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(HE) BH XA &8 A€ —N £3F (high performance liquid chromatography—quantitative analysis of multi-components
by single marker, HPLC-QAMS): R B AN AR EF 0 HEERD2 4B, BT XEARES A0 E S NEITEFNEL N
0k MBS R EREITER R, Ak KA Hedera ODS-2(Cyo) 14, 7.05-0.19% /KBS BL 4 5 30 48, B R AL, A9 3K 230 nm(46:
M 329-Z K W B AR B A03,29- — K F BEEAE R Z 8 ) A0 280 nm(BM —EALE | RS AL ASEHITA KM
FBEH R E RERIn T E/NER) MBS A8 TA WA i, Bar 2 5 3t 9 A ko AR AR IE B F 3T 54 R4
B, Bl 832 F AMTOE I3 AT # 3 HPLC-QAMS Ay E A M A B WA T AT 2 AL F T BF 73 10 AR 10 B R4 EH
FHAMN BREAHETELHEAREZ RN EER S, R TEON 10 R KKK R REF(>0999); T34 fu e B F
96.93%~100.14%(RSD<2.0%) ; HPLC-QAMS % Fiill 85 R 54t A R R E M £ 7, RE/AZF-HFN M ERETASE LA 329-2K
HEEAAC =B S50 | mEH RO ERPWESRE - & BN Z R AR (VIP E>1), £t ATE L8 HPLC-QAMS % 1647
BAEEE T R R AR, EAM S RERRE SRERATE, ZEMF I EFON, THATEARENEERREESN L
W

(E4R) EARE; FHTR S BRORMEE - 37 %, M RER T hFHEFE, RET N

(HE4 2= )R284.1 (SCERARARED JA (X ZEH2 )doi:10.3969/].issn.1674-070X.2023.05.014

Quality evaluation of Yandan Capsule by multi-component content determination using
HPLC-QAMS and chemometrics

HUA Yang', XIE Fei', ZHOU Hong', LI Zhiming
1. Department of Pharmacy, The People’s Hospital of Haian, Hai‘an, Jiangsu 226600, China; 2. College of Pharmacy,

Nanjing University of Chinese Medicine, Nanjing, Jiangsu 210023, China

(Abstract) Objective To determine the content of 10 main components in Yandan Capsule (YDC) by high performance liquid
chromatography—quantitative analysis of multi-components by single—marker (HPLC-QAMS) method simultaneously and to establish
a comprehensive analysis method for multi—component quantification and chemometrics of YDC so as to construct a quality
evaluation and control system for YDC. Methods The gradient elution was performed on a Hedera ODS-2 (C,9 column with acetonitrile—
0.1% glacial acetic acid as the mobile phase. The detection wavelengths were set at 230 nm for 3, 29-dibenzoyloxykarounidiol
and 3, 29-dibenzoyl rarounitriol, and 280 nm for dihydrotanshinone I, cryptotanshinone, tanshinone I, tanshinone I A, protopine,
tetrahydropalmatine, corydaline and tetrahydroberberine. Tanshinone II A was selected as the internal reference substance to

establish the relative correction factors with the other 9 components, the content of each component was calculated and the
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repeatability, rationality and feasibility of the established HPLC -QAMS method were verified by external standard method
(ESM). The content data of 10 components in 10 batches of samples were analyzed by chemometrics, and the main components
that contributed significantly to its quality control were explored. Results The 10 components by quantitative analysis had a
good linear relationship (r>0.999); the average recoveries of the 10 components were 96.93%~100.14% (RSD<2.0%); there was
no significant difference between the quantitative results of HPLC-QAMS and ESM; the results of partial least squares—
discriminant analysis showed that tanshinone II A, 3,29-dibenzoyl rarounitriol, tanshinone I and tetrahydropalmatine were the
differential markers affecting the quality of YDC (VIP>1). Conclusion With good repeatability and stability, the established HPLC—

QAMS multi-index component quantitative control method is convenient to operate, and the results are accurate and reliable.

Combined with chemometric analysis, it can be used for overall quality control and comprehensive evaluation of YDC.
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TEPHEREHREE HS BEHENR TR NR L
A AT BRI SES T T, BAT 1 A% B
WEIR AR RIS, S =i e A2 A4 s ey
be O BRI 55 RO SO AR YT, )
FRBIFSE R, AP HIBE ST A5 B ] DU AR AT A R R A
O B AL RIHOK S P IS e R C ML
it LS A A - 1 AKF- e DRI A 2 d
BEEGUAAAILROKF D8 D WURAE , RS T4
L5 ERRERIA S SD K RO WLBR AR 2L
BEMUEEER, HRT, SEPHR R A TR Ry [ 2K
Ban 24 i B BILR [ K 25 AR THE YBZ04452005-
20097, J5 ek A 16 A1 SCHR R T8 AOGH 2 570 1 ~3 i
Gy HEAT TS A IS R XN S5 R AT LR B VA
TG I &AL i B2 A AR A RERAE
HALR R 22 ek, ALY UE PR 25 )
S ZEPHS 1 BPHSER P2 |2
LA, FZGWESERA R BT il SEF R O R 5
S M Y /N B A2 2 T A 3,29 - R H
ot A B AN 3,29 TR HYBEREAR R =By
BERPERLY , RS LAPHSER LA SN2 e BT, >k
1o O AR 6 3% — I 2 3F (high  performance  liquid
chromatography —quantitative analysis of multi—com-
ponents by single marker, HPLC-QAMS) £ X} DL I
10 o3 W) I JEAT & S | If45 & e i iy
T30k R 22 b o3 S 1R A ) S , 42
SR e 2 S 4 TR0, S PR S ) R R B
PEAZE GV SR S

1 st
1.1 ik

X BRSBTS R P2 A O

R OFE (P E 528K BT B, iS4 51 A
110852-201807 ,110853-201805 ,110766-202022 #
110726-202020, 75 B ARMET 99.0% ) ; % HE A &
PSR T FES0 1 5 SE00RIY S0/ NEE B (Rl
EiERHE I KA BRA T, #4550 51k PRFO072403
PRF9091108 ,PRF10022126 FiI PRF8050941 , £ 14
AETF 98.8% ) ; Xt HE i 3,20 R HI R ILAT B[~
AN 3,29 R H R RERG - =l (R IURAR A= W 4%
RA RN A, #5554 CFS201901 ,CFS202101
T 98.0%) ; FEPHIERE (CREACHURI 258 BR 2>
A% 0.3 g/kr, 15 :200902,201001,210105 .
210109,210201,210914 211203 211207 ,220203 #i
220301, Zi S U S1~810) ; 25 FIpK R b (5 3%
4|, Hoaiadin o el
1.2 s

P RSO AR (5,351 (UltiMate 3000 71 | 2 [ #A e,
/NTH] s Waters €2695 | Waters 23 ) ) ; Hedera ODS—
2(Ci#¥ \Thermo BDS C s #:H1 Durashell Cs £ (F1
e85 wm,250 mmx4.6 mm); BT B KOF
(Mettler Toledo 23 7] , XSE205DU %1 ) ; 25 4 ¥t 45
P PTE Ve A (B Il R Q8 A g A R A A KH-
700TDB %),

2 Fik54&8

2.1 IR HR ST il A

Bt e o o, 709 Y R i 3,29
I BEIERR RS T 0.096 mg/ml, 3,29 K HI AL
RS =% 0322 mg/mL, —&FH20 [ 0258 mg/mL
BFFZ0 0.592 mg/mL, FFZEA 1 0.714 mg/mL . f
ZWi A 1.130 mg/mL JEBT 5% 0.128 mg/mL  4E
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R FK 0.450 mg/mL EEEHH 0.376 mg/mL, PUE
/NEERH 0.292 mg/mL Bﬁ/wmxﬂﬁ IR, FAG
IR 25 1.0 mL, FH W] — ¥ 500/ B 20 A8l 751
BT B
2.2 PSR A

HBUEFH RN YIRS BGE & B, ASFRHL
AR 20 g, 70%H EE 20 mL, 7 4RH 30 min,
WA, 70% I BE 2 E 25 mL, #8413 0E , RIFS4E 1}
JRE A AR, R BT iAo P Ak Ty Sl A i
il 28 i NS | R 2RI S 151 2% 1) B (3
A, T IR E A BRI A
2.3 BRI L B

{6354 Hedera ODS-2(C,y), FEHR 30 °C, FEFEH
10 L K003 K20 51 4 230 nm (0~17 min 4630
3,29- ORI FERT R~ BN 3,29- K H IR AT
B =557 280 nm(17~60 min A1 — & S+ S0
I PSP T PP A SRR 5 AE
AR CFR 58 SRR DU & /N BEGR) ;3 S AR 2
(A)-0.1%VKEERR (B) , i 1.0 mL/min, B FEBERT .
0~11 min,7.0% A;11~17 min,7.0% A—30.0% A;
17~34 min,30.0% A—55.0% A;34~50 min,55.0%
A—78.0% A;50~60 min,78.0% A—7.0% A, TE I
RS SAE T FEREIR A 0] B SV S A VS T
IESR O Lk (WA 1), #hZR 1A R L
TRA X R U5 A T VR TR A [R) O 7 B i) Ak 3%
A AN Y g g I, 2 B R = 1.5 B AR
XoF S A A A ARG A 7 A T4
24 JjseEsE
241 ZMEXRRFEEE  REWIBGR G XS IR 5 i
0.1,0.2,0.5.1.0.2.0.5.0 mL, 533 HF—&EFE R E
20 mL, ¥EEJHIFFE SR 1~6 RTR A X IR SR, 1%
“2.37 I S ARG, LA FER it Jo e R %o 06 1
PEATERPE I 25 R L 1,
242 NEWmEEZE B 2.2 TR AHK AR (95
S1)—1, #e“2.37 Wi (35 S5 i S EFE 6 IR, 18 5%
3,29- "R HBEIEAT RS TR 3,29 K R IL AT
e vR e NN SORE S IPRE S IR
Tl T1 A BT | S50 38 20 2% 55 R DY /N BE
Bl (33 2R, 45 SR 04 TR RSD AR YK R 1.33% .
1.06% .1.18% .0.98% .0.87% .0.57% .1.30% .1.09% .
1.14% 1.22%(n=6) , 2 WIKG % R 4F
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& 1 HPLC BifE

T AR X BE s BUE ST ; CJRZE I A s DTS B M
iR b BB EE A R BAPE AR AR, 1. 3,20 R P BERERR RS-l
2. 329- R WIEBRHAEAR =8, 3. ZESHS A | 4. SIS
5. FEBE L 6. FESE A7, JERT ;8. MEHRLE ;9. KHE
5 10. PUE/INEED

243 RUEMEZL HBUEFHREE (95 . S1)HEL A
W0y, THI )5 0.2.4.6.10,16 .24 h #HE i
S 3,29- ORI REAR AR I (3,29 R Bt AL
R =0 A2 | S TSE S 1 )
S LA JERT 08 TSR LR |58 SR U S
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R1 EAREFR 10 MEAIHLEREHER
W5 [l 5 75 PR/ (pg/mL) r {8
3,29- "R B IEAT A~ Y=4.960 9x10°X+1 028.1 0.48~24.00 0.999 7
3,29- R H BEREAR S~ = Y=1.813 6x10°¥-941.5 1.61~80.50 0.999 9
ZESHE 1 Y=1.314 6x10°X+1 507.5 1.29~64.50 0.999 5
(SR Y=3.054 8x10°X+796.8 2.96~148.00 0.999 7
FHZ 1 Y=3.737 6x10°X-1 205.7 3.57~178.50 0.999 4
FHEE T A Y=2.889 7x10°X-765.5 5.65~282.50 0.999 7
Je B ik Y=8.055 4x10°X+1 130.1 0.64~32.00 0.999 8
HEFAR L FR Y=2.437 8x10°X-1 635.6 2.25~112.50 0.999 5
SEH Y=2.081 9x10°X+849.3 1.88~94.00 0.999 6
eI 2 Y=1.528 7x10°X+1 171.0 1.46~73.00 0.999 4

B (73 i 2R e TR, 25 SR TR FRAY RSD {EARIR Ry
1.34% 1.03% .1.16% .1.01% .0.84% .0.59% .1.29% .
1.12% ,1.11% 1.20% (n=T7) , 2 WI4E P} g 3 {38t
W24 h NERAE

244 FEEMWEE BUESHEE (45 .S1)6 0, 1
03 2.0 g KEBERRE , Fie 2.27 F il 6 kst
ARV, F 2. 37 AT SR R R, FH MR TR
3,29- TR W AR ST TR (3,29 TR T BEJEAT
B =B AP RPESE PEEE PHS
T 1A BT R B HE B 2R L3 58 B Al A DU L /N BE
B, 45 RS i RSD {EHR N 1.88% .1.66% |
1.74% 1.38% 1.29% 1.21% 1.79% 1.52% 1.61% .
1.68%(n=6) , £ EE MR IT,

245 JINEERIBCRCES  HUE P (RS ST
B 9 1y, OB FRE 1.0 g, 28 BIHATE A% R G g
W (% 3,29- R W IR JEAG B~ —1820.052 mg/mL,
3,29- AR I ERLRE RS =% 0.239 mg/mL, &S}
Zfiil 1 0187 mg/mL F&S+Z00 0.489 mg/mL  F+Z:i
1 0.607 mg/mL F}ZH{ I A 0.928 mg/mL J5 ] H
B 0.086 mg/mL FEHER LK 0.357 mg/ml LK
0.302 mg/mL FIPUE/NEERK 0.216 mg/mL [ )
0.8.1.0,1.2 mL(%% 3 1), FH& “2.27 WU )5 il 45

BEAER S VTR, A6 2.3 T3 S A AR, £545 K
I3 B S 2L [T R 96.93% .97.92% 98.52% |
99.34% .99.08% .100.14% 97.48% 98.73% .98.04%
97.90% ; RSD 43 %I~ 1.44% 0.90% .1.28% .1.50% .
1.22% .0.75% .1.34% 1.61% 1.17% .1.31%(n=9)
2.5 HPLC-QAMS ¥
251 AHXASIER T ()RR fE—EL ML
DAL 45 10 43 ) 5 G 000 0 118 o 7 P B I b, 3 6 B
“24.17T 6 ARG B IAR , 75 2. 3" Wik A 14
TR SRk hEk . LIS A Sy (7
S 1A ka5 HARRE) A M IE R T (f) «
Ju=filf=(pd A/ (pJA)=(pixA)/ (pxA;) (FXH fiop A
i s IRUKARERAX AL IE R i e B Wi AR S ]
P AEA RIS ) . FEILEE 2,
252 @RS SRR R RS AR (E A X
WA ik W E AT /2 0, 45 8 (LFE 3) M 4S RRT A
RSD 7£ 0.81%~1.72%2[6] (n=6) , 2 W K FHAH X4 53
AF IR I AT LAXT B AR AL &4 0 i 0 A T A 22 6
2.6 AMRES HPLC-QAMS B & fHill i 4%

0L 10 HE%E 54 5 3% (S1~S10) L34 5 % W, 7
“2.37 I A5 S R R, 4332 ESM A HPLC -
QAMS A5 ZE S Hie g v 3,29- 2K H ESLAR B

R2 EAREF 9 MESH L

RAME  320-"ORHEE  329-"RHIEHE CESSE 1 RASE O MSE D ERAE SRR EER AU
AR SRR A Ly
1 5.621 3 1.609 2 2.143 2 09278 0750 6  3.613 0 1174 4 13330 1828 8
2 5.769 1 1.627 2 2.163 0 0946 0 0763 1  3.600 9 1.174 3 13832 1.880 7
3 5.890 1 1.617 5 2.176 2 09627 07632 36790 1.202 5 1384 7 1.897 2
4 5752 5 1.609 9 2.164 9 09373 07601 35545 1.163 0 13867  1.845 5
5 5.794 4 1.567 4 2236 5 0947 7 0791 4 3543 4 1.199 8 139 4  1.926 4
6 5.823 4 1.596 6 2193 5 09459 07711  3.591 8 1.184 1 1386 7  1.886 4
FEME 5775 1 1.604 6 2.179 5 0944 6 0766 6  3.597 1 1.183 0 1378 5 1.877 5
RSD/% 1.55 1.30 1.49 123 1.80 1.35 1.32 1.65 1.89
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x3 FRAMNBEREIEFEZET 329- R BBEFER(CTES 9 58 RRT
(& @ik 320-THIME 320-TOKHIEE AT RUIBE I RRAE MR SER pEh
SRR ISR S ] L% BEms
UltiMate 3000  Hedera ODS-2(Cy) 0.398 0 0.467 7 0.690 5 0.777 2 0.891 2 1239 8 13418 14201 1508 5
Thermo BDS Cj 0.401 6 0.475 2 0.698 2 0.789 1 0.896 4 1257 2 1350 6 1421 8 1510 3
Durashell Cj 0.409 3 0.481 3 0.712 6 0.796 3 0.906 7 1261 5 13791 1459 2 15389
€2695 Hedera ODS-2(Cyy) 0.395 2 0.459 6 0.681 3 0.771 6 0.889 3 1227 6 13382 14127 14915
Thermo BDS Cis 0.399 5 0.469 1 0.697 1 0.786 2 0.890 6 1.243 8 13452 14203 1501 2
Durashell Cj 0.407 4 0478 5 0.711 2 0.789 4 0.903 4 1259 5 13765 1457 6 15368
FEHE FEHE 0.401 8 0.471 9 0.698 5 0.785 0 0.896 3 1248 2 13552 14319 15145
RSD/% RSD/% 1.37 1.69 1.72 1.15 0.81 1.07 1.33 1.45 1.27

TS 10 PSR o (LR 4), FRE T SPSS
26.0 Ge it X g — o3 0 P BN EAT ¢ K
S WA LT B 22 5 (P>0.05) , B HPLC-
QAMS ¥:JH T ZEPH 5% 3,29 — 4 F ik S AS B4
TEEAE 10 PR B I S AT

3 EARENUFITEFREST

FA5HT (cluster analysis, CA)

10 HESE PP 3,20 7K Y BESEAG RS
TEEAE 10 AN — I 2 P E 25 R S A SPSS
26.0 Gttt i L Rk DI RS
JERPRIEFAT CAFFRZERMRIE . MIE 2 & 2535
PAAERE RS R 15 B, 10 HESEPHBEBERE S 4 53 Ry =
KA, —HfudE 87,98 F1 86, —Hfudf S2.,85.53 .54

3.1

A ST, =2RA45 89,510,
3.2 FEWS T (principal component analysis, PCA)
B 10 HEAEPH e 3,20 K F R RERE AR
TSR 10 AT — I 2P AT E 45 RS SPSS
26.0 GEITH A4 T PCA #8335 5—6, LIFFIEE KT
1 AR IR, 10 HLAEPHIGHEA 2 A F2 0, HARRAE
53500 6.171 1 2,931, % 77 22 i 5 wik 43 51 N
61.708%F1 29.307% , RIT TTHRR N 91.015% , %
AT 2 A F 000 AT SR S SRR B, 6 R —
S 1 BRSPS A R 55 4E 5]
REOF EENE SN R e e — &
BT BAE B 50 R R R T 3,29 R HI R
FEATARAT T 3.29- TR FIBERCAR AR =B SF2
[ (9155, FEE 1 SIMCA 14.1 Gei4Ext 10 L iE

T4 EFARES 10 MRS SENELER (ng/g,n=3)

% Ik S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 P
FHE0R 1A ESM 0929 1.231 1103 1.172 1294 0720 0591  0.653 1.665 1.486 —

320- HEHIEEEAG R BE ESM 0051  0.059 0061 0061 0053 0042 0.032 0028 0057 0.039 0942
QAMS  0.050 0.058 0.062 0060 0054 0041 0.031 0.029 0056 0.038

320- TREMWEILAGR =B ESM 0235 0267 0287 0285 0261 0168 0.182 0134 0.198 0.151 0917
QAMS 0230 0262 0283 0289 0257 0.64 0.178 0.136  0.194  0.148

ZEUHSE 1 ESM 0192 0149 0.165 0.141 0.140 0.106 0.097 0.117 0228 0249 0961
QAMS  0.189  0.147 0.168 0.143  0.137 0108 0.099 0.113 0224 0245

(SR ESM 0473 0465 0475 0485 0459 0415 0387 0371 0623 0.631 0976
QAMS 0479 0458 0468 0492 0447 0406 0393 0378 0632  0.619

FHE0 1 ESM 0613 0607 0.672 0683 0651 0.639 0571 0583 0534 0497 0811
QAMS 0597 0594  0.657 0.695 0.639 0626 0582 0568 0542  0.485

JE ] ESM 0083 0.103 0095 0095 0.108 0078 0081 0076 0.133 0.119 0.946
QAMS  0.085 0.101  0.094 0097 0.111 0077 0.080 0074 0136 0.122

FEHRLER ESM 0354 0338 0379 0317 0298 0.185 0.186 0.165 0529 0589  0.933
QAMS 0347 0329 0385 0310 0291 0.8 0.181 0.161 0517  0.578

IR ESM 0295 0322 0352 0315 029 0391 0269 0247 0221 0182 0979
QAMS 0289 0330 0344 0307 0299 0383 0264 0253 0226 0.186

eV ESM 0211 0299 0382 0312 0332 0361 0367 0309 0.187 0.182  0.666
QAMS 0217 0293 0277 0306 0325 0352 0359 0315 0182 0.177
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0 5 10 15 20 25
1 1 1 1 1

S7

S8 J

S6

S2

S5 J

S3

S4

S1

S9 I
s$10

210 #EEEmBERRE

K5 EARERERSFTESH

FSr FHEME FETHRR% BRI TR %
1 6.171 61.708 61.708
2 2.931 29.307 91.015
3 0.418 4.175 95.190
4 0.274 2.735 97.925
5 0.112 1.120 99.046
6 0.058 0.583 99.629
7 0.023 0.231 99.860
8 0.009 0.090 99.949
9 0.005 0.051 100.000
10 —2.402E-17 —2.402E-16 100.000
F 6 FARTES 9 SIS RERER
o %
1 2
3,29- R SRR — R 0.311 0.941
3,29- "R BRI FR R =0 -0.017 0.955
ZESHS | 0.965 0.001
[SeRe ] 0.977 0.054
PHE 1 -0.567 0.774
FHE 1A 0.897 0.343
TR 0.906 0.182
EHRLER 0.974 0.110
SH -0.656 0.601
VST -0.929 0.083

FHEEBEH 3,29 — 4 F IR BLAR B4~ W45 10 DK
43557 PCA AR (UL 3) , FLERHCH 2 A F a4y
RX 2} 0.910, K F 0.5, i o7 iR R R e v
Kl 3 7R S1~S5.86~S8 LUK S9~S10 43 il I —
N, 5 CA 25 —5L,

4
4 4

2]

(1]
R2X[1]=0.617 R2X[2]=0.293 Ellipse: Hotelling's T2(95%)

B3 PCABHSE

3.3 /DAL -FIHN 53T (partial least squares
discrimination analysis, PLS-DA)

W 10 HEIEPHREAE D 10 RS> — I 223
FIEE R T A SIMCA 14.1 SEiTH 8 T PLS-DA , 4%
453 PLS-DA (R?X=0.927 ,Q*=0.727 )Y | i 1k
4 B I ) A8 i H B RE (variable importance
for projection, VIPYEH KT 1,HIas 6(FHZH 1A,
VIP=1.664) 5> 2(3,29- % HI I FEAT R~ =% |
VIP=1.469) Ji43 5(FFZH 1, VIP=1.160) FIa 453 8
(HESAZER 2K, VIP=1.009 ) X} ZEFH 8 BEAE i T £ 1) 5%
WAV, T R 2 50 M 2B S 288 7™ ol o 1) 3 BT A
PREYI(VIP>1)

1[2]

- -1 -0.8-0.6-04-02 0 02 04 06 0.8
t[1]
R2X[1]=0.757 R2X[2]=0.170 Ellipse: Hotelling's T2(95%)

B4 10 #tEARKERERB PLS-DA #AIB 4 E

VIP[2]

A 53
B S5 10 #IEAEERRA VIP B

4 it

4.1 FEbPER B R
SEPHRBE TS FEWIR (B TR AE JRE
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FLA (BEH)  EAT AH5E SEHECOT L, P2
G M B2 1R O BRET B g, 2,
HELGEVER T UL = EPH2 | PSR | FH2E
I JH20 A AR BT ER | B R IE AR AL
B SAT A0 98, R EL2 5 AT R A
JREEA G HEAR IRz, Hoh e fdizh, i
254 AT AL B URIR A ME R . AR 24 i
PR R BUR ] ARSI BEBCE, 25 PSR L
AL BRSPS 1 A2
A, FLZG S SE SR 220 R il ES R O
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R 2 85 B oA T v 3 B g FH AR AL T A R S
£ ;CA Fl PCA IU45 SRR H] 10 #EAEFHE SR N 3
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