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Number: CCMP95-TP-012

Research on the Developmemt and the
Analysis of Ferulic Acid and Ligustilide,
the Chinese Herbal Standards (2)

Shoring-shii Liou

Tajen University

ABSTRACT

Dang-Gui, the dried root of Angelica sinensis (Umbelliferae), is one of the
important Chinese herbs. Formulations of Dang-Gui were used mainly for the
treatment of inflammation, asthma, thrombosis, and gynecopathy and liver
disorders. However, ligustilide, one of the constituents of Dang-Gui, is easily
evaporated during processing. Thus, the research was going to isolate ligustilide
from Dang-Gui and further purify. Furthermore, Dang-Gui was analysis and
identified by TLC and HPLC. In addition to analysis the marker constituents of
Danggui Buxue Tang, the stability testing of the preparation was performed by
several conditions different in temperature, humidity and light, to establish the
standard operating procedure and the process standard of the Chinese herbs.
Moreover, data related with standards and quality control of Chinese herbals was
collected in the research, which could be helpful in the establishment of the related
policy by Department of Health, Executive Yuan (Taiwan, R.O.C.). Actually,
symposium supported by the research associated with the quality control and
promotion of the modernization in Chinese medicine was hold for four times. Thus,
results from the research could be provided a basis for the processing and the
quality control of Chinese herbs. Additionally, the results could promote Chinese

medicine not only to be scientific but also be international.
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AR K it A
- REAEFTIIM ST TR RF L FRR 2
R TR LSRR
RRET- PR o

PRRBFEASL

i A -
(- )B4 T — A ) R A3 0.6%0.6x6cm’ L F o (TR E
BE)

(=) 3 (embedding)
(Z) BB E 27 3

(z) &% (SkpE> 2)

(F) % ~mok (Rdat 23 28iF2)
(=) 5 &k

(<) a3 BTz

ARERS R KA ER (TLC) ©
¥ i
Standard : ferulic acid ®"
HA K AT iE L
1.& 454 - Silica gel 60 F,s4 (Merck, 0.2mm)
2,82 % 110wl
3.Lanes :
(1) ferulic acid
(2) ferulic acid+§ §f % B~i%
() % iF 5Bk
4. % B iedt ¢ 10cm
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4137 1 UV 254nm

SN O
ES

Standard : Ligustilide ¢V
R kAR
1. & 474 - Silica gel 60 F,s4 (Merck, 0.2mm)
2,828 10wl
3.Lanes -
(1) Ligustilide
(2) Ligustilide +§ ﬁfﬁ‘f: Pk
3) % FEmn
4. % B %4 1 CHCl; : n-Hexan=4:1
5.% 413 72 1 UV 366nm
(E)% T
Standard : Astragaloside IV *"
R kAR
1. & 474 - Silica gel 60 F,s4 (Merck, 0.2mm)
2,82 % 110wl
3.Lanes -
(1) Astragaloside IV
(2) Astragaloside IV +§ + % B~z
Q)% ¥ F P
A BB P ¥ oo T/ (4:2:1)
5.4 413 % 1 UV 366nm
CPRERARE AL F
@Y B A A B A AR R S L e E
Fafa A A d S ey kg S er®. (F
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-
B A 11 SRR S T
*2 3% K k& 7% (Thin Layer Chromatography, TLC ) fv & »xi% 48 &
+7 (High Performance Liquid Chromatography, HPLC ) :i& {7 % > — %
Bt o B S T e
(- )& & & 72 (Thin Layer Chromatography, TLC )
PHERHLF-FF
1. & +74 - Silica gel 60 F,s4 (Merck, 0.2mm)
2.8L1 8 ¢ 10pl
3.Lanes -
(1) % §fF 7 fede 2%
@)% Gt #
Q) it B3R ¥ FLpin
4./ B EHE © 10cm
SEBAK "X 5@ (4:1)

6.% 43

Ea

§ i —F
1. & 454 - Silica gel 60 F,s4 (Merck, 0.2mm)
2,818 - 10ul
3.Lanes -
(D35 7 fd i
(2)"@.5'&?7@1:‘_ 5
3% AT 2 B3 "f% TR
4./ B FEHE ¢ 10cm
SEBBRY T F oo i T (4120 1)
6.# 417 ;£ 1 UV 366nm
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(=) % »xi%z 40 & +7 (High Performance Liquid Chromatography,
HPLC)

¥ i (Ferulic acid )
1.Column : 250x4.6mm 5pHypers © ODS
2.Mobil phase : Az B3k (72:28)
AR 0.05%F
B /% /% : Methanol
3.Injection vol. : 20uL
4.Flow rate : 1.0ml/min

5.Detector / wavelength : UV /320nm

¢ ET?:‘ ( Ligustilide )
1.Column : 250x4.6mm 5uHypers © ODS
2.Mobil phase : A ;3 /% - Acetonitrile
B /% % : 10mM Ammonium Formate
40% A increasing to 80% A over 20 minutes
3.Injection vol. : 0.2uL
4.Flow rate - 0.5ml/min
5. Detector / wavelength : UV /254nm
VAR kT kT
() ® BFHHEMA FEHF AT € FEREEHE > BT OE

HRRET > MEH 2 MEETE TR K7 #EE (TLC) krE
B AR e

(=) EHALGEHRA—F IR 10 207 G e w202
4*%5x’ﬁlﬁﬁ‘%@%ﬁ’wLb“ I LR
FRA Gt (ETA5C) P G o

sigfFdptRe A s APy (ligustilide) 2 4 3 ~ B i
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RAPNF A g~ Bt e PP g g
(70-230 3% & ) 47 d > % T2 Y2k dk > Bl e iRk b
e TLC AR ZT T agflffv'oﬂé o & ERMGE 0 LR
A& AT (230-400 34 &) v o ke bk > D] INA hd A
"2 NMR 6 2¥ ficyp k ERFaelst 30 & ﬁﬂxp\ fin » 15 &N fofEsE
% >4 712 NMR-MS~ IR #kzfichy R gamnt Al
§ &2 98%erudp e A F AP Ay (ligustilide) 3 54 fFoclaiFs ¥ o

s RFFE Y BEER 2 RS
EER AT RTER Y S TR AR R RS kR
B * o
S S BERFXIPBRAEESG P 2
FI* TR RRSRREE FEAR EHP ORI E I E A
[N
A~ EFRES A K &P fy (ligustilide) 2 F2
(=) & &P fia TLC » 17 ix i
R ) %%ﬁ”Fﬁﬁﬁwm%ﬂ*ﬁmﬁ
FRR S mE B AN R T F AR
e % (413:2:05 0 v/v) BB RO a ’“’“ﬁfw

BARA k£ 366nm T a7 Ed kR A PR AR E
254nm T & % & gk o
()X Ap fgz HPLC » 470 2

FANF o § 1A R 2 1 4 v b kit A A 4T
2@ g AETHEY A 3p 4 0 150mmx4.6mm SpHypers ®
ODS > Mobile phase : ¥ fi% : -k @ 2z % (33:46:21)- Flow rate :
1.0ml/min ~ UV detection : 275nm » ¥ 12 ff 4~ ik 34+ HPLC B3
L A I T
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# FHEE 2 process standard (i f2 & & v ¥ 52
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9

l'd-

B AR AR FT L B TR AR RN B

% o

PRET RS RE T ERS (SOP) 237

ERAZTHTRTIF L TREFHEEFSR AN
(ligustilide ) # & (T ¥ fz5% » W in gL @ * o

L- CARFE IR (EFHE%K) BEY o 2 FHT T
B RBEAKRER S FELEZ YHEIBIEA

g A4 A » 342 k2 SOP
(- ) & AP fg (ligustilide) % T 8%

g e prar 87 ﬁimmﬁz%ﬂﬁéaﬁ’%%ﬁ
pm/é]’é]%fr#ﬂ P EE TS R ACEEE 2 PR T AR 2
TR AP faeh? ﬁk,brﬂ Mo B R AR R ARRE Y o
SVRBEAPNTG AT F Y ERE R T AL fEF ) A
FI* BrTRAP R AT RAITR AP faing £ o fLP 10mg hF +
M Fgia st 250pl ehl B ke s A FrcfaiEd F 94 # 30 31
P ch# R e s A g s 120027
/75%%5%RH ~ 4°C+2°C/75%+5%RH 5inF it (7 % % 25C+
2°C/T5%+5%RH Fin ™ & (72 Fipsk » W HEAFRFE > &
B~ 10ul 72 » HPLC ¢ 417 ~ 47 § & p fig (ligustilide) 7 & -
MO RGE R R R B # ] 2  % 2 SOP -

ﬁﬁ A s B¢ R AP Ay (ligustilide) % T 3E5%

PGy R ET S AN LT F Y R AR B
pm%%ﬁ%F’E£14?%&%2 RN AR ATE 2
PR E AN fg s BAEBE 0L BE R AR o U ARBTF o
SWRBEAPN IR AT F P BRGSO RN Ay
1% FrciRip T RA 1T HE AN faehz £ oL 10mg ShE £
g s e 250ul e 2 e 2 F FrctaiEd & 94 & 30 3]
Poer 2 s By g sk RECY, Hia g irit L 25°CH2°C
/75%+5%RH % 30°C+2°C/75%+5%RH R T R%EE 40
C+2°C/T5%+5%RH Frin ™ i {7 & Figsh > * H LRI
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¥l eI AR 4 9T #8183 500~6007C M 3 R A =
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AFEIFoRBANCYBARKRIFER L AcFOR I0ml 4o #2248 o
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2.4 PRI R MR L 2ml o ARPE SR 0 FFEAL 2ml B okéwe B
IR AR BESFRIB L ok 10ml S 2 A48 e e
phenolphthalein T.S 1 jF £ 4v & ;2R 2 73R R itz d {8 £ 4
10%Fffp fk 2ml > & & prifip2 ° 32 g F* -k 10ml == o
Mol R it & H B RS F N BB 4o ~ 2 (% 100ppm A B~
bR %% 10ml > 4ok © 50ml) o

3hZ T REZREHRR LRI AFRIFRIFES A
o RGBS FL 230G K o d U TRILZ > R&IBR
TR PR BRSPS F

4% % CREBRFEAVENRER (AL EHREK
100ppm ) °

S.antR e gliz PR Ldr 159.8mg BT AL (1 0 100)
100ml ¢ > 4c k3 1000ml > AFF2E B~ 10ml 5 4ok 3
100ml ¥ 7 (2 % * HAe ) & 22 & & Bk K3 100ppm -

(1) Bk B R

2)* = & & :506mg/t
Bt & £ 2 T EE+10%
Diz B B £ 3.5% (R 13.1%7 T )

BG)ad A A 3.065% (R 8% T)
(O)Fe? A% A 1 0.205% (2+s 1 3% T )
(D e 40 & & 13921% (£ 0 3 7 M3 32%)
(8)k # # # 140.16% (R# 1 3 @ M3 34%)
DE &  Brip (%4 1 100ppm 2 T )
(10) & YR R0
ax T LA
Eoul — R K ik
a. %7

B% Ao BB RS R ReE S 052 Auf E 4
>
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=4.56%
I ~&FHpiE+4 > F2pf (ligustilide) 2 4 3~ &1
i 1*$Eﬁm—r9~w o B E R 4T (230-400 3t &) Ao
VI b g MJ w2k e A 12 BC-NMR ~ 'H-NMR 3 3§ ficdp &
i LT ST SR SN
?Wﬁﬁi'%@43~#@ FRHED D H S
Aoy ARG FEARE L2 R ITE N
NP LR gﬁﬁ;‘z};,{v\ v o2 gﬁpx fig > 330 ARl = o@l L =
2 PELEREEP TR g o (R- L w)
S SHEX TP RRAEFESF REE F 2
£ AT oL B nk TR R D G 4R ’,Tﬁ."l'f 3 PR
BEA L BT B RS UHREESEL 25TC42C/75%+5%RH {r
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TR (TR FR SR R TR R Fe b LR RIS PAhd b
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A THERYL S06me/k TR LB LEAE BLI0% - 5%
FEwRFRREL 13.1% 72T > 22 B¢ 26az B2 FREFE
B BEX T PFHROBRPAICERFL ERF R FEHEN S
53% (4ck - ) ~B % A AR E %"/\_r RSN - I B AR ]
i fe &4 FRRE O HZX TR IERIE R R A o B %S
FHEHE 3.0%(4ck- ) HEABABALAEHRRE L 3% LT
B RBEY Lu A BA fe &4 FREHZ T ME% R R P ik 7
BRAAS S B REFEEN S 0.14% (k- ) ~ P &
A S E M 32% ﬁ<d%”ﬂ£‘l+ilﬁlkwq&@
BoRXTPRROBRRAPIPFHRESF ERBREFEELY S
41.3% (i - ) ~ kPP R s 3 8 83 34% ;}_7\ 53
T LB A BARRETER  HX T PEKOKRPIED LR
o BB BEEIKEGLE 46.5% (4ok - ) 2 A2 B ¢ S uh
;%%kﬁﬁﬁﬁ’%ﬁﬁw%ﬁ%ﬂ%(%@¢w—@*4)’d
" e R T R @ﬁjﬁ/ﬁ'ﬂ. B THREHROBREFYT A Jﬂ’h@ﬁ’
B o
T dptRs A &P fg (ligustilide) 2 F2

RAPA B 1729 o 7iF 2 BAPN e & z'-ﬁi}l\
PFIEF IR (4:3:2:050v/v) A RAER S A ~H’§_
TREZ > RAPNA AR 366nm T R A F4 ﬁ%ﬁ’ﬁfﬁii °
EAP R B AE T AR AT RY A
150mmx4.6mm 5pHypers © ODS » Mobile phase : ® f§ : -k : ¢ 3 (33 :
46 : 21) ~ Flow rate : 1.0ml/min ~ UV detection : 275nm > ¥ 12§ » ik
AR RAPRATRIEE s LR ARl N o

¢ L&Y 8 &2 process standard (GEARIRE (T E AR
FooeRBO T T AERR R HR) 27
PEEGFRESR AP fa (ligustilide) snd it ~ R~ % T
Wk BT E AR T RN 2 e A f AP Ay (ligustilide)
ﬁﬁﬁ“€“%%ﬂE~Mﬁ4dﬁﬁ#wixzﬂﬁgﬁ(7azmsbﬁ)@+%¢
BooRr ek Al A AP IINS U TLC & A #F IR
zﬁﬁﬂiﬁ%%’%ﬁif°ermw’ﬁﬁ%F“?ﬁ%ﬁ
(230-400 3 BfF) BEHEHI A ® & P Ay (ligustilide ) ek 230
o gk 2 kit gk o AR P IRA s & 0 NMR R oy ok #E e
DR L S ﬁiﬁp\ fig > 4oB®l- - 2 B+ = 5 & ® AP fg (ligustilide)
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% TP EHKRING > AT BRI RAITR AN faen g
¥ o fEB~ 10mg chf AP fgia 3t 250ul chl 2 o HEEGiE e 520
C+2°C/75%+5%RH ~ 4°C+2°C/75%+5%RH Hin ™ & (7325 3 25C+2
C/715%35%RH i T &7 2 iFdsk » W HIPFER > & W IEEFF
30 ~ 48 > %P~ 10ul it » HPLC ¥ 4r¢ 445 & & 7 fig (ligustilide) %
Boouv R AHE B BE BB - AE AR
(ligustilide ) ehpr 3 iF E 3R> > d EFREHR S5 7 T/ AP fiy
(ligustilide ) end Fpr 2 5 -4CA B} E Y H3 o
X EY RS S AP i (ligustilide) 2 #2842 5% (SOP)
igff‘io
AP g (ligustilide) 833 158 4750 ¢
(—)peh
¥R Wapr > B4 § A fg (ligustilide) o fdp 2 A
SAEFFET O EFAPFERIRERGREE R4 LT
SRz gl e BRI YELFRES LR
BT A8 (SOP) . FH 7% 2 MHE% > » |2 d eskaikif

F¥4238 (SOP) > e X ERBE LR T H 4y a e
BTN

(=) fWag R 5
1.&!%%&"‘%1‘#%‘5%
(D) **@ﬁ¢’$%ﬁﬁa¢ﬁﬁﬁ’ﬂfﬁﬁgﬁé
3 AR B IZ X 4T ki
EEEMK 2E K 15~25cm > Jf“t%ﬁ £ 0.5~1lcm > *F £
Tl T ERI A G AR @L’\f’ﬂ‘r‘% CUEPE R R
Mool Ferldo
oo B B o @Eﬁ,ﬂ_%« A Y8
CAE SR CRERE KD B hH 2 AR
FVHTV LAY R L ARL

=l
L’Pw
\..\-}m
R

()& A K A7i Py A4 03g 0 4o fR SmL 0 AEF R
B Smin> g MR EWEBIR o TERAP
(ligustilide ) ¥/ & > v AR i€ /34 f2 > ® = Img/mL 3 /% >
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BHRES R PSR E SmL &~ %] B3 Silica gel
F254 TLC # (Merck Art. No. 5554 ) > mw & f“ g .= @ F @
Firedz (4:3:2:05v/v) A2HEA BR > B
D g gz 0 % UV 366nm # 4R ©
2. % &~ p g (ligustilide) 7 & B2
B PR AR R AT
(1) Shimadzu LCI10AT > UV | % > Shimadzu CROA # » & ;
REE ok e ¥ (33:46:21) 0 i d 2mL/min o 1Y

-~

150mmx>4.6mm SuHypers © ODS 3 4 45 4 4L o 0 Rl £ 5
275nm ; A 47 & B 10pL o

()t =% ik 2 e W R L HFEAEPF B & 1.0g0 e~ B i
BERALID 10mL > A3 A RF 60min 1 o Bk E
0.45um 2_ FP Vericel (PVDF) ¥ i im » jaik & TR -
MR ARADR AT RE T TR AT o

3.EE el WA

(1) #3413 g A FEsds L3R 2 PR LT LA o

(2) #-3 fF & i

B)EE 1 FER S FEER L 10kgie 77 - iz -

4,50 % WA

() #EE 242 Roflng T4 0ol &0 # » e 7 E
1A% e

QzF SR HREHBIT - FEN - 2L EE L 9.84kg o

GickirF=>isiim™ - Wz -

5.4 Bl AR

(D#EHFHFE »BABP B

Q#FF 2 BHEN - FER > FEEE S 945kg e

GybrpifeirEzdiseimT - fie-

6. 5 4z

(1) fe 3 A f 8o F WA R 5 G o %12 9.45kg 4o » 1 & = 20
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SHFP o RFRF AT EREIE 25T 0 2t
FER ST BT T FNEPR - T T

_,Lb,%o
Q) #5ET X FP RS PR E N B o
(B EoirEn T - fames -
7.i8p 1 A%
(DR REFTER BRICERF-BEEP o
Q)IFTE {387 T - Wigo
8. )k Hg AT
(1)#- Bihe § FEPRE ~ REEA B AR & 60C
RAEEL T AR o R e NP Rt g (BT 20
C)“'f“’l FAFAFPEGEE - FASFT RN N

T RUERGFR L AT SRR R
%% ,; 1,824mg » & % 5 1.93% -

AFFE AFO)FRREL EHE T x100%
2 % (%)=1,824mg/9,450,000mg x100%
=0.0019%

\P‘“

QL EER S BLRET - gz -
9. f A~ P fig (ligustilide ) 4 &g i

4R s (ligustilide) 2 R4 Bhoe 2 et 5 e 4 o 3
FABEgE YRR S BHETRL NG Y B ?;4\51
i%*f”%’"l’\ fin (llgustlhde) AR AL s K - fE 2
Boo A P TR E AP fy (ligustilide) 2 Fre&
;‘E‘_iﬂl ﬁ;.lr.? ’]ij_}é] “H‘;zz °

Bk %4 912mg 175 % A B4 0+ bpl45-155°C
(0.03 mmHg) - & & ~ p fig (ligustilide) & ¢ ;% %8 34.2mg >
A XS 375% BV Ap SR G 98.04% - ¥ | Bk
Mg 912mg & {7 F 41k 47 1t 1 J A P fig (ligustilide )16.2g
AXL 1.77% ¥ E 97.83% -
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CREEE B 26H ¥ AN

I P BB Pk 4T

A 3 80-91% 72-80%

A 3 < BA

PR - X = X

* % i ~ B BR

R 98.04% 97.83%

KA ZHEEETEZR IR BB R+ ER
T i E A

AFFE AF(N-FHELE ZHE T x100%
10. & A p fig (ligustilide ) BRIET
Vg BELWHETE - Ko
PC-NMR : i {7 X f?ﬁ;io
'H-NMR : & 7 S 8%
1L &~ p fa (ligustilide) 4% = > % THRI3
Hdp i > F AP fig (ligustilide) Rk 2 B0 & =34
25 % 2. 1000ppm % 7% *+-20°C+2°C ~ 4°C+2°C % 25°C+2°C ™
2GR N AR R FIREER L 3044 &
P~ 10ul #R1% %2~ HPLC ¢ 4@ & 45 f » p fig(ligustilide )
FEONVRERFET R FERCEE
TR
2 B
(HH#HEAFRS2 &2 SRR ERAE (T5%RH) 2 3
iR B (20C+2°C ~4C+2°C2 25CH2C) #reen3
FIF IR Y WA G o AR Y 004 (B
) o PRNE R A XFIERET S 30 A4 LB
10ul # 7% %72 » HPLC % ¢ 245 & ~ P iy
(ligustilide) % & » 7 O B F T2 B
(2) % TR BT A 47 ¢
f AP Ay (ligustilide) % =35 QAR 118 7§ 2%
A kAT AT R PR R T H AP Ay (ligustilide) 0
SRR UV RERHT BT FAPN
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(@wﬁ@)iiﬁﬁ%é%ﬁ%’*%Tﬂt%’ﬁ
A~ Ay (ligustilide) % 30 A 4ap T ¢ 2% &
CTH2CHF » & &P fig (ligustilide) = &_% 30 ~ 4ap
§rEfRRIL A 20C42CH - R %Y 4 PR
REBRLOEYAL 4 L TT R AR
(ligustilide ) & & p¥33 i i2 5 -200CH2°C 7 -

> :,ﬁ X T RR (EFE%) e o»,ﬁ %)

FREAKERESR s FELE UBEIKBIEL R A
ﬁ;w} » ¥4 7 H =2 SOP

¥ AP fia (ligustilide ) th% i zesk (2 #38s% ) 1952 e &
ﬁim%&i$ﬂ$¥4ﬁ%£ﬁﬁipm%%ﬁ%P’;“Tﬁ?EE
gE 2L PN AR AR 2 PERIE AP ey BaEBE S BR R
AR BUAREF o D RE AP A F Y B ERG T A fR
A0 AL FARAPE T RA TR AP fachz £ o LB 10mg 5
B AN ARt 250ul eh e 4P > ¥ (FrcraiEs 9430 31 p
AR NERE TP ERARE S B EERE20C22C/75%+
5%RH~4C+2°C/75%+5%RH ;% T i& {7 385 5 25°C+2°C/75%+5%RH
BT FEFRE  WHEER  FFEFRF L 30440 L5
10ul ;& » HPLC #4:¥ & 47 & & P fiz (ligustilide) 7 £ - 2 #UE
B¥E Atz B oWl 4 -Bl- L -
(- ) & &P fg (ligustilide ) % %85 QA2 B A2 R (T E 4258 2

T

l#e 2z LY g =58/ &P Ay (ligustilide) 30pg > 4c

AT EE R D 30mL v (F L T HBIAR o

D% TR A R A A 24 57 o

3.5~ fa (ligustilide) % T35 QAR » & W] ¥~ 3% TR R
AR EAT-200CH2C A HRE T RBIB R BT 4TCH2C 5 AR
& TPLHRR)A R B 25CH2°C v TR TR o

45 PR PER > B BREPER L 30 A4 &5 10ul %iRlaiRiL
» HPLC ¢ 41¢ A 47 § & p fig (ligustilide) 7 & » ™ I &
HE T P

(=) % Gt B¢ F o ppa (ligustilide) eh% T3 %
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P peaF o AP fa ez § 0 55 AR doBb iR & K
%ﬁ%i’;ﬁT*?ﬂﬁ%2+%ﬁ%ifﬁﬁzwﬁﬂﬁi
Ay BaEBE N BEE AR > BLAREEF o SR E AR
Ao fez & ¢ B 0GR % T enh R AT I F AR R 4T R A
FEAPN g £ o fL5 10mg Hf & P figip 3t 250ul s e
PRy TrclalEt B 04 E 30 3] p o A B R TRk
A B i 25C+2°C/75%+5%RH fo 30°C+2°C/75%+
5%RH T i& {7 325 & 40°C42°C/75%£5%RH T i& {7 £ %
W OONHIBR O EIFREFL- 222 B2 5 &5 10l
L~ HPLC #4¥ A 474 iFit s 8¢ § 40 fa (ligustilide) 7
TN REFEE P2 B Bl —R S o

(Z) % At 9 F AP fy (ligustilide) e0% T 2% QARG A

TR ITEARN 2 37T

L 22 JFAT L B A B2 HLE RPN R BT 25C
2°C ;= ¥ T BIR R B0 30°CH2C 5 = FLE ARG
RETA40CH2C 0 BT T o

DN H IR AXBEERLE- 222 B 0 £%E A= B
3B R A B R A B lgo e B e R
FE 10ml o B~ Rk » HPLC 3419 245 % & P Ay
(ligustilide) 7z & » M #UR B T2 F2 5o

Lo s mB ALY TERELL M ETSE TR

L =

Bt MR IR BRrRiFL SRR
#

-

ing PR BT AR TR AR LR GIE P 2 - AT
T R &Y R E & § AP fa (ligustilide) ehdp B R > 12
F3 & %‘ngl*’“?, hovi - o

,_;-ﬁi'1~.3.&’iﬁﬁéfﬁgﬁ’frﬂﬂi‘&%igf‘gﬁﬁ
SEFER e AR R R AL ERARE A
F “&%—,«gw“ﬂ%w:]%ﬁnﬂOSBﬁfﬁ,g
(R A"’%?“F‘ SUEEE LR HRER I TR
CEAREE > A A & A AR o B o

%
P

W
“’)— » AL
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v

Fo X EHRITEAROS E 11 19B$f¢,ﬁ};ﬁ,,k,u,ﬁ§§
AT R B kG 4 @ﬁﬁlig NS RN ﬁ?;py’_/;,
PR RN P B AR IRR S RMEE LR R
A AR MR R ¢ 4 R AT AR B AR X 7 A
FEE M2 R BT R R BT o A o

P EkRY FAMOSE 127 03 p ’i‘ﬁiﬁdﬂﬂﬁﬂ%‘pi‘v—g
T RS TR R RS RS TP R & L
ﬁfF RAPNA HF 2R ERSEREZ HFINIBLELL o
Mg o

B I EARI6E 100 24 0 K FHP F R
PR GRS AR R A e e
PEC R R AN R AR R R LR et
RECECE I LX) NG E = Sl
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B oY Bz — s g B A
# &=

£ W o B4 ¥ Angelica sinensis (Oliver) Diels sz %12 > 5 &
T

R e A R 7@“3. e
,E};Lﬂ;ﬁ;; o % ];jcg_fnc* *’Ziﬁl_ﬁa_‘_w Ar_:tm ;-,'%7}:‘!3}? F’B”? fﬁ?’fﬁ‘%}
FESABFERR % BF o BRI T3 AP fi (hgustﬂlde)
WAt s S P EFE ST g FAFR e R DB E EEY L S
RI&FF E22mi m*ﬂ—? Em Bgafled ¥
BixEAN (SOP) T HFX TLPFE%K 4 7§
(ligustilide ) H B iF ez iE i 5 ¢
EAA %fﬁtfﬂ
Foif? 3

SFEEERLE
*ﬂﬁwmw??

TE TR AN R
EERUES mgﬂ\p\ fn (ligustilide ) %
2T 20C) 7 > 2T H skt it w8 (SOP)

‘(E—T‘I‘J ]Z’k}gﬁ %mlj" ]L o
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i 81 3K

ﬁﬁ*ﬁﬁﬁiﬁéﬁﬂéf’7@%%%%f?ﬁ*%’ﬁé%
Xm@ﬂ¢»ﬂ$f*ﬁ%azaﬁé@w"ﬁﬁgﬁgg EXE
A Bed o pogty F2 sk it F kg B P FRAF
B qptkr s AR ET A K2R - PR EHEARES S HY 2§
Fens g E 0 H AR Cligustilide) 3 45453 4 0 RIRG 10 &
HR N BT p R R R AR ke FL e A 2
HE L% pE2L0F.

&P Ay (ligustilide) 2 #6343 % T e %> ez 8 6 R {34
ZREFF o ALY LT ABREAZE 0 R AP g (ligustilide)
PR G 2 S N A BT iz B ik R4 2
X2 MFAZ BB T BRB 0 DR THEE K o

date = > & p Ay (ligustilide ) iRk 2 871 2 =3 4972) & 2
1000ppm % ;% *+-20C+2°C ~4°C+2°C 2 25C2°C ™ 2 P it » sadft
TR A X FIRPERL 30 4450 & B 10ul %% %2~ HPLC ¢
¥ & 47 R AP g (ligustilide) 7 8 > v OE R 2 ?;]i\ SRS
P4 ®HAP Ay (ligustilide) % %4 33% %% 7 v & 25CRTHE >
B &P fn (ligustilide) %30 A 48p T g fa%l ; & 4CRCH - &
~p ﬁq(hgustlhde)» T 430 AP T EFRRE: A 2-20CTCH
ERERY 4 )P RERREDEFGAL o B TF R AP
(ligustilide) ﬁxfi BTy 05 2 5 20CH2C Y

PR P & F AP g;,@zm ¢ Fi’ %~y (ligustilide) Smg
55,350 &~ > B Y pEApdR T

IgExi§°

TR BEFomEY FRELQAERFE Ty i F R
N Y EE 2 E A Ay (ligustilide) 37 2 8 8 (¥ 42 0 5 G A8
FERRAES O R X ARREK FRERLT A
%Y PR GEY B R Ao R A R B RE S e B
BAma 2 R kL BRSNS TP
B Rn Mt R 2 0 Bt Frciiad o
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¥

ipiﬁg&%ﬁﬁaﬁi%ﬂ%
BRigp e g A5 @ 0RfI =S

1R ¢ 354 %% CCMPY5-TP-012
e
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2~ 57 2 R

1.9 B> 254 (- ) FrkRFLFEF s HkEh (1988)-

2.9 B 2 BiE (Z ) A A R B 8 %A (1989)-

3.7 B AR (2 ) FRiFE?: 38 6 S h&%A (1991)-

4.9 B 2 LR (v ) FRIEFLSEF S ZHK%L (1992)-

57 B> 248 (I ) it ¥ €5 ak%h (1994)-

6. B> 2%{E (&) FRRRFLFEFaS%EH (1994)-

T7.¢ B 2R (= ) At RS G %A (1995)-

&%%m:ﬂ%%Wiiﬁﬁalpi’Wﬁ§%ﬁwﬁ(w%)

OHRZE AT P L8767 FHPLC Bz &3 Frelaiwr ¥~ L 2R

FrAEd oo

10,35 & 0 ~ 3 Mg ¢ BURCFLL2 LEF] » FrciFi F AL ER
7% (DOH80-50¢) -

1332~ 2y ¢ B EX L2 3 EF7 0 FrciEi AL EaR
77 (DOH81-TD-062¢) °

12.3 %% FRE P EURCE IS R I FRRFLFASER

37 (DOHS82-TD-014c) °

13. 48774 ~2FigE 17 B H-F 2 g FRFuFA?P FESL 2T EFAY
Y FFEARE1992 5 3(2) 1 23-32

1438+ S AEB -2 2 -MmEc-Ffx ¢ BRI EI G2 T B2~
T Akt ¥~z &2 R 73R4 (DOH83-CM-012b) -

liﬁﬁﬁxgmﬁxagg\ggﬁ‘ﬁ%$:agﬂﬁn§$gii§p
;‘g s Akt F AL = # R R4 (DOHS3-CM-012¢) »

16.7: % ~ 2 X3~ 24U ¢ FUREXx 2 2 877 > Arctaird ¥
= # R 3 3¢+ (DOHS83-CM-012d) »

\— cﬁk

17. 3757 B FRL 1 v @ VT 0 302 wHDR A
I8 EE ~ B - P Fegg .o Wfﬁ
IQﬁfm~%ﬂq:ag@ﬂgoaf%§$&o
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E
0 4RF R M P BEHR Y [ EAPHF R F TR AR o TRAFLFY
FHERLAE - 442002
¥ FELE W WFEF]ATIE 19915 69 -

\

‘w .

22.

—2‘1
E >—
*ﬁm
-\1\

23.

;J\

PR B S o {2V @Z]F?%/Eﬂ’“‘ ArdiaR > 1992 5 110

RS SE Y o FELH1979 5 14(10) 1 529 -

PY RSy 0 F #1983 5 14(8) 1 377 -

Dt HT GC FHEGA AT BRE - Frhirs § 0 FEL

A 0 2002 o

W R R AR R

Z5 541980 ; 15(6) : 371 o

HERT ~ Ao HB- ~Bafed s H{HFF R TF A FED vw
% 5~ : pharmacognostical Studies of Angelicae Radix (1) phthalide Content of
wild Angelica Strains o # #2325 1989 ; 43(1) : 55 »

29. Attt % o A®94 E 047 01 p > @R ZEF % 0940310335 5= 4 ¢
LI Rt P S

24.
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o
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25.

dok
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27.
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+ S T S N TR Ve N
o R AR R n% LR
X F R
P78 P BE
25T 30C 40C
BB RE
e 3R 5.141.4% 5.3+1.8°
P 5. £l 3+1.8% 5.3+1.7%
i .1;1.6A) 5.4+1.2% 5.3+1.6%
= ) 0
g 5.1;1.20/0 5.1+1.5% 5.3+1.8%
= 5.3_1.80/0 5.3+1.9% 5.2+1.5%
i 5.2+1.4% 5.1+1.6% 5.2+1.7%
XA
%{ q
M 3.1i1.4:/0 3.2+1.6% 3.1+1.9%
$ - @ 3.1?.404 3.1+1.8% 3.4+1.6%
g 3.0+1.9% 3.1+1.7% 3.3+1.7%
£ s ;;22% 3.141.8% 3.241.6%
2+1.6% 3.2+1.8% 3.241.20
B3 ik 241, 2+1.2%
%
A 0.14+1.4% 0.13+1.7% 0.15+1.6%
S - 0.13%1.6% 0.15%1.6% 0.13+1.6%
S 0.14+1.9% 0.14%1.5% 0.12+1.1%
0
£ @ giii; 0.12+1.9% 0.15+1.5%
’ 15+1.9% 0.14+1.8% 0.13+1.4%
B B B
%{ q
s 41.3+1.6% 41.241.8% 41.4%1.7%
s 41.4+1.6% 41.3+1.2% 41.4%1.6%
S 41.5+1.3% 41.341.5% 41.4%1.8%
£ s jijﬂi:ﬁo 41.641.7% 41.4+1.9%
4+1.2% 41.5+1.3% 41.3+1.7%
g o
%
S 46.5i1.92/o 46.6+1.6% 46.4+1.7%
- @ 46.4+1.6% 46.5+1.7% 46.5+1.6%
£ 46.3+1.5% 46.4+1.5% 46.5+1.9%
OO 46.3+1.6% 46.4%1.1% 46.4%1.5%
46.4+1.4% 46.311.8% 46.5+1.7%




¢ %%ﬁiﬁ 5208 %4y

A & (k)
A F8(cx)
4 % (or)
FEW
% H R
F- i RET UENE T A S8
W % (or)
B s
(sta)
5 fiﬁ:’i%‘« o (40x) 3 ﬁﬁa‘ﬁ%‘«*r & (40x)
Bl= % fﬁ%y%\«*r 5 B Bz fif%g%\«*r 5 B
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¥ Eﬁ‘? ( Ferulic acid )

T

% b (Ferulic acid) 2 i & % 47 i 1

(a)%& +7 4= - Silica gel 60 Fys4
(b)griL & : 10ul
(c)E B §EH © 10cm
(d)2 B 3 4 : C¢Hq/ CHCl3 / CH3;0H
2 2 = 06
(e)i& &1 > ;= 1 UV 254nm
(f)% % : Ferulic acid &2 ¥ W 3 P~% ¢ Ferulic acid
z % ﬁﬁ“—;:*:B’»;&%? ReiE 0.42 ff o5 ¢ 3B

RiiE 042

1 2 3
Lanel : Ferulic acid
Lane2 : Ferulic acid + % i 5 P~
Lane3 : % ETTT?FB’*‘JT?

B % § — Ferulic acid B R R 7 B

¥ Eﬁ?‘ (Ligustilide )

% b (Ligustilide) 2 & & & 47 i i

(@)% +74 - Silica gel 60 Fys4

(b)zLE : 10ul

(c)E B 33 © 10cm

(d) B 7% 4 : CHCI3 / n-Hexan

4 : 1
(@) 117 i : UV 366nm
(D3 % * Ligustilide 24 {50 4 Ligustilide = IR
BIFEPORT ReE 051 i B9 4 %8 Lanel : Ligustilide

Lane2 : Ligustilide + % i % P~i
Lane3 : % ﬁﬁ?ﬁg"iu’i

B % & —Ligustilide & % & 17 @)

R¢iE : 0.51
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7 (Astragaloside IV) 2_ & & & 47 i% i

(a)% 74 - Silica gel 60 Fys4
(b)2EL g @ 10l
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Abstract

High-performance liquid chromatography—electrospray ionization—mass spectrometry has been applied to analyze the
chemical constituents of Danggui (the rhizome of Angelica sinensis) and to study chemical changes of Z-ligustilide. Twelve
phthalides were unambiguously identified as senkyunolide I (3), senkyunolide H (4), sedanenolide (8), butylphthalide (9),
E-ligustilide (13), Z-ligustilide (14), Z-butylidenephthalide (15), Z,Z'-6.8',7.3'-diligustilide (16), angelicide (17), levistolide
A (18), Z-ligustilide dimer E-232 (19) and ZZ’-3.3',8.8'-diligustilide (20) in Danggui extract. The existence of 12 other
phthalides (2, 5-7, 11, 12, 22-27), ferulic acid (1) and coniferyl ferulate (10) in Danggui extract has also been
demonstrated. Phthalides 3, 4, 16—18 and 20 were determined to be the products from chemical change of Z-ligustilide. This
is the first report of the existence of 16 compounds (2-8, 10-12, 20, 22-25 and 27) in Danggui extract. © 1998 Elsevier

Science BV. All rights reserved.

Keywords: Angelica sinenesis; Danggui; Ligustilide; Phthalides; Coniferyl ferulate

1. Introduction

The rhizome of Angelica sinensis (Oliv.) Diels
(Umbelliferae), known as Danggui in Chinese, is one
of the most important traditional Chinese medicines,
used for tonifying the blood and treating female
irregular menstruation and amenorrhoea. It is also
used for treatment of anemia, hypertension, chronic
bronchitis, asthma, rheumatism and cardiovascular
diseases [1-5]. Over 70 compounds, such as,
phthalides, terpenes, aromatic compounds, etc., have
been isolated and identified from Danggui [3—10]. Its

*Corresponding author.

0021-9673/98/$19.00
PII: S0021-9673(98)00201-5
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main essential component, Z-ligustilide (14), other
phthalides and ferulic acid (1) are thought to be the
biologically active components of Danggui [3,5,6].
For this study high-performance liquid chromatog-
raphy—electrospray —ionization—mass spectrometry
(HPLC-ESP-MS) demonstrated the existence of
more than 30 phthalides in Danggui. Eighteen
phthalides, along with coniferyl ferulate (10), were
isolated during this study. Their structures are listed
in Fig. 1la,b.

Z-Ligustilide (14) is a volatile and unstable liquid
compound, which can be changed to other phthalides
through oxidation, isomerization, dimerization, etc.,
[11-17]. Z-Ligustilide (14) has been also found to
exist together with its derivatives in a number of

© 1998 Elsevier Science BV. All rights reserved.
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Fig. 1. (a,b) The phthalides and related compounds in Danggui extract.

plants of Unbelliferae [12-25]. These phthalides are
also considered to be the biologically active com-
ponents which are present in several important
medicinal herbs, such as the roots of Ligusticum
wallichii [12], L. chuangxiong [18], L. portere [21],
Levisticum officinale (lovage) [23] and Cnidium
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officinale [15,24]. In order to monitor the quality of
these important herbs and their drug products, it is
important to have a rapid, direct and accurate method
for the analysis of these components. Some
phthalides have been analyzed by gas chromatog-
raphy (GC)-MS [8-10,19,25] and LC-UY [11,20~
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Fig. 1. (continued)

31]. Since some phthalides, for example Z-ligus-
tilide, decompose rapidly at high temperature, GC is
not capable of detecting such unstable compounds
[11]. In addition to this, LC-UV could not identify
most peaks in Danggui extract. This is the first report
to use LC-ESP-MS for identification of the
phthalides in Danggui and the main products from
chemical changes of 14.
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2. Experimental
2.1. Instrumentation

An HP 1090 Series II LC system (Hewlett-Pac-
kard, Palo Alto, CA, USA) with photodiode array
detection set at 270 nm was coupled to an HP 5989
B quadrupole mass spectrometer. UV spectra were
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obtained by scanning from 200 nm to 500 nm. For
chromatography a Waters Symmetry C,; column (5
wm, 150X2.1 mm) with a sentry guard column
(Symmetry C,g, 5 pwm, 20X3.9 mm) was used. The
mobile phase consisted of (A) water (0.25% HAc)
and (B) methanol using a linear gradient of 35—
100% B in 40 min, and 100-35% B in 40-42 min.
The flow-rate was set at 0.2 ml/min, and the oven
temperature was set at 45°C. The ESP-MS spectra
were acquired in the positive ion mode, using an
electrospray interface Model HP 59987 A. The
temperature of the drying gas (N,) was 350°C, at a
gas flow-rate of 40 ml/min, and a nebulizing pres-
sure (N,) of 5.5-10° Pa (80 p.s.i). The LC system
was directly connected to mass spectrometer without
stream splitting.

2.2. Solvents and chemicals

HPLC grade water and methanol (VWR, Seattle,
WA, USA) were used for HPLC analysis. Reagent
grade chloroform, ethanol, hexane and acetone
(VWR) were used for extraction and separation. The
sorbent for column chromatography was silica gel 60
(>0.063 mm, E. Merck, Darmstadt, Germany). For
preparative thin-layer chromatography (TLC) nor-
mal-phase TLC plates (silica gel 60 F,s,, 0.5 mm
thickness, 20X20 cm) and reversed-phase TLC
plates (RP-18, F,,, 0.25 mm thickness, 20-20 cm)
(E. Merck) were used.

2.3. Plant material and sample preparation

2.3.1. Extraction of ground Danggui

Danggui was purchased from Asia Natural Prod-
ucts (San Francisco, CA, USA). At room tempera-
ture, 0.2 g of ground Danggui was extracted with 10
ml of methanol using sonication for 10 min. The
extract was filtered through a 0.45 pm nylon acrod-
isk 13 filter (Gelman, Ann Arbor, MI, USA). Addi-
tionally, a 10-wl volume of the extract was injected
onto the analytical column for analysis.

2.3.2. Preparative TLC of Danggui extract

A ca. 500-pl volume of ethanol extract of Dan-
ggui (5 g) was separated by preparative TLC (one
normal-phase plate, hexane—acetone, 7:3, v/v), and
the eight zones founded on the TLC plate could be
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visualized under UV light 254 nm. Each zone was
scraped from the plate, and extracted with methanol.
Z-Ligustilide (14) and Z-butylidenephthalide (15)
are mainly in the first zone (R,=0.7). The so-called
DQSP-B fraction consists of zones 2—8 in 20 ml of
methanol, which contains only a small portion of 14.

2.3.3. Light stressing of Z-ligustilide (14)

Oily 14 (10 mg, 95% purity, containing 5% of 15)
was put into a white glass vial, the vial was capped,
and held at room temperature for three days with
contact to some direct sunlight. In addition to this, 5
mg was dissolved in 5 ml of methanol (sample 1) for
LC-ESP-MS analysis.

An additional amount of oily 14 (10 mg) was
treated in the same way, but omitting any contact
with direct sunlight (sample 2).

2.4. Isolation of standard compounds

Phthalide standards have been isolated from Dan-
ggui in the following way: powdered Danggui (3 kg)
was extracted with chloroform (3X6 1) and the
chloroform extract (120 g) was partitioned between
hexane and methanol. The methanol part (50 g) was
repeatedly subjected to silica gel column chromatog-
raphy and preparative TLC to yield 18 phthalides.
The solvents for column and normal-phase TLC
were hexane—acetone (9:1 to 5:5, v/v, for column;
8:2, 7:3 or 6:4, v/v, for TLC); solvents for reversed-
phase TLC were methanol-water (7:3 or 8:2, v/v).
The purity of each isolate was checked by both
HPLC and TLC, and the identity was confirmed on
comparison of NMR data [proton and carbon NMR
spectra, taken in CDCl, solution with Bruker AM-
400 NMR instrument, using trimethylsityl (TMS) as
internal standard] with published data [3,5,6,13—
18,22,24,32]. The detailed separation procedure will
be reported in near future.

The isolated phthalides are 2, 3,4, 5, 6,7, 8,9, 11,
12, 13, 14, 15, 16, 17, 18, 19, and 20.

Sedanenolide (8) may also represent its 3-S stereo-
isomer, senkyunolide, which has the same NMR data
[24] as that of 8. Butylidenephthalide (9) may also
represent its 3-S stereoisomer. Z,Z'-6.8',7.3'-Di-
ligustilide (16) represents a mixture of the stereo-
isomers, and also includes riligustilide (21) [6,32].
Z,Z'-3.3',8.8'-Diligustilide (20) seems to be a new
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compound, a stereoisomer of angelicolide [16,17].
Z-6-Hydroxy-7-methoxydihydroligustilide (6) is also
a new compound.

Ferulic acid (1) and coniferyl ferulate (10) [15]
were also isolated from the extract, and identified in
the same manner.

A reference methanol solution (10 ml) contained 1
(2mg), 2 (1 mg), 3 (1 mg), 4 (1 mg). 5 (1 mg). 6 (1
mg), 7 (1 mg), 8 (0.2 mg), 9 (0.2 mg), 10 (0.4 mg),
11 (2 mg), 12 (2 mg), 13 (0.2 mg), 14 (1 mg), 15
(1.4 mg), 16 (0.5 mg), 17 (1.5 mg), 18 (1 mg), 19
(0.5 mg) and 20 (0.4 mg).

3. Results and discussion
3.1. LC-ESP-MS analysis of phthalide standards
Eighteen phthalides, i.e., 2-9, 11-20, as well as, 1

and 10 were chromatographed in order to determine
their retention times (fz), UV and MS data for

MS chromatogram:
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comparison with the chromatograms of the plant
extract and other samples. Their LC-UV and total
ion chromatograms are shown in Fig. 2. Their #g,
[M+H]", [M+Na]® and UV A_,, values are shown
in Table 1.

Table 1 shows that although the isomers of each
group have the same mass and similar UV data, they
showed differences in f,. They basically can be
distinguished by their different retention times. As a
result, it appears possible to enable their identifica-
tion in Danggui extract.

3.2. LC-ESP-MS of Danggui extract and DQSP-
B fraction

The LC-UYV and total ion chromatograms of the
methanol extract of Danggui are shown in Fig. 3.

The retention time (tz), [M+H] ", [M+Na] ", UV
A,.. values and the identification for individual
peaks are listed in Table 2. Based on these data, 14
peaks were identified as 1 (P1; P was used to

pbundance
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Fig. 2. Simultaneous LC-UV and LC-ESP-MS chromatograms of the Danggui standard compounds. Chromatographic conditions are
described in Section 2. The ¢, value, MS and UV A, of each compound are listed in Table 1.
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Table 1
Retention time (t,) value, [M+H]", [M+Na] ", other MS ions, UV A_,_of the standard compounds
Peak Compound tr (min) [M+H]" [M+Na] " Other ions Apax
No. (m/z) (m/z) m/z) (nm)
§ Ferulic acid (1) 7.1 195* - - 295sh, 322
2 E-6,7-Dihydroxydihydroligustilide (2) 10.2 225 247 207 277
3 Senkyunolide I (3) 11.4 225 247 207 277
4 Senkyunolide H (4) 12.3 225 247 207 277
5 Senkyunolide F (5) 15.2 207 229 189 270, 296, 322
6 Z-6-Hydroxy-7-methoxydihydroligustilide (6) 16.7 239 261 207 277
7 Z-6,7-Epoxyligustilide (7) 20.8 207 229 - 277
8 Sedanenolide (8) 214 193 215 - 277
9 Butylphthalide (9) 22.0 191 213 - 270
10 Coniferyl ferulate (10) 22.4 - 379* - 272, 298, 320
11 2-(1-Oxypentyl)-benzoic acid methyl ester (11) 23.2 221 243 189 230, 276
12 3-Butylidene-7-hydroxyphthalide (12) 23.2 205 227 - 285, 335
13 E-Ligustilide (13) 24.0 191 213 - 270, 322
14 Z-Ligustilide (14) 25.0 191 213 - 270, 322
15 Z-Butylidenephthalide (15) 25.9 189 211 - 270sh, 313
16 Z7,Z2'-6.8',7.3'-Diligustilide (16) 29.6 381 403 191 283
17 Angelicide (17) 30.2 381 403 191 283
18 Levistolide A (18) 31.3 381 403 191 276
19 Z-Ligustilide dimer E-232 (19) 31.6 381 403 191 279
20 Z,Z'-3.3',8.8'-Diligustilide (20) 339 381 403 191 296

* Ferulic acid and coniferyl ferulated showed only a poor response.

represent peak in the text), 3 (P2), 4 (P3), 8 (P4), 9
(P5), 10 (P6), 13 (P7), 14 (P8), 15 (P9), 16 (P10),
17 (P11), 18 (P-13), 19 (P14) and 20 (P15) based on
their f, [M+H]", [M+Na]", other ions and UV
A,.. Vvalues in the comparison with the data of our
isolated standards. Only peak 12 was unidentified.

Because of the instability of Z-ligustilide (14) and
some other phthalides, the sample preparation and
HPLC analytical conditions have been strictly con-
trolled to avoid any detectable degradation of the
phthalides during the performance. Furthermore, we
have analyzed fresh Danggui, which showed the
same detectable phthalides. The only difference
between the two Danggui samples is the relative
ratios among these phthalides. This fact indicated
that the phthalides in Table 2 should be the original
compounds of Danggui, not artifacts.

The major component (14) comprised more than
60% of the total amount of the phthalides. Other
phthalides appeared as very minor peaks. In order to
detect these minute components, the DQSP-B frac-
tion was subjected to LC—ESP-MS analysis and the
tg, IM+H]", [M+Na]”, UV A__, values and identi-

max

fication of each of the additional peaks were made.
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Five of them were identified as stereoisomer of 3 and
4, 5,22, 7 and 12, respectively. Peaks 14—17 appear
to be unidentified dimers of 14 (chromatograms not
shown).

In the same way, analyses of some of other
fractions from the column and TLC separation
detected the existence of eight other phthalide mono-
mers and at least five other dimers. Using the UV
and [M+H]" or [M+Na]" data, five monomers
could be tentatively identified as senkyunolide B
(23), senkyunolide C (24), senkyunolide D (25),
neocnidilide (26) (or its isomers), senkyunolide G
(27) [or senkyunolide K (28)]. Another three mono-
mers could be identified as 2, 6 and 11.

As shown in Tables 1 and 2, although ESP-MS is
a rather soft ionization method, it usually showed
protonated molecular ions as strong peaks. However,
some phthalides still showed some fragments in
higher intensity than these of their [M+H]" and
[M+Na]+. So, it is difficult to establish the molecu-
lar mass only based on these mass spectra. There-
fore, it is better to identify them by direct com-
parison to the ESP-MS spectra from the standards.

Ferulic acid (1) and coniferyl ferulate (10) showed
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MS chromatogram:
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150000 |
8
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v
1
50000 4 7 9 1(}
1 2 3 456 w 15
0 — — ——r ey ——r — ——r —
Time--> 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
LC chromatogram:
LC CRYoMAtogTam: LTKMS5Z.D
mAU 4 g )
8}
500 4
400 4
300 -
200 4
100 4 . 2 6 7|9 1L 4
3 4s M 15
O."L:‘.*,.&.,./\.AT.,‘#.,,,.... A e v
Time--> 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

Fig. 3. Simultaneous LC~UV and LC-ESP-MS chromatograms of a Danggui extract. Chromatographic conditions are described in Section

2. Peak assignments are listed in Table 2.

Table 2
Peak assignment for the analysis of the methanol extract of Danggui
Peak tr [M+H]" [M+Na]” Other ions A Identification
No. (min) (m/z) (m/z) (mlz) (nm)
1 7.1 195 - - 295sh, 322 Ferulic acid (1)
2 114 225 247 207 277 Senkyunolide I (3)
3 12.3 225 247 207 277 Senkyunolide H (4)
4 214 193 215 - 277 Sedanenolide (8)
5 220 191 213 - 270 Butylphthalide (9)
6 22.4 - 379 - 272, 298, 320 Coniferyl ferulate (10)
7 240 191 213 - 270, 322 E-Ligustilide (13)
8 25.0 191 213 - 270, 322 Z-Ligustilide (14)
9 25.9 189 21 - 270sh, 313 Z-Butylidenephthalide (15)
10 29.6 381 403 191 283 Z,7'-6.8',7.3'-Diligustilide (16)
11 30.2 381 403 191 283 Angelicide (17)
12 31.1 381 403 191 283 Unknown
13 313 381 403 191 276 Levistolide A (18)
14 31.6 381 403 191 279 Z-Ligustilide dimer E-232 (19)
15 33.9 381 403 191 296 2,7'-3.3',8.8'-Diligustilide (20)
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a very low response under this LC-MS condition. It
could be suggested that they have different physico-
chemical properties compared to the phthalides since
they do not have phthalide (or partially hydrogenated
phthalide) group. They could be identified only based
on the retention time and UV data, in comparison
with those of their standards.

This study was the one that enabled to determine
the existence of compounds 2-8, 10-12, 20, 22, 23,
24, 25 and 27 (or 28) in Danggui extract.

It was observed during the study that even when
the sample vials were tightly closed to prevent
evaporation losses, 14 was gradually lost during
storage of Danggui and purified products under
normal conditions. Some derivatives were formed.
This fact led to the identification of the reaction
products of 14.

Four major produced phthalides of sample 1 were
identified as the dimers 16, 17, 18, and 20 based on
the direct comparison of their fg, [M+H]*, M+
Na]® and UV A, values with these of the stan-
dards. Among the six unidentified peaks, one of them
may be a Z-ligustilide oxidation compound, the
others should be the isomers from Z-ligustilide dimer
(chromatograms not shown).

In the same way, analysis of Z-ligustilide reaction
sample 2 found that 3 and 4 were the main products.

The results show that Z-ligustilide (14) mainly
produced its dimers with only a trace amount of its
normal oxidation products, for example 3 and 4,
when it is exposed to direct sunlight. This fact
suggests that the exposure of 14 (or Danggui, or its
product) to direct sunlight seems to be one of the
conditions for the dimerization of 14. Some of the
reaction mechanism may be similar to the postulated
biogenetic method for the naturally occurring dimers
18 and 21 [13]. However, under normal, non-sun
exposed conditions, normal oxidation products of 14,
such as 3 and 4, have been mainly produced, which
might follow the same path as the postulated bio-
synthetic method for 3, 4 and 7 [13].

This study showed that LC-ESP-MS was a
powerful tool for the rapid and reliable analysis of
the constituents of plants, plant extracts and their
chemical change products utilizing a relatively small
amount of material. The result from LC-ESP-MS
provides important information for the further phyto-
chemical studies and quality control of the pro-
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duction process of Danggui. Use of LC-MS for the
identification of phthalide isomers still needed com-
parison with the standards, which was time-consum-
ing. LC-MS-MS can provide more information
about the fragmentation of each compound [33,34],
thus offering more chance for direct identification.
However, combined techniques, such as LC-MS (or
LC-MS-MS) and LC-NMR, will be more powerful
for on-line identification of the compounds directly
within the crude extracts [33,34].
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Simultaneous Determination of Three Feature Components in Wujiapi
Healthcare Wine by High Performance Liquid Chromatography
Chen Qingjun  Qin Zhirong Xu Rongnian Bao Zhongding
) (Zhejiang Institute of Light Industry, Hangzhou, 310009)

ABSTRACT A high performance liquid chromatographic method for simultaneous determination of
eugenol, ligustilide and ethyl p- methoxycinnamate in wujiapi healthcare wine is reported. Wine sam-
ples were pretreated with petroleum-ether extraction, then analyzed on a Cig column, using a flow rate
of 1.0 mL/min and gradient elution with mixture of CH;OH-0.02mol/L NHyAc as mobile phase. The
fractions were detected at 280 nm. There was a good linear relationship between the ratios of peak area
to concentration within the range of 18.0~180. 0pg/ mL eugenol, 25.0~250.0pg/ mL ligustilide and
15.0~150.0pg/ mL ethyl p- methoxycinnamate . The recovery of standards was greater than or equal
tn 959% . The results indicated that these three components varied significantly hetween wine samples.
Key words high performance liquid chromatography, wujiapi healthcare wine, eugenol, ligustilide,
ethyl p-methoxycinnamate
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