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ABSTRACT: AIM To evaluate the quality of Angelicae Pubescentis Radix. METHODS  With osthole as an
internal standard, the relative correction factors of columbianetin, columbianetin acetate, isoimperatorin and
columbianadin were calculated, after which quantitative analysis of multi-components by single-marker ( QAMS)
was adopted in the content determination. Subsequently, principal component analysis, Pearson correlation
analysis, hierarchical cluster analysis, orthogonal partial least squares discriminant analysis were performed, along
with the establishment of entropy weight technique for order preference by similarity to ideal solution ( EW-TOPSIS)
method. RESULTS Five constituents showed good linear relationships within their own ranges (r=0.999 7),
whose average recoveries were 89. 88% —94. 14% with the RSDs of 0. 96% —2.36% . The result obtained by QAMS
approximated those obtained by external standard method. Sixteen batches of medicinal materials were clustered into
3 types, 3 principal components demonstrated the accumulative variance contribution rate of 87.727% , osthole,
dihydroeucalyptol, and isoquercetin were taken as main quality differential components. The contents of osthole and
isoimperatorin exhibited very significant positive correlation (P<0.01), while those columbianetin acetate and
columbianadin showed significant negative correlation (P<0.05). The closeness degrees C; of various baiches of
medicinal materials were 0. 225-0. 591. The contents of various constituents in the decoction pieces were lower than
those in the medicinal materials, but better quality uniformity was observable. CONCLUSION This accurate,
feasible, objective and comprehensive method can provide a reference for the quality control of Angelicae
Pubescentis Radix.

KEY WORDS: Angelicae Pubescentis Radix; quality evaluation; quantitative analysis of multi-components with a

single-marker ( QAMS) ; chemical pattern recognition; entropy weight technique for order preference by similarity

to ideal solution ( EW-TOPSIS) method
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Tab.1 Information of Angelicae Pubescentis Radix

Eras? 7 M R 5

DH-1 R AR L 2238 S PG
DH-2 TR TITARE B AU £ SHF 1(ABE)
DH-3 TR T AR ELBRH & SUSHAT 2 (k)
DH-4 ERRTTARR B 22 e h 250 4l & PR
DH-5 TP AR R BT Vg ke
DH-6 TP AR VR B30 S A R A B — 4
DH-7 TP AR VR B30 S A R A B
DH-8 TR AR B A A B =4
DH-9 G AT SR VAN E 7 Y
DH-10 512 T M B 2R LK A B A
DH-11 WA (L)

DH-12 HERA (FHLARE )

DH-13 HEERZ B ()

DH-14 PO TS 25ME A BR BT AR A R (R
DH-15 RIR S K2y (KA
DH-16 TR 25ER (KR

2 HAESHR

2.1 BRSO PRIUE R S e,
HESA T EA R 10 mL P, 538 SRkl
i ZEBRILTEE SRR . MR &R S ERET
£ AW T EE Y U R R T R R B A 0 65
231, 420, 22.5, 238.5 pg/mL WA, BIFE, i
— BRI R

2.2 BHXGIERE AR EELEE BT RAHHE
KL0.5 ¢, WERE, BTHEREH T, P
FEASZE 20 mL, PRERTE, HA (IIFE 400 W, 4
40 kHz) AbFE 20 min, JR, HEEAN R WK
Frit, 0.22 pm ALIEEGTUE, W10 pL #FE, 53
Mi>K H Zhongpu Science RD-C, {354 (4.6 mmx
250 mm, 5 pum); WEIHINE (A) -0.2% M IR
(B), BEEEVEML (0~5 min, 15% ~20% A; 5~20
min, 20% ~27% A; 20 ~45 min, 27% A; 45~ 55
min, 27% ~ 30% A; 55 ~ 56 min, 30% ~ 41% A;
56~60 min, 41% A; 60 ~70 min, 41% ~ 50% A;
70~90 min, 50% ~55% A; 90~95 min, 55% ~15%
A; 95~100 min, 15% A); AL 1.0 mL/min;
FEIR 30 °C; KM K 325 nm; #ERERE 10 pl,
2.3 FiEFER

2.3.1 TEtils WREAER (HEE) Koo
i BEASIAWGE R, 7E <2.27 TR
FEE, S5 ULE 1, el AL, & ki S
FHARIE Y 2> B I 7E 1.5 DL b, B AR B 1
6 000LA I, FIWIZT LR IEIER LT,
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Fig.1 HPLC chromatograms of various constituents
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Tab.2 Linear relationships of various constituents

LRI/

% mYEpp: r B
(pg-ml™)
AR TR Y=29. 657X+44.397 0.999 8 4.10~131.00

TARRINTEEE 2 FREE Y=28.448X-13.838 0.999 9 7.22~231.00

R TF R Y=37.784X-66.225 0.999 9 26.25~420. 00
SERRATHI Y=18.411X+0.624 7 0.999 7 1.40~45.00

AR EES T FREE Y=29. 255X+19. 672 0.999 7 7.45~238.50

2.3.3 KEmERE REEWR “2.17 TR X
PR R, E “2.27 TGk AT R E 6
W, AR AR, AT EE LR ER . e
IRTFER . SERETEHER | SRR TR 2 U5 R g 4 1
FLRSD 23510 0.75% , 1.23% . 1.00% . 1.62% .
0.99% , FWVNAHERE RIS,

2.3.4 EEMERAE WE-HZH AR (DH-1),
e “2.27 BRI EATHE 6 (ki W, FE
“2.27 WA SR SRR, DAS AR T
i ZEBRIL T EE O REE . IR TR SRR
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FO AN EE Y A R B 04 AL RSD 4 5k
0.95% . 0.90% . 1.02% ., 2.80% . 0.85% , 3 ]
ZOTIREE M R AT,

2.3.5 FREMn BRI (DH-
1), T0,2. 4,8, 12, 24h{E “2.2” WitajEsk
PR HEREDE , AR BRIl Tl . SRR LT R
LTRMEE ., WIRTE ., FRATAZR . AR EEY
AR TG IS T AR RSD 439014 2..09% . 1. 80% . 1.98% .
1.79% . 2.12% , RUIEWAE 24 h WERETER AT,
2.3.6  MAERISCRIKE: B S RO A
MR (DH-1) 6 17y, ®H£90.25 ¢, K%,
Fi2 100% ACE AT BRS, #e “2.27 TR 7 ik il
AR AW, TR “2.27 WA SR AR
E, PERME, R ER, A RILTE, A

MR CTRER . IR T2 . FERAIHER . &K
LU I 54 5 R TR 1)~ 257 I [ %853 531 R 92. 10%
(RSD=1.54% ) . 92.10% (RSD=1.30%) . 94.14%
(RSD=1.20% ) . 89.88% (RSD=2.36%) . 93.90%
(RSD=0.96% ) .

2.4 SENE

2.4.1 MIMBIENTHE RAZHEREE™,
W “2.17 TR X SSRGS &, £ “2.27
Wi 54 F JEREE , DI IR F R W INbR, T1HE
HApy 4 Ml R EHF £, AN £, =
= (CA) 7 (CA,), Hr ¢, R HAb &
o, A, MHAMR TR, C MR R, AR
BRI AR, Z5SR L 3, A] 0AH RS I 2/
T 1.5%, REHTEEIE,

®3 BFROEMREERTF

Tab.3 Relative correction factors of various constituents

R/ pL Jrkrs, A S amna s mm Sek sz suims Sk~ mm e

1 1.028 5 1.189 9 1.597 6 1.356 9

2 1.019 8 1.182 2 1.601 0 1.3309

4 1.020 7 1.183 7 1.575 1 1.3239

6 1.020 7 1.182 7 1.560 3 1.323 7

8 1.020 0 1.183 2 1.557 4 1.324 5

10 1.020 8 1.183 8 1.564 1 1.3250

20 1.020 5 1.183 5 1.547 3 1.323 4
S 1.021 6 1.184 1 1.571 8 1.329 8
RSD/% 0.301 6 0.218 5 1.307 5 0.9211

2.4.2 TR E SRR FEALEF (LC-20A
Waters €2695) . A i 4 ( Agilent SB-C,;, Waters
Symmetry ® | RD-C ) (4.6 mmX 250 mm, 5 um),

TE “2.27 Wifaik & N bk 2, 458 % 4,
AR A O R4 /N T 2. 40% , 32 BHIZ 7 Ee Tt
MR,

x4 MAMRIEER
Tab.4 Results for durability tests

& g Sugrcrz—amana

N e T A

fﬂ’.’E!KT’?%/F.FJ’(WTﬁH?% fMWT%?/:‘;LF);III#ﬂ%”W’HWMS

Waters €2695 RD-C g 1.021

Agilent SB-C ¢ 1. 047

Waters Symmetry ® 1.024

LC-20A RD-C g 1. 009
Agilent SB-C ¢ 1. 009

Waters Symmetry ® 1. 008

P fE 1.020

RSD/% 1.49

1. 184 1. 564 1.325
1. 184 1.510 1.321
1.173 1.593 1. 308
1.170 1. 546 1.315
1.173 1. 530 1.311
1.170 1. 606 1.321
1. 176 1.558 1.317
0.57 2.36 0.50

2.4.3 fagkiEEs RAMDREEE" (AKX
AR OR B AE = 25 153 0% B B[] ¢,/ P AR AR B I
Bl by ), T o“2.4.27 WAL, @A 7
“2.2" WAE S PRI, SRR S, AT
AR IE B T2/ T 3.0% , JIf H.H IR R 2k
Ar L R T ke

2.5 HswsEalE H16 LAk, i <2.27 W

TR, 7E “2.27 WEIERIET
PERENNE , 3 0ok AR 25— 209k T H R
o, SR E 6, AT 2 ROy ik r A g R
(RSD<3.0% ), FRM—WZIFEAT T & mlE
2.6 HFHEXRA

2.6.1 FERHT DS i AR, RA
SPSS 20. 0 #AF#AT 0T, FE4ESE133) 3 A FE s
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PC1, PC2, PC3, FFMEAE 40 7 2 1.940, 1.534,
0.913, J5 2& 5T #k 2 43 5 4 38.796% . 30.678% .
18.253% , RFJ 2 DTk iA F] 87. 727% , W HT
T 2 R, K 2A R, 16 25 H R Er M 3

4, Hrh DH-4, DH-10 it & HAb 2541, Jf B
SRR L I 2 DA R IR A B R DH-12 ~
DH-16 73 h—41, PINRA, MR T &R & BB,
HpReitt Ao h—4,

&5 BHESHEIRERIE

Tab.5 Relative retention time of various constituents

% Ry Dk 7 — SRR Uk AREEORE MR ROIME DT RS

Waters e2695 RD-C 0. 306 0. 810 1.043 1. 074

Agilent SB-C ¢ 0.289 0.816 1. 055 1. 076

Waters Symmetry ® 0.290 0. 808 1.038 1.072

LC-20A RD-C g 0. 305 0.813 1.042 1.074

Agilent SB-C 0. 300 0. 820 1.055 1.075

Waters Symmetry ® 0.309 0. 815 1. 039 1.071

SEI(E 0. 300 0.814 1. 045 1. 074

RSD/% 2.88 0.50 0.73 0.18

x6 ERNEENELER
Tab. 6 Results for content determination of various constituents
P AR T % ZARILATELRER /% KEIRTE/% SERKHTE /% AR AT S AR TR/ %
SR —MZ 1L RSD AMRiE —Z3FE: RSD IR AMREE —IZ L RSD AMREE —Z9FE: RSD
DH-1  0.035 0. 035 0.334 0.159 0. 160 0.770 1. 027 0. 026 0. 026 1.240 0.160 0. 160 0. 047
DH-2  0.075 0.074 0.769 0.241 0.242 0. 357 1. 268 0. 063 0. 061 1.990 0.160 0. 160 0. 045
DH-3  0.029 0. 029 0.731 0.125 0. 127 1. 095 0. 851 0. 039 0.038 1.661 0.113 0.114 0. 740
DH-4  0.045 0. 045 0.135 0.071 0.074 2.236 1. 055 0. 036 0. 035 1.580 0.424 0.418 0. 998
DH-5 0.038 0. 038 0.176  0.431 0. 431 0. 002 0. 831 0. 024 0. 024 1.135 0.126 0. 127 0.491
DH-6  0.026 0. 026 1.019 0.229 0. 231 0. 396 1.284 0.032 0.032 1.484 0.097 0. 098 1. 121
DH-7  0.027 0.028 0.881 0.198 0.200 0.528 1. 139 0. 041 0. 040 1.697 0.086 0. 087 1. 475
DH-8 0.038 0. 039 0.133 0. 141 0. 143 0.922 1.073 0. 030 0. 029 1.407 0.169 0. 169 0. 042
DH-9  0.027 0. 027 0.915 0.231 0.232 0. 390 0. 906 0. 030 0. 029 1.408 0.113 0.114 0.742
DH-10 0.018 0.018 2.270 0.056 0. 058 2.964 0. 884 0.023 0.023 1.070 0.472 0. 465 1. 062
DH-11  0.030 0. 030 0.665 0.170 0.172 0. 690 0.954 0. 035 0. 035 1.574 0.190 0. 190 0. 220
DH-12  0.022 0.023 1.471 0.165 0. 166 0. 727 0.559 0. 022 0.022 0.992 0.275 0.273 0. 655
DH-13  0.063 0. 064 0.100 0.152 0. 155 1.153 0. 679 0.023 0. 024 0.600 0.172 0.175 1. 076
DH-14 0.075 0.075 0.213 0.135 0. 138 1.543 0. 643 0. 023 0.023 0.626 0.129 0.133 1. 969
DH-15 0.111 0.110 0.765 0.167 0. 169 0.872 0. 688 0. 021 0. 021 0.720 0.159 0. 162 1.299
DH-16 0.083 0. 082 0.368 0.154 0. 157 1. 112 0.532 0. 020 0.021 0.743 0. 164 0. 167 1.213
2.6.2 Pearson FHICHESMT  SRH] SPSS 20.0 8 #Hrdkil, M4SA A8 & EEERGEAE (VIP {H)

AT, S5 WE 2B, LRI, MR FE
SERRTHA R A W IR (P<0.01) 5 —
AWK R TR . AR LTI I R e i
BFEFMENE (P<0.05), I HFEDN R S0k
WA RES /R . SRR RER IS =8, FEACHE L
8 6 M R SRR L B A AR R

2.6.3 JZREEAMT LILLIESFE BRI RE &k
HhRE, ST AR AR R, SR SPSS 20. 0 3Kk
HATAHT, AR UK 2C, HILATH, 16 #2505
J 325, BT 14t (DH-5) HJE A 4ERE (DH-
12~DH-16) ™4b, HAhS E oA —k,
2.6.4 IEAMRE/NF-FIBIAT DA A
HAE RO, £ R°X =0.642, RY =
0.644, Q°=0.487, RUIFBAFE 4L, FilGe
Rif, K 2D Brr, 16 L2502 15 3 o4y
3900

PEXT AL B SCHEVE Y A8 i, S5 R LRl 2K, W]
HIVIP fE>1 B IR TR (1.350) . &K
rEE (1.149) , SERATEAZE (1.116), 7l fgke
M2 i 25 S BN E

2.7 EW-TOPSIS ix#& % T 5 Ml h&
FH, RAMEEARY, BAENEMFENR, R
PN 220 e Bt A T IH — AR AL B, P A A
XA T B A LIRS 2, T e, 22
SR, KRG, SSRNE T, R, S E
TR MR YR A S T 2> UL A U R >
TUARR LT > A BRI T R L TR R > MR T &R,
515 RBWELAARR . 53oh, 15 B A T
bR, HEUE#N, ARErER, Fritdtis
DL XRS5 TTiRd o, B T
A
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Tab.7 Information entropies, variation coefficients and Tab. 8 Results for quality evaluation of Angelicae
weights for contents of various constituents Pubescentis Radix
% 5120 P & =) T T C, HER?
R B 0.859 0.141 0.220 DH-1 0.371 0.119 0.242 15
TA BRI TR LR TR 0.919 0.081 0. 127 DH-2 0.232 0.334 0.591 1
IR TR 0.915 0. 085 0.133 DH-3 0.364 0.135 0.270 12
ST EN 0.829 0.171 0.266 DH.4 0.267 0.267 0.500 )
AR SRR AR 0. 837 0. 163 0.254 DHS 0,383 0.150 0.281 0
DH-6 0.377 0. 165 0.304 7
F e — R E 153l %

PRI — LA A B 'ﬁﬂ@ﬂi@ smbae 0 U e
%%EIEF ﬁtl”ﬁrjl XE_'}j*j Iﬁﬂi}%;u N ﬁz\' }E;u\ﬁ@ DH-8 0. 350 0.138 0.283 9
TEI’\JEE;%% AT C,, /L};Etjj C,=T/ (T+ DH-9 0.382 0.111 0.225 16

éi = 8 DH-10 0. 363 0. 262 0.419 3
ﬁ{ﬁﬂjﬁ#ﬂﬁj E%‘H‘ R /’: DH-11 0.335 0. 146 0.304 6
HI@% DH-15 ﬁl‘ﬂF@ﬁﬁﬁc%E, ﬂﬁa'—?ﬂ@ﬂiﬂ A I | DH-13 0. 364 0. 130 0.263 13
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Simultaneous content determination of seventeen constituents in Buyang Huanwu

Decoction by UPLC-MS/MS
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