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Determination of Five Alkaloids in Vinegar Corydalis yanhusuo by
Quantitative Analysis of Multi-components by Single Marker Method

QIN Yingdan', SONG Xuan', SUN Chen', LIU Bo', HAO Linghua’*, SUN Yuqi""

(1.College of Pharmacy, Jinzhou Medical University, Jinzhou 121001, China;
2.Guangzhou Yuemei Pharnaceutical Technology Co., Ltd., Guangzhou 510700, China)

Abstract: Objective: Setting tetrahydropalmatine as an internal reference, to establish a quantitative analysis of multi-
components by single marker (QAMS) method for the determination of five alkaloids contents in vinegar Corydalis
yanhusuo. Method: HPLC was employed using gradient elution with a mobile phase consisting of acetonitrile-water
(containing 0.1% phosphoric acid, pH6.0). The methodological investigation was conduct to estalish a proper method.
According to the relationship between the content and the chromatographic peak area of each component, calculated the
relative correction factors (RCF) of protopine, palmatine hydrochloride, berberine hydrochloride and corydaline to
tetrahydropalmatine. And then, the contents of five alkaloid components were determined in the various samples.
Meanwhile, external standard method (ESM) was used to determine the contents. The variation in the results obtained from
QAMS and RCF was statistically analyzed to confirm the precision and practicability of QAMS. Results: The linear
relationship between the five alkaloids was good in a certain linear range, and the precision, stability, and repeatability met
the required standards. The average recovery ranged from 98.38% to 101.28%. The RCF values of protopine, palmatine
hydrochloride, berberine hydrochloride, and corydaline to tetrahydropalmatine were 0.405, 1.868, 1.571, and 1.049,
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respectively. There was no significant difference in the content of the five alkaloids measured by QAMS and ESM in 10

batches of processed Corydalis yanhusuo from different regions after vinegar processing. Conclusion: The developed

QAMS method in this study could be effectively used for the quantitative analysis of five alkaloid components in vinegar

Corydalis yanhusuo. The results were highly accurate and the method was considered feasible. This method could be served

as a valuable reference for the quality evaluation of raw and processed products of TCM, containing alkaloids or multi-

indicator components.

Key words: vinegar Corydalis yanhusuo; quantitative analysis of multi-components by single marker; relative correction

factor; alkaloids
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M PR T T R
1 #MR5RE%E
1.1 MR5EE

FENAER 10 HEASREI = HRE S, (5B TE ILEE 1,
ZRUS PN EESRRVER BEEAEAESHZR (Corydalis yanh-
usuo W.T.Wang) 1) T 2L, ZoK (Srbral)  REE
THEMERALZARFIA BRAE KBS T ARZEICE
BHRRAF; R (Aigai)  JbE Dimka 23 &l BEER
Grtfral) R e E RS ik THFgsir; B EE (O
ali)  REFORAEAEG) s LK BT s (e
110853-201805, 4l & : 99.6%) . ZEHH 2 H 2 (5.
110720-202019, 2HEF: 99.5%) . Thlig % 7T (Ht 5.

110732-201913, 4li )% : 85.7%) . $EHI R L K (Ht 5
110726-202020, 2L FE: 99.3%) . ThlR /N EETR (=
110713-202015, 2i/&: 85.9%) 1 [E & 5 24 i A e
WHERE S
F 1 EHEELREFRS
Table 1  Source information of Corydalis yanhusuo samples
BT FEHL Eilns2

S1 VAT SR 210606

S2 Rg 5 72001008

S3 SURGH 808210701

S4 e 20220101

S5 WiT4E 211001

S6 WA FH 20221001

S7 LM 21120101

S8 RN 211009

S9 LRI 210202

S10 Mo B[ 200912

H 57 Chromaster YR AHCIE (B 5410 UK
5. 5310 BUAEVRAR . 5210 B [J shibkERR . 5110 —JG
BEEFVEINZE)  HZK HITACHI 24 H); VGT-1990QTD
RUGHF Ve TNV ARG AR BR 4 & s RE-
52A MUGEFEZE KA R SR ARNAR) T ; JT124BF
BIFOF R ERAES A FRAF]; YB-2500A 45
WEHL iR =g T84 A7 FR 2\ /] s DF B B2 14
A I RIBPEIES R R A H] o
1.2 EWHE

1.2.1 WHRES A Hl S o3RG PRI Bl il
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MR TLTT L R/ NEER . AR O R MR R
o P 3 e, S P P AR ) e iR B Ol 96.00 pg/mL
JEBAT A, 24.00 pg/mL FRRELTIT . 62.50 png/mL £
PR/ INEER . 120.50 pg/mL ZEHHER 2,35 100.50 pg/mL
FEHH 2 H R ATR G X B AR A VAW . 1 mL R
RA XTI E ST 5 mL EOE0P, in B B
2, HAE 19.20 pg/mL JEE] A58, 4.80 ng/mL £hfE
LILYT . 12.50 pg/mL EhER/INEERR,. 24.10 ng/mL ZEEH
RLFES 20.10 pg/mL AESHZR P FHIIRGXTHRTAR
1.2.2 PBEIESRFESPIHIE B 10 ALEST AR,
Fe P E 25 81092020 AFERREPO i FR v i B ERH 2R
WA, FREE, HX 20 g 2SR 2G84, FH 4 g KEEFES), &
TR AR, s R, FRN UGS, Bk SR
e A IR, O B RLAS TR, TS A
EREZTE Vi e Iy R El I

1.2.3 AEmnshiles B 1.2.27 300 R RS RE R
FAR G =50 0.5 g, FEHFRE, B TRICHOm, K
AN IR - B5(1:20)IR-S MWK 50 mL, FRE,
60 °C [HIFHREC 1 h, B4, PR E, MM &R - i
(1:20) %MWK E &, #25), 08, % mIsg
WK 25 mL, JEF% 28 RANGET, N R fiskits, I 5%/%
F| 5 mL IR, INA R BEES, $:2), 0.45 um 4 FL
VRN g, INERuEm, BpFRR7,

1.2.4 FAREIESS:E  Diamonsil C g f5%4:(250 mmx
4.6 mm, 5 um); FLshAH: Z0E (A)-0.1% BERR KIS R
(= V8 2 pH6.0, B); A& ¥EAL (0~15 min, 22%
A; 15~35 min, 22%~80% A; 35~50 min, 80% A); &
M 280 nm; FLiH A 1.0 mL/min; 2R~ 30 °C;
HERE RS 10 pL; BRI IEHCEL AE A 2R 2, R T HAIK
F 3000; 43 ESEE>1.5.

1.2.5 QAMS Jyiksysg

1.2.5.1 MR KHRAEER  FEI1.2.17
LR VR G X R S A A T TR, RS AR EN 0.25. 0.5, 1. 2.
4 mL TR FITXS B SIS R, 533 E T 5 mL H )R
Hr, I R A, $5 ¢ 1.2.47 TR (i S5 FBERE D A2,
DIAS [FIF B8 S S TR B (C) At Al b, I T AL (A SRy
YAARBRPEA T BN, TR RIS 7. B 1.2.17 300 R
AN BB AR, B RRRE, F4 < 1.2. 27 T ik A4
R, THEAFME L (S/N), L S/N=3 B33 15044
TR R AS: HE BR, S/N=10 B X BIF5 40 A Mk 2 Sl 5
=R,

1.2.5.2 FHXECIEH T SR Z AR IR, R 5 L
VRS X N SIS, 252 1.2.47 0 {033 5445 Sl BEA:
1.2.5.8.10. 20 pL, 545 57 o i g Igs 1 A,
DIFESHER 2,2 NS (S), #7 R AN 145

AR RS IE R (F, ) e
. A, xC,
*TAXC

b £ FORAXIROE R T Ag FRORNSW Y

M AL, mAU min; Cq 78 N9 19 R )&, peg/mL;
A FERFIM AL 43 T AN, mAU -min; C; &/~ 7M
SRS B EE, pg/mL o
1.2.5.3 FRINZH > Caiig g 7 R AR XS O3k B 1) [a]
BP0 =t/t (4 RRI A A3 00 A% BE BF A], min; t: NS
MR B8 B[], ming 2 35 0 LR (B RPAH X £7 B8 B
Ao XFAREULERF ISR . ANEARR = . ASEAE
TR ERFINZE 43 B A T 6 ARYE O/ BE I (]
K, CEINS Y LETH 2R 222 AR B ], AR X LT
FroR . BRI/ INBEDR . ERR L TLYT . LEWH R FF E A AEXT
1R B8 B TR] LA R 45 A= i i W U A 5 72 o7
1.2.5.4 A% EEM. EEMAPEFYEICE K
BOAEEL “1.2.17 T MR AT ISR 1 1, SEREI 2,
FELLHERE 6 IR, EATHE 8 B e K B PR E B LB 2R
FER (ST A5, 32 1.2.37 I F 5l 6 /bt
W, BEREIRE, 10558 5 FhAE W T AR I 3153 RSD
8, #4775 PR 50 s hG 25 P I A BH R A (S 1)
1 45y, # < 1.2.37 W0 Jrikiil s i w, 43500 T 0.
2. 4.8, 12, 24 h HEFENE, 10 5% 5 Fh A W88 W5 ThT
BRI H5E RSD B, #F17FS e P06 5 465 2 Bk A2 s 4k
BHERBES (S1)9 1, B3 0.25 g, 53 AkE 2 AAH 24
T3 S T AR I R A R Y 80% . 100%. 120%
FAOTR A X RE S VA, $52 < 1.2.37 00 el & Ak i
VSR, SEREINRE , A T AE RS i e
1.2.5.5 WA RGE A & BUR G X S
R 10 pl, #2°1.2.47 0K (O 25 0ERE, 544N H]
LI I E MR AE (3% Hitachi Chromaster. Hitachi
ELITE LaChrom £ 4t J = Ff A 6] (3% 442 Promosil
C,5(250 mmx4.6 mm, 5 pm) . Agilent C4(250 mmx
4.6 mm,5 pm), Diamonsil C,4(250 mmx>4.6 mm, 5 pm),
AN A B & (0.8 1.0, 1.2 mL/min) . A [ 4 &
(25,30, 35 °COXPARXS RS E P F 15200
1.2.6 AW ENE  SralEEeHaiilng 10 HEES e
WHERZG A, $e ¢ 1.2.37 T T Jy 32k il A A a5 T T
“1.2.47 00 s SRR R, BRI =R, 533
K MR 2B (external standard method, ESM) Cx=
CrxAx/Ar(Cx NEE MR E, ng/mL; Cr A X BRIk i,
peg/mL; Ax HEEFHIETIAY, mAU min; Ar X BRI T
1, mAU-min) A7 19 QAMS i 52 Filk 4 15 2L
RSB ERER B TS YT L EhER/NBENR . SEEH R &
. ETHRFE 5 MR S E
1.3 #iEAIE

H]FH Microsoft Excel 2019 #4347 8 P8 7L 5=
FN53HT, W FH IBM SPSS Statistics 27.0 $X{4:3547 ¢ 4
BT o
2 FBR55H
2.1 QAMS JFEFERER
2.1.1 ZMERFR 05 5 P AEIRIR G X IR Ak
EanE 1o LIASIRIXT RE SIS BE (C) St A b,



%44 5 21

ZHP) , A — N THENERSEA RS 5 FhEYmmn & i - 305 -

THALCA) S AEFRIEAT RIS 53T, G5 R LR 2. 4551
W, 33X 5 Pl A= W as e £ PR T R P 5 0 i R 2R 5%
Z BRI, FHIE BB #>0.9992, L) S/N=3 W42 45
K HFR  0.036~0.089 png/mL, S/N=10 i 315545
ERBR M 0.127~0.314 ng/mL.

801
4

= 601 5

Eé ] 2

il 401

Jat

&20— 3
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0 5 10 15 20 25 30 35 40
i) (min)
P15 Bb AR S0 BRI HPLC (i
Fig.1 HPLC chromatographic diagram of five alkaloid mixed
reference solutions
TE: 1A TR 6; 2 W ERIR S 7T 5 3 R ERIR/INEERR; 4 A i
RKOF; 5 HIE R R,

2 OMIEARARMECR | KBRS E R
Table 2 Linear relationships, LODs and LOQs of reference

substance
' - LI KPR bR
= BRI (ug/mL) (pg/mL) (pg/mL)

SR y=6176.1x+9964.4 3.84~76.80 0.9996 0.063  0.211
R/ NEEI y=24608x+8570.6 0.96~19.20 0.9999 0.089  0.314
R TDTT  y=08475x+30653 2.50~50.00 0.9995 0.036  0.127
HIRZE y=14864x+38433 4.82~96.40 0.9993 0.081  0.303
HIRHE  y=15476x+36195 4.01~80.20 0.9992 0.067  0.228

B e

2.1.2 FXIERT  $#41.2.5.2700 FIHE TR, L
SEEHEAR LR NS, TSR i, ER IR YT
ERIR/INBER . FEHER H ZARXA T A, B RE G E
AL 1P 290 St FH Y £, S5 2R UL 3, AT, J5t
Baf -, ERAR L LV | FhIR/INBER . SEGH R FH R ARXS
THEWI R LW £, 43012 1.71, 1.91, 2.63. 0.75,
RSD fH<3%.
R3OBHESIRT 4 D AR E K T

Table 3 Relative correction factors of four components in
vinegar Corydalis yanhusuo

BERERE (ML) £ T £, i
1 0.415 1.905 1.639 1.041
2 0.405 1.906 1.596 1.043
5 0.406 1.850 1.551 1.056
8 0.408 1.847 1.568 1.048
10 0.398 1.815 1.522 1.062
20 0.396 1.865 1.549 1.045
F-HIMH 0.405 1.865 1.571 1.049
RSD% 1.71 1.91 2.63 0.78

e sHIERAR LK, a~d N JFBT B, SRR EL THTT | bR/ NEER . ZEH R
M2, 34, FolAl,

2.1.3 RS ERsuEEN, 0 91.2.5.37 W AT
5, R A B ERER B TLYT . EhR /N BETR . 4T

WA FH 2T T HESAZR £ Z AT AR B ] 1y A 1y
i RSD, 455 L3R 4, W AU ES 5 g4 . AS[H]
ARG R . S AR A RSD B 34)<3%, XTAHXME B
{ELEE R/, AR B8 A TR v A2 432
TP E AV o

4 RIS FXS O B IR 18] ) 52

Table 4 Effects of different factors on relative retention times

SES Tass Tiys Tess Ts
Promosil C18  0.645 0.734 0.753 1.122
Hitachi Agilent C18  0.651 0.750 0.774 1.136
Chromaster

Diamonsil C18 0.648 0.760 0.778 1.112
Promosil C18  0.653 0.761 0.790 1.125

Agilent C18  0.671 0.754 0.778 1.126
Diamonsil C18 0.628 0.740 0.768 1.133

%ﬁg Hitachi ELITE
Ve LaChrom

FHME 0.649 0.750 0.774 1.126

RSD(%) 214 145 160 076

0.8 mL/min 0.648 0.752 0.764 1.125

1.0 mL/min 0.653 0.754 0772 1.128

i3 1.2 mL/min 0.667 0.740 0.780 1.119
A 0.656 0.749 0.772 1.124

RSD% 150 101 104 041

25C 0.653 0.754 0.769 1.129

30 C 0.658 0.748 0.775 1.126

FEIR 35°C 0.655 0.752 0.781 1.123
SFEE 0.655 0.751 0.775 1.126

RSD(%) 038 040 077 027

2.1.4 FEEE . FoetE. EEMEMIKeE $241.2.5.47
TR PEATIR5G, 5 Fh A i ks 2 . A FaE
P BRI RIS 2L A5 R L3R 5, /G L R M
a2 M RSD ¥/ T 2%, 24 B R AE 98.38%~
101.28% i), RSD {HI)/NF 2%, FRHIZ T POk %
BE L A, FRE M BN BT

K55 FEYIRAOR R | FeUE T R AN [

Table 5 Precision, stability, repeatability and recovery of five

alkaloids

by wEM Rtk [l i
RSD(%) RSD(%) RSD(%) | IFMCE RSD
(%) (%)
JE B i 0.92 0.66 1.08 98.38 1.52
RN 0.90 0.86 1.29 101.28 1.37
HREDIT 058 1.02 0.73 98.32 1.46
EHERLE 089 1.44 0.68 99.28 0.87
MEREE 082 1.32 0.89 98.36 0.86

2.1.5 WHAMEMARSGE AN $#%1.2.5.5700 R T
PG | $221.2.5.27 00 Ry i AR A Eh AR
VT ERIG/INEEDR . 2EH 2R B ZAHRT T AR 2 I
IEKF £, F £, B9 RSD {8, 50U 6, AT HIA R
5 ETEAE . ASR] P S AR RS AL R A A

BRI ST 0Y £, B RSD {HI<3%, KW AEAE | [La
PR RE G | L A AR TR P NIRRT f TC R S R .
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Table 6 Effects of different factors on relative correction 320:
factors =)
é 2407
w % fa/s fb/ s fc/ s fd/s 4;1(/ ]
Promosil C;g  0.415 1.905 1.639 1.045 w1607
. . . o> 4
Hitachi Agilent C, 0.419 1983 1.674 1.037 41]{:
Chromaster ) ) ~ 80 5
Diamonsil C;g 0416 1.932 1.565 1.032 i N 4
s Promosil Cig  0.409 1.915 1.565 1.044 0 -
kA Hlt]i‘c}CnhELITE AgilentC;g 0401 1.860 1.568 1.054 0 5 10 15 20 25 30 35 40
aChrom ' A A &) (min)
Diamonsil C;g  0.404 1.873 1.473 1.032
X B
SEHE 0.411 1911 1.581 1.041 560
RSD(%) 1.75 1.90 1.55 0.83 =) :zg
0.8 mL/min 0.409 1.806 1.541 1.047 E 350
1.0 mL/min 0.408 1.828 1.573 1.044 4::»( 280
R 1.2 mL/min 0.405 1.896 1.581 1.043 s} 210
o
FHE 0.407 1.843 1.565 1.045 jiz 140
RSD% 0.51 2.55 1.35  0.20 70
25 G 0.415 1921 1.605 1.048 0
. 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
30 C 0.408 1928 1.573 1.038 i} ] (min)
FEIR 35C 0.420 1.926 1.592 1.032 \ 5
" - K2 BEAERAZAE S HPLC (g []
S 4 0.414 1925 1.590 1.039 . . .
Fig.2 HPLC chromatogram of vinegar Corydalis yanhusuo
RSD(%) 145 019 1.01 078

2.2 S£YREEENE

TE: A SUAR N B 10 HEAS [ M s 1 oA JELBaf 7 s s

2 AR ST 3 R /NEERK; 4 WIEWI R L35 5 AL

KHE.

¥ °1.2.6”7 WK HEA7 156, 0 S AT @ RE 1R (ST,

& 2A), 433K A ESM 5357 A9 QAMS I 5 B ZE
WHZRAE A PR A . BRER EL LT | ERER/INEERR . ZE
BHER 238 | JETHZR P 2R 5 FhAEWadnd & &, 10 HIbkE
fm i) HPLC WK 2B, &l ESs R L3k 7, %

K7 OBESIRT S FAYIE SR E SR (me/g)

Table 7 Determination results of five alkaloids in vinegar Corydalis yanhusuo (mg/g)

JH SPSS 4RA4: ¢ K5 I 5 45 SR T 44T EL AL,
ZE O RAT ik . R P LT T | R INEERSFITLE i 2 FH
Z 1 ESM {H il QAMS 1H M ZH 7 ik P>0.05, B
BAT Rk . BRI E L 7T . ER 1R /N BE A AT HE 2R FH E 1Y

. Ji Bl ek IR YT
ST SRR
ESM QAMS ESM QAMS
S1 0.6236+0.014 0.4736+0.017 0.4768+0.017 0.4407+0.011 0.4357+0.011
S2 0.3044+0.015 0.4307+0.008 0.4336+0.008 0.3093+0.006 0.3058+0.006
S3 0.5259+0.022 0.4193+0.009 0.4221+0.009 0.1696+0.009 0.1677+0.009
S4 0.3002+0.016 0.3986+0.007 0.4013+0.007 0.1991+0.010 0.1968+0.010
S5 0.8812+0.017 0.7471+0.036 0.7522+0.037 0.4519+0.016 0.4468+0.015
S6 0.7854+0.044 0.4780+0.023 0.4812+0.023 0.5284+0.018 0.5225+0.018
S7 0.7284+0.014 0.4736+0.041 0.4768+0.041 0.4407+0.017 0.4357+0.017
S8 0.5281+0.031 0.3641+0.004 0.3665+0.004 0.4499+0.021 0.4448+0.021
S9 0.5960+0.030 0.3199+0.051 0.3220+0.051 0.4334+0.073 0.4285+0.072
S10 0.4230+0.044 0.4285+0.022 0.4314+0.022 0.4318+0.010 0.4270+0.010
P 0.953 0.934
o Hh/ e SERARHIR
Fedh 2R
ESM QAMS ESM QAMS
S1 0.1907+0.014 0.1903+0.014 0.4777+0.018 0.4808+0.018
S2 0.1483+0.017 0.1481+0.017 0.3635+0.020 0.3659+0.021
S3 0.0909+0.003 0.0907+0.003 0.5344+0.012 0.5379+0.012
S4 0.1053+0.029 0.1051+0.029 0.4257+0.082 0.4286+0.083
S5 0.2036+0.038 0.2032+0.038 0.6272+0.011 0.6314+0.011
S6 0.2600+0.025 0.2596+0.025 0.6328+0.027 0.6370+0.027
S7 0.1907+0.028 0.1903+0.028 0.4777+0.014 0.4808+0.014
S8 0.2069+0.025 0.2066+0.025 0.4810+0.017 0.4842+0.017
S9 0.1663+0.022 0.1659+0.022 0.4816+0.020 0.4849+0.021
S10 0.1484+0.013 0.1481+0.013 0.3155+0.018 0.3176+0.018
P 0.989 0.944
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