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Quality evaluation of Danggui Buxue Decoction based on HPLC fingerprints,
chemometrics combined with content determination
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ABSTRACT: AIM To evaluate the quality of Danggui Buxue Decoction. METHODS The HPLC fingerprints
were established, after which cluster analysis, principal component analysis and partial least squares discriminant
analysis were performed, the content of total saponins, total flavonoids and total polysaccharides were determined by
ultraviolet spectrophotometry method. RESULTS There were 9 common peaks in the fingerprints for 9 batches of
samples with the similarities of between 0. 968-0. 996, 6 of which were identified, containing calycosin-7-0--D-
glucoside, ferulic acid, senkyunolide I, ononin, calycosin and formononetin. Various batches of samples were
clustered into 2 categories, calycosin, calycosin-7-0-B-D-glucoside and formononetin were taken as main quality
differential components. The content ranges of total saponins, total flavonoids and total polysaccharide were 0. 352 7-
0.547 5, 0.117 3-0.138 4, 2.567 8-4.838 2 mg/mL, respectively. The highest comprehensive score was
observable in decoction piece Danggui Buxue Decoction. CONCLUSION Danggui Buxue Decoction prepared by
different preparation method exhibits quality differences, which should be reasonably applied in clinical practice.
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1 9 #t 2340 Mi% HPLC $55 E&
Fig.1 HPLC fingerprints for 9 batches of Danggui

Buxue Decoction

calycosin-7-0-B-D-glucoside 4. ferulic acid 6. senkyunolide I

~N W o0 W

ononin 8. calycosin 9. formononetin
2 Xf#R& HPLC &iEE

Fig. 2 HPLC chromatogram of reference substances

&1 9 H AR MIAIEUE

Tab.1 Similarities of 9 batches of Danggui Buxue

Decoction
= ARALLEE P ARALLEE
S1 0. 995 S6 0.968
S2 0. 996 S7 0. 990
S3 0. 996 S8 0. 994
S4 0. 988 S9 0.975
S5 0.981

2.6 WFHITFHR

2.6.1 BEoHr DEESEETTANSR, KiE
N 6 AN IE (3, 4, 6~9 i) WA
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Fig.3  Cluster heatmap for 9 batches of Danggui

Buxue Decoction
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Fig.4 Principal component analysis score plot for 9

batches of Danggui Buxue Decoction

2.6.3  hsme/N3fe-FIR AT AE IR ot LA
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T, R2X M 0.725>0.5, UM HAT &l
MR EE; 9 HERERAT A 2 38, SR, FhL
Yo —3,
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Fig. 5 Partial least squares-discriminant analysis score

plot for 9 batches of Danggui Buxue Decoction
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ShREY I E B AR, AT W B I A i 5 |
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e 3 AN ZE R EY, A 3 SE (EER
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Fig. 6 Plot for replacement tests

B7 wE&NZE-FIHSHTRE VIP E

Fig.7 VIP values of partial least squares-discriminant

analysis models

2.7.1 MHRGIATRHIA RS PR I T AR
aE R, EEHRSAE 1 mL 0. 49 mg A
W, RIfE,

2.7.2 MR W& B2 10 mL, 5%
PR, B THEEHIEHS, WHBEMARE, K
IET R4 25 mL, ¥ 2 0W N, 15 mL 2K
VR, FEEW, ETEERGET, BRI R R
JE% R 25 mL mifh, WEEERZRZIE, 75,
IE

2.7.3 KVERRFLE o 5 BO I i i
1.0, 2.0, 4.0, 8.0, 10.0 mL, & 7T 10 mL &
o, WESERZRZIE, 825, Sk (6] kil
1E 564 nm PAKEI E WOGRE . DAROGRE I AL bR
(A), XF RGBT ik B2 B A (X)) AT,
BN A=1.574 6X-0.075 1 (R*=0.999 5),
75 0. 05~0. 49 mg/mlL 5 Fl N R BAT,
2.7.4 JikiEELE SMOCEK [7] WGBSR
WL EEME . RUENE (1 h ) L IR R
B, AR, R RS b g T A RSD O 0. 78%
TR % R A7 A MR g A RSD 4
0.79% , FKIIZ I LEE MR, e il g
HIFLRSD 4 1.58% , FHAVEIRAE 1 h NAUEE AT
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SEIINFE RIS K 94. 86% , RSD A 1. 03% ,,
2.7.5 FEmEENE B ftEES, & “2.7.2”
ﬁTﬁ%ﬂ%&ﬁm@@,%“21y’ﬁTﬁ%
MEWCRE, MRS E, It SPSS 27. 0 #ff it

R2 REY, BEM.

TPRSTAEAS ¢« K86, S5 2, el A, WA
PRI L SR R T AR RN B
BOYIHEMALG (P<0.01) , ZECY %ML AT
T THABCYIEAMLE (P<0.01)

BEBEEENELER (x5, n=3)

Tab.2 Results for content determination of total saponins, total flavonoids and total polysaccharides (x+s, n=3)

FE 5 B/ (mg-mL™") BB/ (mg-mL™") BZEZHE/ (mg-mL™")
FHRCK T 0 0.460 2+0. 027 1% 0. 129 8+0. 002 5*** 3.731 5+0. 006 8****
A TS M M 0.352 7£0. 001 6** 0. 117 3£0. 001 0* 2.567 8+0. 026 3*
=R (IR 0.547 5£0.007 5 0. 138 4+0. 001 7 4. 838 2+0. 008 0

Vs SRR MM L B, P<0. 01
2.8 EEEAEMNT REIN-ICOCED,
2.8.1 XTRESLSME NI OKE B PRI T X R
10.2 mg, 75% LPEHEAF 1 mL 7% 0. 38 mg %857
MW, RIS,

2.8.2 MRS KRS EFREUA S 10 mL,
T HEGIE S, KR IA 50 mL 75% LB,
FREC30 min, JA, 75% L BERM IR () &
Uk, WS, H1E,

2.8.3 ZRMEXRRFEE  4r S REOS T4 R
VW 0.4, 1.3, 2.2, 3.1, 40 mL, #T 10 mL
i, 75% OEEESY, S mL, BT 10 mL &
R, e 0.3 mL 5% RS FRANVA TR, #E 6
in, A 0.3 mL 10% ﬁﬁﬁfi%%{&, HE 6 min,
BJAEMA 4 mL 1 mol/L S EALSNET, 75% LFEE
ZAZE 10 mL, ## 10 min, 7E 510 nm KA E

WOCEE . LAROSEBE N AR (A), XoF B fm o i ¥k
BN B AR b (X)) AT RIS, /RN A=
5.556 3X-0.005 2 (R*=10.999 0), 7£ 0.015 ~

0. 150 mg/mL 5 Fl N Ze kK R R AT,

2.8.4 JrikiEFgg SEOCEK [7] WAESETHR
R EAVE FEME (1 h ) L AR IR
B, A5, W RS P g T AR RSD O 0. 67% ,
RWLERAE % B R A, &R M0 418 L RSD
M 1.75% , R Z T EELERIE; RaEtiln
HgTE AL RSD R 0.71% , REWAE 1 h W&
PR 4F; SF 34 A [k %A 100.39% , RSD
5 0.24%

2.8.5 MEMEGEIE B9 HEREA, # “2.8.27
WUR ikl s il S, #& “2.8.3” IR ik
MEWOERE, THE &, JfEad SPSS 27. 0 #ffit
TP REAS ¢ K55, Z5RULER 20 MBnl A, iRy
25 37 S T v TS VAN . B
BOY AN (P<0.01) , ZHCY IR L7 B
A BCY AN (P<0.01),

SHEECY ML LA,

P<0.01,

2.9 EHEeEae RHSINOLEL,
2.9.1 XFRRSAWR RIS KB PREOIC K A T
HE G 16. 10 mg, HAKH M4 1 mL 7% 0. 32 mg %
BT, B

2.9.2 MEXaAE Sl KB RIS 5 mL, 0
50 mL SEEUIRESE 4, W08, FREHET, HWaikE
K% 50 mL, BIFE,

2.9.3 KMERRFE oI UG B A TR
0.5, 1.0, 1.5, 2.0, 2.5 mL, #F 10 mL HIEZ|
JEE T, SR (6] B TE 580 nm K AL
MEWOERE . DIROCEE NS (A), XF BB B
IR M EE A AR (X)) HEATIRIE, RN A=
24.14X+0.059 8 (R*=0.999 7), 7£ 0.016 1 ~
0.080 5 mg/mL [N MR RLT,

2.9.4 JiiksEFELE SMOCER [7] MOEFTR
WL HEM, BEM (1 h W) RN R
55, S5, W% R0 b g 1 L RSD SR 0. 28%
RWULEIRHE % B R A4, R M0 4 7E 1 RSD
R 1%, RO ZOTEEE M R etk
HrIgTE AL RSD M 0. 16% , RWAEWAE 1 h WEEE
PR 4 F ¥ R Ik R h 96.05% , RSD
49 0.33%

2.9.5 FESVEEIE B9 HEAESY, % “2.9.27
mTﬁ%ﬂ%fﬁmm@ ¥ “2.9.3” Wik
MEMOERE , A A, JfELE SPSS 27. 0 #ffit
ﬁmﬁﬁ$¢ﬁ¢,m%ﬁ%2 M AT, KA
EVERINIIRZESE 2 s = i ni/ ] = N (R
BCY AN (P<0.01), AERCYIHARMLZ S 20
it TR ABCYHAM (P<0.01)

2.10 REEFAFEHESEMNLE SR HPLC Ik,
2.10. 1 XFBE S A £ ﬁﬁﬂm%u#ﬁMﬁ
BT, ORI R B TS, AR,
BT e 43 5l S 0.005 6, 0.005 5. 0.001 2
mg/mL IR, BTG,
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2.10.2 HEASE WG &S KSR 1 mL,
BT 10 mL E.08 Y, 8 mL HEE, JRE, 3000
t/min &0 12 min, WH FE®R, FEEEZE 10
mL, $£57, 0.22 pm HALIERGSIE, B,

2.10.3 @issM [ o“2.47 1, @igE LA S,

A 2
1
J |
0 10 20 30 40 50 60 70
B t/min
L :
JW A 3
0 10 20 30 40 50 60 70
t/min

I BREFEIE 2. BEREE 3. AR
1. calycosin-7-0-B-D-glucoside 2. calycosin 3. formononetin
B8 XHEMm(A), FABHF4M0%(B) HPLC &iEE
Fig. 8 HPLC chromatograms of reference substances ( A)
and new boiling powder of Danggui Buxue

Decoction (B)

2.10.4 MR FRFZE B “2.10.17 TR X
PRGOS R, 7E “2.10.37 Wil 50T 4 ik
FE1.0, 2.0, 4.0, 6.0, 8.0, 10.0 pL &, A
XF BE G BTEE R R AR B (X)), TR AR AR
(Y) #EATEE, 1507 #5r B ok B S A
Y=2081.8X+2.7797 (R*=0.999 1) , T FHfH
Y=3377.6X+0.018 3 (R*=1.000 0) , AL =
Y=2513.1X+0.346 8 (R*=0.999 7), 4% %l 7E
0.005 6 ~0.055 8, 0.005 5~0.054 6, 0.001 2~
0.012 5 mg/mL JEFE MM C R R AT,

2.10.5 K% RS HR “2.10.17 TR XRS5
BGOSR, 1E “2.10.3”7 WAL R E 6
W, MAREERRIEET . BESE, SiER g
AL RSD 439124 0.36% , 0.39% . 0.38% , FHXI{#
BA B[] RSD 43514 0. 22% . 0.09% . 0.07% , FH]
IR R4S

2.10.6  FREPEIAE PO BCS KM

i “2.10.2" WUFERISE MRS, T 0. 4,
8. 12, 16, 20, 24 h 7F “2.10.3” Wifai & T
HEREIE , AR B8 S AT . B, T
A6 2 W T AL RSD 4391 R 1.65% . 0.73% . 0.79%
FHXF PR EA B E] RSD 4331124 0.29% . 0.10% . 0.07%,
TR WTE 24 h NFEENE R IT

2.10.7 EEMWIRKE  BOFEBCYHRMLE 6 147,
Fe €2.10.27 TR g7 ikl A&l R W, T
“2.10.3" TEGERME T I E, S BT
Fi . B, AR AL R W A RSD 4351 R
1.06% . 0.95% . 1.70% , FHXF{4 B4 ] RSD 43510
0.65% . 0.24% . 0.18% , FIZ T EEEIERE.
2.10.8  JEERMCRIRL AR ZESREY
OB BCS T AMIL 0.5 mL, 53l¥ 80% |
100% . 120% 7KFEIA KT B8 Ss i, B K17
34y, H% “2.10.27 WUR ikl A S, TE
“2.10.3" TGS SR, THE EDICR
5, BRASMEL . BESE ., LR
JRE DI 2 43 5 R 101.36% . 101. 12% . 100.77% ,
RSD 43510 1. 11% | 1.40% . 0.82% .

2.10.9 FEEEENE % “2.17 TR IESIE
AHCYIERMNN I B EBCY AN | AR SR
M 3 6y, #& “2.10.27 TR 576 & ik 5
VW, TE “2.10.37 TEFEAME T AR E, 3
B, JFEat SPSS 27. 0 A AT ST REAS ¢ K
B, S5RULFE 3, HILATAL, KA YA TS
S T AR AN | AR A
% (P<0.01), ZEHCKIFFMIZ E S B &
HETHERCYARMLE (P<0.01) ; HRA 2474
M3 B3 5 B & s TR &Y 3 g (P<
0.01), JFSEHCKIEAMZM L LR E2ZR (P>
0.05), A CHIHMIG EE RS && THE
BOYIHAMIL (P<0.01) 5 AR A YA AN T2 4K
ARG RS THEICYE#MLZ (P<0.01), J+5
BEHCYAMILA M L TE R E S (P>0.05), AL
MM TSR AL R i TR A B TR I
(P<0.01),

R3 BREESKEVRENESER (xss, n=3)

Tab.3 Results for content determination of quality differential components (x+s, n=3)

B EEFEM/ (mg-mL™") EHEF I/ (mg-mL™") TERAEZE/ (mg-mL™")
EHCY AR 07 0.298 0+0. 004 4% 0. 190 8+0.012 3™ 0. 065 9+0. 005 1**
B ECK AR L 0.203 6+0. 020 5* 0. 160 2+0. 008 9** 0. 049 3+0. 003 4**
KA 24U 0.3859+0.043 5 0.182 6+0.0150 0. 063 0+0. 007 0

W SIRE SN LR, ¥ P<0. 01; ST HCY IR L LA, P<0. 01,
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2,11 ZAORH DLERTT, BOEE, SRS
FPEM S bR, it SPSS AU B o 4 (8 vk E AT
Ta bR WAL, 193] = F AE R B0 35.8% |
28.3% . 35.9% , HitBLZEAETS, AXHLER
PB4y = B S8 B x 35, 8% + B SR8 B x
28. 3% + M B X 35.9% , SRIEBE = (4545
H-fabrd/ME) / (F8br KIE- 4845 i /ME)
GER UL 40 mub el A, AR YU RN L A 2 AV
Syder, HWRKIEEHCYIEAN0G, B & HCS 3 4
Mz HAR
x4 EETMTEER

Tab.4 Results for comprehensive score calculation

S
BT Taww nmm uem b THE
S1 0.1352 0.188 1 0.1853 0.508 6 0.540 5
S2 0.190 5 0.1822 0.1853 0.558 0
S3 0.243 1 0.128 5 0.183 4 0.5550
S4 0.001 2 0.021 6 0.001 8 0.024 5 0.027 7
S5 0.005 1 0.0151 0.003 2 0.023 4
S6 0.007 2 0.022 0 0.006 0 0.035 2
S7 0.3303 0.278 6 0.3570 0.965 9 0.964 4
S8 0.332 2 0.243 5 0.3570 0.932 6
S9 0.357 1 0.2813 0.356 4 0.994 7
3 itig

BT M A A A B, AT
MV O AR R R, AR K
R RA IR, UAAL. IE T G A 2 AR
N, SRR . UAESAIERT, £
PERATHUME . PR ORRE DO 0 A 2 PR
FINY, B R R SR . BUMR . i
WA, BRI R AYIE . PO
. PRSI E Y, TERER B LA
PURTESE G IAE Y, BB AT BU AL, i
e, BEMUIR S5 FAE IS, WS IR 1 BA i
BRI, Bioe. BUR . DUEESFEUERIYY, OF
HATGE, wCHH . BEF A, B
L PRAER . PR PTEBLR N HIHAN L
ARG I, AR IR RE ST | S
S, BRI, BRI AR
TARAEHE . BTBLER . TR R T AR O R
Ei=L 28

ARSI S BEOCHR [18-20] i, FHEAIELE,
KB | WS ARES R, KBAE “2.47 Wi
FMFF AW QG EIEHRT 1.5, LT
e HPLC 48 8L 45 & b it w Oh 5 45 1

N, BT HCY AL R S A O AL | R
FrB VA LA AFAE 22 5, B S EEH . AL
R, BHSEMRER EEERRI, S EIESS
RS, YO B SR B, S22
SR THACEHHANL . A ECE RN, I
HARCH AL 7 L3R 5 TR A O I A
M, HEE AT RE-S oK & IR R A G, e ik
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UPLC-MS/MS =R M EIERKER BB IHNEE

N
\\

wegYs, M #, HEH, Hrzx, KLH, Frt’
(FHTERAGREEHAR R, BEXAEE X%EEJ@%*%}EE@?% EFNELAERE, LA FTEH
266071)

HE. EE’J 37 UPLC-MS/MS i [FIRHU 2 ZUR I h ol E £ . M, WESW 1, RS HMmEAHT. &
FURTF, REFER, FHHER B, HARMNERT . AT, wEE&T., BEREW, SREFNV, 20D, HEE
HFIW&EE, A% W3R Waters Acquity UPLC HSS T, C (0354 (2.1 mmx100 mm, 1.8 um); #3EIAH 0. 1% F
WR-Z 0, BEEEVEMG; AFURE 0.2 mL/min; FIR 40 °C; WBIER FIE, ERE AR, ZRMENESX, £8 14
T TEA AR N AR R B (r=0.998 1), P AL EBCE 91.71% ~ 111.36% , RSD 1.97% ~ 6.07% .
it ZREREE, TﬁH?féL%ﬂi%ﬁ@ﬁ%%ﬁ%ﬂ

KA. FLRIREE; 2= S EE ; UPLC-MS/MS

FESES. RI27.2 Scﬁ*,r\,uaii; A XEHS: 1001-1528(2026) 02-0372-05

doi: 10. 3969/j.issn.1001-1528. 2026. 02. 003

Simultaneous content determination of fourteen constituents in Rukang Capsules
by UPLC-MS/MS

SU Man-yun, FU Chao, ZHENG Yu-ling, @ YANG Xiao-yun, = CHEN An-zhen, LU Jing-guang "
( National Medical Products Administration Key Laboratory for Quality Research and Evaluation of Traditional Marine Chinese Medicines, Qingdao
Municipal Research Institute of Food and Drug Control, Qingdao 266071, China)

ABSTRACT:. AIM  To establish a UPLC-MS/MS method for the simultaneous content determination of
formononetin, harpagide, astragaloside 1, calycosin 7-0-B-D-glucopyranoside, dioscin, tosmarinic acid,
atracylenolide II , salvianolic acid B, ononin, harpagoside, calycosin, astragaloside IV, tanshinone II ,, and
astragaloside I in Rukang Capsules. METHODS The analysis was performed on a 40 °C thermostatic Waters
Acquity UPLC HSS T, C; column (2.1 mmx100 mm, 1.8 pm), with the mobile phase comprising of 0. 1%
formic acid-acetonitrile flowing at 0. 2 mL/min in a gradient elution manner, and electron spray ionization source
was adopted in positive and negative ion scanning with multiple reaction monitoring mode. RESULTS Fourteen
constituents showed good linear relationships within their own ranges (r=0.998 1), whose average recoveries were
91.71% —111. 36% with the RSDs of 1.97% —6.07% . CONCLUSION This stable and reliable method can be
used for the quality control of Rukang Capsules.
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