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Establishment of quantitative analysis of multi-components by single marker and quality evaluation of
Gushen dingchuan pills

ZHANG Ying', LI Zhiping', GAO Yugiu', WANG lJialiang', HOU Jiafu’ (1. Dept. of Pharmacy, Hongqi Hospital
Affiliated to Mudanjiang Medical University, Heilongjiang Mudanjiang 157011, China; 2. School of Pharmacy,
Mudanjiang Medical University, Heilongjiang Mudanjiang 157011, China)

ABSTRACT OBJECTIVE To establish quantitative analysis of multi-components by single marker (QAMS) method to
simultaneously detect the contents of cinnamic acid, cinnamaldehyde, plantamajoside, verbascoside, isoacteoside, calceolarioside B,
psoralen, isopsoralen, neobavaisoflavone and bavachin in Gushen dingchuan pill, and to perform quality evaluation of Gushen
dingchuan pill by combining with chemical pattern recognition. METHODS High-performance liquid chromatography was adopted.
Using psoralen as internal standard, the relative correction factors of the other 9 components were established, and the contents of
each component were calculated and compared with those determined by external standard method. Cluster analysis, principal
component analysis and partial least squares discrimination analysis were performed by the results of QAMS method, and the
qualities of 15 batches of Gushen dingchuan pills were evaluated. RESULTS The above 10 components showed a good linear
relationship in their respective ranges(7>0.999 0). RSDs of precision, repeatability, stability and recovery tests were all lower than
2.00%. There was no significant difference between QAMS method and external standard method (P>>0.05). The results of cluster
analysis and principal component analysi showed that 15 batches of Gushen dingchuan pills could be clustered into 3 categories. The
results of partial least squares discrimination analysis showed that psoralen, verbascoside, cinnamaldehyde and isopsoralen were the
main potential markers affecting the quality of Gushen dingchuan pills. CONCLUSIONS Established QAMS method for
quantitative control of multi index components and chemical pattern recognition can be used for the quality evaluation of Gushen
dingchuan pills.

KEYWORDS Gushen dingchuan pills; multi-index component; QAMS method; chemical pattern recognition analysis
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UL 4F 3k, — Il £ 3F (quantitative analysis of multi-
components by single marker, QAMS ) ¥ 1) % 43 Btk
Ve A2 NS IS R R VE2TE = B D18 = A e SR k= 5w
PO A vl i G2 B O vk R R 2 s Al A7
TERINTERBOCR , ILE 2N T2 2465 B gs
Gortrrht, RSS2 h 2 i AR A W AR, 1
Wl EE R BT R N RS IS AME IR R A NS,
K HT QAMS 12 X6F [i] B i i AL A 245 R A R RRAIE 1 40
WEIRER S AME IR R PR IE S B RN R A
B, B 24 PR 24 500 PR R R VR e T | A 24 2 v
AAEHT 7 FZE U RAHTH BN 5 B
TFFIAE 28 £ BT B AL 10 Sl i) & s e i, vy
[T 5 5 g AL Z2 8 A o3 — i 22 PPk, [R] sk A Ak 2 s =X
PN I3 M 7 R AN [ OCRE it ARG I 45 SR A7 VE o, LA
562 1 e (i1 M AL ) B et A o BB B O™ it B
AR R RT3 — B

1 ##
1.1 FE{ES

AW 5T B AL RS A 1200 AU = 20 A (i
(HPLC) X (3L [H Agilent 22 ] ) . 2695 %4 HPLC {Y (3 [H
Waters 2\ 7 ) . MS105DU % Hi, 7 K 3 ( Fij -+ Mettler To-
ledo /A 7] ) \SB-5200DTDN AU 75 e e L (T 382
YR A R D4
1.2 FEHBSIAHA

[#5] " i Wit AL (7K AL, I 25 1 7 244020906) 14 FH )
M 2 1 88 B 2500 B O A BR A &, L5 43 5
L02008, L03011, L03016, L04018, L06035, LO6041 .
L08050, M04001, M12021, M12050, Y04007, Y10010,
T12001 ,F08027 A1 H10028, 4 5K ¥k & S1~S15, PIAE:
i X BE i (HIE5 110786-201604 , 411 3 98.8% ) Ak 17 i Xof
I S (65 110710-202022, 40 5 99.5% ) K 4 i+ %t
fib (15 111914-202105, 21 96.0% ) . B 5 46 B 1 % e
f (L5 111530-201914, 46 JF 95.2%) A K 2 B B
X HE S (4645 111910-201604 , 46 BF 98.2%) kME s 2 %t
A (4165 110739-201918, 40 ) 99.6% ) S 4 fg 2 %t
1 5 (65 110738-202016, 40 99.4% ) B 4N I 5 15
i ) B i (5 520052-201401 , 2655 99.6% ) FIAME g —
ST R (345 520053-201401 , 26 99.4% ) ¥4
rh L1t 24 RS BIFSE B 5 S B S AR O IR (it S
PRF9010243, 4 Jif 97.0% ) W [ W05 Fi vk BHE I & A
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B O B 38k il ol HoaxiaR 4 o pr 4t
2 AEEHER
2.1 fBiEEH

L1 Agilent SB-Cis(250 mm X 4.6 mm, 5 wm) A i
FE, LA (A)-0.2% vK SRR (B) Ay It s AH A T4 2
PEWE (0~11 min, 25%A ; 11~20 min, 25%A—40%A ;
20~35 min, 40%A—50%A ; 35~59 min, 50%A—75%A ;
59~70 min, 75%A—25%A) ; FE{ A 30 °C 5 i M 1.0
mL/min ; 4 I35 K43 514 290 nm (0~20 min, 4 A 4
TR FITEE K2 185 ) P 330 nm (20~ 35 min, Kl K ZE /T B
AL 5 B AR T FUARE R L BET B)T R 246
nm(35~70 min, ¥ #ME G R AN IER B A E S
S B AR g SR SRR R 10 pl.
2.2 BEHEE
2.2.1 EAXIEMEIE KPR RERR R K
LT BRI S BRI AR LB B AR
HIEER FAME IR R CHrAME B 5 8 AR s A
PR YT HR i , ] P TR e ) BB i V4K B2 4 1] A 0.198
0.472, 0.296., 2.130. 0.414 0.136, 1.408. 0.960., 0.572
0.538 mg/mL TR A X BT IV 2 W o F TR B ) R I
T HY B B 20 A5 i A5 X Bt 8 9 (Lo i o
e FE 43 ) 4 9.9.23.6.,14.8,106.5,20.7.6.8,70.4,48.0,
28.6.26.9 ug/mL ),
2.2.2 At I e R B BIEAR B 3 g,
WEEPRE , BB IERIEH S %A EE 25 mL, FRE
5, K VA LA HE 60 min, 0, H PECRR f2 6k 2 i
LS, 280.45 wm TEALIERSE D8 BREENEW , B15
2.2.3  BAMEAL A AT U [ A i ALBR AL T R
il A P R PR L BER AN B B B R R 3
TP (At A3 o, 62,2, 27 T T D7 s R A5 R I 9 4
HER A
23 FHEFER
231 BIEMEHE BURA X IS S
BRI P, 56 2.1 T €0 3% 2 R R R 30 3
IR 1) o 538 8o, s 3 b & R o 5
AHSR A 1506 73 B R AF (O B EE AN T 1.5) , BRIS MR 8K
P54 LA G I T4 AN /INT 5 500, B4 At X i o 52
o
232 LRPEXREHR R WIBGR A X B I8 )
0.1.0.2,0.5,1.0.2.0.,5.0 mL, & T AR[F ) 20 mL &5,
FH HH A7 TR 45 6 > 2 970 U VA B AT 45 0T EL R
F 2. 17T Ak SRR, e SRR . LAAS AR
JIL 3 T VAR R A A A (X)) (TR RS A AR (V) 2R T2
PERIEA, 255 LR 1,
233 WEERE BRI (4 S1) #8217
T o S P A 6 UK, D SR AR . 25 R, R
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1: RRERR s 2 AR RZ I 5 3 RAEHT T 5 4: BATEMTY ;5. % BATEM
56 REARLEEB; T; 4N N3 5 8: HAME AR 25 9: FiAbE IR = 7%
Bl 5 10 - %M g — &
1 EBEBEmILEESHEIHPLCE

&1 BEBEmAFI0NFMATHEIERGTREME

PRI EEpig:: S (ugmL) r

MR ¥=9.196 7x10°X+756.3 099~49.50 09991
HERE Y=1.656 1x10°%+1 056.5 236~118.00 09993
KA T=1.188 5x10°—944.1 1.48~74.00 09995
EERH Y=0.127 8x10°4+243.7 10.65~532.50 09993
FESTERH Y=1498 2x10°%—1197.2 207~103.50 09994
KEAZEB Y=5.848 4x10°4+943.9 0.68~34.00 09995
W Y=26153x10X—4673 7.04~352.00 09994
FHEIRE Y=2.700 3x10°K—1 3845 480~240.00 09993
AR Y=2.397 4x10°4+828.1 2.86~143.00 09992

|

Wl SR
FERR S 10 AR %4316 18 ALY RSD 37N F2.00% (n=
6) , BT RS B R AT

2.34 FEEME RSB FRICR] L [ B E i R A
(w5 S1)6 153, 70 M 4# “2.2.27 T 77 141 4 kil b v
W 452,17 R S SRR A, 30 s 0 RO FH A
PR S R S5 ER AR AE 10 REI o & it
) RSD EI/NF2.00% (n=6) , A Iy ik H A M R 4T
2.35 et WS (9 S1) , iilfE =
T RHCE 0.2.4.6,12.24 hiHE“2.17T0 R (i & 0F ke
WSE IO SRR . 2550 s, PUEERR % 10 R I 43
I T AR A RSD 9/ T 2.00% (n=6) , 2 IR S A T AE
TR 24 h NFAETE R

2.3.6  IIAEIISCRIALS BT AR A A3 A Y
SE WG ALRESS (45 SUIE R, W14, 43 BB 9 14 , B As 25
FRAE 1.5 g, ¥4 1 3 41, B3 41 40 A 2 I AR A5 0T BEL
VAR CRVEERR RE R Rty BT S BEAE
BELT ARTE R OB B ANV AR (AN IR R e e
S B A R B B T 1 JOT S v BE 43 ) R 0.107
0.351,0.232, 1.427.,0.278.,0.072.0.931.,0.709 ., 0.435 #
0.379 mg/mL)0.8.1.0,1.2 mL, ¥ “2.2.2” Wi F J7 1 il %
PEIR AV, PR 2.7 T S A R ERE I A, 1 SR
AR INRE IR, g5 R, WEER S ik 104
TR DU B4 B4 74 IR [l i % 96.989% ~100.09% , RSD
BI/NT 2.009%(n=9) , R Iy i EW0 E R AT

Y=2.079 6x10°F—1088.0 2.69~134.50 09994
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24 QAMS xRy
2.4.1  AHXAIER FRTTE X B TR S S g
TR 2 H T3 A R B 43 1 A XA JE PRl F- (relative cor-
rection factor, RCF) , Bl RCF= (W, X 4)/(W. X 4,) (K
WA 533 A o R RN TR, A kR s SRy HLAth AR
WATRINSY)) o $542. 10 F 3 2 - UERE 2 “2.3.27
TiUT 6 4~ 2281 o ot v B 113 A % BRI L, AN IR 22
NS, AT REERR AR KR BN
1 S BEARHT AR AT B AN IR R e

7 2 FIRS i AR 1Y RCF 43 41 8 2.818 7,
1.567 8.2.202 3.1.227 0.1.744 4 .4.466 7.0.970 0.,1.084 8
F11.257 7,RSD ¥/ T 2.00%(n=6) ,
2.4.2 RCFIH RIS A% R 2.2.17 50 R IR A 4
SRRV, He 2. 1 T T (S R i, T SR UG TRIAR,
43 9] % %2 A5 [ HPLC 1Y (Waters 2695 % | Agilent 1200
R [R)) AR {533 A [ Agilent SB-C s, Phenomenex Su-
perLu Cis. Welch Ultimate XB Cis, 1A% #1 4 (250 mm X
4.6 mm,5 pm), F[A] AFEE(0.8.1.0.1.2 mL/min) ;&
AN[AAE R (25,30 .35 °C) X Fr &7 1% RCF 5200 . 45
SR AN RS BN TR AT N R RR 5 3R 9 1l
AT RCE 43591 4y 2.816 41,571 5.,2.204 5.1.222 4,
1.743 5.4.463 6.0.968 1,1.079 0 F11.254 0, AN[F]## T
S RCF 435120 2.814 7.1.560 6.,2.208 3.,1.227 8.,1.746 2.,
4.468 9.0.971 1,1.081 7 F11.259 2, A AR T AYF1y
RCF 43 %1y 2.813 1,1.564 3.2.218 0,1.225 6,1.742 6,
4.466 0.0.963 8.,1.082 9 F11.255 0, RSD ¥J/N T 2.00%
(n=9), M RCF it M R 4f.
2.4.3  OgEIEEN R AR XA R A (relative re-
tention time , RRT ) 72 X R I ol 73 €20 i 0 326 4 7 22 467, RS 2%
W 2.2, 17 30 IR % BRIV, 428 2.1 7 300 T (i 45
HEREDE , LIAME R R A NS, % S A R AL s FUASR]
T R PR R 45 1R 9 SR I AR 43 19 RRT 115200
2L B R 9 ANERI AL (19 RRT 4351 4 0.332 0,0.405 2.,
0.563 9.0.653 8.,0.699 9.0.794 8, 1.041 9.1.203 2 Fi
1.380 6,RSD¥J/NT2.00%(n=56) .
25 B=ENE

15 I [ 5 2 g AURE b (2% S1~S15) , 43l 4%

“2.2.27 T Iy ik A S R 45 2.1 IR s A
HEREIAE 0 SR AR, 70 ISR FH AR AT QAMS ¥
SRR EIR 10N A3 1Y i (32 2) o R SPSS
26.0 FRAFHEAT (R, LUAL 2 RPN g R 22 57 A5 5R
R 2RI A S22 F s R B L (P>0.05),
2.6 E'SEmANFENIRA DA ENEL
2.6.1 BN K257 15 HLE E Em AL 104
FEI A QAMS VA 75 it 45 5 A SPSS 26.0 #1758
22531 (cluster analysis, CA) . 4558 7w, MRRCHE R
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F2 IHEBEmRAR I0NMFUESISEVNESER (mg/g, n=3)

PRl itk SI ) 83 $4 s 86 87 S8 89 810 il s S13 Sl4 815 P
WERE SMRE 0616 0710 0795 0700 0757 0774 0687 040 0475 0363 0518 0722 0597 039 0654
MR SMRE 0072 0088 0080 0082 0085 0076 0074 0093 0065 0061 0057 005 0049 0047 004 0928
QAMS 0070 0089 0079 0081 0084 0075 0073 0094 0065 0062 0056 0052 0048 0046 0043
FER SNEREE 0231 0205 0318 0266 0285 0276 0239 0185 0042 032 025 0181 0226 019%  01% 0944
QAMS 0229 0293 0327 0264 028 0255 0245 0186 0143 0131 0256 019 0220 0112 019
KA SRE 0153 0082 002 0148 0167 013 0030 008 008 0070 0226 0213 0251 0258 021 0995
QAMS 054 0079 020 016 0070 0037 0129 008 0080 0071 0229 0219 0248 0257 0210
ey SNEREE 0049 143 1257 1010 L1 L1290 0956 0783 0758 0819 1352 149 156 1213 129 09%
QAMS 0926 Lo 125 1026 L2 L0 0977 079 0771 0800 1364 L4815 1308 1254
SESEEE O MRE 018 0199 0199 020 0202 025 0241 0070 0077 0163 0295 0248 0280 0269 0262 0966
QAMS 08 0202 019 0222 0206 0213 0243 0169 0175 016 0297 0251 0287 0267 0259
REACEFB  AMRE 0047 0048 0053 0062 0054 0057 0063 0037 0030 0033 0081 0078 0085 0083 0067 0911
QAMS 0046 0049 0052 0061 0055 0058 0064 0036 0029 0032 0082 0077 0086 0074 0066
SFHEIRE SMFE 0471 0542 0578 0454 0523 0553 0505 049 0441 0430 0432 0415 0411 0369 0362 0892
QAMS 0463 035 0574 0461 0500 0539 0495 0485 0451 0441 0421 0406 0301 0376 0366
FAMBIEREE  MRE 0294 0282 022 0236 0265 021 0216 0071 0159 0074 0359 0362 0405 0392 0319 0967
QAMS 0296 0279 0200 0231 0265 0224 0214 0169 0155 0177 0350 0366 0416 038 0315
WEECEEE  OMRE 0252 0220 0265 023 0246 0255 0230 0215 0203 0200 0338 0308 0347 0318 029 0991
QAMS 0250 0227 0264 0239 0244 0257 023 022 0205 0197 0330 0310 0338 033 0301

15, 15 HERES BB 328, S1~ST N4 1 2%,88~S10
55 I2,S11~S15 M5 M2,

2.6.2  FWAHT B2.57IT 15 L @ M AL 10
AFRFIN AT QAMS 15 B F 55 A SPSS 26.0 #F#k1 7
F 14343 BF (principal component analysis, PCA) , 4%
7R BT 24 MR EIE 230 6.391 F12.654, %) 24
A3 B975 22 TR ZE 0 5 63.905% F126.541% , Bt 7 2%
BTk N 90.4469% (KT 85%) , & B HEEUHT 2 4~ F B4
BT A0 2 [ 5 A AL 90.446% HOA5 B . 45— oy
A Bk A RAERR K AR B REAERET 5 B
AR BT B BN e 5 B AR B S T
MIZEG 5 TN I AR Bk FHE R AR IR R A
WEIRR LA o RIS H SIMCA 14.1 (4457 PCA
BAL, 15 15 4L [ B 5 Wi HURE A PCA TS 3 I (81 2) o DA
P20 A, 15 HIRER R 32K, 5 CA S5 R —2L.

S13 S;l S12
\ 4 L J

®s15
®s14

1]

2 1IG#tEBEmAFERE PCABLE
2.6.3 /N IRIE-HFEN AT OB U257 TR 15 L[
B JE Wi AL 10 A FF I B 4> QAMS B F i B 3 A
SIMCA 14.1 5, iz 47 i fe /s — 3 -4 531 3 #r (partial
least squares discrimination analysis, PLS-DA) 2%, 15
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3o FHIEN 3 AT, B ) REVEBRRE I S BU(RX . RY) 43
SR 0.917 F10.851, Tl 6E S 244 (0°) 4 0.789, K F
0.5, Bt BH BT 57 A RS R RS M & TN A Ty 5™, o] FH
X A3 AN TRV A 15 A i AL

\
0.3 1 S3

4@
s2
0.1 ~ s12 ¥ e@s7
Y SA~
5 —o1 S13@ @ @S15 ws1
= 0. s11 so @58
@S14 @®s10
—03 4
05 +—T—T—T—T—T—T—T"TT—T—TTT T T

—08 —06 —04 —02 0 0.2 0.4 0.6

i1
3 15 #tE'SE M AL FMA PLS-DA = A5 4 B

Xf 437 Y PLS-DA BRI T 200 UCE Sk 46 (€1 4)
ZERWOR , R UE L Y Y 0.076 7,/ T 0.3,
Fe W] T gt 7 RS RL 2 W] R O UG B4 Y R
i —0.296, /N T+ 0.05, 7 B BT 12 57 B8 R A A 5 2 41
A AR 3 BT 15 3t T i ALY B 22 o AR
ARt 7 AV (variable importance in projection, VIP)
L7 356 52 Mol [ 55 W AL O PO i Pk 0, 5 SR s
WEIRR BRSNS b E AR R R
2y BRSPS (VIPE R T1.0)

A o R
0.6 4 |
0.4 4
<]
0.2
5
0
—0.2 4
0 0.2 0.4 0.6 0.8 1.0
LEPSAY

B4 154t E'S Emm AR PLS-DA =8 & #5616 &
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3 g

ARSI AE ] 55 A N, B 58 T AN [R5
(R P SRR I [RAE S0 AN W] H BBG 7] (K L HY B A
) R TFHEEURE] (30 .60 ,90 min ) X [ B 22 Wi ALFE i
10N DU 4 BBOR Y S 0 Mo 2 T T 4G L o 45
7R, K A R A 5 V0] o FR R, 10 /SRl
I3 P i 7 A K 5 1 BT[] A 60 i B, 4 OO #
= AR i dR b o 25 A LA A, S HRCH B/ Rl
FEHL60 min R AEFR BT

A S LEG VeI SAHI , B S BE-/K -k R
TSR, S B LA T RE- 7K SR ik SR IR A D T A, EL
B G5 IRE 73 B LIRS BIEER 5 DL OG- 7K i s AR
BRI AR 2R AR R S R € 3 U R
A, 5 & BRIV WOm LA BGE o 38 5 %t e £ -
0.1% BRI W™ . 215 -0.19% H R IR " . 215 -0.2% K
PRV T T SR 10 NI B A3 43 B AR, 45 51
7R, L ENE-0.2% VKIS TR WA AL SAHI , 1070 g
Vapehi S oRIBVNIE S50 e EN ) 72 50y 3 SR v N v e
-0.2% VKIS FR S WA L SN AFG [ B 7 i AL 105U
3 TR s A T il

HMRIE AT QAMS T AT A5 10 N5 I 143 15 ) 5 45
RER LG # L(P>0.05), F A I8 @71
QAMS = N4 T, M CA . PCA Fl PLS-DA 45 % 1] L)
Y, L5 I ] e LA ) SR R 326, R 2 BT L)
AVEIER AN ANE AR R | B 24 T 5 A0 R T B A 24 e
BT B B AEHE T T2 5 Ve ] B S Wi RL 7 B VTR
PRastE sy . 25 LR AR T L 1) QAMS Ik 248
B 53 7 45 ) B A A B U3 4 A T T
FLH BT EL P o
52 Tk
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