6130 g (Hi)
15¢=0 | 167.6 - 167.6 -
21 0 - - -
3| ac | 148,5 - 149.0 -
s CH, 18.5  2.54 | 186 257 t 8.2
5| CH, 22.5  2.44 m 22.6 2.43 m
6| CH 129.9  5.97 dt 9.6,4.1 | 130.0  5.97 dt 9.5,4.1
7| CH 117.0  6.25 dt 9.6,4.1 | 117.4  6.25 dt 9.5,4.1
8| 4C | 147.1 - RN -
9| 4C | 124.0 - 124.3 -
10 | CH 112.9  5.19 t 8.0 112.7 5.2 t 8.0
11 | CE, 29.1  2.32td 7.3,8.0 | 28.2  2.34 td 7.3,8.0
12 | CH, 22. 1.47 qt 7.3,7.3 | 22.5 1.47 qt 7.3,7.3
13 | CHy 13.8  0.92 t 7.4 13.8  0.92 't 7.3
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(2)FT $ B (Ferulic acid)
Col 0, * BIESTE o
np:169-170°C(H BEHEE &)
EI-MS m/z(%):194(M*,100), 179(32), 177(15), 161(9),
145(11),133(34), 105(19), 95(12), 89(21)
77(34), 55(13)
H-NMR(CD;0D): R 3% = > B8
C-NMR(CDCI3):R%k= > B9
IR vy, (KBr)cn=1:3437.4(0H), 1689.7(>C=0), 1666.6, 1620.3
1601.0(3tameeg), 1277, 1150(C-0) o
UV AN (MeOH):217.4(loge 4.19), 260(3.7), 320.6(4.3)c

max

= Z  FIBLER(2) 2 NMRY L Bk

No [ DEPT | 615, 51, J (Hz)

1| 4°C | 145.1 -

o| cB | 107.4 7.16 d 1.83

3| 4°C | 146.2 -

4| 4 | 123.5 - |

5| cH |112.2  6.80 d  8.19

6| cH |119.7 7.05 dd 8.1, 6.1
7| CH | 1426 7.58 -d 15,9
8| cH |111.6 6.30 d 15.9

9| c=0 | 166.8 -

10| CHE | 52.1 3.88 s
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. B ER |
(HEFHHER
EANEAMARCIEBINERIFIBR= °

%= BEANEGAMRBRCEEBAGR

] B = AN EE Rl 0 B
B O iR Silica gel 60 F254 Gilpas
. ME kB : —RERH ECHE | £ R FE
;2 Py
4 .3 : 2 :0.5 2 02 :0.6
& B8 PR 8.5 cm 8.5 cm
MUV 254nm
¥ UV 366 nm @ 10%H,S0 478 &
m#5-104
& REEBN DEER
\ Qi & &S
Re {& 0.42 | 0.41
(Q)RAEEBIHER

XM EEAABURHEBN A EREBRENEERES
E I ERAMATHEIXR AW RKABEMEHE DBwax
30m, HHEEBRSCAE220C» BB LASSC BHERLE
 CREBEYSBMENEAANE > HCBRZERERIL. 1208
WHESBLHEIETMABTS R 11k

(DBUMEBITER
o B T A 0 B L O T U > R LA & 2 HPLC
AHERIIPED - TABRZAEHHEREERTE 5

YRR BTHRTETRET AL S100%0
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® O FABRZSKBEEABFRER

I R &
B O " Lichrospher 100 PR-18(4 x 125 mm)
@ K :‘WER BB (70:30:0.05)
B B A8 | Q %S E(77:23)
- Q# 8 B (pH=5.4) : 51 B (88:12)
% O ¥ B | 320 o |
ik o O 0.‘6 ml/_m‘iri' @ 08 ml/m'in ® v0.8 ml/min
D 4.69 D 4.69
WERM(S) | © 10.28 @ 10.27
. ® 9.93 ® 9.90
i T 7K B 4 b 100 , 100
-3 E 10 x g/nml
2 A & |Q10xl @100 (32 gl
(DEFRNBEZZEERRBRER

EFAERZERTRESBEERR  BABLREL BR
EETREZES > £00~ 60U A4 (REINSEER > £
BOETEEWR S TEISS REISINLESY » SHEXBILY
BESTHEBKAE (butylidene phthalides 3) %1 o @ F
ERFREILEEINELEIRNZ2HH/MEE » CCEEAF
BN TR  UBBBTISC

By R I7.5% » M fE A %Iy H93.5% 0

o1 12 g3
HCH,CH,CH,

Butylidene phthalide(3)
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1. EANE (ligustilide) 2 ¥ 8 (Angelica sinesis)FIBRE B (Li-
visticum officinale) REZHMN IR S HtABEREYD
JHZ (Ligusticum chuanxiong) ~ B JF (Angelica dahuzica) ~ ®E

B% (Ligusticum acutifolium) ~ FEFE A (Ligusticum jehqlense)%‘_
WAEEANE XRIEAESERBELBRSEY I ERS -
EkEKWE&W%#%E%#%¢%Q§EMW%%&%°
P MEANErEEERBRERESLERERSLREFEERN
eEmET  BEUAEHERE o | B
JEANEETHESNE  CCRTM FNMREM LR (REL)
BTHMASEENELE  OUOELR —RX £ :ECKR 4
3:2:05RH EANEEN N TEESRECBE LY RES
031, MTHEBNENRS G » N AIMmERNEEE
B . R{EO.39 0 BB WHR EREXENETHREHRT
AEAEBES - XREGUSERHE TR  FWELARN
B CRARSBEREERESL  BERELNEES -
L HBEANERERETROM  REENMRLENZEZHFHEER
 BAENASM RELEHFOT.14-7.32 (BB THEKRAE
HTB FMH-ARE-SHE T
5. ME A EPLCA 7 464 » MM LS B AR B A EL R »
BRLEE - TRARES DS RENEE(HT)  MARL
WERMA(10.285) RFE (EES BB ER)ZBERA(
1L69R)VEERE  BESARRS HEGSML AN °
MRS SEIHETEAMCEERS > ESRNAAERES
BBESEME o
THEERSZHEREROAN - WH B BEHEBEERS
BERER EEXERERE UBBERRF -
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10.

11.

12.

13.

14 .

15.

1s6.

2% SR

 RERRAEEE (—) TREELEBORSBEBS (1989) o
CRERRAEEE () THREGLEEVRLRRBE (1989) o
 AERBAEEE () TREGLERNASBRE (1991) o

 hBRBRIEEE () TREFEEBYRSBEBE (1992)
 RERRAEEE 5 FREFLSEYERBBG (1994) o
 HBRBRAEEE (L) TREELESENRSRRE (1994) o
- HERBRSEEE N\ TREFLESBYESREE (1995)
SRR FEAMCEREERFE  HESEERR (1992) o
 HEE BN EETEGECERCET  FTREBLS

ANt EEHEHRE o
WEW TR PHUMLER AL EETE > CRHEGEE
N+ EEFR B4 (DOH 80-50¢) o

HEH TAH TRNA BRI ERTE  TREELES
N+ —SFEWKIH{E (DOE 81-TD-062c) o

BER SR TRUALERAZERTE > FREFLS
A+ =& E W %4 & (DOH 82-TD-014c) o

B HIES B M ERAREEN LS TEERS 2
ERWRE  hEBEERE - 3(2)23-32(1992) o ,

HIEE REEM REE MBL BRE SELMESRS

REBWE  THRHFLEEN+=ZEEWHRHS (DOE 83-CM-012b) o

REW  THRE > #EW > FEB > FEFH > FERBLERS

REEWE  TREFLEB\+SFEFERHS (DOH 83-CM-0120) o

REH > 5 RER "ELUBNLER/ZEERE » THEE
HEBNT+ZEEWRH L (DOH 83-CM-012d) o |
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17.

18.

19.

20.

21.

22

23.
24 .

25.

26

27.
28.
29.
30.
31.

32.

33.

FIET JER CHEBLC BBF FAAEMEXRECEPFEHAK
Hi—) FREFEBNTZEEFRHS (DOH 83-CM-013) o
%Wg’%@%ﬁgﬁﬁ¢¥ﬁﬁﬁﬁZEﬁ’%%ﬁﬁ%ﬁﬂ
N RXME S p.19, 4t (1994) o

KILERK B &%

ROTH A& B#&

sIcGMA /A E B ##

. FRUKA /A F B #%

SRBRALECTHERLAIIERS -

ferulic acid 10mg 8207T

ligustilide | Rl fE LB
MABRE  TEEHESE > p.69 HUTEBEHEMRATHRK (1991) °
MAE  MEEYS > p.120 > B I o B B 5 B 52 AR (1992) o
USRS » BEEE > 14(10) » 371(1979) o A
MES > EWMLELERSLNHE » BR2EH > 14(10) » 529(1979) ©
BEE MK SRR AEE RERBLLBNWRE  #EE >
12(11) » 485(1981) o |
ERC PREFBCBERSGTE » FHEZ > 14(8) » 377(1983) ©
BRE > TRF > REB > B0k RER HEW BRE
S EEA (TER EHEEMEBUNRN > FEB > 1603)
107(1985) o
BAIRS TR BB TRE > 8BRS » 18> 16(1966) ©
BER RS TREREERRER > PEE » 14(8) » 379
(1983) o | _
BN EREBYUETRELELENYE > BEEH - 16(5) » 259
(1981) o
REH KBS FEK REZ FEWL ERERERSAAR
S/ NBEWIIEEN LR BREH - 16(6) » 411(1981) ¢
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34.

35.

36.
37.

38.

39.

40.
4]1.

42.

43.

44,
45

78k ﬁ&@’ﬁﬂm’#ﬁ&ﬁ&ﬁﬂﬁ&ﬁKEM$Wﬁﬁ
MS-HTRER P E > BWEBH 5 15(6) » 321(1980) o

FEE > T W IR CHITE BRER REE BE
ﬁ“ﬁﬁﬁgmﬁf¢%ﬁ%ﬁﬁﬁﬂn’ﬁ 283 19(8) 5 561
(1984) o

Chemical Abstract, 117 ,40033d(1993).

BRI » SN > EER - RN T > Bkl - C BREK 0 BAEW
TR ERARBSRREIERE 5= Eﬂﬁﬁﬁlﬁm%m-—f
MR - AMBEL > 9.52(1993) o

Y.C. Lee, C.Y. Huang, K.C. Wen and T.T. Suen, Determin-
ation of Paeoniflorin, Ferulic Acid and Baicalin in the
traditional Chinese Medicinal Preparation Dang-Guei-San

by High-Performance Liquid Chromatography, J. Chromatogr. ;
660, 299(1994).

S ME— Al BB *BUKLEE S EAAEK
HEREANEZE WEB » 15(6) 5 371(1980) o

B ME—%, 3, 11, 395(1981) <

ETEE BEX > BUEERE > TEHE® FEINENEBRSH

; » 16(3) » 137(1985) o

T. Aoki, K. Takagi, Tf Hirata and T. Suga, Two Naturall~

Occurring Acyclic Diterpene And Norditerpene Aldehydes
From Tetragonia tetragonoides, Phytochemistry, 21(6),
1361(1982). |

Handbook of Pfoton-NMR Spectra and Data, vol..ij p.48,

‘No. 2491 Spectrum, Acadenmic Press, Inc., Tokyo,”New ’

York(1985).
Sadtler Standard NMR Spectra, 16883. ,
Sadtler Standard Carbon-13 NMR Spectra, 8112,
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48.

49.

50.

BAE. RES A7 GRE JISLERANFRE >
ELZE > 16(3) » 122(1985) o '
BEISZE M » BR2) » KZE B — » Studies on the Variation of

‘Ligustilide Content for Cultivating Process of Angelica

acutiloba var. acutiloba Kitgawa: L TEBUWE » 38(4) » 361

(1984) °

HEF BB I ZRRETHLERSNARAE  BE
B4F > 23(6) » 426(1988) o

HEES > ABB— BEMRK IIRETF > BIEF » AH
¥ > A #5)» Pharmacognostical Studies of Angelicae
Radix (1) Phthalide Content of Wild Angélica Strains s 4
WEES > 43(1) » 55(1989)

BEF ZIRT > TERE - TFE > SRBHCEERNIERR
HEE S P AABNESE > RS 19(10) » 447(1988) ©

=

AFRZER > FEBRHTEHRBELEECRERY - ROBEHF

FESREBSRBRB N TETREEBIEF  TRWURE
R REEED IR - TXE - @PE -EFFSOUEAET
BREERLG HMER-FCA - ARG TR IEBEAME
BRANEY REBRSTOZEFABRTHHMESELR  HAF
WRSBEMBITR » FElk—HFREH o |
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