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Simultaneous Determination of Eight Kinds of Components in Xiao’ er Kesouning Syrup by High-Performance
Liquid Chromatography Combined with Quantitative Analysis of Multi-Components by Single-Marker
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[ Abstract ] Objective; To establish the high-performance liquid chromatography combined with quantitative analysis of multi-components
by single-marker (HPLC-QAMS) technology for the quantitative control of 8 kinds of components in Xiao” er Kesouning syrup, including
mulberroside A, morusin M, dihydromorin, baicalin, wogonoside, praeruptorin A, praeruptorin B and praeruptorin E. Methods

Ultrasil C,4 column was used with the mobile phase of acetonitrile (A) and 1 mL/L glacial acetic acid. The flow rate was 1. 0 mL/min
with a linear gradient elution, detection wavelengths were set at 280 nm ( mulberroside A, morusin M, dihydromorin, baicalin and
wogonoside ) , and 321 nm ( praeruptorin A, praeruptorin B and praeruptorin E) , the column temperature was maintained at 25 “C. Baicalin
was used as the reference substance, relative correction factors for the other 7 kinds of components were established to calculate the content of
mulberroside A, morusin M, dihydromorin, wogonoside, praeruptorin A, praeruptorin B and praeruptorin E. Results: A good linear
relationship with peak area was observed within the range from 0.79 to 19.75 pg/mL for mulberroside A, 0.56 to 14. 00 pg/mL for moracin
M, 0.38 to 9. 50 pg/mL for dihydromorin, 26.55 to 663.75 pwg/mL for baicalin, 4.66 to 116.50 pg/mL for wogonoside, 5.87 to
146. 75 wg/mL for praeruptorin A, 1.71 to 42. 75 pg/mL for praeruptorin B and 2. 39 to 59. 75 pg/mL for praeruptorin E, respectively.

The average recovery rates for each component at low, medium and high concentrations ranged from 96. 83% to 100. 14% , with relative
standard deviation (RSD) <1.42% (n=9). The results obtained by using the HPLC-QAMS technology showed no significant
difference from those obtained by using the external standard method ( ESM). Conclusion; HPLC-QAMS technology provides a fast and
feasible multi-marker simultaneous quality evaluation model for Xiao’ er Kesouning syrup.

[ Keywords ] high-performance liquid chromatography combined with quantitative analysis of multi-components by single-marker; Xiao’ er

Kesouning syrup; relative correction factor; content determination
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1.1 %

UltiMate 3000 84 & A0 A (8 (X (R H B2 A 7] )
LC-20ADXR = 240 AH (i ( H AR B 34 | ) AB265-S
AU 50 HT RF (i MR -FE A 224 F] ) 5 JK-250DB #!
VRS (B RA e P E A FRA ) o Ultasil C g
H Hedera C,, # 5 Phenomenex C,, ¥, ##%3%°8 250 mmx
4.6 mm,5 pm,

1.2 K25 AR A

JNJLNZ Wk TR SR (B 2% 50 mL, it 5 210802
220101 £1220102) Wy T4 ) 1| 5 4 s 2 LA BRA ], X il
SRR (S 110715-201821, 4 95.4%) I8 51T
(IS 112002-201702, 41 98.5% ) . AL AT FH 2% (L5
111711-201904, 4li & 99.4%) 1 11 46 1 8 & & (it 5
111904-201804, £ [ 98. 9% ) W T H [ £ i 24 i A 22 FF 9%
B s FIAERTH] E 2 (#5 18031222, 41/ 99.9% ) 4 T |1
[F) A= e AR e A A FR 3 R 5 52 R M (45 CFS201801,
alifE 98.0%) Ml — & & & & (#t 5 CFS201901, 44 JiF
98. 0% ) W T EIDURAH A W H AR H FR A7) 5 1 A IR
b (L5 PRF7102141, 4B 99. 0% ) W T 1 #05 g v Bk ¢
TERATBRAT ; 2 (415 188390, 25 [H Fisher 24 7)) K {4,
TR K R alivK  HAthiaR) oy oA 4l

2 AEEHR

2.1 &EEu

R A Ultrasil C,, #£ (250 mmx4. 6 mm,5 pwm) , 3%
FEAEIR R AF 25 °C 5 LACIE (A) -1 mL/L vKES R 47 6 2
PEME(0~9 min, 15.0%A ;9 ~21 min, 15. 0% —28. 0% A ;
21~31 min, 28. 0% —50.0% A; 31 ~ 52 min, 50. 0% A —
78.0%A ;52 ~60 min,78. 0% —15. 0% A ) ; il iz 4 43 )
79280 nm(0~31 min KEMRREAT A RFEEM A FRM0
2 OESHADCEAAE) U R 321 nm(31~60 min K
FIFERTI 2 AT O E M AR E )™ R
A 1.0 mL/min; JEFEE R 10 pl,

2.2 AR LUK IR 6 &

HE 2 RIS o] B i i, ) 709% S R B4 AL
RVYEM EAROR BT DGEST ERTTHE R
FAERTEA & R X A AERTEA B 25T 8 iR AR 0. 158,
0.112.0.076.5.310.,0.932 1. 174 ,0. 342 0. 478 mg/mL
TRAS X B Y28 VL 5 RS 2 R B Y 45V 2. 5 mL, [R]— 3571
FERZE SO mL, HMREE T A RFEFRZEM _AROER EHE
T ICEAAT LRI 2R | FHERT 2 % R AERTH E
BRI/ 7.9.5.6.3.8.265.5.46.6.58.7 17. 1.,
23.9 pg/mL [RIXT IR ShETR
2.3 R GIER G &

K W O LZ I TR 2.0 mL, FH 70% Z e %5
2 25 mL, #4485/ LR T B AR A T AR DN
DLW, T W02 e A o v T 2 R A 2 1 Ak 3L B 4 1)
il RS S BRSSO B A L P
HE A 5 1 A% I M A R VS TR

2.4 FEkFER

2041 F iR MRULIEREXT IR ORI A
W 3BT G5 R A REREM A ROR m5
AT AERETE R R R 2 2 K AERTH
E Z 5 IR IETE X AR, BRIG IEAE38 =5 000, H 5448
I B R > 1.5 B A3 it % /N Lk 3 2
8 A B4 I e AN T, DL 1
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2.4.2 ZMEXFER OMEWIRC2. 27 HRA TR
0.1,0.5.1.0.1.5.2.0.2.5 mL,70% £ B B i 20 mL,
FEOIIG AN R U B2 YR 45 X Ll VSR, AR T R R 0 B, A
AR X AT HR R A RER M ARG R W5
HDUCE A AAERTII R BRI & &R KR T
E R BTk B (b0 AU QAR R Y, A TE Pk W]
I, 1A 77 R ARV R WL 1,

F1 DNLEBTHERS 8 FASHLEXR

R 7% a9 ro MR/ (ug/mL)
REH A Y=1.132 0x10°X+1207.5  0.999 3 0.79~19.75
R¥YEM Y=8.655 8x10° X+697. 1 0.999 7 0. 56~ 14. 00
THEROER 7=8.991 8x10°X-1030.5  0.999 2 0.38~9.50
eoat) Y=1.465 8x10°X+677.7 0.9994  26.55~663.75
A Y=2.122 3x10°X-821.2 0.9996  4.66~116.50
FETTHR R v=2.633 4x10°X+274.5 0.9995  5.87~146.75
FIERTIZE  ¥Y=1.209 2x10°X+933.2 0.999 1 1.71~42.75
FIERT E 2 Y=1.893 5x10°X-296. 4 0.999 7 2.39~59.75

2.4.3 MEEFEE MREEELLIEAE 2. 27 TT X I
W6 W GFREH A FRERM EAROR EHEI,
DU AT RIS R AR R e B
R0 5 0 08 THT R A ARG A v i 22 (RSD) MK VKA 1. 10%
1.23% . 1.41% ., 0.56% . 0.81% ., 0.74% , 1.09% #i
0.68%

2.4.4 AEMEFEE HUNJLZNK T AL S R —
Oy FEEIREME R FHIA)E 0.2.5.9.16.24 h JEREHr,
BEEHFAFZTEEM, AROE BT UHST.
FIAERTE H 2 BT O & R AR E Z g mAR
RSD # K 1.25% . 1.31% . 1.45% . 0. 63% . 0.97% .
1.01% 1. 28% 1 0. 74% , & W 7N JL I 7 A 25 A3t 38 o
W= RS 24 /N NFARE

2.4.5 FHEMER HBUILS 190802 /N LIZ K T4 2K A
d L F8 2. 37 T A W 5 R VR 6 10 AR IR HERE 4y
Mr SRR AREEM, AR 0K BT WUHS
H ARTAR R AT O R R AR E R & a
() RSD #IK M 1.82% . 1.89% 1.77% .0.95% 1. 04% .
1.13% 1. 47%F1 1. 60% .,

2.4.6 AEwicEk HEHE AN LK TR (At
5 190802)9 153, B A B WG HX 1. 0 mL, BEFLTAY 3 21, B
2H 43 45 BT BRI AT Y 80% 1009% AT 1209 K 2 4N
NRBSM AR (RET A ZEEM, AF 0K &
ZAY DUEST  FAERTEA 2 AR £ 2 & A AERTE
E ZE BB EE 4> 514 0. 119.,0. 082 ,0. 038 3. 904 0. 651 ,
0.849.0.216.0. 311 mg/mL) , 4 BAHER & 1 & 0 3 &5
FERE TS WL, AR ERE 53 B ARSI, 85 SR ) e 3 5% B2
AFRERM CARGER WS DOEET LR T
R EHTI & & S AETT I E 2097 X0+ B 5
(RSD) & R K 97.96% ( 1.28%) . 96.83% ( 1.07%) .

97.37% ( 1.42%) . 100.05% ( 0.65%) . 99.62% (0.77%) .
100. 14% (0. 78% ) .98. 44% (1. 27% ) F1 98. 86% (1. 36% ) .

2.5 HMATAIEEF (RCF) #9m 2

IEMRR SRR <2, 4. 27 T 6 TR A X BE Sl 75 WA
WA, LA NS B A f, = f/f. = (X, %
Y /(X xY) (X X (R BTk B, Y SR, T
br k ARES Y, Thr s AR ) IR AT AL
RYEEM AROER DEST AARPER Ak
A 2R X HAERTE E 2% RCF, R T A RFEERE M,
TEFEORE DEES AMEATHH R OERTEH O R R
FIERTH E & RCF AY RSD ¥ <1.91%, W 2,

R2 NLREETHERHEMSH RCF

RAEME Rl Ry TEAF W AR AERT A4ER
AR A ®EM AR FH OMHEE §gx WEX
1 1.2877 1.6753 1.6130 0.6811 0.5498 1.2314 0.767 3
2 12417 1.6694 1.6243 0.6887 0.5513 1.2012 0.758 8
3 L3111 1.7284 1.6406 0.7016 0.5607 1.2007 0.791 3
4 13029 1.6916 1.6461 0.6937 0.5589 1.2379 0.7777
5 1.2995 1.6528 1.6375 0.6744 0.5537 1.1953 0.7596
6 1.2866 1.7128 1.6246 0.6986 0.5572 1.2159 0.780 1
THfE 12883 1.6884 1.6310 0.6897 0.5553 1.2137 0.7725

RSD/% 1.91 1.68 0.76 1.52 0.79 1.46 1. 66

2.6 RCF @ fkH %
2.6.1 FRREBEAE LMY RCF  MKIEVERE“2. 27 10
X HR A VORI BT, 5 %% RCF 78R ] LC-20ADXR
A UltiMate 3000 %1 =5 OBCRH (35 (SO (3 35 AE Ultrasil C
(250 mmx4. 6 mm,5 pm) .Hedera C4(250 mmx4. 6 mm,
5 pm) Phenomenex C,,(250 mmx4.6 mm,5 pm) B [ 44
WOREHAREEM ZAROER DRSS e
R FAERT QXA AAERTH E 3 RCF /9 RSD ¥ <
1. 88% , < WHAS 2 R €0, 338 T AF X A T PRI Ay Az Y0 G Bk 25
PERZR WL 3,
* 3 AEMLEE, B RCF B
B RE OCZER W OAEE AEE A
A N BF BH OBRR MR WER
Ultrasil C 1.2851 1.6869 1.6276 0.6843 0.5517 1.2102 0.769 0

ek i

LC-20ADXR
Hedera g 1.2676 1.6783 1.6183 0.6750 0.5482 1.1880 0.754 1
Phenomenex Cyg 1.3209 1.7206 1.6469 0.6928 0.5585 1.2357 0.778°5

UltiMate 3000 Ultrasil C ¢ L2611 16604 1.6155 0.6809 0.5483 1.2076 0.7639
Hedera g 12583 16435 1.6076 0.6617 0.5377 1.1839 0.7502
Phenomenex Cjg 1.2947 1.7089 1.6330 0.6945 0.5548 1.2238 0.7663

FHE 1.2813 1.6831 1.6248 0.6815 0.5499 1.2082 0.7637
RSD/% 1.88 1.72 0.87 1.78 1.30 1.66 1.35
2.6.2 AREALEA RCF KRR 2. 27 10 X HA i

AN 434 , %82 RCF fEAE IR 20,23 .25.27 .30 °C 4%
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BRI AREREM, _EAROFK DOEEH  HIERTH
R ATHOEMAIRH E £ RCF # RSD ¥ <
1. 48% , FRWIAEIEXT RCF MR JC B e, W3 4,

%4 FREASEX RCF WM

. R R¥Y O ZEFR O WE AEE BB AR

A BN GF FH SR #ZE HER
20 12709 1.6450 1.6157 0.6745 0.5466 1.1957 0.7513
23 12852 1.6629 1.6290 0.6799 0.5491 1.2041 0.7629
25 12915 1.6728 1.6344 0.6861 0.5528 1.2103 0.769 6
27 1.3076 1.6804 1.6416 0.6903 0.5560 1.2195 0.7728
30 1.3201 1.7033 1.6503 0.6974 0.5585 1.2280 0.778 1
TIH 12951 16729 1.6342 0.6856 0.5526 1.2115 0.7669

RSD/% 1.48 1.29 0. 80 1.30 0.88 1.05 1.35

2.6.3 AR RCF ARIEZERE“2. 27 TR XF B i
PRSI 43 B, %28 RCF 7E i 4 0.8.0.9.1.0. 1.1,
L2 mL/min 24T, ZEHEARTTFEM, AR 0%K,
AT AR 2= AT O Z M A ERT E
Z RCF (1) RSD #4 < 1. 51% , £ B s X RCF A4 A& JC
L E R, WL S,

%5 AEF#EM RCF Mg

W/ RE O ORY AR D AR e AAERT
(ml/min) HA M 6BF  FH HIHE LK WER
0.8 13115 1.7109 1.6373 0.6993 0.5625 1.2317 0.789 0
0.9 1.3072 1.7044 1.630 8 0.691 6 0.556 1 1.2269 0.783 5
1.0 1.2860 1.6872 1.6295 0.687 1 0.5538 1.2106 0.7702
1.1 1.2739 1.6735 1.624 1 0.6802 0.5492 1.208 1 0.766 2

1.2 1.268 1 1.666 1 1.6156 0.6759 0.5466 1.1940 0.7619
FHME 1.2893 1.6884 1.6275 0.686 8 0.553 6 1.2143 0.7742
RSD/%  1.51 1.14 0.50 1.35 1.12 1.25 1.50

2.7 HERAYH G R
MR FERE 2, 27 TS Xof B V8 YOG I 4 B, A AR X
T B BF 8] ( RRT) 5E o7 45 FF M B 47 €8 3% 0, % 4% LC-
20ADXR #  UltiMate 3000 7 55 %50 7 FH €235 {30 €2 35 4
Ultrasil C,; # Hedera C,, ¥ Phenomenex C, ¥ ( HiA% 35
A 250 mmx4. 6 mm,5 pm) X} RRT (#5211 ( RRT = RTs/
RTk, H i RTs Sy HAREN A5 i £ B8 05 6], RTk Sy Y
PRAEE DI R B BT R ) , W3R 6, 45 R4 FF I 4> RRT
) RSD #J<1.73% , o] L RRT X ik i it 47 7 .
* 6 AENE.BIEHEI RRT N
Rl FF OCZAROWE Ak AR AR
A OEM BF KW MTE NMLE HEZ
Ullrasil Cig 0,419 0.5045 0.7608 1.1595 1.4533 15171 1.9567
Hedera iy 0.4351 0.5868 0.7560 11401 1.4408 1.4835 1.9261
Phenomenex g 0.4532 0.6032 0.7723 11739 1.4639 15386 1.9846
UltiMate 3000 Ultrasil Cig 0.4328 0.5891 0.7544 11472 1.4412 15028 1.9473
HederaCrg  0.4479 0.5917 0.7519 11550 1.4395 15085 1.9358
Phenomenex g (.4416 0.5963 0.7675 11696 1.4607 1.5242 1.9705
THH 0.4421 0.5936 0.7605 11575 14499 1.5124 1.9535
RSD/% L7309 105 L2 075 15 Ll

i (it

LC-20ADXR

2.8 HPLC-QAMS 5 ESM il 5% £k R # pb 4z

B3 A HER A /N LR 0T s e 2. 37 L B
B R SR, B AT 3 0, MR SRR ARSI, 2R 1
ESM AR E R €, = (CoxA ) /A (T € R B8 i
R A R TE DU A W TR AR, A, S X B i TR
T 8 P A3 B & 5 AR BT 0 2 B AR 2. 57 I
T RS RCF, R HPLC-QAMS HE AR & X = (X, x
Y xf ) /Y (3 X, S YRR, Y, sy
WA, f, . NS YA XS T AR AL 4> 1 RCF, Y, A
GBI E R A FRER M, ZARAEK L
WS RIS R AR R LR E R
i, LR 7, 2545 Rl i 43 3 i A — 2 r It ) 22
S, W ST Z2 8 bR a3 T 9 i 0 VR 6 AR /N L ik
TR R E ARG, BRI A RER
M ZHROR DUEESH AR R AT 2R
FIEAERTE E R S B0 45 R 5 A SPSS 26. 0 # itk
17 ¢ KB4 BT , 25 S 75 I 5 4 ESM. Fl HPLC-QAMS Jir 1%
SR T UG L (P>0.05) , R W] #5711
HPLC-QAMS 1] HF/INJLIZ W T W5 3K 2246 b L 53 7 5 1)
[i] B0 5

x7 AMFENELERIER (n=3) mg/mL
210802 220101 20102
i "

ESM QAMS ESM (AMS ESM QAMS
A 3.916:0. 043 3.139:0.029 4.6810. 031
RIHA 0.114£0.001  0.116£0.001 0.137£0.002 0.135£0.002  0.093£0.001 0.09420.001
ZFEN 0.08120.000 0.083:0.001 0.097+0.001 0.096£0.001 0.066:0.001 0.0670.001
THEBZE  0.039:0.000 0.038:0.001 0.035£0.000 0.036£0.001 0.045:0.001 0. 04420.001

WHESTF 0.654£0.003  0.64760.005 0.52420.005 0.53820.003 0.7800.004  0.76920.004
FERTHIME  0.852:0.007 0.866+0.007 0.685:0.004 0.6960.006 1.021£0.009 1.007:0.009
HERIMIZE  0.217:0.002 021420002 0.259£0.003 0.255:0.004 0.174£0.002 0. 17820, 002
HAEMBEZ  0.315:0.003 0.319:0.005 0.37820.004 0.37320.004 0.255£0.003 0.258:0.002

3 itit

3.1 kahAaey ik

AU 2T -1 mL/L BRI 2 -
0.1 mL/L BRIFH" 2 H5-10 mL/L ZIRIEW" H ps-
KR4 BRI B A R G, AR A RER M,
TERFEOE A S AR AR
W2 E LR E Ry (i £ RO
O HAERR, G5 R R, L2510 mL/L LR VAW R R
Bl IELR F AR, E A Al o i R 45 K [ s 5 A 48
3 I 73 5 B A 2R, e i & B, H 10 mIL/L 2
PRI PE S0, A PRI (3% A, 1 17 S 2 TR S Yk T e
HHLAH 5 K AH U I AR P AT T AL B 5%, A L
“O 1R g A A

3.2 AW IS AR AR B W A o ik AE
IV URZMR T PR Rt R B RS R AR 15 1k
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R AL, P R G R R A A R
AT AR AT W DL RE AR SE e RN MR 2 4
B, B PR LS R 2RI e 2 AR S AR
BERI G5 B 0 S NS B AR 4l P B A FO (R B e, 1B
BUB R MR AR, BRI, 25 8 5 R0 42,
I BB, AW E AR LT A R EE M,
THEREER WS DS AR R | A AERT
LE KGRI E ] 8 N WAr oy, 5 I B w517
TEIZ R S i e i, ELIZORT RE G SRR A B, AN 2 3 =]
rf R RS ] R O B SR NS

3.3 HPLC-QAMS % R34

HPLC-QAMS 7] SE AR U 2 1 Fh i 43, B AT 36 5]
(] S D 22 A B 53 0% B, AT 80 R T rh 2 6 B A AT
b AR T T R T O B PRI, AR SR DA S
RS IR 8 A B 5 A 7 A ] 64 R X A T R
T, T 3 HE/N LREIR TR S b 8 S i, T
5 ESM Kol B AT ¢ Koo, 45 SR BRp 7 i 1S 45 2R 1L
BMESTGH %3 L (P>0.05), HPLC-QAMS #: 1 {#
B WL AT 9/ XoF Bt T, 1 8 BUAS, SLRE R e A DN
ORI T B 50, 48 T (o g o M Y o
WRPERT B SRR EE , S i 24 i 500 255 o 4 o 1Y) e
HET B B )

ARSI W HPLC-QAMS Xif /)N JLIZ gk 7 b vh 3% )z
HAREFEM AROR 5T DOEET  FAENT
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