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on multi-components with single marker

CHEN Jun', XU Jun"*? ZHANG Jing-ya', FENG Song-hao', ZHANG Tie-jun>’

1. Tianjin University of Traditional Chinese Medicine, Tianjin 300193, China

2. Tianjin Institute of Pharmaceutical Research Co., Ltd., Tianjin 300193, China

3. National & Local United Engineering Laboratory of Modern Preparation and Quality Control Technology of Traditional Chinese
Medicine (Tianjin), Tianjin 300193, China

Abstract: Objective To establish an HPLC method for simultaneous assay of seven main active constituents (protopine, coptisine,
palmatine, dehydrocorydaline, D-tetrahydro jatrorrhizine, tetrahydropalmatine, and corydaline) in Corydalis Rhizoma, and on this
basis, establishing a methodology of quantitative analysis on multi-components by single marker (QAMS) to validate the feasibility of
method and technical adaptability of quality control applications for Corydalis Rhizoma. Methods Taking seven components in
Corydalis Rhizoma as indicators, two correction methods were used to establish the relative correction factor (fis) between each
component and tetrahydropalmatine. Then the correction factor was used to calculate the amount of each component in Corydalis
Rhizoma and finally to achieve this method. In the meantime, the external standard method was used to measure the above seven
components to compare the difference between the calculated and measured value of the two f/, and to validate the correctness and
adaptability of QAMS. Results The methodology of QAMS which was used to evaluate the seven kinds of alkaloids in Corydalis
Rhizoma was established; There was no significant difference between the data calculated by QAMS in different columns and
instruments and the values measured by the external standard method. Conclusion The QAMS method for measuring the components
of protopine, coptisine, palmatine, dehydrocorydaline, D-tetrahydro jatrorrhizine, tetrahydropalmatine, and corydaline in Corydalis
Rhizoma is reliable and accurate, it could be used to control the quality of crude drugs and herbal pieces of Corydalis Rhizoma.
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HE R N B SE R W) A B R Corydalis
yanhusuo W. T. Wang ¥R 25 o4& 20 FRITHH |
L KRS, BARICERT (RAREZ), Fik
W, BRAEL 9, MR, A ML, BAR I,
TR IR, TR g iERR. &
PR PR JE R b st 2T ST,
TEFHZ BT (W AR B ) ok 2 B B R A
TEFHZR ALY HE P BURRR . Z=Rchig e L 32 BLiE
P HEE, RS R S ST IR
BT I LIRS (EFR L) kA=l
i, (REZHL) 2015 SRR GE 2R 254 11 i
PR ARIR . A R S ) DA K S
FHR AR EIAT TIE . ALK HPLC ¥&[H
S T A AR A SRR e O SRR, &
SRR D-VIAIE. EHR AL
R ZNE, FFRH L 7 A6 A 15 1% e8 B
PG R, R — I 2 0k, Sl i iR ae, L
AR LA NBRST A ERT i, SO
WHER. FEEHRT R, D-VIAHR. LR
R SR L FE 2 MM IER 7, T X
7 BB R, AU VPO A SR DL R A
FH A TR R TR R A AT AR
1 XES5HH

Agilent 1260 =GR AH (i (SE1H Agilent 24
A]D; Agilent 1100 S R0BAH AR (SE[EH Agilent
A7]); Lab Alliance =y RUAH €A (EE 22 A
#]); Diamonsil Cig (250 mmX4.6 mm, 5 pm) @
W (32 Dikma A ); Welch Cig (250 mm X 4.6
mm, 5um) Ei%H: (SE[HE Welch A7 ); Ameritech
Cis (250 mmX4.6 mm, 5 ym) it (EE
Ameritech Scientific 23 7] ); COSMOSIL 5 Cg-MS-1II
(250 mmX4.6 mm, 5 pm) 4i%FE (4 Nacalai
Tesque A ]); AB204-N L7 RK°F (F 22—,
fii[§ METELER A ]); BT25S HL 7KV (JJH22
—, fE[E Sartorius A H]); EEABPIEVE CTHOH
ZHEMRHEAFD.

XIS RE 2R T 5 (A5 MUST-1302010)
D-VUE 2508 (Ht5 MUST-13090916) . Ji B fi
B (HIk 5 MUST-13030101) . 35 3% 5, (it 5 MUST-
13111602) 0 H B 2 R A PR A PR 2 7 5
SR (IS 7140303). RO HE (5
J140303) ) [ _EifR R PR 2] A EH
FKHER (9 1312200 B FifgRoRE 25RHA R

Aw], PLEXTR TR ISR T 98%. 4l (f
wal, K REMEREA R AR =l (b
g, RECEREHEN T KO (s,
P T HERHE R AT BR A 7 )5 aliifK (U e s
EHHRAFD.

14 SEAEFHZR AW TR Wb DY)1 TRe
Bevt. Hol, ek, SR 29mmtoR
B o 24 ILARHIF S B 5K 2k 42T 9T 03 48 0 Ay 22 SERHE )
YEEHZR Corydalis yanhusuo W. T. Wang [P T2k, #F
A (R EZGIY 2015 FERR I KRE -

2 HESHR

2.1 HPLC EE2FH%

211 @i%4&M G : Diamonsil Cig FE (250
mmX4.6 mm, 5 um); VisIAHA LE-0.2%0KE R
W (Z KGR pH 6.0), BAEEYENE: 0~10 min,
20%~22%Z. i 10~30 min, 22%~30%Zfif§; 30~
60 min, 30%~80%ZNf; 60~65 min, 80%~100%
LMy KL 35 °C, HEFEE 10 pL, 3K 280 nm;
AR R 1 mL/min. FIRGAIESMET, SH00 %
R, tnE R 1.

A

t/min

L-JR PR 2- 308 3-30HR  4-RAEMER TR 5-D-)
AN 6-EHRLE T-EHETR

1-protopine 2-coptisine 3-palmatine 4-dehydrocorydaline

5-D-tetrahydrojatrorthizine  6-dl-tetrahydropalmatine  7-d-corydaline
1 REXMEME (A) ks (B) HPLC

Fig.1 HPLC of mixed standard (A) and sample (B)
2.1.2 WSS 2 R R B
Bk BOEGL. R, FEAEHRF R, DA
MR R L3 AE R T EON O
B 25 mL &P, M ERBERZIE, %5,
RPAF VR 00 B R CBR BT Bk 19.72 pg/mL 3%
JEBH 20.08 pg/mL. BB E 19.72 pg/mL. L&
B2 & 99.60 pg/mL. D-PY A 25 R 6 38.72
pg/mL. FEHIR 2% 49.80 pug/mL M IE IR &
55.60 pg/mL),
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2.1.3 A rElE BUEEHR MR O
50 Hif) 211 g, F%ME, BT 100 mL F)ELEH
R EINARZ-70%FEE (10200 % 50 mL,
PR da, A 1 h GG 60 min, ¥ H5Hh
iR, FRAIE. RS EIEEW 25 mL, ZET

BRI, A S mL B, FMREZ

B, RS, PR, HERIEM RIS

214 RPERRHEE 3R RO o i
VB RS 6 AN [R5 R PR FEE R, 4% 2.1.17
TN B 2 AR HEAT I 52 o T SR IV P €0 1 U U 1
P, DA TR ME I A RS (YD), RGBT
BAE bR (X0, JEATEANERI . GP2R & 1.

F1 THEIHEEXRERER

Table 1 Linear relationships results for seven constituents

E{zg 7N %oy EVEpy e r ek /pg
Ji BT 7 Y=1622.6 X+3.045 1 0.999 9 0.039 44~0.394 4
PO Y=3508.4 X+10.518 0.999 9 0.040 16~0.401 6
Y3 Y=4799.4 X+5.8380 0.999 9 0.039 44~0.394 4
FEEHRTFE Y=3634.6 X+21.54 1 0.999 9 0.199 20~1.992 0
D-IUE 2L Y=1549.8 X+2.348 2 0.999 9 0.077 44~0.774 4
WHERLE Y=942.79 X+3.542 2 0.999 9 0.099 60~0.996 0
AR E Y=1187.6 X+6.643 2 0.999 9 0.11120~1.112 0

2.1.5 KEHRERE R IRA N SR, %L
HEFE 6 IR, sk &5 (il I W AR, TH A3 SR e ik
TR R AR TR D-UA R
EHHER L F AL R F 2 U T AR RSD 43000 4
1.01%. 0.73%-. 1.27%. 1.29%. 1.33%. 0.88%, %
RS2 K 3 P R e

2.1.6 FREtEE  FREUGERHER (b5 141001, it
60 HIf) WKL 1 g, WEWE, &R EH,
ST TE 04 34 64 94 12, 24 h HERE, 03D
W, AR AR, ROERR. TR, LA
TR . D-PUE IR SEHR L Z TR F
FIETHRUP) RSD 43904 1.85%. 1.85%- 1.16%-
1.17%-. 1.38%. 1.14%. 1.18%, #=HAHE Ao
24 h WEEE

2.1.7 EEMHRE  FREGEHER (itS 141001, o
60 HIi) MARLA 1 g, Ho6tn, KEwoE, 50nlil
ARSI, EREIE, VRS ERT R, BE
B BHER. EEEHRT R, D-IUAARG. &
R CE AL R R R 201 RSD 43k
1.98%- 2.82%- 2.63%- 1.14%. 1.83%- 0.96%- 0.72%.
2.1.8  JIAERICRIREE  REGEEZEHR HitS
141001, i 60 HIf) ¥ARZ 0.5 g, dL6 iy, K%
FRIE s 23ISR R ik 19.72 pg/mL. BEEG
20.08 pug/mL. HBE#E 19.72 pg/mL. LELEHHRH
% 99.60 pg/mL. D-PYS A H% 38.72 ug/mL. LEHH
K £, 49.80 pg/mL KA H 25 55.60 pg/mL ¥

AR 2,04 2.5, 3.0 mL, RIS HR T
WoE, AR O, . R AL
R R D-US LR R L FE R H
T IEERDRCR 435k 98.25%499.06%-97.40%
99.63%-+ 99.58%-+ 98.19%-. 99.35%, RSD 437}
2.51%-2.47% 2.47%- 2.49%- 1.86%- 2.27% 2.69%
SERERW], AELREA RIS

2.1.9 PSS 202 S s A B R S LG A
Ak +3%-. 7KAH pH HZ4L 0.1, Al £5 C.
R KA £5 nmy AFUREARL +20%, DL
K 4 WA G (Diamonsil Cig . Welch C g
¥+ Ameritech C g . COSMOSIL 5 Cg-MS-II #})
HEATIE I, A AT A 1284k o Al ] —fik aE
BHZR A 7 PR s 6 A 2L RSD, R8I0 B RE
R BRIREEACE, &4 E T Tl A e gy o
Y BUR RSD S7E 2.5%LL N, 20 B AR H AR,
I, SESR A 7 Mok W E SR, BT
L (1) FH 2

2.2 HEMKERF (fi,) BITE

221 ZAKIEDL SWIGRTEST, AR
WREE R B0 fis BOPIEAE R E B fuose fis
TEAR: firs=(CoX AINC X Ag)s Frill sy itk
FEHHE AR Co=(CxA)/(fiys X As)e PR Co K
ZIY TR RIREE, A, NS YT S i An,

Cic N FoAbOO BRAL oy FRIR BE, Ay by SLAhG 415 8
RV TR, A N R AL o)t i i i A . N 2
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WAL IEVERHAT VR, 43 23 e A T 1B R &
FIW frso BRI 20

222 REEIEE AE “2.1.47 N PriSbeie ik
i, X=(Y—b)a=Y/a—Db/a, b il HikETiE,
1 ab {HAT 100, b/a HATZMALE, HEATLL X=
Yia . W X 5 YRR T fus (s=
aag)o Co=Ail(asXfiss), as NS IPIFIER, a I
b IR R o N ARV IE VAT A, 452
FoAb Ry AR T HEB R B frgso 45 FE 5B i

HOER . R KA RFE . D-IUE 2R
FES R X TREHRLEN fus 304 1.721,
3.721. 5.091. 3.855. 1.644. 1.260.
23 fus IEIMEER

KL HR T AFSLR R 3 AN RS
(Agilent 1260, Agilent 1100, Lab Alliance) AN
Al 8 i 4 (Diamonsil Cig+ Welch Cis+ Ameritech
Cis« COSMOSIL 5 Cg-MS-11) X fiss IG5 o 4
R 3.

T2 URPEZCENSEY fis (B ARKIER)

Table 2 fi,s with pureonebio as reference (multi-point correction method)

T _ *HX#?EEH%?Z%?B‘J.}@S 4
Ji AT T TR EEIEHNETHR D-DUZ 20, R

1.0 1.745 3.742 5.085 3.836 1.615 1.263

2.0 1.748 3.739 5.085 3.856 1.612 1.263

3.0 1.746 3.759 5.084 3.848 1.624 1.263

4.0 1.743 3.756 5.081 3.848 1.612 1.263

5.0 1.743 3.766 5.087 3.858 1.628 1.263

6.0 1.743 3.766 5.088 3.861 1.624 1.261

A 1.745 3.755 5.085 3.851 1.619 1.263

RSD/% 0.120 0.310 0.050 0.240 0.430 0.060

F3 FEMUEFRE BIEETH fios
Table 3 fi,s on different instructments and columns
s T ‘ Jor \
JEBT R B B R RAEHRT R D-JUAZRE &SRR

Agilent 1260  Diamonsil Cg 1.745 3.755 5.085 3.851 1.619 1.263
Welch Cig 1.729 3.718 5.079 3.831 1.621 1.252
Ameritech Cig 1.783 3.780 5.091 3.878 1.593 1.258
COSMOSIL 5 Cg-MS-II 1.740 3.627 5.052 3.891 1.620 1.272
Agilent 1100  Diamonsil Cjg 1.635 3.567 5.048 4.032 1.493 1.261
Lab Alliance =~ Diamonsil C;g 1.795 3.673 4.795 3.654 1.601 1.246
S MHE 1.739 3.687 5.025 3.856 1.591 1.259
RSD/% 2.970 1.990 2.070 2.880 2.840 0.650

24 fFNASBIEIERNERL

AR R B I R T 0, RO ABAF DA 53 €1,
A IR £ 3 (I R ARDO R B I TR . LA
FEFAR LR BRI, THRAN R AIAN R (A A T
SRR, BOEN. R EEEHEFE. D-IY
SRR AR ZR A R B I (] 25 SRR 4.
2.5 —MNZIEESIMRENESE R LR

73 A 2 WS EROGT L St VA VUR A8 HH 2R pE t VR
% 10 pL, HEFEMIE, 03RRI O 3
BEFE. FEEWRFE. D-IIARE. EHRL

R SES R PR, 73 -HAMRIER 2 Fif—
M2 PEEVHE 7 Mo i, 45 RN 5.

B AMFRIEA 2 Bl — I 22 VR 8 B 45 R oy &
Pearson AH IS, AR — I 2 VPE I HERTE
G5 AL 2 Fh— 22 PR 2 1A (AR DR R B K
F0.999 9, Vi HHANRIEERD 2 B 2 VRIS B 45
FAEN = . RIS ET7 28, P fHim KT
0.05, ULHWIAMRIEFN 2 Fh—I 2 PR 45 R
BEEZER. gib, 2 PRENHTEHRNZ
FRbR S BT VRN AT
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R4 FEMLEFRERILHET R @ ILIEE AR E 8
Table 4 Relative retention time on different instructments and columns
(e R _ _ _ ifHXﬂR%’Hﬁl‘ﬂ A _
SRR B HHER LEREHRE  DJUAZiIR EHERFER

Agilent 1260  Diamonsil Cys 04178 0.5217 0.673 6 0.744 1 0.853 7 1.1555
Welch Cjq 03213 03765 0.5178 0.604 4 0.8380 1.1639
Ameritech Cg 0.326 2 03788 0.519 1 0.600 5 0.848 6 1.157 4
COSMOSIL 5 Cy5-MS-II 0.2899 0.3509 0.480 9 0.566 4 0.818 2 1.1752
Agilent 1100 Diamonsil C;g 0.380 1 0.4509 0.594 0 0.670 7 0.863 3 1.145 8
Lab Alliance ~ Diamonsil Cyq 0.378 0 04623 0.6175 0.700 6 0.852 8 1.150 3
FHE 0.3522 04235 0.567 2 0.647 8 0.845 8 1.158 0

RSD/% 12.30 14.09 11.78 9.63 1.71 0.82

x5 EPHEHVH THERSARAEEEMNELER n=13)
Table 5 Determination of seven constituents in Corydalis Rhizoma by different methods (n =3)
i Ik e S e )
JRBT A BIEN HER AEHERT R D-VIEZRE EHHRLE EHERF R

WL 141001 4MRi: 0.299 0377 0.304 1.554 0.272 0.628 0.437
—MZIEL SAEE 0290 0373 0.302 1.544 0.261 0.628 0.432
M ZVFRPRICIE 0.294  0.377  0.301 1.542 0.257 0.628 0.433
141002 4hbrik 0302 0374 0328 1.551 0.269 0.693 0.562
—MZIPL ERIE 0293 0370 0326 1.541 0.258 0.693 0.555
—IMZ IR ZERZIE 0298 0374 0.325 1.539 0.254 0.693 0.556
141003 4hbrik 0.237 0443 0.345 1.901 0.189 0.562 0.756
—MZIPL ERIE 0231 0439 0342 1.889 0.181 0.562 0.747
—IMZIPERZERIE 0234 0443 0341 1.887 0.179 0.562 0.749
141004 AhkRiZ 0.283 0263 0.175 1.156 0.339 0.786 0.825
—MZIFL SAZIE 0275 0261 0.173 1.148 0.326 0.786 0.815
—MZIPRFERZIE 0279 0263 0.173 1.147 0.321 0.786 0.817
141005 #hbRik 0.265  0.239 0.169 1.233 0.344 0.745 0.704
—MZIFL SAZIE 0257 0237 0.168 1.225 0.331 0.745 0.695
—MZIPRFERIE 0261 0239 0.168 1.223 0.325 0.745 0.697
141006 4hbrik 0.271 0.297 0.174 1.169 0.355 0.810 0.935
ML VP L SE 0.263 0.295 0.172 1.162 0.341 0.810 0.923
—IMZPPRFERE 0267 0297 0.172 1.160 0.336 0.810 0.925
141007 4AMkRid: 0.166 0342 0.146 0.947 0.356 0.729 0.833
M2 VL BkEIE 0.161 0.339 0.145 0.941 0.342 0.729 0.822
—IMZPPRERE 0163 0342 0.145 0.940 0.337 0.729 0.824
B 141008 Ahbris 0242 0321 0.172 1.073 0.300 0.726 0.915
—MZL ESRIE 0235 0318 0.170 1.066 0.289 0.726 0.904
M2 FRPRRE 0238 0.321  0.170 1.065 0.284 0.726 0.906
141009 #hkgid: 0.267  0.194 0.191 1.169 0.313 0.689 0.589
—MZPELERIE 0259 0192 0.189 1.161 0.300 0.689 0.582
M2 PERRRE S 0263 0.194  0.189 1.160 0.296 0.689 0.583
141010 Ahbrik 0.270 0256 0.172 1.096 0.355 0.854 1.007
—MZIPL ERIE 0263 0254 0.171 1.089 0.342 0.854 0.995
—MZ IR ZERIE 0266 0256 0.170 1.088 0.336 0.854 0.997
141011 4hbrik 0.191 0.117  0.092 0.626 0.214 0.573 0.601
—MZIPL HRIE 0185 0.116  0.092 0.622 0.206 0.573 0.593
—MZ R ZERRIE 0188  0.117  0.092 0.621 0.202 0.573 0.595
141012 Ahbrik 0.267 0269 0.186 1.123 0.337 0.813 0.867
—MZIFL SAZIE 0260 0267  0.185 1.116 0.324 0.813 0.857
—MZIPRIFERZIE 0263 0269  0.185 1.115 0.319 0.813 0.859
141013 AhkRik 0.255 0236 0.145 0.944 0.341 0.760 0.828
—MZIFL SAZIE 0248 0234 0.144 0.938 0.327 0.760 0.818
—MZIPERFERZIE 0252 0236 0.144 0.937 0.322 0.760 0.820
141014 AMkgid: 0271 0325 0.136 0.990 0.365 0.843 0.966
ML VP L SE 0.263 0.322  0.135 0.983 0.350 0.843 0.954
—MZIERFZIE 0267 0325 0.135 0.982 0.345 0.843 0.956
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WEEAZR R R 2, AU A
2, (REZGILY 2015 P E AR 4R T
THUE, TSR b i) A A gt B A L 2
HAEA, AN HIE SR 4R S ICE S 254
(TR IR, AR SR — D 22 PR A F —Fiont
FEOT RIS U 7 b A ) o, R B AT I B SK
HiPEAT S 28 2544 11 P4 7 o

F LRI I, AR B I N>R
IK TSI AEDIIR ) e, 3K TR 2 B A e A
MR LSRR A AE, I ZUKREE JG mT i 0
B, M AR, SR R
DK AT HE E R IR

AWFF 5T A RIEAR 1% R 50 LA [R]
€8 T AT S 5 2R 2964 7 Bl AR e TR AR GRS 1
IF s, 25 REW, 193810 &40 R IER 1
RSD #<3%. M 5 PXTESHREAH 7 Bl A
)ik mle g el W, 2 P 2 P55 A
DR RI LR E N ES . eRR T IHE T
H fus IRV IEE TS, SOG4 R S /PR IE
H—8 i AR FERE S )T A RS T T AR
Az, TR 7 A —
i, MmSSeER IR E2R, MEENT
(SR ERT R T e VAR

TERFI AL o e v R e o vp, N F AR RS AS
G SNy SO U SN A TS U - Ny 5 L)
SERIZR 35 (0 R0 P AFDOS PR B N (R 22 R I
AN S RS AT R AT, 55 0 £ €0 T D PR AT
X AR B R ZE B N . Hidr, COSMOSIL 5

C1g-MS-IT FEXT JR B Bl S IERR . o A L A4
T 2% F 2% 0 T VR PR AT R B B ) 22 30l e K, (R
DR F HH U NI FH G B A AR AL, 20 B R R A
ARSI FNT. T SR HPLC YRR 22 D1 ]I
TEJES R AP B FOERR. R, LA
THRF . D-TIAZIHRIL. SEHR L E IR T %
T AN SRR, VAR e, EREELT.
XF 14 AEFHR M 7 DN Fabriir 3T TIE, 4558
R, HEUCRE ST R RBR . OER . TEER. A
SEFARF . D-VUSZIIRIR. SEHAR £ 3 R AEfH R
FEIRZEFRAK RIS ICERHE WIEHZER L%/
A SEIRHESHZR Z9M T 1) 7 AR IR e &, — D2
AT ALE SE S 2R 2504 %) B B BR 00 F SE B o
e sk, e v B A — e ) N L
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