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Abstract

The purpose of this project was to develop good agricultural practice through
studying the effects on the yield, quality and active ingredients in different
cultivated areas and cultivation management of Angelica acutiloba. The characters of A.
acutiloba were measured and compared from harvests cultivated in five different
areas within Hualien County from 2007 to 2009. In comparison of the average root
weight of A. acutiloba, the highest value was obtained from roots cultivated in
Shoufeng area. Those roots with highest active ingredient content of ferulic acid and Z-
liguistilide were the harvest cultivated in Yuli area. It is also found October is the most
appropriate cultivated period for A. acutiloba. Among the growth stages, the full bloom
stage had the highest root yield, and this is the most suited period for harvest. As for
comparison on the agronomic traits of different day lengths on growth, two hundred and
five days had the highest value in plant height, root weight and root width. Those of
two hundred and five growth days had the highest ferulic acid content in A.
acutiloba. Harvest of one hundred and sixty growth days had the highest Z-liguistilide
content in A. acutiloba. In organic fertilizer trial, those with application rate at 8,000
kg ha! had the highest root yield. The planting density 100 x 60 cm had the highest
root yield. There was no increase effect with cut flowers in the root yield of the
flowering in A. acutiloba. The mulching treatment with non-woven fabric and weed
control mat material had the highest root yield than other mulching material. The
transplanting cultivation had higher root yield than direct seeding method, yet in the
root diameter, the direct seeding was larger than transplanting. The good agricultural
practice of A. acutiloba will be introduced to farmers in the future in order to produce
the high yield, stable quality, and high active ingredients contents of the A. acutiloba.

Key words :

Angelica acutiloba, yield, quality, active ingredient, ferulic acid,

Z-liguistilide
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B TP RRAF [ EIIWT LR ZE o TEERE L FHERELT
PRPEETF OB ERRE CBERTRS CEREZE T BARSF BTN MAR
ﬁ%?°§ﬁﬁﬁ%ﬁ%$%’Nﬂﬁﬁﬁ}iiéog%?i% USRI

e B g Ry R AT 2 g °$Efﬁm4f‘3fﬁi¢\’”431«/#’?‘%*?4
BT L B T k3 30 28 o ikt e st 2 o LY

%

R0 50 e TAIFNEK T E S VR S I e R R R 0 G fE R
2 &

BHPRALSBERT L E AT TOEN L LR S8 HEFR
butylidenephthalide ~ p&#F ~ 5 A f& % bergaptene % (37 > 1985) - H ¢ £ i & 04 512
B e S P aLE (ferulic acid) ~ & 4~ p fig (Z-ligustilide) 2 phthalides & = 4 (Lin et al.,
1998) » F pFeh2 MEM A 2 T EE A FFAR G AR % &0 - S A sinensis

7z & #& 3 > A. acutiloba (Zhao et al., 2003 ; Lu et al., 2005a, Cho et al., 2007) -

FPRaEE»ERHECEF  RAF AP R A2 AN EAR
FrEk? o b R BERY R ER B R CBAR L BARELT
e eh»c % (Srinivasan et al., 2007) - fR&LAE & 5 % B F L IF* o iy i%“,ﬁ% pd Ao
FrAlF R fep d AR o SR G2l RN TR AR
4 & (Srinivasan et al., 2007) o § fFe03 s A FP8REL 0 £ drdla R E B
S p R R E 4R YRR L R 2 din ¥ 7 i (Luetal, 2005b) -

EAPMf 2 TAFEF DL it &5 B Prdln P FRESREFF T

FR AR R EARZ R BREA N (Luetal, 2004) c FAPN LRSS Z-

v

o

ligustilide # E-ligustilide = #& - % w# &3 AL sinensis ~ A. acutiloba = f& % 7 ¢ > 7w
*+ 1 37 (Ligusticum chuanxiong)® - % A. gigas PliZ$ 7 & » P fig & 4 (Lu et al., 2004) -
Z-ligustilide &% fFeng B ds 2 8% > E- I|gust|I|de B BRSO TR A
Z-ligustilide i+ % & ﬁﬁ%m pe= & dp 2 - (Luetal., 2004) -

PEREAEBE RHRHTFS S IAHAFBEECEF 2 EFLLE (Yuetal,
2003) - Tianniam et al. (2008) 72§ §f tep 7 PR ¥ R > 2 FERRAET > §iF
PAEEEEFTIHRFDLE - ARFFALHRIBTTFSFT I HOLL TS
(Tianniam et al., 2010) - 5 (2010) 4% 1% 5 7 FEREBE TE A E LG 2% 4 F £ 7
BEM2 LR ol ifhic ] & RPN RIS TS > RiTE LG 7 BT
HeL g cnff b i 4 @ » ¥ 24 imiEsszo Yuetal (2003) 5 By fA48 33 3 R 4] § 4
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FUEE2 B ) FCAkron” R AL R R RE 0 A HE FRITH (bran
extracts)z. DPPH #<% it it # ~ 4 fs#81* & 3 (Total phenolic contents)% » -] ¢ “Akron”
faz. DPPH $i3 i a0 4 2 & psug it &4 7 € (Total phenolic content) &7 = 2 £ 3 5t
AWM ERBFLZZE VRIS RBRFIFIELTR AL T 2L ARG M o
B ST LS g I A ot L s FRE SRR TR BT RS
ﬂ%ﬁ%ﬁa@ﬂﬁ\§%£%%E%E%ﬁ%%ﬁ%%ﬁﬁlkﬁﬁﬁ%%g
BELBPESTARERTFF 2 - > U FrAZ SRS F RN 2 L RE R
BRI ST o Y T B A ¥ 2 o B (Tianniam et al,, 2008) ; 3 # § jF 2 &
FHREFrea st  GERAPUGFO- PRl RS o PAREE APz £1F

-

M

A 3 e (Tianniam et al., 2010) « ¥t > 27 2 P nZ R 7 F 42
BRALPEFEHE AR S A AP AREE AP R B RP 22t
%?ﬂﬁﬁﬁﬁ%%%%ﬁﬁ%&’ﬁéﬁﬁaﬂﬁﬂ%ﬁ&ﬁﬁﬁzwﬁ’ A&

TR ARRLEF ARTH A IF2ALRBOH RBERY T ERZ L2 5E -
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L

- CRARBFHECHTFLEERK G FRLEY
(=) &R iEd o 5 §F (A acutiloba) -

(Z ) PR - 2007 & ~ 2008 & ~ 2009 # = 3 & x5
(Z) B%%F T AE20m> FEEL0Xx05mM 67 % °

() F¥ B CEREX MG TERFEM S CERBAT FENL 2

(I)PRAP I F-RBRPEAL20K - DEIFPEFLFfEPR -FE ~ER
Pt BB~ 2T RIER L LS RER oS A AR

Eﬁ:ﬂk}]\ﬁhﬂgf&;fﬁé{ fLa4 e s o

S TEF RS BT T
(_)§$ﬁ§: WP R TERE S AR 22 E e R F A

acutiloba) 2 ML p =EREF X KA TEFTTED 2 Y FiE27 B (A

sinensis) o
(Z)BBEAD F %A PARE T AN~ S5~ 2 s B24F L4 A8 o
(Z) 3RS B TR E X WA G-

Z RS AR ford s g R 2B
(=) #321F4 4 §F (A acutiloba) -

(=) RsASL 25370 (Fiv) 2100 (fkiv) %= i e -

(Z) v BaEskaks i AR > 7 40m> 64 > FHkEE1.0Xx05m -

() @#op L TERE T MAH o

() MEITP PP EN B30tk B ATEHRZ RS ~ 2HRE S JINEE - 0

CERRERR  JF R AR EAR GRS FRLAE
FI ¢ E

PR FATR L RERRE e s F R R
(- ) BRivd : i&;’f@ﬁ?(A. acutiloba) -
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(=)

(=
(z)

WEHRAESL DEREF] > (7K 40m> 674 0 (THREEL0Xx05m > e 10 (70 E

BgEs) o310 % i (#1F) i~ B? » FR 15X 2FA A TH2H

Ba -

REE B TERE & RAH o

ABTP RIS AR T BTl BEED A RSN i
AR THRED L S AR 20t o B ABRL S « 2AE - 1T
TR L REERELK R R PERE AR RESS R

A,\

—
N
A

o

S FAT R BERRE fok s g R

(=)
(=)

B3R T4 0§ §F (A acutiloba) -
WAL 107 At e BT AR ISABRALE- T £ E
TH o RFEARAT P EDOEEL KA G o

(Z) o B 1 ERE7 > 7L 40m- 674 > (THkEEL1.0x05m -

() pEet 8l TR S 2 A H o

(T)PAFP P FTAPFHR 20K ABF FREKRLKE - 2L - 1BEE - 1

a2
‘a‘:o

N

CHEERERR R i FPEME AR RES S R

\—'};ﬁk}%‘rﬂq'}ii%’g? ﬂ-&%gﬁﬁgﬁ]ﬁ‘-;{)—i ] {%\A\gfﬁ_i%%%“

(- ) BEiFH @ F ﬁf(A. acutiloba) -
(=) #BkadZ i NP Os: K0O=55:25:252 gl 7w o & g%

A: 2,000 = 7 3% ~ B: 4,000 » 73 ~ C: 6,000 = 735 ~ D: 8,000 = 7 3u e

f?f- 4/%1‘.351—_ ’ ‘sl\fﬁ;’fﬁ'@ 2&?}9« ¥R ANa oo

(=) #2210 X34 RCBD > = 4 » 7L 12m> 374 > -] & & 4 36 m* >

TkfE1.0x05m -

() PAFP  F LY T FI0REFAE > BEEHRLKF ~ 2L - #

1ESRE +34;¢g;gyi;p ) »); AN R N :ﬁ‘j&};\ ﬁaz B2 b4

TR

(T ) REd 8 TTHERE T RAE o
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S SR GAHE AR FRLBF

(=)
(=)

(=) @™ P HEARA > R A0mo 445> (FHkEES 1.0x0.5m
(z)AEAP " FTPHR20KLEFAE  AE25 0 5- TIBEAPFFLEAT P
REEEEFTHPHEDE S 2FBEEF - XD L - B AERL 2 H#

TOBRE CPRE CREEREEER FIAPAKRE EANE B2 T
SRR T

() o B TERE X A

T BREFTHHTFLERR J a3 s 2205

(- ) 32 i%4 ¥ §F(A acutiloba) -

) HHRAIE M PERZEENF T IFIF 2 2HTEIMTRFRET HR
@ e Firbx SR EuEd o

(=) 3> 0 PR3 4RCBD > = £4F > 7L 12m > -} % & f 12m’ > {7 $kiE
51.0x05m- o

(2)NBEAR HAEHFHRI0BLEFAE > BAEBLHE ~ 2HEL - FITE
FRECFUSEREPR > A PRAME TAPfz B2 423 Lacd 247
5

(3 ) @58 TR E X RAY o

Ei i
PR L

ZEH
RAAP
GER
W gL

s =

f £ 5

[N
L

% b7 (A. acutiloba)
FEEE 1.0m > fkEEA 5 304050 2 60 cm % 4 &2 - RCBD >
| Few A% 15m? e
FEEAPRI0REER L B ARE ~ REL  FRE LS
E*mﬁ3§£ﬁ§ﬂﬁ49ﬁio

ERhE X RA
5

7‘,;:1,}

CHFFRELRE § 22307
% §f (A. acutiloba) -

l““b

RS AR IR TR S0 R A Y SR T

%@ﬁ&ﬂi*%ﬁ&ﬁm&ﬁaao
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S AEFERAEERE s 22 BT
(- ) &R iEd o3 §F (A acutiloba) -
(Z) BHAIL A GBFTEHE TN 2 BT - B IR EUER T §

E3

F AT LFERBEREY PR Ve BT ENAE 4 VL EBE
In RN o - EJR2 3T . m F';sg;gv,_—e;wfg}; o

(Z) F# 7 fsr £ 02 N:POs:KO=55:25:25 24 k3 #Fsi
o, — A H > & NF st 5 6,000 27 o

(w)ﬁ%%g:mgﬁ,ﬁalsaz’¢aaﬁ1w¥’ﬁﬁﬁé1mw5moo

() AAAP Hhd o~ 2HRBEL - FIE 3L U R RERR S HATHF L2
AR AEKE EAPN I EHRAIE

(# ) sy g ERFELRAS o

S = IR A AN Ui

(=) f &b :
ATty AR A0CHR o0 SN 48 L R R E S AR
oo AR R R&E 1090 4 » 10 ml methanol » 12 37°C-kigixzie * N iE
o MARF I 30mMIin iR 0 U RR G ERRERR -

(2 ) #=§ a0 4 pla:
¥ ta 4 ~47%+% Shimada et al. (1992)2. DPPH Bl % > i o fiE g @ 4o »
150 pl ek &3 % > £ 4 methanol = £ 3 4ml> 23 84> 1 mM 2,.2-
Diphenyl-1-picryl-hydrazyl (DPPH) methanol ;2% 1ml» £ %i® 3 » % 37°C-ki%
PER3OMINe F R NS A KRR LS 2hpzH 517 nmas ki@ Ak
kR F M 5 GBC 413 % Cintra 202 - F 2 12 4 ml methanol 4 1 mM
DPPH methanol ;3 ;% 1 ml Bl 230 min {$ ik i@ » 1T 5 39 @ - DPPH ¥ 1t
iz E S NS [1- (e kE/ ARz dleskiE) ] x100
20 TEpAAFFEAS

LEG-MWANAR
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B R 1R A0C AR Fo B eh SN i 48 P P 0 U RS S R
% q“' o

(Z) HERRAE

HrETEH & % 1.0 g 4 methanol 10 ml > 2 37°C %3 24 ] pF» £ 17 0.2
pm g S e

(2) @i

_J_-

B s egpg (R 221) 2H 0 (B 222) ~11TRE 5 8 20k dp
& 47 & (High Performance Liquid Chromatography : & # HPLC) » HPLC 5L %
Waters 2695 > & 7 = &8 i ;p] ® (Photodiode Array Detector) #|%. % @ Waters
2998 - A 4% % t14 HypURITY C18 (250x4.6 mm) » v % i i i3k % 284 nm -
R id s g 2 20 W 24723 A RS FRBRELS S DAL
Acetonitrile ; B : 1% Acetic acid -k;3 /% ; C: Methanol » 424~ > A5% - B
95% ; 10 min F¥ A 35% > B 65% ; 30 min ¥ A70% > B30% ; 40 min F¥ A
95% > B 5% > A~ W ¥ 7 k3Rt R ERER 41 min B C100% 4% 2 50
min > GriE g Y A ARG £ 4 5 51 min pEEwAcdsiE i A 5% B 95% - §
Eff" TR E AP A EET SRR T 7 (Merck, Taiwan) e

- «LJF'LAV\ *ﬁ'

st A 7% Excel 2007 £ S8 A 45 o

S ERE

B 2-3 -
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- ‘3\‘i‘\'f" f\:"t’-&lpé{‘g ﬁ? ‘E"_

o
() FAEERE FoE D

(

2007 & A fo@ L 5 B A b ARALE RSk PEMKRD AL LR 2-1 B
FFFERT LR IAE F 1880 B F o B A LB EE B 185
g FXH Hen1629- 22 %1299~ ¥k Fe0103 g o H KT 354k
B ELE FNT20om RF 0 HX &AL HHAE T 65 cm > jE F e 52
cm~E %2 Fn 49 em- 228+ Fen 48 om M o HiR TR E U ®
1102 gE® > T X Hen 98 Qg2 0 HER RNIOE8 gH I o U FE L H F Y
2T mmidt o 22 Fh24mm=2 ~ F ¥ %11 mm o) o 2007 &
BR2ZFBHRFRMAE B REERE > NEER RO EHR Mo

2008 & & 7-iERE 5 B AR IRAEE BiESKRZL BEMEA AR R 0L 221

2459 BB 0 H= 2B L E T en 236
g~ ¥y Heh213 g AR F:161 g ¥ F 150 g o H BT sk
FUEEE R E0cmEAF o HXZAEZETEE R 58 om s § kR ®eh 44

cm -~ Hfh R 35Cm~ 228 Hin 34 om 5 B i o HRTIOPRE U K

e

18305 R P TEH HNTTIQgZ » 22 Heh48gEh M- I EnE L2 L8
bR e23mmBat ~ § ikl B l8mmtz 22 R 13mmi] e
2009 & 7 F TR S B A B RELE Rk REWRA AR K 4od 2-
1ﬁﬁ:§ﬁﬁﬁ$%iié:ﬁ§_.l‘zii %1 7399 BF 0 HARAE S HEE B
580 g~ & %M T 1557 g~ & X B H 1550 g FAAK T 1536 g F 4 o B HRT
otk E L E B &m760m&$»;ti:’zi;t}%»;%i,?;%‘ép.’rﬁ7lcm\5;%7f,%fi‘§pﬁv
64 cm~ § %k HHB3CmMms W FH60cm S o HikToE 1
% 1659&k B 0 F ikl B 1689z o T X HehO7T gAMoL B

F A3 mmE L ~ LER Fd0mm=xz c FFE FH33mmE] o

FPEARERE FEERDI RIS TELR
2007 & AfviERT BARE BB AT F 2L FE L S R4k 228

R Al N B B Feh 263 pg gt hE o LER Heh 217 pg gt
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S22 0 AWR R8T pgg TR AN RN I H R E L L5146 mg
gﬁ&%’%5%aﬁﬂAmgg:ﬂz’uﬁiyaﬁﬂﬁmngwao

2m&ﬁaﬁiwz%zk%&%ﬁ@ﬁ#a¢@AﬂA%%gzz@T:

EE N SR %?ml%ougglﬁms £iEK 1528 ugg tsa o &
B R T748Ugg TE K o HAR fiy L 3 gpm31mgglg,\rg,:e&gg 3,
ch26mgg tsz > 1A ®E Fr0.8mg g’lﬁxii C RR LR o A

2
AEAPfaFoeE S T RO LIE ROZERF 0 A RRET ) oS

£

2009 # LEHEMT BA R FREAF IS FEL R A0d 22 K
Ao RGR G R Fen 1582 00 g B 0 224 FHeh 1533 pg g
20 FXE FHHEB0NgY A AR ELSE BN 26mg g EE S
Y H15mMg g B o SRS BT Y D

T

b %25 mg 971 2. 14
PRAEZE BARNA G xS A 3 R

-

B RRBET G REFEDLE -
Tt &2 0Ep 2 AFA BB E - FR

BE AL RBE  F RN THFARE ST ﬁﬁ%ﬁPiW‘
RAVBEFAZZY > TPy 2@ r2 7P ZXIER
PR EE BFFRDTR s XA F B &5k (Yuetal, 2003) -
Mpofu et al. (2006) & 4 B 7 3+ %32 6 B & &b P FE ST 80

PRt ft 2 R VRS RERR BRET ASRETE I By
FoRRPAL P ERRE PR FHFEAR > A BRE RARE

Bt AT R 25l o %R (2010)4F 3 A B £ R ffEF 5 (Scutellaria
baicalensis Georgi) » ~ 472 A B &5 %A F 52 - F S HE BT &
FAEFIAE o Zhao et al. (2003)~ +7B~ A # Ry §i(A. sinensis) ~ P & 0 §F
(A. acutiloba) % # B jF(A. gigas) » #FIREFPAEERF A E <4 > 27 F
BERARE RETHEFLLE - Tianniam et al. (2008) & p * 7 I3 % £33 § i
(A. acutiloba) » vt g8 S F & & o hZ B oo 2% 1 Nara ¥ & fdfe oy FAES
S h G LA RERE RREFPA R R -

AiESh e S BRHNE B 3ENRMT LA 2 b NE YR F0104 g5
BOELREFNONgEM FREFLFDAELE 2 x> THRIMAEE L 9L -

104 g (4 2:1) - frednfrfipz £5 840-2041pugg ' > 2 2REFED
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2041 ug g '5E > A EREFP 840 Ng g B (£ 2-2) 5 F A HAP
$8522-33mgg ' M2 2REEH33IMIY B EEREED22mgg
B (£22) c Al 7 B MNEEERDLREKE o

A FEZ% T 3BERFEEKY U 2008 E 7 b E R GEEY G AE § L R

ZofmAE 48-830 > HY 2L RRANARNS 480 HHPFTRFTAE
ZERHARZBE 2007 #1 2009 EEARLE L > AP EDLE (B

2-4) 22007 &3 2009 #£0? Tioa g A0F L hL E (K 2-5) -2008 & #
ATH 5T aE T 6mMmMe R EHRMR I BFEEB ERSEARE 0D
TRARFER IR kA RS R ER EREF L L
FYOOERFHERTALERN & PEFHFPRALLA M 2 BE AP
Tio R X RPN LRER 4 o
FERFREZ GFSD G2 f s s BFEA IR LR
FHI A ramE EAR s B2 R
AEfETES FAEL e B 2 LA AR NTE
LS

Bfch= B R BRSO RS ML TES R B B fiFiend

A AR GEE E AN f LR ERA RN FES LAY
Sl R 7482172009 7 B FFRK S £ 5 3667 pg gt x
4491 ng g to P v fFORPEEFEF N TES R4 AF (W 26
A) o FHEE AN FH TIPS RS 13-46mgg o B i ¥ UK
Apfa g RAN G 44mggTE 58 mg gt (M 2-6-B) M A A DY

BRGier K2 AP RAER] AR ER F2ANEARIEL 46
mgg ' &H - # ® ° Zhao et al. (2003) 1z & % * § jF A. sinensis ~ A.
acutiloba 2 A. gigas> V=7 F § ﬁﬁfi PR E2 RFARAGZE 2178 % A
sinensis e 47 5 £ % 350 - 1430 pg g ' v & *+ A. acutiloba ¢ 60 - 90 pg g*l 3

A. gigas 7120 -200 ug g ' ; A. sinensis snf AP fiz 7 B 5 45-146 mgg*

++ A. acutiloba 9 0.9-15mg g ' 2 A. gigas125-29mgg *; # 1 PCR A 47
= B4 fa 5S-IRNA B 7] > # 3 A. sinensis ¥ A. acutiloba i @ 4p i & &

72.87% - A. sinensis ¥2 A. gigas i @ 4p i & 5 73.58% - A. acutiloba 2 A. gigas
i @ 4p 0 & 93.57% > % 5+ A. sinensis & ¥ ¢t = f ﬁﬁ? ER X R I Rk
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(

AR bz Ry AN By FFAF2Z LR - Luetal (2005) &0
F 3 7R EER A sinensis shf A fia 7 £ % 30 A acutiloba o i T fE Ly b
B>t A acutiloba » 27 &g v i A sinensis 487 oo § v A 7 B P ALAL
BRET FRK O R FAPN g R AIERC) o BT TN R Ay iF (A
acutiloba) # F & P fadi33 & % 6 (A sinensis) AP gz £ 0 F B4 B

iiﬁﬁ@rﬁﬂ'g’ﬁr?o

FEFFLIAEDBECFRAFESAF IR IR
Pep SRRz B R BB § I (A acutiloba) itk #;w]zfé’\ii‘;'ﬁﬁ?
B g mgﬁ? (A.sinensis) {74 & ~F = A 470 B 5 BT Vi
wHfEy R Cag £ 455 08%07%~05% 537 Giev 52 03%-
Fe 7 £ # % % 352 ppm ~ 566 ppm ~ 282 ppm > § *>t% &igr ?{1 260 ppm %
244 ppm > Mn 7 £ & % 5 72.8 ppm ~ 130.0 ppm ~ 68.0 ppm > F 37 L g v H 2
03 ppme 2R Mg-~P-~Mn-Cu 2 Zn % ~% 3 & » F&¥ RfE{EL § if2
b8 ’g_%’grdﬂz;f;\n’i (% 23) -Fe Z 8o ® LB~ 2 » 5y BiEn 2% %
o B g 0 VTS g ST RS R - ~Ca

P PR OE RGP o D AN e A > TERFLADFF L2

LA Y Cap BRF Gier X540 TAFF5 e Mn-Cus2Zn %%

el SRS Rl i DAL R L & R et AN A SR I - Ly

AN gﬁ.j—;ré i ©

SRR R ELRE oA g R BY
(=) FH3 P AEPD LR R

SAAFAREGF RIS GRS N FAERDHE 2
PETSFFREBERP L ST o130 (FiF) 2 107 (#iF) 273
AR G0 GRS 0 ERE R D R A 10 Bl R Ak~ 2B
ToRECATEREZ R BB RARIS 3 B E AEE
ZMITIREZ 590 31 b6 Qi AR FMAZ LR Vb ik
AR >3 B OF RSG5 48cm - 10 7 B akF 5 76em 0 100 &
et B B S BT -3 7 fEfE s 160 = 010 ¢ it 5 280 * o
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THERPALG120% - AL PR ALR (£ 24) o KA 2 10 0 &
:ﬁﬁﬁ?@%ﬁéi’ﬂ&uloa@cﬂﬁ)%%ﬁ%ﬁﬁﬁﬁo
(=) FH7? RAERY GG 2ed b 7 B
M3 2 100 o B RBEEY T o0 A § Rt F GRS
i%@T’uloﬂxﬁﬁmh%& ¥ 103.1pgg ‘#F >3 SN TT0
HOg ' FARA RS2 10 7 B ERH22mgg TRE 3T HEfEZ 2.1
mgg ' (% 25) o & 10 Mt f s s § RS

FPREATRBEREEARLF o T F PR F R R Em A 3
TEFERFIRANNFFOLE  ERETRIDEF LRG> J B
FaET 0 10 7 ARy AR TS K 5 280 = > 3 1 (iR K AR
UM 5 160 % - AT EALY 120 2 03 P A A AL AR
T BEYFEKRL AT 2 ﬁ%éé’éﬁéﬁﬁ%ﬁﬁ’mgﬁééﬁig
flEz o SFEAERRE oA E AT RERET > iR 10 7 (R
) g £ 2 32 eng £33 39 (F1F) ;féf*dz; E o Fpooo2 10 ¥

(F7%) 5 4 iFhid B PEY -

7‘,%‘3

l“‘b

2 TEHHGFALE oA
() FFAR2THHPEL R
AERATEA R TH L PEMRAR > A FREL L7 FALRBE

B B BiERHP2 28333 FIFREFPERD A ’Ef?‘fﬁ’;’%ff%fﬁ’ﬂ
FARIFER R EMRE R gons s g B2 R1VF 0 75§ Flcfgz 59 o
RREENT DR ORIAGHFTIR TR HEFDE > S REDT IR

<k

S48cm BiCH R E S 64 emo DR TH 2 RBR 4T T6CmEF > B
FH 2 4k F 5 75em (B 2-7-A) ~{HHRBFAELFA TP A RB 0 T
RETH 2 SR IMFEEINERETBR - 2HRETTFERLE TIHFEIHA
HWAv > w1 RFEFPED G RS2 e RARE X5 B (B 2-7-B) - §
Eﬁ: REIR AP 2240cm & > 222 T2 Fhgit 7 < > 1L FF
% 18.8-224cm (B 2-7-C) - gﬁrz RETFA TP EFenH 4 Biomz
TR dE 5 8009 RicA- P34t 859 @ B -8 { 451009 ptpF 549
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MAFBFLIR LB I FRMERINERE R P RN ERATR
v MERLTET 449 (B 2-7-D) o REA BRSNS mmE L B
fa+ iy en 26 mm o) (B 2-7-E) - #% S %87 0 3 b & FH I Raid
RAERF MR -

-

(Z) $HH P ATEY ] oed A § 2R

FHEHTF A RATHELLEERLIR N D2 EELS AR
BELAEA AR E T3 L kg ¥R B RITEY2
BRFIPEIRLTEH > SHTF NG R A o FR SRR R IR
WA FREABTES 5493 ugg T B L 78600 0 2B TEE A L 83 ug
< (@ 2-8-
A) o §ﬁ+$$x$¢§%ﬁmgi‘ﬁﬁﬁiﬁﬁﬁﬁ 32mggl B

gl RAFPEHRIE S 608 ug gty B EE R R
#523mgg e BEEY L 26mgg o BT ESH S 27 mgg s T4
Peng L (B 28B) ~ B *EA i %38 63 RLATHE
Hprad o 2 27 81 FHRFEA2E% > NRITEIREL §HRTG
fefgig # - Qian et al. (2013)4 7 # B+ %< Fh#r & <07 B § §F (A, sinensis) -
FG A EERY o B 4 BpiRrt F = 4 Zligustilide ~ butylphthalide ~ Z-
i) - A AHAEF L A RE R LR RApM o T

L ER R kY o H s (T 4ep 2 4 (Origanum syriacum) - Shiyab et

butylidenephalide 2 linoleic acid 7z £ &9 * 22 10 * #& & » & }FH 5 7 R F

al. 012) A 47 H A 2 TH S FER > BENAFT LA AR Y

(blooming stage)# ¥ P EekE b 2 £ B >0 B =@ (pre-flowering stage) =4 ¥ F#

B0 F LA B S B g -

&
) RFEARAT PR

AEfET A RATPRED 2 REBRAR  AF AL 160 X B4bE
FrfER s AAFHFLRERRZ A2 s 8 B BRFFLARLT
Pz A TS F RS Ay o RSB SRR LY FORE G
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Fig. 2-1. The chemical structure of ferulic acid (A) and
Z-ligustilide (B) in A. acutiloba.
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Fig. 2-2. The HPLC fingerprint of A. acutiloba.
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Fig. 2-3. The plant morphology at different stages of A. acutiloba.
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Table 2-1. The comparison on the agronomic traits of different cultivated area and years

in A. acutiloba.
Plant Plant Plantroot  Plantroot Plant root

Cultivated Year weight height weight length width
area (g FW) (cm) (g FW) (cm) (mm)
2007 162+41.2 72+15.6 98+28.6 30+£3.3 27+4.3
Jian 2008 236+85.1 58+13.8 77£33.0 2845.5 2345.3
2009 550+98.9  76+4.3 9748.9 20£1.5 33433

Mean 316 69 91 26 28
2007 185+44.8  4947.2 78+34.9 28+3.8 11+2.1
Shoufeng 2008 245+78.1  5949.1 76+21.2 2716.1 23+2.8
2009 557+89.8  6045.2 157+12.1 26+1.8 34+3.8

Mean 329 56 104 27 23
2007 1884445 65+11.5 102+22.3 29+6.6 21425
Ruisui 2008 1614919  35+27.1 52+29.0 17+£12.7 14+11.1
2009 53611015 6447.2 154+14.2 25+2.1 35+4.1

Mean 295 55 103 24 23
2007 129+25.8  48+14.5 91+19.6 28+3.6 24+2.2
Yuli 2008 150+76.6  34+21.2 484243 16+9.9 13+8.6
2009 739+112.3 71485 16549.8 22+4.2 43+3.3

Mean 339 51 101 22 27
2007 103+33.2 52+7.8 68+21.3 18+3.5 16+1.3
Zhuoxi 2008 213+99.4  44+10.9 83+27.9 22+3.2 18+4.1
2009 580+95.4  6316.1 158+8.5 35+3.9 40+3.4

Mean 299 53 103 25 25
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Table 2-2. The comparison on the active ingredients content of different cultivated
area and years in A. acutiloba.

_ Ferulic acid Z-ligustilide
area

2007 115.4+14.7 1.6+0.2
Jian 2008 83.0t4.5 2.610.3
2009 83.015.9 2.61£0.7

Mean 93.8 2.3
2007 87.01£7.3 4.440.9
Shoufeng 2008 74.815.6 0.8+0.2
2009 90.1+4.1 1.5+0.2

Mean 84.0 2.2
2007 206.5+27.2 4.3+1.3
Ruisui 2008 115.6+4.8 2.310.3
2009 158.2+7.2 2.310.7

Mean 160.1 3.0
2007 263.0+8.9 4.6+0.2
vuli 2008 196.0+9.4 3.1+0.1
2009 153.3+4.8 2.2+0.4

Mean 204.1 3.3
2007 217.2+16.0 4.6+0.4
ZhUoxi 2008 152.8+7.1 2.310.2
2009 97.7+11.3 2.51+0.6

Mean 155.9 3.1
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Table 2-3 .The comparison on elements content of A. acutiloba in marketing and Hualien

production .
Ca Mg P Fe Mn Cu Zn
Source (%) (%) (%)  (ppm)  (ppm) (ppm) (Ppm)
Market-1 0.3 0.2 0.6 260.0 0.3 6.1 38.3
Market-2 0.3 0.2 0.5 244.0 0.3 5.8 39.2
Hualien-1 0.8 0.3 0.9 352.0 72.8 13.6 40.0
Hualien-2 0.7 0.3 0.7 566.0 130.0 22.0 39.0
Hualien-3 0.5 0.4 0.9 282.0 68.0 21.0 24.8

224~ i RAEERES R E RO R
Table 2-4.The comparison on the agronomic traits of different cultivated period in A.
acutiloba.

Cultivated Plant height Plant weight Plant root Plant root  Plant root Harvest

. length weight width days
Period cm Fw
(cm) — @FW) (cm) @FW)  (mm)
March 48+ 120 236+895 22+55 56 +114 18+29 160
October 76+ 6.8 311+ 86.3 29+4.1 95+163 21+21 280

5250 A RAEED G ks A R LR

Table 2-5 . The comparison on the active ingredients content of different cultivated
period in A. acutiloba.

Cultivated Ferulic acid Z-ligustilide
Period (wo/g DW) (mg/g DW)
March 77.0+12.1 2.1+£0.3

October 103.1+7.2 22+0.2
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Table 2-6. The comparison on the agronomic traits at different growth days in A. acutiloba.

S TR
days (cm) )] (mm)
160 43+2.9 245+ 29.9 23+1.8 50+ 6.5 17+ 2.6
175 55+ 3.0 385+58.1 25+15 62+ 6.9 20+ 3.3
190 69 + 3.0 375+ 101.0 24+25 52 +15.1 21+3.2
205 77+6.8 623 + 105.9 24+2.8 77+11.3 23+15
220 73+4.3 517 £ 55.2 24+19 64 +9.3 16 +2.1
235 69+ 3.8 363 +27.9 26+1.8 69+9.2 16 +3.1
250 74 + 3.59 232+ 35.0 26+ 3.2 64 +15.2 16 +2.1

2T 5 FEFRFRFIES Y R R
Table 2-7. The comparison on the different organic fertilizer amount of agronomic traits in

A. acutiloba.
Organic Plant root
fertilizer ~ Plant height  Plant weight lenath Plant root Plant root
treatment (cm) (g FW) (cr?]) weight width
(kg ha-1) (g FW) (mm)
2,000 827 373 227 70P 21°
4,000 84?2 316° 21° 722 222
6,000 792 336° 222 742 202
8,000 79% 4252 228 87% 20%
LSD g5 17.2 82.0 1.7 17.2 35

il - FEYFHAPRE > AT AR AL DMK F RS -
z: Means within each column followed by the same letter are not significantly different at 5%
level by LSD test.
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Table 2-8. The comparison on the different organic fertilizer amount of active ingredients and
antioxidant capacity in A. acutiloba.

Organic fertilizer

reatment Ferulic1 acid Z-Liguitilide Anti-oxidant

(kg ha-1) (ngg ~DW) (mgg ~DW) capacity(%)
2,000 98.1% 1.1° 61.1%
4,000 70.2% 1.22 48.6°
6,000 21.1°¢ 0.72 68.1°
8,000 432" 1.32 58.2 %

LSD 05 33.1 0.76 12.9

Zk-fFE AR H A7 LR AL S FRE -
z: Means within each column followed by the same letter are not significantly different at 5%
level by LSD test.

%29\§$%F$%%Eﬁ%§ﬁ#“ﬁ
Table 2-9. The comparison on agronomic traits in different planting density in A. acutiloba.

Planting  Plant height  Plant weight Pllant r?]ot Plant[ rr?ot Plan_tjrrc:ot
density (cm) (g FW) engt weight widt
(cm) (9 FW) (mm)

100x30 cm 677 287°¢ 23P 71° 19°
100x40 cm 71% 333" 25 80° 228
100x50 cm 72% 369 %° 28?2 1072 2232
100x60 cm 752 400° 282 1182 242

LSD .05 6.4 49.0 3.9 13.6 2.0

. k- FE i?»“*#ﬁﬂ?ﬁ v Ao £ B K 500k FoKE o
z: Means within each column followed by the same letter are not significantly different at 5%
level by LSD test.
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Table 2-10. The comparison on active ingredients in different planting density in A. acutiloba.

Planting Ferulic acid Z-Ligustilide
density (ng gf1 DW) (mg gf1 DW)
100x30 cm 109.3% 2.2°
100x40 cm 106.0° 2.4°
100x50 cm 103.8° 2.4°
100x60 cm 110.3% 2.7°
LSD ¢.0s5 15.2 0.6

k- FEYFAApRE AT LR AE S F KL -
z: Means within each column followed by the same letter are not significantly different at 5%
level by LSD test.

5201 P e VAR FLELRE RIS §EPBYP

Plant Plant root Plant root Ferulic
Treatment Date height length weight acid Z-Ligustilide
(cm) (cm) (QFW)  (ug/gDW) (mg/g DW)
2007.06.25 78+7.6 25+6.1 78+23.2 150.7+321 29+0.3
Not-cut
flowers

2007.07.11 77122 26+34 68+134 1859+82 23%0.2

2007.06.25 4674 28+ 6.2 69+165 242.0+413 26+0.3
Cut flowers

2007.07.11 45+55 30+45 55%82 201.7+214 26z£0.1
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Table 2-12. The comparison on the different mulching materials of agronomic traits in A.

acutiloba.

Mulching Plant height  Plant weight Pllaerrlltgrt?]ot P{zg;[grr(]) to f Pls\zz:ﬁot
treatment (cm) (9) (cm) (g FW) (mm)
Plastic 547 124° 26° 64" 16°

sheeting
Weed 56" 1452 27° 78% 22°
control mat
Non-woven — oea 245 272 89 23
fabric
LSD g5 4.1 119.5 15 21.4 7.3

k- FEYFAApRE o A7 LR AESHF Y -
z: Means within each column followed by the same letter are not significantly different at 5%
level by LSD test.

2213  REFHHEFF w32 7 £2 1§ a4 2 B
Table 2-13. The comparison on the different mulching materials of active ingredients in A.

acutiloba.
Mulching Ferulic acid Z-Ligustilide
treatment (ng g™ DW) (mg g* DW)
Plastic sheeting 80.97 2,52
Weed control mat 120.9° 1.8°
Non-woven fabric 108.9% 1.8°
LSD g5 31.2 1.02

k- FEYFAARE AT LR AE S F Y -
z: Means within each column followed by the same letter are not significantly different at 5%
level by LSD test.
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Table 2-14. The comparison on the different planting practice of agronomic traits in A.
acutiloba.

Plant height  Plant weight Plant root Plantroot Plant root Root

Treatment length weight width Number
cm FW
(em) OFW)  em)  @Fw)  (mm)
Transplant 547 404° 28° 112° 11° 19.32
Direct b a b b a b
Seeding 47 238 22 74 20 1
LSD .05 2.5 178.7 0.7 28.4 4.7 3.79

Zk- TR FAARH 0 27 LR AL S FRE -
z: Means within each column followed by the same letter are not significantly different at 5%
level by LSD test.
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Abstract

The purpose of this research was to establish the good agricultural practice for Salvia
miltiorrihza. The characters and active ingredients of S. miltiorrihza cultivated in 5
different areas of Hualien and Yilan Counties were measured and compared. In
comparison of the average plant weight, root weight and root width for S. miltiorrihza,
the highest value was acquired from those cultivated in Yuli area. Those of highest
active ingredient content of salvianolic acid B content were the harvest from roots
cultivated in Yuli area; those with the highest tanshione IIA content were from roots
cultivated in Fuli area. Comparing the agronomic traits of the roots with different growth
periods, harvest after planting after eleven months had the highest value in plant height,
root weight and root width. Those with twelve months growth days had the highest
salvianolic acid B content. Furthermore, roots of nine months had the highest
tanshinone IlA content. In addition, roots of twelve months had the highest antioxidant
capacity. Roots planted in October had higher root yield and active ingredient content than in
those in March. Organic fertilizer application rates at 16,000 kg ha™ had the highest
root yield, and the 12,000 kg ha™ had the highest active ingredient content in organic
fertilizer trial. The transplanting cultivation had higher root yield, salvianolic acid B
and tanshinone IIA content than direct seeding cultivation. Planting density
at100x60cmhad the highest root yield, salvianolic acid B and tanshinone I1A content.
The shrimp shells powders treatment amount at 750 kg ha™ had the highest root
yield in S. miltiorrhiza. Among comparison of different parts of plant, root position
had the highest content in salvianolic acid B and tanshinone IlA than root head and
shoot position. Root diameter above 5 mm had higher salvianolic acid B content, and
the 5 mm root diameter had higher tanshinone I1A content. The rotation practice had

advantages than continuous cropping in the root yield and active ingredients in S.
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miltiorrhiza. To compare the effective annual and biennial in yield and active ingredients
content test results, annual and biennial plants had little difference in yield and active
ingredient content, however the root appearance with better quality were found in annual
plants. Therefore, the eleven to twelve months stage is the suitable time for root harvest;
therefore it can be the reference for the farmers engaged in field cultivation and harvest of S.

miltiorrihza.

Key words :

Salvia miltiorrihza, yield, quality, active ingredient, salvianolic acid B, tanshinone 1A
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Fig. 3-8. The comparison on the salvanolic acid B, tanshinone IIA and
scavenging effects of different planting methods in S. miltiorrhiza.
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Fig. 3-9. The comparison on the salvanolic acid B, tanshinone IIA content and
scavenging effectof different Shrimp shells powders amount treatments
in S. miltiorrhiza.
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Fig. 3-12. The comparison of the root appearance of S. miltiorrhiza at different
harvest period (left figure: 12 months; right figure: 24 months).
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Table 3.1. The comparison on the agronomic traits of different cultivated area in S.

miltiorrhiza.
Cultivated  Plant weight  Plant height P:;g}grﬁf t Pllaerrlltgf[?]ot Plant root width
area (g FW) (cm) (@ FW) (cm) (mm)
Jian 1063 + 252 75+ 14 523 + 154 36+9 22+5
Shoufeng 1132 + 249 79+ 16 496 + 151 37+8 22+ 6
Yuli 1028 + 162 81+ 13 585 * 156 387 235
Fuli 1213 + 375 105+ 18 5351 201 40+ 9 24+ 8
Sanxing 1066 + 245 89+ 15 512 + 189 40+ 8 21+ 6

232 2 2 A FLARE R oA FEUR
Table 3-2. The comparison on the avtive ingredients of different cultivated area in S.

miltiorrhiza.

Cultivated salvianolic acid B Tanshinone 1A
area (mg/g DW) (mg/g DW)
Jian 36.4+3.2 3.6+0.2

Shoufeng 412 +2.8 34+0.2
Yuli 48.3+4.1 34+0.1
Fuli 454+ 3.2 41+0.2

Sanxing 412+3.1 35+0.1
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Table 3-3. The comparison on the agronomic traits at different growth periods in

S. miltiorrhiza.
Groyvth Plant root  Plant root Plant root
period Plant height  Plant weight length weight width
(months) (cm) (g FW) (cm) (g FW) (mm)
8 70 + 16 1063 + 562 35+10 373+ 198 21+5
9 85 + 20 1249 + 749 37+9 443 + 251 19+ 6
10 89 + 15 1228 + 562 34+6 485 + 256 21+5
1 111+ 12 1213 + 575 41+8 685 + 373 23+8
12 94+ 11 866 + 434 41+5 585 + 341 24 + 6

F 34~ 5% AR R R R
Table 3-4. The comparison on the agronomic traits at different planting period in
S. miltiorrhiza.

Planting  plant height ~ Plant weight ~ Plantroot  Plantroot  Plant root

period (cm) (g FW) length weight width

(cm) (9 FW) (mm)
March 119+ 24 1222 + 685 36+5 506 + 98 18+5
October 94+ 11 866 + 435 41+5 585 + 341 24 £ 6

87



%35 257 R AIE PR E R R
Table 3-5. The comparison on the agronomic traits of different organic fertilizer amount
treatments in S. miltiorrhiza.

Plant heiaht Plantroot  Plant weight Plant root Plant root
Treatment (cm) g length (g FW) weight width
(cm) (@ FW) (mm)
A* 122" 35° 1300° 461° 18°
B 1172 39° 1258° 502 182
C 119° 36° 12222 533 182
D 1172 33° 1346° 569° 172
E 1182 37° 13272 500 162
F 121° 37° 1239° 508" 182
LSD o.0s 14 6 406 39 4

z: & g% AD4,000 2735 ~B 8,000 2 7w~ C 112,000 T S D
16,000 = 739 ~E 4,000 = 73w g w 3B Eavpw g e F D HR

Fik-FEeFAApRY 0 AR LB AE SR E Y

*: Means within each column followed by the same letter are not significantly different at 5%
level by LSD test.

#3624 57 P DR EER R
Table 3-6. The comparison on the agronomic traits of different planting methods in S.

miltiorrhiza.
Plant root Plant weight Plant root Plant root
Treatment Plant height length (g FW) weight width
(cm) (cm) (9 FW) (mm)
Direct Seeding 109 *™ 34" 985™ 469 ™ 19"
Transplant 104 36 983 541 21
LSD 0.5 20.1 12.5 339 183.0 9.1

*: ns: not significantly difference
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Table 3-7. The comparison on the agronomic traits of different planting density in S.

miltiorrhiza.
Plant height  Plant weight Plant root Plant root Plant root

(cm) (g FW) length weight width

Treatment (cm) (9 FW) (mm)
A? 75%P 912" 322P 436° 18°
B 74" 989" 32" 446" 19°
C 80° 1003° 342P 5132 20°
D 81t 114432 352 5182 228
LSD g5 3.9 129.2 2.9 194 1.7

z : A :100x30cm ~ B : 100x40cm ~ C : 100x50 cm ~ D : 100x60 cm

k- FE2 AR E A7 4B AE SR Y KA -

*: Means within each column followed by the same letter are not significantly different at 5%
level by LSD test.

%3824 FFEBBROG LIS FTEVR
Table 3-8. The comparison on the active ingredient content of different planting density in S.

miltiorrhiza.
Treatment salvianolic acid B tanshinone 1A
(mg/g DW) (mg/g DW)
A? 31.9™ 3.3°
B 30.9° 3.82
C 33.9° 3.82
D 34.4° 392
LSD o5 5.2 0.4

z : A :100x30cm ~ B : 100x40cm ~ C : 100x50 cm ~ D : 100x60 cm

- fFER 3"41‘5?5—%‘ v Fom AR KiE B0k FAKE o

*: Means within each column followed by the same letter are not significantly different at 5%
level by LSD test.
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Table 3-9. The comparison on the agronomic traits of different Shrimp shells powders
amount treatments in S. miltiorrhiza.

Plant height Plantroot ~ Plant weight  Plantroot  Plant root

Treatment (cm) length (g FW) weight width
(cm) (9 FW) (mm)

A? 1137 35° 1157° 515° 18°

B 123° 31° 1049 450° 18

C 121° 32° 1282° 558 17°

D 115 37° 1102° 520" 17°

ZiEEEEE O E sy A250 27 B 500 &7 ~Cr 750 27 ~ DR e (H R
&) o
MR- EEXFARE 0 AT LB ALY KT -

*: Means within each column followed by the same letter are not significantly different at 5%
level by LSD test.

% 3-10~ 2 27 o i chf F kot i
Table 3-10. The comparison on the agronomic traits at different harvest periods in
S. miltiorrhiza.

Harvest  Plant height ~ Plant weight  Plantroot  Plant root Plant root

period (cm) (@) length weight width
(months) (cm) (g FW) (mm)
12 75+ 17 1048+ 544  47+11 580+ 214 17+5

24 82+ 24 1025 + 638 42+ 7 445 + 215 20+ 6
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Table 3-11. The comparison on salvianolic acid B, tanshione I1A content and Scavenging
effect at different harvest periods of S. miltiorrhiza.

Harvest period Salvianolic acid B Tanshinone 1A Scavenging effect
( months) (mg/g DW) (mg/g DW) (%)
12 474+ 104 53+28 89+ 12
24 406+ 11.6 43+1.7 81+14

#0312~ 2 57 e 073 SN R AU ot i
Table 3-12. The comparison on the agronomic traits of different cultivated practice in S.
miltiorrhiza.

Cultivated  plant height ~ Plant weight ~ Plantroot  Plantroot  Plant root

practice (cm) (g FW) length weight width
(cm) (g FW) (mm)

MO”‘;%“WQ' 67+ 11 528 + 88 20+6  278+52 1545
MO”%ﬁ‘é't“re' 64 + 14 438 + 85 33 45 189 + 58 14+5
Rotation-1 68+ 12 517 + 95 29+5 324 + 61 18+ 4
Rotation-2 74+ 16 528 + 124 30 +5 307 + 68 17+5
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P ek e B2k a7 0 2 &8 HA (Tan HA)feF 386 55 % (Resv)
st BRI S AR BB R AFALAFEAE 20 A o
Fio REMamy T wm AP SR IA EF N0 WEBBERY - &
4] HepG2 "l im®e /B4t b » 22 b B B f g - vl > T orie - X RV &4 2

HEpr > o dh izt ~we k= 112 DNA T4 B 8 o @ % w38 P2
(WST-1 assay)™ ;2 > RI1F ) = A EF &2 28 & AJ2 ¥ HepG2 fm#e 1575 4 eng i8> o4

A Rpr WAAeF 350 FEmem s pr o & 12122 1/3:2/3 )k vt b > $imve 3 14

F BB s s o b 22008 4a (cisplatin) 2 4 s BT PR sk AR IR oo 12 propidium
iodide (PI)% ¢ iz #ipl A~ 47 m2 F dp 2. 1 > Bgom & Sk 1A @ w2 38 ik & sub-Gl
P chimie v G A 0 @ R SN FE AR e ie ) & S e G2/IM PEE 0 BT S R

2 mk HA 2 F 80 B gL P o B 5 @ w2 ik i) & osub-GL pE > A d

Annexin V/IPl B4 ¢ 2 i RTS8 enmbe = &% o b > d DNA BT A%
oo R DA ALK > B RN B i AR 0 A F 8 B ALY

PIE TP B cnim®e k= Bk > REBMER Y 22 BEHR T AR B ED
Bk o AFETHET 2 5@ HA fok 50 BT T2 2 el o @

By i ie 4 5 22 dr ) HepG2 fmve 4 £ » i P840 E Ap e chim e 4 2ok o
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Abstract

Tanshinone 1IA (Tan 11A) and trans-resveratrol (Resv) have received considerable attention
for their activity against various cancer cells. However, it is as yet unknown whether they can
exert a combinative synergism against human liver cancer HepG2 cells with effects
comparable to that of cisplatin. We thus measured the viability of HepG2 cells influenced by
two agents and their combinations using WST-1 assay and found that a combination of Tan
1A and Resv at ratios of 1/2:1/2 and 1/3:2/3 displayed synergistic effects on cytotoxicity
equivalent to that of cisplatin for some, but not all exposure times. The propidium iodide
assay further revealed that Tan I1A increased in a greater proportion of cells in sub-G1 phase,
and Resv induced a higher proportion of cells in S- and G2/M-phase. The sub-G1 proportion
was higher in the combined Tan IIA and Resv than the theoretical additive value, and a
similar effect was observed in terms of apoptotic frequency using Annexin V/PI staining.
Moreover, a DNA gel electrophoresis assay exhibited a clear necrotic smear pattern upon
treatment with Tan 11A, an apparent apoptotic ladder pattern with Resv, and more intensive
ladder patterns with the combination of Tan IIA and Resv. Conclusively, the combinative
effect of Tan IIA and Resv on HepG2 cell growth inhibition achieves the cytotoxicity of

cisplatin, supported by combinative synergism-like effects in terms of cell damage.

Key words
tanshinone I1A, trans-resveratrol, synergistic combination, cisplatin, apoptosis
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R AR R FUFRR R T o & g}ﬁgﬁjﬁBﬁff T FLE K BT 2%
AT RGEH A FET AT e e e I 0 T IE L R L LS 1 AR P
AT KRR Y #2007 5 2% > 2010) o B F R g L S L £ & =
SN RPFEVRBEERS > A& 24 52 4% (Danshensu) ~ & ¥2 % fiz (protocatechuic
aldehyde)f=+ %-p- p2 B (salvianolic acid B) » # = f£+ 3 I foin F ¥ Foa bl 7 & 3
T oA R AR R AR TR R E

BE 3T ik bR AL 0 MR S ORIERT S22 At 0 2 R S R e
B G PR Bk o Blded R T A 5% (Wang, et al., 2005) ~ 2] A i
LR ’LTJS'F,'m *z tk(Lee, et al., 2008) ; Frd|mpimre g 7a 4 £ > 4o 4 35 7% (Wang, et al.,
1996a; Tang, et al., 2003a; Tang, et al., 2003b; Yuan, et al., 2004; Zhong, et al., 2007) ~ 2t
| 3w 5% R (Lee, etal., 2008) 1 3% Fim s b= o he 4 SR B AR v i s (Tang,
et al., 2003a; Tang, et al., 2003b; Yuan, et al., 2004) ~ & & 55 (Sung, et al., 1999; Yoon, et
al.,, 1999) ; F E A %o o i (Liang, et al., 2000; Wu, et al., 2002; Wang 2003) ~ &+ ¥ 3 &
(£ % > 1996) & Fpimre & 14 5 Frdl X B oFwmie 2 £ X4 2 %= F(Su, et al,
2008) o — - iEREFT G R BE T 2 A IAG PR E M > GlAo S VER L T LA ) B
" (Wang, et al., 1996b) ~ 2 g T 2 &5 A 5754 % (Wang, et al., 2005) ~ 12 PR dzi3 bt
e A SEFR (R E > 2010) ~ 22 A e e 7 % (Lee, et al., 2008) & o

A2 S - ¥ Lk~ = R FI(Ferlay et al., 2013) o 82 224238 809 <P

Pl A Afp ez 2. A R P B p(Ferlay et al., 2013) » & A2 2 B ~ p & v

BOR B
Venook, 2000) - o # #7151 4205 = A Hj¥_ 1990 # = 463,000 ~+ ~ 2002 # 598,000

PR PR Ao 2 ABRY > ¥ AZiE LS - & dhu ] (Bergsland and

A~ 2008 # 695,900 * ~ ] 2010 # 752,100 * (Jemal et al., 2011; Parkin et al., 2005) -
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FE AT M eI R 2 SR R TR ok R H pgt b g e S g
/f:ﬁﬁ lS%Tr,r’ﬁg]L)%g&;}—p (,&rllléﬂ>€g4}{l9§?mw1|?? 9&?‘1‘{"”'&“2&&4’771141'/(1*\?
R m e 1k HepG2 e |+ > iRt 5-fluorouracil f-% 42 % (paclitaxel) > & 2 314F g i

AR PP B AR > MR TR AL D fod A LIRS T

F_L

oo BB R EH D g i#mﬁ%*—%%ﬂﬂ* LAedir > @ pmafT g (g 0 @ BAGE
PEIES I E ST RITL &Y (Brenes etal., 2007) -

2 % m HNA - 4 4 1 &% (phytoalexin) ( B 4-10) - % = % (Salvia
miltiorrhiza Bunge)te 4 ¢ 1 & chfgia = > - fafE 4~ & (phytomedicine) » & 17
ARGRFRM LY TLERDELSGH O NTRA L K f E L F AR b
RS TR o PR AR B o - BETET 2 20 A TR A8
PO B OR 5 ’«’fjlf}% P~ R~ o g & w2 thondy 7 (Chen et al., 2012; Su et
al., 2008; Wang et al., 2005; Jiao et al., 2011; Yun et al., 2013) » & 747 45 1 » 2> 5
HA 2 H = #R4g 4= (natural analogues)i: ¥+ HepG2 "+ m¥e & 4 ‘wmPz 5 [Liv* > 1 &
Hgd e k= foimre ik im0k 1A 4 (Lee etal., 2008) -

Fﬁé%iﬁ%—ﬁ%#mﬁﬁwgﬁ<@mm>’aﬁgﬁ‘ﬁi#ﬁ%
(Polygonum cuspidate)” z £ &% » 2+ ik fESr PR - SHFA TR F A8 R

R eL g kg e F s AR M FENE S o Lfebuk v o drdl- 1
Ty fm e PR3 7B o Ao iF R R gug;jl;;% RS AN T 5'“’?’75'\? AR R g )]35;;
(Bai et al., 2010; Osman et al., 2012; Amiri et al., 2013; Yin et al., 2013; Osmond et al.,
2013; Siedlecka-Kroplewska et al., 2013) - &1 & é'jgr} B S LER R EE L S
xR i o

BT SRS R A 8 - BB KR AR AR GlAoi SR A B0 E
F~ g 47 (cisplatin) 5 * %A 51])95{:@;.@?5 (Hou et al., 2013) ; = % I A 2= % it - @
(arsenic trioxide)®i * % NB4 w2 (Zhang et al., 2010) ; = %k 1l A £2 imatinib 2 * A %
BLo o g K562 w2 (Jung et al., 2013) ; = %k Il A 5-FU 555 * %4 Colo205 % % % wm¥e
s S (Su et al, 2012) - 5 A7 7 IR > & N9 F L AR 3 5 (4 £ 4 clofarabine ¥
A up MR A % (malignant mesothelioma)MSTO - 211H ‘w % 1% »x(Lee et al., 2013) >
H 5 fuzegpe % flutamide ¥4 7 Hﬁuigpm ve chZE »x(Kai et al., 2011) ; £24a 4 i & = 7 5
* > 42 % % (epigallocatechin gallate, EGCG){ra 4 % E 2% gamma-tocotrienol » + $r
] MCF -7 55Uy fm % > 3 5 31 H B 74 »x(Hsieh and Wu, 2008) ; £2 § § 2% (curcumin)¥s

96
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@& ® A ATEHFIINLA0CHER 2 24 FF > LB BB RS R o
2B Sn R A
2810 2 seeng ﬁﬁ: B o2k > 4e ~ 10 ml water & ethanol » 2 % iR B F B 1
BE S R 02 um e tiE s K * o
3.FPiE i
¥ b ¥k TR R EBEE > w5 A 60°C water ~ B: 80°C water ~ C: 100°C
water ~ D: 60°C ethanol 2 E: 80°C ethanol % - & tmz ;25384 » £ #0K & P
P KL A hERERTA G .

4. »355 e s F 8

Fipos feng ks f > L HPLCIR FRE A (FRBE ) -

(=) FFE2 2T P feding w2 B 5
Lidsetidl  m®e AR RA S FEFT IR A2 Bwe > ¢ ) B R
e (A cell) ~ % #F 5% w2 (MCF-7) ~ A 8890 w2 (MSG-2) ~ A 3% Jip fm %2
(A549) 12 2 % #g 3% mre (HepG2)% 7 faimre o

2585k 2
(D#-msesz % b 96wells chsz % p 2 % > & - well chimsedich 1 x10% 0 2 % Ig
& o
Q=2 B &% AW » 3 BAE DR F3 & AG pg/ml~ 10 mg/ml) -
()& 4 2 24 7] 48 - pFis » 11 ELISA reader jp| H v sk @ o
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(5)*c » lmPz 3 7 &/ WST-1 » - well % § 2 40l » w2 3% £ 5% CO2
2. 37°C A&7 1% 30 ~45 -
(6)r2 ELISAreader ipl 233 & % ¢ ki » A& % 450 nm -

(7)id5k i A2 Bl 4o ] 4-2

22 AR e FERE A 5% % 3 HepG2 thim e 4 (4.2 3
(- ) mrethdrz % 152
RS Y AR th HepG2 v e 3t &3t 3 10% a2 i iF( FBS,
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USA) 2 %% > 8842 % 37C ~5% CO % 8¢ -

(=) 28t &4
HPLC (High-performance liquid chromatography) % %z = %-f¢ Aok 3% @
#RAM o ~ % pp Kesure Biotechnology Co. (Kunming, PRC) £ ¥ 7 &k 4 4
£ F T 2 2 (Baoji, PRC) » H ¥ R % 3 989 1 I o U 4
(cisdiamineplatinum(ll)dichloride) =7 % & 5 999% =~ *+ - p£ g Sigma-Aldrich
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10 mg/ml iz iz @& * o

(Z) o 355 Fpl 2

2 WST-1 (4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio] -1,3-benzene
disulfonate) tm*& 3 78 &2 'm*& & 3¢ 2 (Roche Co., South San Francisco, USA) %
B e A S 0 H tetrazolium € Ak E lw fe e AURY % & fiF (mitochondria
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A o Frdlmree i > PIgES ARY o FFwe A LRl & 96 wells 12
%40 > B well 89 1 x10° B » A VR ER TR E meER 0 @
forE R E R BICH RIS 0 R HA S RN Y R = F L& RIS LR
LB E o fA T 5 0.5~100 pg/ml iF b Sk R 0 dT 24 ~ 36 ~ 48 )
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15 ml z#¢ ¢ 2 500 g 3~ 5 &4 o #ln?e U k4 b PBS e 0 04 70%
ethanol #-20C™ = 2 /[ B¥ > 5§t £ * PBS iFitimre » i 12 200 pg/ml RNase
4+ 500 pl of propidium iodide (PI) (20 pg/ml in stock) &% i & ~ 2.8 ¢ a2 30 &~
48 - A Pl % ¢ eniw®z 2 BD FACSCalibur /i 5% o %2 ik (Flow Cytometry) 4 45 (New
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Jersey, USA) » 1 12 Cell Quest Pro software 4 17 ‘%z ¥ #p & i# (GO-G1, S and G2-
M) o

WoRlfmre k= > 2 > 4% Annexin V-FITC Apoptosis Detection Kit
(Strong Biotech Co., Taipei, Taiwan)#-m® %4 ¢ @ p|{F o # 5x10 P HepG2 ‘m*z 11
Annexin V- FITC 4= Pl &3 ~ 2% ¢ £ 4J 15 246 > %4 {5 » * BD
FACSCalibur jx 3% fmPe & k-3 mre &= h#icp » ¥ 12 Cell Quest Pro software

kit 7 BRI A {7 (7 B e E 8 0 1 (GO-GL, S and G2-M) -

(= ) DNA 5 goeap] 2
1A ek R S NA S F 59 FIRE 2 - ¥ AR & AR 6]
s c B e > ¢ % Easy Tissue & Cell Genomic DNA Purification Kit
(GeneMark, Taipei, Taiwan) » 133 R “7#& 2. = = 5 B~ DNA - - DNA 3 i% 2

2% agarose gel :& {7 & &t » ¥ 12 ethidium bromide % ¢ -
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*11

Bhrd 41 Bk PARTEIN a7 E 0 7 80°C ethanol 3 ik i
B % 58 5 2109.2 pg gt o 60°C ethanol Fe% % 307.1 pg gt 60°C water %

P~ 5 1136 pg g™ > 100°C water 33 % 36.8ug g’ > @ 80°C water B i

515u9g" (£4-2) - @ % 2 P HEEE N @ Pk E ¢}

>

L B o g ¥R methanol ¥ 5 3R > AR & H s R A

&=

\nd
methanol-formic acid (95:5) » iz ~ =R F ¥ > X Z P~ §F (A sinensis) e 4
fe > H & 0211 - 1.17 mg g* > £ @ * ethanol i¥ 3% 73 & > ¥ e jn g%

(reflux) & 47 3 = 3% > ¥4t 7 £ & 0.468 - 1.02 mg g™ (Lu et al., 2005) = &

k

AP e BRI 0 SR - BRER DI AN kS P RS 5
EZEPRPREFT e RER O RPBEFEDID G E o

BRAPN i Bdieny £ 0 #5% %% 80°C ethanol enEB~if i2 ¥ (B4 3
25 62mgg’ 60C ethanol ¥ 5% 5 454 mg g* > f 60°C water ~ 80C
water 2 100°C water énEF B~if it > 3o@ 2 FB D E ANy (£ 42) - d A
M fig s 2o kiAo iv &4 > Fptau ethanol F 53 & @ % 4 7 FB I ® AP fig =
Ao Sl te BLis g B (A sinensis) deiFydiz (80 C4dz 90 ~48) - HF T H
5 H ZEIR LM o

Chan et al. (2014)~ 7 # B2 2 7§ §f (A. sinensis)£ 4= B 2 & § §f (A. gigas)iz
SREY LD FER KRR o2 A1 BORF P NED 1B AW LAY
Wl TE R A B AR ROk X4 LD - R E e

R el G R R e B KTR A R kRSB A A FRELE
2.3 fiirg v A b

H% 3 bR AR R R T fend st AL SEm B 40 A B 5
Ey

Prifitdod 4-10 F%kE 5% > 2 2 BorgBdienz £ > 12 80°C ethanol eh
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PoiF v k% 7 £ 5 1335 mg gt 60°C ethanol 3+ 5 41.1mg g” > 100C
water % P~ 5 35.2 mg gt 60°C water ¥ FP-H 5 27.6 mg g' > @ 80°C water ¥
B% 5 7.0mgg" (% 4-3)
2 2f HASTE B eng £ > 5% %% 2 80°C ethanol en3P~if it 7 17 & 3
48 % 541 mg g’ 60°C ethanol ?;E’»—"Ff % 273 mg gt e 60°C water ~ 80°C
=

water 2 100°C water (HE B~if 2 > tod 2 B2 A A (£ 4-3) o d >

I

Sk 1A 5 2k Menit &4 > Fpt s ethanol (£ 5 A A * 4 7 XL 20

A -

(=) %~ 2 55 P HFrfl i ee 2 B3
Lo§ B 524 ¥ 4] 5096 "8 oo 2 B0 58
1% 2 P FPip 2@ FFE b 277 R e 2 5094 1k A
(ICso)i# sk « sk i % BE » $7 F Why moe o 509641k A » -k i3 % 5B~ =

e}

AL ﬁgiirﬁniﬁz BrZ R AR 0 TP L fEEBX iR VR R AR EEE S
¥ > 2 1 80°C ethanol 2 5 B~4 3 & & crfr |2 % (i\, 4-4) o B A R e
2o F R R ERER A2 F b 0 MCF-T 5 ke gk dodd o
ICsoiE & % 0.8-3.42mgml' 2 fF ; ¥ MSG2 3 smve Fr] % =t 2. » H 1Cs ik
Bt 327 -115 mg ml" 2 B ; ¥ AB4Q i mriz drdlsc kB £ > H ICsoiE R &
2.07-49.68mgml™" z fF -

2. & S B P g 5090 HR m i 2 F2
FI* 2 F PR arif 2 2 S5 Pod 0 SBT3 P R e 2 50064k &
(ICso)idsk © 7ok 4 % A7 » $ 7 I *f w2 o B0%GH-§1k & > Kid i § 54 +

?“bﬁiﬁﬁ%%ﬁkﬁé%’%Hbﬁﬁﬁiﬁﬁﬂ@%mﬁﬁﬁ%ﬁ

“\ﬁ

¥ > ¥ 2 80°C ethanol 22 5 B~4 5 & if crdrd2ad (% 4-5) o &7 Fhkime

b LR E B E @ E B o % MCF-7 5 dm o2 frd] ok Bl

St

ICs0;E B % 0.017 - 1.67 mgml™ 2 f¥ ; ¥ MSG2 & % Fr4]| 5% = 2. > H ICs
JER % 0.018 -5 mg mi" 2 B ; % AB49 fhiRs e frd sk B L 0 B ICso kB &
0.03-1837mgml" 2 /& -
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3.4 5~ FH A P EPP kR e 2
RSS20 R R Frdl g i 2 a0 11 A cell &
MSG-2 #5; w5 i& (7 1 H R 7o 2 2 i B 0 FRER S % 11 BB d g ]
s (F 4-3 ~ Bl 4-)5§ JF 554 5 (R 45 4-6) > “7F crk Adis 1 ¥ =
12 60°C ethanol (% 4-1; code D)%z 80°C ethanol (% 4-1; code E) 3 B~if i 5718 ey
L HEBP o WE MER DE PR R RJIZEFF] A cell(B 4-3)8 MSG-2 "%
‘iz (B 4-4)F P47 ek o

4, o

\\\Xr

SRR R 2 B SRR et 2 2T

REEE R RIS ORML B o AR R F
SLE R MR Lk R PR RN Y TR
R E 0 Gt FE P AT e B R R ol o T b ik
foA o R e 2 G S G 60.1% (W 4-7) o 1y A 4G D E B AR e
FIH e 2 ph e el 0§ B B4R R T 229 pg/ml 4e t E4a 1 pg/ml pE 04
R re 2 vk ] BAGEITR K FE PSR R T 457 ngml B R e 2 T
BF 5 10.9% 0 F )R P A etk (B 4-8) o 1R Gt iE 4R AR e rE
By ime 2 ARG ke pefl 0 2 £ F Btk R D 2 pg/ml4e P 4G 0.2 pg/ml B
TR e 2 20k WHE AR 0 2 25 RR T 5 ug/ml ~ 844 0.5 pg/ml pF
C E PP EFPTE 02 25 P ER T 20 pg/ml ~ 44 2 pg/ml FE 0 KR e

2.5%5 5 069% ¢ EiT0 (W49 -

FERKRESET 0 11 80°C ethanol A2 #1 {8 | chEZ B o b + B4 enie £
e dliig e ek it 0 U2 REBPREEMEFRIL BT A Frl
B mie 2 vk o BT ROEAPBEEL S HEL O REFIRLAEA T T
BB EFE AL BT o U FE B e P 42 AT e & ] R

wi Ll (T 20 @ R fo AR PP e f R e e e
oA o B e e f e R e cniT S e 0 - BB FHE o

=~ 23 HAeF 56 FE M $Prd] A 8058 0% $k HepG2 ¢ b a7 2 4 "848
B2 pier

(=) 2 4m NAEF N0 FERRLASTHimre F o ok Fr
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F B~ S R B enm SR e R (E 0 A g R
PTG - HFABEF Y 0 A % K2 g F SR v B 2
o A oA A A2 B e e 0 4] 0 PR L - e AR
i o

RBFL > EME S ke B el S8 F N FEmT LG
PR TR > Frr Ak A~ F 586 FEM - fE% A Sdp 5 % 30 (L g B g
44 (cisplatin)ie {7 & 5% 225% - $ 4 R wfe fx HepG2 chiwe & (118 (7473 - 2
B4 W) re WST- 1 vz 4 2 p] <z (Ngamwongsatit et al., 2008) » & i 4e Jk K& J5
2 pg/ml 3] 40 pg/ml » & 3210 12 ) prenpr PRV IE > 2T 24 3 48 ) F 0 de it
Fifos ¢ friE o B R B 040G I & 4 97 & JRenfs 2 (5 % (anti-proliferative
effects) & 4 Jk & = df 1 (BAp 2710 ) » Z R EH 4 ) PR o 3
Bt irdER (ICs B) > L5530 4 460 &% ka7 > 2 47 A
Frlmre 3 £ B BRI F RN WM a0k o ¢ ok b G
scchivf Ede o AL 24 PEES ICso i 5 35.92+2.14 pg/ml & A FumkiE 1

W JLPE R 4 3] 36 ) BF > H ICs ERI* 1 11.46 + 0.4 pg/ml > H {6 chsg it
Bl % o2 4 HA foF 29 FEMm 4R hme 3 PP EL P > e a7
B W Mk 2 sk (BR AN 0 ARG AR EE g
peo Mt Fi A foF N0 FREMGF BERELS > 2 12 12 d0 6lfe 13
213 Ht GI(WIV) i 7T (7R % 0 FHRIE Frdlrek o d ICs BB 0 R & A
SAPEIES N S R RS ) N RO SO )RR
Fralime cnd £ o 11 1/2 0 12 4o 13 2/3 (WIV)= 850 & 3 BIASE F 4 A R
iT% (CI50<1) > @ 1/3:2/3 (W) R & bt R as e (T { 5 (% 4-7) -

FIP -2 FEF IR B Blenie ook g A4 W R 4G ot B B 5 BT A 12
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272 SP NASF 56 Ll (7 205 o ek -

Wi E B LR & E S G AR o
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A HA S & 55 R E - KRG RJZ AR RR (5 ug/ml) 2 HepG2
e o 2 Rgk NAEF 8 - F R & 24 HepG2 Mm% § I A7 cidindp o
(B 4-11) - &F- xR ipk kR (5 pg/ml) Ag2iwre 12 v 24 |
P2 t502 PlL#- DNA %9 » J1% Ji8 oz A 49 e B8 e 42 0 2 % B on
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Fig. 4-13. Effects of tanshinone 1A, trans-resveratrol and mixture of the two compounds
on HepG2 cell cycle progression for 12 hrs (A) and 24 hrs (B).
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Table 4-1. The extraction condition and the code.

Code Extraction conditions
A 60°C water
B 80°C water
C 100°C water
D 60°C ethanol
E 80°C ethanol

242 FFA R EP RS kR A TRV R
Table 4-2. The comparison on on the active ingredient content with different
extraction condition of Angelica acutiloba.

Extraction Ferulic acid Z-ligustilide
condition (g g DW) (mg g* DW)
A’ 113.6 --
B 1.5 --
C 36.8 -
D 307.1 4.5
E 2109.2 6.2

z: A:60°C-kia;% ~B: 80°C "kiai%z ~ C:100°C-k:3 % ~ D: 60°C ethanol
% E: 80°C ethanol
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Table 4-3. The comparison on the active ingredient content with different
extraction condition of Salvia mitiorrhiza.

Extraction Salvianolic acid B Tanshinone 1A
condition (mg g"' DW) (mg g" DW)
A 27.6 -
B 7.1 -
C 35.2 --
D 41.1 27.3
E 1335 94.1

2: A:60°C ki3 % ~ B: 80°C -kizi% ~ C:100°C ki3 i% ~ D: 60°C ethanol
% E: 80°C ethanol

2 A4 FFFE A R R e 50904k R 2V
Table 4-4. The comparison on the 50% tumor cells inhibition concentrations with different
extraction condition of Angelica acutiloba.

5 Ty J P B ¥ s fm
Sl ey oy,
(mgml™) (mgml™) (mgml™)

A 1.25 115 49.68

B 3.42 4.02 24.56

C 3.37 12.38 10.68

D 1.35 4.84 2.55

E 0.80 3.27 207

z: A:60°C-kiai% ~B:80°C -kizi% ~ C:100°C-ki3 % ~ D: 60°C ethanol
% E: 80°C ethanol
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Table 4-5. The comparison on the 50% tumor cells inhibition concentrations with different
extraction condition of Salvia mitiorrhiza.

U fn BE B R 5T e
(mgml™) (mgml™) (mgml™)
A 1.6 >5 18.37
B 1.67 >5
C 1.1 >5 3.48
D 0.034 0.038 0.04
E 0.017 0.018 0.03

z: A:60°C-ki3 7% ~B: 80°C -kiai ~ C:100°C-kiz % ~ D:

E: 80°C ethanol

¥ A4 4 (Not detected)

60°C ethanol %

%462 %7 NA 2 zf,%;gg; Aﬁﬁ&,ﬁ? 2ig by ¥+ HepG2 8 % o ?e |C50 2. v fie
Table 4-6 Cytotoxicity of tanshinone 1A, trans-resveratrol, mixture of the two compounds,
and cisplatin against HepG2 cells.

Treatment . . 12Tan llA 1/3TanllA
. Tan A Resv Cisplatin

time P + 12Resv + 2{3Resv

ICso(pg/ml) P, Py ICs (pg/ml) P, P, Cso(ug/mL) P, Py IC 0 (pg/mi) IC 50(p/m)

24h =100 0.0044 0.0001 7459162 00104 0.0001 35924214 00224 03631 5361+5.34 37.07+1.1

36h 9163+893 0.0103 0.0156 5753+3.73 00035 00019 11.4610.40 00018 0.0039 34.90+2.27 37.82+2.87

48h 40.28+1163 00468 00458 4189141199 00442 0.0453 10141046 04185 0.3735 10.5110.24 10.3910.17

IC50 values were statistically compared for single and dual compound treatments.
*P,. P-value, compared to the mixture at a ratio of 1/2:1/2,
**Py: P-value, compared to the mixture at a ratio of 1/3:2/3.
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47~ 2 % HA~ 0 H L% HFAR B2 E 2 ER B 1Cs 2 1 IF 2
Table4-7. Synergistic combination of tanshinone I1A and trans-resveratrol demonstrated by
combination index at ICsp (C150< 1).

1/2 Tan 1A+ 1/2 Resv.

Treatment time

1/3 Tan 1A+ 2/3 Resv.

CI50 CI50
24 hrs 0.62 0.39
36 hrs 0.50 0.47
48 hrs 0.31 0.27
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