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Spectrum-activity relationship of Angelicae Sinensis Radix-Chuanxiong Rhizoma
supercritical fluid extraction with Carthami Flos against myocardial ischemia
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Abstract: Objective To study the spectrum-activity relationships between the anti-myocardial ischaemia activity and the HPLC
fingerprints of the formula, consisting of Angelicae Sinensis Radix-Chuanxiong Rhizoma supercritical fluid extraction (AC-SFE) and
Carthami Flos (CF) solvent-extracted extracts. Methods The rat model of acute myocardial ischemia was established by applying left
anterior descending coronary ligation, and bivariate correlation analysis (BCA) and multivariate regression analysis (MRA) were used to
investigate the spectrum-activity relationship between fingerprints and anti-myocardial ischaemia activity. LC-MS was used for peak
assignment. Results Eight peaks of AC-SFE were negatively correlated with the infarct size ratio (ISR) and the serum lactate dehydrogenase
(LDH), and four of them were significantly correlated. Peak 8 (quercetin-3-O-3-D-galactose glycosides-4'-O-B-D-pyranglucoside) from CF
was positively correlated with the efficacy. Study by regression analysis showed four peaks were in regression equations. LC-MS showed 16
peaks, among which 12 were correlated peaks. Conclusion Ferulic acid (peak 13), senkyunolide H (peak 15), 3-hydroxy butylphthalide
(peak 16), senkyunolide A (peak 18), 3-butylphthalide (peak 19), ligustilide (peak 20), dibutyl phthalide (peak 21), and phthalide ( peak 17 ) of
AC-SFE and peak 1 (4-methoxy-6-[3, 4, 5-trihydroxy-6-[[3, 4, 5-trihydroxy-6 (hydroxymethyl) tetra-hydropyran-2-yljoxymethyl]
tetrahydropyran-2-yljoxy-cyclohexane-1, 2, 3, 5-tetrol) and peak 2 (3-{[6-O-(D-Galactopyranosyl)-B-D-galacto-pyrano-syljoxy}-

1,2-propanediyl diacetate) of CF might be the material foundation for the anti-myocardial ischaemia activity. Peak 8 might not be able
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to relieve myocardial ischaemia.

Key words: Angelicae Sinensis Radix-Chuanxiong Rhizoma; Carthami Flos; compatibility; anti-acute myocardial ischemia; spectrum-

activity relationship

HEL NEAAHXERMTR, e CEEAS
77, FBDBOAMILTE L BACH B T VA4
MRS 1bif RS20, fRIRR B2 T
I 5 005 el A e ) AR s s x4 19 1]
PP ER I SO VLR L 1) 25 35 A
ATHEIE, I3 PRI, CRORBR. DA LR
SEYITRO S 2RO VLR L A G, HLS
SEHUC 255800 T At 23 o 4T A6 A 3 i W 2
HSCIR L S B H AR TR I D, TR R4
AT O OB R fR IR . A
IR SZE i A S NI IEE ST EA W S it il
AR, HAAeH T2 7 R AIKRINZ . A Sk
56 43 5l FH 7K B350 95% £ I Al il 19 £ A 3 5
KL 5 231 % 2500 i A2 ) (AC-SFE) i
i, #ELEALET S ) HPLC 20, KA K
AR B Ik 25 HL AT 2 5 & IO ATLAH & 1 oL UL s if AR
., BRI I i s 5 (5G25hD 52
BRI G, 192G B (il g, LC-MS XfUEiEAT
filk, DA AR 2. LAY AC-SFE K
B 2 T BATAIT T ER A S0 A
1
1.1 Z# 5ik5)

A KD RAEY Angelica sinensis (Oliv.)
Diels T, 0B HIRNAIRE L RGMARS
"), #t5 20110815; JI#5 A TERMEY) Ligusticum
chuanxiong Hort. [RJFHARZE, ) H DY 1148 K AT 25
AR A T, fbS 201108225 2048 4 46 Bk )
Carthamus tinctorius L. WAL, W FUBrae A r=dt
B AR NITLL e O, b5 20110815, BLLE
LM AR A SR S S R T (R 2 2RI UK,
ILIAGIRTLRA T, #t5 20021013; FLE M
AN S, HAMEImARS Wkt &
ALY A M EE (NBT) Betasfl, 255102
FIFAR A MRS E R A, WHTHE
2y B E I, b 111637-200502, Jit
S HL>99%; Xof T RRIRY . BEA AR, )1
wilE AL PR Al HEDG ARSI = 4, i
'"H-NMR, “C-NMR FJ5 i 5 56 3o 15 SCik 5 L
XE ik, HPLC V€ &, A iU 70 Uk vl

99.23%. 94.36%-+ 97.85%-. 96.48%. WEE. ZLJi§
(O ikal), BR. FIR. LR (brat), hEEEZ
M KR EZEK.
1.2 {48

Agilent 1260 Infinity A (385 4% (F135 Agilent
1260 PYJC4E . DAD il #% . Agilent 1260 [ 5l
FE#%. Agilent Chemstation 14 ); Inova—400 %Y
it SLP= A%, Varian /A7) ; Q-TOF micro YA019 7
DU A% #F K AT I ) i 3 4% . Synapt G2-S HDMS,
Waters A #]; 7080 H A4k, HAHR
1.3 ¥

SD KR, HEPE, AR 180~220 g, H ifF
W s s R s F R AE, VFRTIES . SCXK (1)
20070005
2 FiEE4%ER
2.1 IREMIRIE

$ CREZi) 2010 FERRSIE JIE LA 3
IR 2454 3 T o LA SO 1 R b = 25 2 b, 3k
S 3 WRMIIH 25N 9 g AC-SFE: 4J3H1)1|
SRIRLLL L LIRS, SRR A COy B A=,
ZIAC/KEEE (HHS): ZIAeZ5M4KU0m 10, 8. 6
FEIK, el Rigeg 3 W, [IOEF), AT
Ko 48 95%LIEHY (HHC): M AL IR
10, 8. 6 il 95% LI, 4 milnFA G2 E 3 K,
A, AR TR A
2.2 HiX@EEE

K ML AC-SFE 4.1 mg (M4 T7E24 74.41
mg). HHS 14.1 mg (AH%T4:24 37.77 mg). HHC
14.6 mg (24 T4245 37.77 mg), 43 5 B s ik
% 10 mL, AC-SFE-+HHS FEMAHN — &L 2 1
TRAYW, AC-SFE+HHC ¥R AN 34 10 1IRG
Wili. AC-SFE. HHS. HHC ¥ %3 i) ] s e
1 f5o SAEE 0.45 pm PAL A JEISERE, EPfS.
2.3 MERSEGSE

FEEMRBOR R AT R AL PIBER. 7E)11E
PITE A HE IS PTG HL BEAS Y R IR S A,
P Sl TR S 9 P 493l A 135.04 12,04 10.04 12.0.
63.6 ug/mL [T A0 HE S



- 1946 * $3d

Chinese Traditional and Herbal Drugs

Fa44% F14¥ 20357 A

2.4 LC-MS 47
241 (35 (3% Hh BEH Cis A (100 mm X
2.1 mm, 1.7 pm); FBIAH A A4 0.1% F R /KE
B A4 0.1% MR- LG, BHEEVER (0~1 min,
5%~10% B; 7~10 min, 30%~90% B, 10~12 min,
90% B); ARV 0.65 mL/min; #EFEHE 2 L.
242 JuilgAr BESIEEA, [EEF3kv, #E
FLHLE 60 V, JEIR 120 °C, B EEE 500 C,
JRE 7S AR R B 800 L/hs $ S TR 2.5 kV, HE
FLHIE 40 V, P 120 °C, BWEFSIRE 500 °C,
IS ) AR B 800 L/he
2.5 HPLC 9#f

B4 XBridge Cig £ (250 mmX 4.6 mm, 5
um); S A A 0.1%FRKEHL, B A 0.1%H
R- LI HW BEEEVEIE (0~7.35 min, 5%~10%B;
7.35~51.47 min, 10%~30%B; 51.47~73.55 min,
30%~90%B; 73.55~88.23 min, 90%B); AR
 0.65 mL/min; #5330 C; K%K 286 nm;
BEFER 15 ul.
26 FHEFER

% AC-SFE+HHC+HHS (1 :1: 1) EhkE

I o
2.6.1 KEEERE  HL AC-SFE+HHS+HHC £

RV 75 uL, ESEERE 5 Uk, i “2.57 TR (A
ZAFME, AT ES AR IR B I ) RSD 2k
0~0.03%, HFIXTWETAL RSD Ky 1.04%~2.78%, #*
A PR RS 25 B2 R IF

2.6.2 EEMIRE  H AC-SFE+HHS+HHC fHiX
fi KM, 4% “2.27 TR 5kl & AR A
6 4, 1 “2.57 WUNAGEAR mIBERE, AT %14
T (R A X £ B IR ) RSD R 0~0.19%,  AH XS T
FLRSD 4 1.20%~2.61%, FWHHIEELZVERL .
2,63 faEthiEe  HUHRR S, 7R “2.57 TR
OIS, M 9I7E 04 131 2.5, 3.8. 5.1, 7.7, 10.2.
12.8. 26.9 h BEFE, DA (38 06 (1A OR B IS [R]
RSD 4 0~0.41%, HHXJUEHRIF RSD A4 1.16%~
2.81%, KUK AT 26.9 h WELE

2.6.4 FRSUENEE A3 “2.27 T AR
WA 2,37 TR 0 B A% 15 ul, ¥EA HPLC
G i E LB 1o AR A AL I e L,
SE 21 AN LA, E R 5 R A R S LE X, e
TS MR ED .

20

2L R,
- AC-SFE+HHC

13
9
- M A ﬂl 16 MA,_/———H—'JTQ— Q2
¥ S - | ME;’G@
AC-SFE+HHS
W e

—————~— HHC

t/ min

1 AC-SFE RESLHEREHRMYESEMAEASH HPLC LU EE
Fig. 1 HPLC fingerprint for AC-SFE and different combinations with CF
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Fig. 2 UPLC and TIC (ESI +/— models) chromatograms of AC-SFE + HHS + HHC

%1 AC-SFE+HHS+HHC ¥@EL&MiER
Table 1 Compounds in AC-SFE + HHS + HHC

a3 N N . .

5 ¢/ min %fnjj " EEMS N (ml2) ML AEY) =B
* 401 451.1245(+) 415.1028,397.0919,301.071 4 ARt 11
% 611 303.0504 () 169.0136,155.0496,121.029 0 Wit % 12
* 7.00  287.0558 (+) 185.060 1, 153.018 8, 137.023 7 125 m; 12
% 7.64  265.0974(+) 247.0868,219.0920,206.084 2, 167.0609 JI| =Wk 13

1 0.94  517.1782(-) 499.167 3,385.139 5,253.100 8, 161.054 0 (4-methoxy-6-[3, 4, S-trihydroxy-6-[[3, 4, S-trihydroxy- —
6-(hydroxymethyl) tetrahydropyran-2-yl] oxymethyl]
tetrahydropyran-2-yl] oxy-cyclohexane-1, 2, 3, 5-tetrol)

2 1.21  499.1716(-) 191.065 4, 173.054 6 3-{[6-O-(D-galactopyranosyl)-p-D-galactopyranosyl] —
oxy}-1, 2-propanediyl diacetate

5 395 611.1612(-) 491.121 6,473.111 5,403.108 5,325.078 5 I E A —

8 535 6271561 (+) 463.2348,462.459 5,449.1052,419.191 6 Hit [ %:-3-0-B-D- - FURHFF-4'-O-B-D- I 8 2 Bl 1 —

13 654 193.0501(-) 177.9216,133.9078 P 3R —
14 694 593.1506(-) 433.0915,313.0573,301.0599, 181.9022 £I{E# % A 14
15 844 225.1127(+) 207.1011,189.0907,179.1056 VENE Ml H —
16 861 207.1017(+) 189.0911,171.0788,161.0969, 153.976 1 3-FRH T ANk 15
18 1020 193.1229(+) 175.1111,147.116 1 FENE e A —
19 1049 191.1072 (+) 213.3652,173.096 8, 145.101 9 3-T 2R 16
20 1058 191.1073 (+) 173.096 4, 163.112 0, 155.085 6 A —
21 1112 279.159 6 (+) 235.087 6,201.037 4, 179.058 7 T HORTR 17

AT

*- respresents non-common peaks
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Fig. 3 Structures and fragments of peaks 1 (A) and 2 (B)

(165 mg/kg) 2. HHS (580 mg/kg) 4. AC-SFE-+
HHS (165 mg/kg+580 mg/kg) 41 HHC (560 mg/kg)
4. AC-SFE+HHC (165 mg/kg+560 mg/kg) 41F
BTFARA . SEHARRBER ig 4525 1 Ik, HEL
257 d, BFERAKR ig K. 5257 dJa, KERAT
SRS AT ST AR, RJF 4 hekifn, JFHX
OV, THELOHUREZER GO ISR = R AEC L)
/AR, DE AT AL IR B (LDH) /K

Vo SRR, AC-SFE. AC-SFE [iiffi HHC 41
A A5 B OK B LR AR (P<<0.05)  FH B AR I3
LDH /K (P<<0.05). &R 2.

29 EHXARSH

29.1 XULEAHKLT F “2.6.47 TPTERATFHI
Femb 21 AN WA I A s A “2.8” T
BTN SPSS17.0 B4, BEATOUAR B A Oy
B, g3 3. v AT 8 N ILAT G 2535l &

%2 AC-SFE RESTHARRBYSEMAAS X 2ERM KR CAMBILEFME LDH KFEHEM (x+£5,n=10)
Table 2 Effects of AC-SFE and different combinations with CF on ISR and serum LDH level

in rats with acute myocardial ischemia (x £ ,n =10)

AT FIE / (mgkg ") DUEZEZE /% LDH/(UL™
(EERZN — 0 1302+429.7
L7 — 34.69+ 5.81** 2 046+530.8*
AC-SFE 165 26.96+ 7.38" 1390+498.5"
HHS 580 30.53+ 8.27 2253+533.6
AC-SFE+HHS 165+580 3627+ 7.53 1 666+552.0
HHC 560 36.59+ 5.76 2094+479.8
AC-SFE-+HHC 1654560 27.33+11.13" 1497+294.2°
W 2RI IR 1 25.15+ 9.20" 1340+499.4

SETFAR4LE: 4P<0.05 **P<0.01; SHMALE: P<0.05
4P < 0.05 **P<0.01 vs Sham group; "P < 0.05 vs model group
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Table 3 Relative peak areas of common peak and BCA

analysis on pharmacological data

o 50 UREZE A 5 LDH /K-

C 7 T heRm P MXRN P
13 -0.267 0.664 —0.786 0.099
15 —0.548 0.338 —0.986 0.003
16 —0.086 0.891 —0.655 0.204
17 -0.576 0.310 —0.854 0.078
18 —0.841 0.074 —0.862 0.074
19 —0.522 0.367 —0.984 0.003
20 —0.545 0.343 —0.987 0.002
21 —0.536 0.352 —0.982 0.004

PUARARDG, o 4 AU 52 1 FA ¢, H AC-SFE
BIAIX 4 AN B, 024 05 - 1125 2068 pokH v g4 1%
AR TR A 27 18 4 i PR AT DK Bl o JUTLARE 2 238 0 I T
LDH /K, HIXEEpisr &V FERR, 5% 21
g5 A —3
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HHC DI A4 2 /45 2, HPLC Kl & B0 8 71X
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DRI 25D, T 55 4 €00 T A A T U TR RN 5 O JUUASE 2 1 R L
R JAIE LDH A AR HEA R R 2 (R 4).

AL 14 23 164 21 et ik 25 LK Bl O WU ZE
MG LDH {H 2R (P<0.05). W1, 2
H HHS, W% 16. 21 {4 AC-SFE.

BL A M3 3] LDH #5033 0 A o b i
R £ R Y=0.9 X+1 430.979, 5X(4%
A 45 R — 5

F4 SRIBIIANZ TEADIEE
Table 4 Regression analysis by MRA

o R ARVEES
SRZERARLERIEE 5 LDH A
1 0.747 0.154
2 0.802 0.205
16 ~0.087 -0.161
21 ~0.062 —0.773

3 itg

R S0 WA A DG BT () 45 L 5 2 R0 i 4
FEA—F, SkHT AC-SFE [ 8 i, Big 13 (il
B 15 GRS AIE HD 16 (B3-F2E T AE2RRE0 |
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s HEMNAH N ARER R4k A W REF ) e TR 2 ik 45 4L
SR PO UL, ZRERSE AL AP0 B Co LR il 1 P
AR TTHR, X5 AT IR BT BT R R
FLAT G LB (25 B N2, AR SEag g 5 A
[R5 HTE S AT R B, K H HHS [ 1. 2 Al
K H AC-SFE I 16+ 21 HEARH5FE, BRI K R
OIULEEZER TS LDH KA B2 %0, s
R, W 8 5K ONEEALZRFIMIE LDH /K5
WFIEME, &5 HAL 8 AN FHFE By .
T PR, XUAR 538 2 2 T Rl H A 2 L 2
ARAHCHE AT T B, @Rk (ke pr A = 4k
RO B S RS BAHCES, et I 2
525 I 293500 SRS

AWHFURIN,  LLACHLINT T AR BN Ik 25 L 35
WL T W R 25 %%, RIS 255508 1) AC-SFE
PC AR A BB LI R 5% i R
BLLTAESEY) 8 o W b5 LAt B o3 R e Lo JL st 1l A
FARFS P, WA SCRRIRE LI AE R . et E A
AR ONLEIL . T RO I P2, 2 bt
RS FHRNE S (1) BUEBIT P2 e HI71
NTERTE 2y, TASERRH ig 4524, —2emior R
WAL (20 T A%, g TR G
1 Fe B K AR A I T RESE I 2550 (3) ZI{Edata
TS 4 FL KOR BRI 0K, b REAE, (B
FIEAEE, (4) & 8 [ IE MIRPL/E, HHS
I 8 TR LA 2 HHC R0 3 5, WhER
AC-SFE+HHS WA #5%, 1fi AC-SFE+HHC H%
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G52, ANRIT I MIAERR” g 2577 5

g b, AEEERAHC T B, nTBAK
ST AT HLIRI 257800 ioentt, o 82 5 AT
PR . AR A A LLEE SN AR AL HE KT )
FLEMAE, AR RIE L ®, A RIS
Wy HCABAS I T BOR A 4518 IO MERR RS, 177 Pl R At
45 B 253800 S A 75 12— 2 B 25 R0



1950 * ¢ 3% Chinese Traditional and Herbal Drugs 3% 44 % 25 14 3] 201347 A
SE Ak mass spectrometry [J]. J Pharm Biomed Anal, 2008,
(1] ®EE. 255 51kK M) &0 2H0RB R R 46(3): 418-430.

(2]

(9]

£, 2002.

LR ARG (M) Lig: DBERRY I
iz, 2000.

A, )11 2B I SRl Lk
(2525 R BERIESE (D], b FIEE 25 TOLWF5T
B, 2009.

AP, R, 0 v PR E A [M].
%3 %, dbnt A ARAE, 1998.

B, W, R N B R I S A
[31. A2y 2R, 2005, 25(1): 7-10.

VE L B X057, B SR I (ORI & B
AP R BAH RIS [J]. W2y, 2005, 29(11): 1671-
1672.

Dong Z B, Li S P, Hong M, et al. Hypothesis of potential
active components in Angelica sinensis by using
biomembrane extraction and high performance liquid
chromatography [J]. J Pharm Biomed Anal, 2005, 38(4):
664-669.

Zschocke S, Klaiber 1, Bauer R, et al. HPLC-coupled
spectroscopic techniques (UV, MS, NMR) for the
structure elucidation of phthalides in Ligusticum
chuangxiong [J]. Mol Diver, 2005, 9(1/3): 33-39.

BRW, 3 ¥, ¥ O0H, % HPLC vElE O4&F AR
YO o] 2 R o AR RE R A K B A A R 24 Bl A T
[31. " ¥EZy, 2004, 35(1): 36-38.

W XT3, Y B OB I S A AR SR U A1
SREYT LS AR % HE, CN101380344
[P]. 2009-03-11.

XIEW], B, IR, LR AL2 Br iEsE ).
T ZH4, 2005, 28(4): 289.

JinY, Xiao Y Y S, Zhang F F, et al. Systematic screening
and characterization of flavonoid glycosides in
Carthamus tinctorius L. by liquid chromatography/UV
tandem

diode-array detection/electrospray ionization

[13]

[14]

[17]

[18]

[19]

(20]

(21]

(22]

(23]

JENIAE, SZERE, TS R FAL ZEIETT) N B2y
R % ], R E 2R, 2001, 36(1): 45-47.

Jin Y, Zhang X L, Shi H, et al. Characterization of
C-glycosyl quinochalcones in Carthamus tinctorius L. by
ultraperformance liquid chromatography coupled with
quadrupole-time-of-flight mass spectrometry [J]. Rapid
Commun Mass Spectrom, 2008, 22(8): 1275-1287.

M WL R IABRHELL Y () e S ) R R ST [D].
KIE: T E R B KA P BT FTIT, 2006.

WffiR, BRZERE, B HZF, 45 )15 HPLC-APCI-MS 4§
AE S T w9 D] Rk 5 IF %, 2006,
19(B5): 12-17.

McNulty J J, Nair J, Cheedoori S, et al. Scope and
mechanistic insights into the use of tetradecyl (trihexyl)
phosphonium bistriflimide: a remarkably selective ionic
liquid solvent for substitution reactions [J]. Chemistry,
2006, 12(36): 9314-9322.

M, R, Bou. WESHR B XK RO
JULBR LR BTEAE RS [J]. th 24, 2010, 41(3): 447-449.
SRR, BIERRRDTAN KRR AL TR 7], Th L,
1990, 21(1): 41-43.

SRR, VOAESE. kR R BRI BTk SR AT (D).
VAL 2222435, 1994, 9(3): 118-120.

R, A R, AR, A BTBRIR )1 K RO
JUU M PR B 47 8 DR 1 D S o LIRS (0],
[ 520605 772 28 5, 2012, 18(19): 230-234.

MUEAE, RAHM, DO, 8 .O3) BTN LA
SPBON eV (B A S RP IR DI RER S [J]. B2y
R, 2010, 38(1): 59-62.

ORI, Bk, S REELAER (R A XS
6 Pk O WURE ZE K B OR 57 45 T LR (0], rh 2y,
2007, 38(12): 1853-1856.

MREESE, XU, R, 4% ZLAE B DN RSk O
WL sgma (7], s 25 22384, 2000, 16(5): 590-591.



