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[Abstract] Objective: To establish a comprehensive quality evaluation method for Maqin Xiaoke Granules based on
multi-index components combined with stoichiometry. Methods: Twelve batches of Maqin Xiaoke Granules were collected
and evaluated by the quantitative analysis of multi-components by single-marker (QAMS) method, and baicalin was used as the
reference substance for content determination, the contents of amygdalin, moracin M, kuwanon G, mulberrin, kuwanon E,
morusin, baicalin, wogonoside, baicalein and wogonin in Maqin Xiaoke Granules were calculated by external standard method
and QAMS, and the differences between the two methods were compared. The content data were comprehensively analyzed by
cluster analysis (CA), principal component analysis (PCA), and partial least squares discriminant analysis (PLS-DA), and the
main potential markers affecting the quality of Maqin Xiaoke Granules were excavated. Results: The ten components showed
good linear relationships within their respective ranges (7=0.999 1). The method was accurate and reliable, and the average
recovery was 96.94%-100.18% (RSD<2.0%). The P values of t-test results were greater than 0.05 for QAMS and external
standard method. Through the chemometrics method, 12 batches of Maqin Xiaoke Granules were clustered into 3 categories,
and baicalin, kuwanon G, amygdalin and morusin were the main potential markers affecting the quality of Maqin Xiaoke
Granules. Conclusion: The established QAMS combined with chemometrics method is convenient in operation and accurate
in results. It can effectively reduce the test cost, evaluate the overall quality of Maqin Xiaoke Granules more comprehensively,
and provide data reference for improving the quality control standard of Maqin Xiaoke Granules.
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X RS X IR R R E SRR, IR E)
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% (HPLC) -QAMS [R] i o 7 24 & 1 i 4
WAFREREM, REEIG, R C. RILHEME
FE, HAESHEEREST . ST, m5
RMDCE AR, A28 A AR R o A
i, A AT AR R A 2 R

TEAEAR Y, DA R 58 35 RN /5 PR 5 T 0 A0k 7 ot
KRS %

1 ##

1.1 44

2695 I = R AH (4 1% A (Waters 23 H] ) 5 1260
RSO (T84 (Agilent A7) 3 KQ250E Y &
A H S (BRI EAMSEARAA);
CP324S BUHL KV [ 2 ARk =4 As (b)) A
FRAF].

1.2 #®zy

TR AT L A ST AR
(& 2 ke E E S B, It 23 0l R 110820-
202109, 110715-202122, 112002-201702. 111595-
20180, 4 FF 4 9l M 93.1%. 94.2%. 98.5%.
97.9%); FREMNIG., FREMC (LR HAYHEAR
HIRAT, 5505900k 14041821, 17081821, i
G510 96.0% . 98.0%); R¥EER., WELSER (K
B H LB R A R A A, S ar e
14030714, PRF9091109, 4 & 4% 5 & 99. 6%
98.9%); FRILIAE (AR AR B A TR 2
A, it PSO10061, 4liJF . 98.4%); F¥EEM
(RN KA ARARAF, #t5: CFS201801,

Nk

4. 98.0%); LMEABEIRY R (A ikal; HAaxi
Vo e

RS R BURL (RAACILRI 254 R F], FAS
8 g/4%, 4’5 oM S1~S12, Hit5435 2k 20308, 20235,
20242, 20243, 20254, 21109, 21122, 21135,
21138, 22002, 22016, 22025).

2 FHik
2.1 IR IR

FEEHREL 108 hR B B A ad 2, FH70%
BRI RE R . REEM, REMG, REMC,
RFWE, RFEE., BHET ., DUEET . S EM
LB 2 B R FE 43 03l o 3.472. 0.086, 0.270,
0.194. 0.072. 0.136. 12.856. 2.950. 1.318.
0.492 mg-mL 'BYIRA X IR A6 B E IR AR
WA, F70% AR 2045, H115 10N 88 104
W R 173. 60, 4.30. 13.50, 9.70. 3.60.
6.80, 642.80, 147.50, 65.90, 24.60 pg-mL '[¥
TRAT IRV
2.2 A A W A5

KGR PR E RS T N WORLAIAS 2 g, im70% FP s iE
7, HA AT 30 min (250 W, 40 kHz), &%, H
70% I E R R 25 mL, FE4), uE, S, #%
(E R 25 fAriE) (YBZ07612004—2016Z) " 4k
T LA A B EE AR
mt, P T A8 FH N Y B AR A T
2.3 ik

Agilent SB-C {1t (250 mmx4. 6 mm, 5 pm),
FEHR M 30 °C 5 KM A 207 nm- (0~13 min A&7
AAF) ©. 280 nm (13~60 min KGR FEEM, Fik
MG, REMIC, FEME, ¥R, #EHF., DUES
1, EERADGESE) 9 0. 1%BEHKER (A) -
25 (B) BN (0~10min, 9%B; 10~15min, 9%~
12%B; 15~34 min, 12%~40%B; 34~48 min, 40%~
55%B; 48~60min, 55%~9%B); iH# A 1. 0mL min ',
2.4 HPLC yiEsf%5E
2.4.1 LEMHRE 2SR 2.1, 2.200F
WSS 10 pL, 7E2. 350 F gk 55040 F b AEki, iF
TREMHEL,

2.4.2 RAMERIAIRES ORI BUR G0 HE S A A TR
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0.1. 0.2, 0.5, 1.0, 2.0, 5.0 mL, & 70%
FH A BE 200, 100, 40, 20, 10, 41f%, FEAHIMH
Z I FE AT, LA 10/ XF T 5 Jo o v B kg AL A
(X), WEHBCAMASR (Y) #FATEPERIH,

2.4.3 KHERE R WIUGREG X SR E R
HERE6 UK, 5% 104> B3 (1 W T AR IF 3143 RSD, iF
I G B E B 5%

2.4.4 FRoEtEIRAE  HUE 0 RS I REBORL (ST1)
B SIAR, THI&E0, 2, 4, 8, 12, 18, 24h
PEREASIN , E SR 0 BLE T RSD, X A A
HATRREMEE 2L

2.4.5 HEEMRAE HBURSHZBR (S1) i,
Fie 2. 2 W0 T3 il 5 JRR 5 T W w3t U 6 1
ML HERERTI, 15 104 o % 1 L RSD, #4707
BEEMNHEL.

2.4.6 JFERNSGRES  BURKSIHRZEORL (S1) 4%
9Oy, HMKEHEMEL.0g, 4393 80%. 100%.
120% 3K M ATR A% B Sl (i1, &
FEM, &M, REHC, REME, FrEE, &
ZAF L AT . BB R L DUE A R TR 4
92.217, 0.049, 0.131, 0.097. 0.034, 0.075,
9.127. 1.538, 0.679, 0.231 mg-mL '), %4 /K
V3407, MR IR A TR, R RS
N A (0 R 9 s O 3 1 = A 9 NN D N i
JFE TSR E R

2.5 QAMS# s

2.5.1 HIXACIER 7 (RCF) B9IE A % i B
2. 4. 2700 AN BRI R A T8 i, AR TR A
10 A, LB A NS, #EBRAK
(1) 35 RCF,
7Y A1 ™
KN SYIRIE R T, £ HAR R s 1
T, ACNNS YR, A0 HoAtb 4 i 0 i
W NS B, w oy HAb o3 BT i W
2.5.2 RCFm S B2, 100 FRAX AR
T . RERM, RHEIG.
FWEC., RWEIE, FEHRE., EEF . WHSH .
WA RM SRR, AR (1) RS

RCF =

. RERM, REWG, RAEWC, RELME, F

VR DA WA RMB AR RCF, 715

B SN [l A0 B (0 5 AL L A A AT i X RCF #Y
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WMARISE,
2.7 AbSFIFECEOY

DL 12 I RRAS T8 0 ks e A A . RE R M,
REMG, FEMC, REME, R¥ExR, B,
WERA . BRI AR QAMS & & 245 F oy 7Ar
1, 203K F SPSS 26. 0 #1 SIMCA 14. 1 4 3544 %+
BE AT B2 (CA) . FrHr (PCA) Hi
P Fe /N 3R e -H 9 70 M (PLS-DA) 54k itia ¢
ST, K SPSS 26. 0 G814 ERT 2 R 1k i ds 45 1
AT K56
3 #R5iHe
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W10 B 5 A A 43 B RE IR B Lk oy i, IR AR
i, HERHTFRAEESR, BISHREBFE A A
KT 5500 (K1),

1 1 1 1 1 1 1 1 J
0 5 10 15 20 25 30 35 40 45 50 55 60
t/min

1 1 1 1 1 1 1 1 J
0 5 10 15 20 25 30 35 40 45 50 55 60
#/min

1 1 1

1 1 1 1 1 J
0 5 10 15 20 25 30 35 40 45 50 55 60
t/min

A A

1 1 1 1 1 1 1 J
0 5 10 15 20 25 30 35 40 45 50 55 60
t/min

A A

(I) i-; 1I0 1I5 ZIO 2I5 3I0 3I5 4I0 4I5 5I0 5I5 6I0
t/min

He ACIRAREG BORSIZNUR; C. WA MRS DL RE
K BAMERE R s B A THPERES; LA 20 RERM; 3%
Ml G; 4. RWEIC; 5. REME; 6. F¥FE; 7. AP, 8 Wi
15 0. WAEE; 10, WHEE,

Bl BEAWNBR FREEHZEN ESCHEER 2K

BRI S AN E ZS A MR & HPLC B

B O

Of

AMERRIKBEIR TR, WA REEM,
REW G, REWC, REME, RYER, ®HH
DU A R DU A AR [ T B i [
NEPERR R (1),

F1 BKREHETH 10 DI HEEXR

)% EIEp¥E v /ug - mL ! r
TATAF Y=1.640 1x10°X - 1 605.1  17.36~868.00 0.999 1
FYTEM  Y=9.482 0x10°X+561.4 0.43~21.50 0.999 3
ZWEG  ¥=2.0519x10°X - 155.1 1.35~67.50 0.999 5
ZWEC  ¥=1.551 3x10°X+627.1 0.97~48.50 0.999 7
FILEE  ¥Y=6.807 3x10°X+979.3 0.36~18.00 0.999 5
F¥E ¥Y=1.2947x10°X - 1205.6 0.68~34.00 0.999 7
XA ¥=1.168 5x10°X - 1906.2  64.28~3 214.00 0.999 4
WHEH  ¥=5.6118x10°X+915.9 14.75~737.50 0.999 1
AR ¥=1.062 3x10°X+1 804.1 6.59~329.50 0.999 2
WHA R Y=2.419 1x10°X - 1 157.4 2.46~123.00 0.999 4

K AR e I 4 R o, 10 sr e m
T RSD ¥/NF 2. 0%, FBIALERNE % B R A4F, K
P R R S IR T 24 h NFRE ; A MR IR 4G
BB 104 M5 & B RSD ¥I/NF 2. 0%, £MHIT
HREE MR

IR DRI 25 R s, WA FEEM,
FHMG, FHEMC, REWIE, RFEHR ., WA, DOK
KAF . WS RFDUE AR TR I S RSD 43511
799.80% (0.78%) . 96.94% (1.25%) . 97.67%
(1.00%) . 98.16% (1.53%) . 97.69% (0.96%) .
97.23% (1.62%) . 100.18% (0.61%) . 99.66%
(0.85%) . 99.79% (0.84%) . 98.13% (1.39%), 7
A (PR RIEFIEZ ) 20204FEREE -

3.4 QAMSHE

RCFIMEZER (F2) Won, EEFHXTTEA
. REEM, REMIG, RHEIC, REME,
PR, DUEETT, BER., WHERNRCFRE
A& (RSDY/NF2.0%) .

SRS 28 R A3 X RCF T IE S 845 R (323)
R4 W5 RCF I RSD A 0. 80%~1. 84%, FHH A
AR5 AR X TR ST A RCF i F M R4

AR E ST RCF i I PE % 2245 1 (6 4) R,
% 1Ly RCF () RSD 7 0. 96%~1. 86%, %% WA [ i
OGS BT ST 1% RCF TR M B4

AR FEHR X RCF i I PE S 2245 1 (585) WoR,
£ 43 RCF [ RSD M 0. 76%~1. 90%, 7% WA [\ 43:
YR T 2 57 1Y RCF i PP B4
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R2 BREHZBHLFEZER 5B RCFs

5 WA FEVHEM R G SR C 5 S B E S DA WA R WHAZ
1 0.701 6 1.2132 0.578 9 0.770 2 1.724 3 0.938 5 2.0311 1.099 5 0.486 4
2 0.699 5 1.2150 0.567 7 0.7629 1.703 1 09119 2.0413 1.086 4 0.483 5
3 0.697 5 1.187 4 0.5577 0.750 0 1.663 5 0.909 7 2.0573 1.062 0 0.478 8
4 0.704 3 1.2350 0.5737 0.763 2 1.7129 0.9207 2.055 1 1.099 6 0.4815
5 0.728 5 1.247 1 0.570 2 0.742 4 1.7156 0.8857 2.1259 1.116 6 0.4857
6 0.7107 1.2300 0.569 3 0.754 4 1.7150 0.904 7 2.0773 1.097 8 0.482 8
SFEH(E 0.707 0 1.2213 0.569 6 0.757 2 1.705 7 09119 2.064 7 1.093 6 0.483 1
RSD/% 1.63 1.71 1.23 1.33 1.28 1.92 1.64 1.67 0.58

K3 TREUEMEIEEFE T RS HE B EZ M5 RCFs

HPLC 1Y N WA RFEEM REEG REMIC REWME REER O DEST O WER O NHEER
Waters 2695 Agilent SB-C,, 07009 12113 05612 07513  1.6816 09012 20148  1.0717 04782
Kromasil C,, 07187 12432 05663  0.7596 17058 09143 20617 10943 04823
Wele Xtimate C,, 07256 12589 05782 07713 17246 09379 20943  1.1152 04869
Agilent 1260 Agilent SB-C 0.6993 12107 05592 07491  1.6803  0.8967 20129  1.0692 04775
Kromasil C,, 07059 12417 05647 07585 17049 09125 20596 10916 04809
Wele Xtimate C,, 07193 12565 05698 07674 17237 09343 20987 10972 04857
S 07116 12370 05666 07595  1.7035 09162 20570  1.0911  0.4819
RSD/% 1.54 1.72 1.20 1.15 1.14 1.84 1.80 1.47 0.80

R4 AEFEEGETHREEZBREZEMR 5 HI RCFs

Fd/mL-min ' (A EVEM FEM G REWMC  RKWE eSS DA H IR AR

0.8 0.698 2 1.204 6 0.561 3 0.736 9 1.684 2 0.890 3 2.013 4 1.0597 0.474 2
0.9 0.704 7 1.2189 0.566 9 0.739 8 1.695 3 0.908 2 2.0458 1.0722 0.479 3
1.0 0.708 3 1.2253 0.569 2 0.754 4 1.706 3 09126 2.064 7 1.093 6 0.483 6
1.1 0.709 9 1.2349 0.5711 0.758 1 1.718 9 0917 4 2.0793 1.097 3 04855
1.2 0.728 7 1.249 5 0.5762 0.759 3 1.734 6 0.9373 2.0915 1.104 9 0.488 7
SEHE 0.7100 1.226 6 0.568 9 0.7497 1.707 9 09132 2.0589 1.085 5 0.4823
RSD/% 1.61 1.38 0.96 1.41 1.16 1.86 1.49 1.74 1.17

R5 ARFEEGTHREEZEBH T ER5H RCFs

keik/eC WA REREM W G FUWC F ] E RER DB WA R AR
28 0.693 3 12018 0.561 8 0.748 3 1.674 3 0.8912 2.0127 1.0726 0.480 1
29 0.701 6 1.206 9 0.565 4 0.754 9 1.701 6 0.909 8 2.0372 1.0819 0.484 6
30 0.707 0 12213 0.567 6 0.756 4 1.706 9 09114 2.064 1 1.096 8 0.487 3
31 0.708 4 1.2346 05723 0.759 2 1.719°5 0.918 6 2.078 8 1.099 3 0.4879
32 0.719 7 1.2547 0.577 6 0.769 8 1.728 2 0.9392 2.094 6 1.108 6 0.489 6
FH{E 0.706 0 1.2239 0.568 9 0.7577 1.706 1 0.9140 2.0575 1.0918 0.4859
RSD/% 1.37 1.76 1.08 1.04 1.21 1.90 1.59 1.31 0.76

ik EN SR (£6) B, TEARES M PriS s R LT TIG AR L, R QAMS i H
RS, £ o HT %%’ ] RSD A 0. 92%~ TR T N2 R Z2 48 B 0 14 [R) B F 4 ol o
1. 69%, =0H Ffr 337 (AR XA B8 B TRl (R n] T RS 3.6 AT R AL R B B
TH NZ ek g, (RSDEI/INT2.0%)
ME1LZ2 1 ST B R e e VAN A/NF ) SR () BR 12 R T R
3.5 124 RRA T R P 10 S B & o T WA, S1. S4. S3. S2HISSE —, S8,
TrEkgEE (R7) TR, HRUTQAMSHIESM S9. S6FN1S7TE H—, S10. SI2HIS11E H—F,
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F6 ARUSBANAREEIEHEETHR

BB EE RS 1,

HPLC{X g WACH RERM REWIG RUWHIC REME R¥ER  NHETF  HEFER  WHEEHR
Waters €2695  Agilent SB-C 03389 05142 06010 07062 07646 08397 10768 11686 12521
Kromasil C, 03341 05108 05962 07004 07492 08135 10501 11360 12347
Wele Xtimate C,, 03426 05235 06144 07181 07780 08509  1.0946  1.1922 12764
Agilent 1260 Agilent SB-C 03358 05074 05928  0.7015 07573 08316  1.0623 11547 12399
Kromasil C 03363 05127 06035 07079 07568  0.8247 10637 11508  1.2470
Welc Xtimate C,, ~ 0.3407  0.5190  0.6083 07111 07625  0.8452  1.0819 11730 12602
S {1 03381 05146 06027 07075 07614 08343 10716 11625 12517
RSD/% 0.96 1.13 1.31 0.92 1.28 1.66 1.49 1.69 1.20
xT1T REEZFHNEFERSHWHPLCEEMNESER (n=3)
mg-g
i AT AT FEEM R G S C
ESM ESM QAMS ESM QAMS ESM QAMS ESM QAMS
S1 9.187 1 23157 22852 0.047 1 0.047 9 0.128 9 0.1321 0.095 3 0.097 2
S2 8.456 8 2.096 9 2.078 1 0.061 2 0.059 8 0.153 1 0.1519 0.106 2 0.103 8
S3 9.386 2 2.1912 2.1819 0.056 1 0.055 2 0.1479 0.150 1 0.112 1 0.109 8
S4 9.064 9 2.267 4 2234 1 0.057 8 0.057 1 0.160 2 0.1621 0.1149 0.1132
S5 8.699 8 2.069 1 2.048 2 0.046 7 0.046 1 0.1213 0.1189 0.124 1 0.126 8
S6 7.5502 1.963 7 1.939 1 0.063 4 0.064 1 0.094 9 0.094 2 0.1353 0.137 8
S7 7.898 1 1.992 1 1.9852 0.048 1 0.046 9 0.094 1 0.093 2 0.1349 0.134 1
S8 73143 1.890 7 1.8742 0.045 1 0.043 9 0.104 2 0.102 1 0.147 1 0.144 8
S9 7.1618 1.8132 1.801 3 0.0429 0.042 1 0.078 7 0.078 1 0.143 2 0.1409
S10 115520 2.981 8 3.0162 0.039 1 0.037 8 0.113 1 0.1109 0.088 1 0.086 8
S11 12.009 0 3.053 1 3.0917 0.034 1 0.033 2 0.126 1 0.128 3 0.075 7 0.075 2
S12 11303 9 2.9412 2.9507 0.0319 0.030 8 0.0857 0.0849 0.092 1 0.0910
P1H 0.968 0 0.866 4 0.991 8 0.947 5
- A E ELZ S DA AR DL R
ESM QAMS ESM QAMS ESM QAMS ESM QAMS ESM QAMS
SI 00319 0.033 1 0.0739 0.075 2 15421 1.505 7 0.681 1 0.699 2 0.2349 0.240 1
S2 0.0369 0.038 1 0.094 2 0.095 7 1.6223 1.667 1 0.7413 0.753 9 0.256 1 0.2597
S3  0.0320 0.031 1 0.084 9 0.086 1 1.4257 14579 0.8112 0.802 8 0.2813 0.286 1
S4  0.0379 0.037 1 0.091 4 0.093 2 15309 1.540 1 0.786 3 0.778 2 0.2629 0.266 1
S5 0.0361 0.0349 0.079 1 0.078 3 1.596 2 15818 07151 0.720 4 0.197 1 0.198 9
S6  0.0192 0.018 1 0.0619 0.061 2 1.267 1 12807 0.661 2 0.6519 02140 0.218 1
S7 00201 0.019 2 0.067 1 0.065 9 1.301 2 13149 0.668 9 0.678 1 0.2412 0.244 7
S8 0.0182 0.017 1 0.047 8 0.047 1 1.1823 1.196 1 0.6359 0.628 1 02189 0.225 1
S9 00161 0.0152 0.0439 0.043 1 12232 12419 0.6120 0.603 8 0.2051 0.208 9
SI0  0.0483 0.049 0 0.0852 0.084 1 2.018 6 2.047 1 0.927 4 0.948 9 0.3764 0.383 2
S11 0.0519 0.0527 0.083 1 0.0718 2.0407 2.006 2 0.986 1 1.004 1 0.368 1 0.3712
SI12  0.0541 0.054 8 0.0570 0.056 2 1.976 9 1.962 1 0.8813 0.899 8 0.3407 0.344 1
P 0.972 9 0.890 6 0.960 7 0.9210 0.874 1
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