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Determination of isochlorogenic acid A, neochlorogenic acid, chlorogenic acid,
cryptochlorogenic acid, isochlorogenic acid B, and isochlorogenic acid C in
Carum carvi fruits by QAMS
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Abstract: Objective To establish a method for the content determination of six caffeoylquinic acids components in Carum carvi L.
through quantitative analysis of multi-components with single marker (QAMS). To verify the feasibility and applicability of the
method in its quality control. Methods Take 0.5 g of C. carvi powder (through the third sieve), accurately add 20 mL of 70%
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methanol, and conduct ultrasonic treatment (250 W, frequency 53 kHz) for 30 min to prepare the test solution. Phenomenex Gemini®
C,; column (250 mm x 4.6 mm, 5 um) was used, acetonitrile-0.1% formic acid aqueous solution was used as mobile phase, gradient
elution, flow rate was 1.0 mL-min', column temperature was 30 °C, and detection wavelength was 330 nm. Conduct methodological
studies on specificity, test article extraction conditions, detection wavelength selection, chromatographic conditions, linear
relationship, precision, repeatability, stability, and sample addition recovery. With isochlorogenic acid A as the internal reference
component, relative correction factors of neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid, isochlorogenic acid B and
isochlorogenic acid C was established. Three different chromatographs and three chromatographic columns were used to investigate
the relative correction factor and relative retention time durability. The external standard method and QAMS were used to
simultaneously determine the mass fractions of six components in C. carvi samples, and the differences between the two
determination results were compared. Results The specificity, extraction conditions, detection wavelength selection,
chromatographic conditions, linear relationship, precision, repeatability, stability, and sample recovery of the established HPLC
detection methods for the six components meet the requirements. The relative positive factors of isochlorogenic acid A and
neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid, isochlorogenic acid B and isochlorogenic acid C were 1.362, 1.257,
1.335, 1.470, and 1.134, respectively. Three different chromatographs and three chromatographic columns had no significant impact
on the relative correction factor and relative retention time. There was no significant difference between the calculated values of six
components in three batches of samples by the QAMS and the measured values of the external standard method. Conclusion The
method established in the study is simple and stable, and can be used for the synchronous quality control of six components
(isochlorogenic acid A, neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid, isochlorogenic acid B and isochlorogenic
acid C) in C. carvi.

Key words: Carum carvi L.; quantitative analysis of multi-components with single marker (QAMS); relative correction factor;
caffeoylquinic acids; isochlorogenic acid A; neochlorogenic acid; chlorogenic acid; cryptochlorogenic acid; isochlorogenic acid B;
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Table 1 Investigation result of extraction solvent for test samples

L Do WGIRRY B R 5> H/(mg g™
gﬁ? ?EEX‘(@%U . 2\ 2y s = ™ = N [=A 2y
L min SRR FailR RaER RaERA RGERB  REHERC
1 0.5022 100% F i 20 30 0.50 0.10 0.16 0.82 0.27 0.62
2 04999  70% HEE 20 30 0.51 0.11 0.16 0.82 0.29 0.63
3 0.5010  50% HiE 20 30 0.51 0.11 0.15 0.81 0.28 0.63
4 0.5017  30% g 20 30 0.00 0.00 0.00 0.00 0.00 0.00
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Table 2 Investigation result of extraction solvent dosage for test samples

Joi B4 4/ (mg-g™)

i's HUREE/g  SREUAR AR ﬁfﬂﬁ [‘Eﬂ/ — — —
mL min SR R RAER REERA REEEB FAaRRC
1 0.5013  70% HI 10 30 0.49 0.10 0.15 0.81 0.27 0.62
2 0.5002  70% HI 15 30 0.50 0.10 0.16 0.81 0.27 0.62
3 04997  70% FHEF 20 30 0.51 0.11 0.16 0.82 0.29 0.63
4 0.5026  70% HfF 30 30 0.50 0.11 0.15 0.82 0.27 0.62
5 0.5044  70% HEF 40 30 0.51 0.11 0.16 0.82 0.28 0.63
®3 HidREBEREIAEERER

Table 3 Investigation result of ultrasonic extraction time for test samples

G R SN BRI ﬁ%ﬁa‘l‘&ﬂ/ : . fﬁ%ﬁ?&/(mg;g") _ _
mL min  FFER CHSER REER REEKRA RSEKRB RAERKC
1 05002  70% HIEE 20 20 0.51 0.10 0.16 0.81 0.27 0.61
2 04999  70% HIEE 20 30 0.51 0.11 0.16 0.83 0.28 0.63
305010 70% HEE 20 40 0.51 0.10 0.16 0.83 0.28 0.63
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Table 4 Linear relationship of six components

Rl EVEWiEE r L VEVE Hl/pg
AR IR Y=3 048.2 X—0.758 3 0.999 9 0.009 3~0.092 7
SRR Y=3204.2 X+6.2140 0.9999 0.012 7~0.254 4
FaZkJ5ER Y=3110.8 X—0.950 4 0.999 8 0.010 1~0.101 4
SR BY=2967.1 X—8.687 2 0.999 4 0.020 2~0.201 6
SEEIRER AY=4078.5 X+9.886 3 0.999 9 0.031 4~0.942 7
SFEJHEER CY=3 653.9 X—2.6830 0.9999 0.017 8~0.533 2
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Table 5 Relative correction factors of five components tested

1&$$M: /E{ f.ﬁf;kﬁw?z/\/iﬁéklﬂwi f‘ﬁ‘-?:x‘EEQA/ffnéJ?\WE f%‘réﬁlﬂé/\/\é’aﬂﬁwﬁ fﬁ%‘!ﬁﬂ&/\/?ﬁ&x’&ﬁ% f?'r»‘!:x’lfbi?ﬁ&/\/?r‘faiﬁw?zc
3l 1.372 1.257 1.350 1.501 1.144
5l 1.374 1.259 1.345 1.496 1.150
7 uL 1.380 1.261 1.350 1.486 1.153
10 pL 1.378 1.265 1.343 1.495 1.142
15 uL 1.350 1.251 1.326 1.512 1.118
20 pL 1.347 1.256 1.332 1.427 1.120
25 ul 1.349 1.252 1.323 1.422 1.123
30 uL 1.343 1.252 1311 1.424 1.120
FYIME 1.362 1.257 1.335 1.470 1.134
RSD/% 1.17 0.38 1.06 2.64 1.29

F6 ARMUEFFEEHENE S UMK S HEAXNKRERF

Table 6 Determination of relative correction factors of five components by different instruments and chromatographic

columns
HPLC @'Ljél:/ﬁ( @'Ljélzﬁz .f#?%lmmi A/H R RRR f#?%!m&‘A/?,%Mﬁi f#Z%Jmﬁ&A/ﬁéé%JMﬁ f#z%mmzw#z%wfw f#@mm/\%ﬁmmc
ZHEE G1311C Phenomenex 1.378 1.265 1.343 1.495 1.142
Thermo 1.272 1.205 1.253 1.434 1.115
InertSustain 1.400 1.284 1.355 1.579 1.196
5 LC-20AT Phenomenex 1.388 1.231 1.283 1.458 1.128
Thermo 1.328 1.197 1.379 1.503 1.125
InertSustain 1.431 1.242 1.350 1.494 1.157
#22 DIONEX Phenomenex 1.296 1.265 1.261 1.522 1.142
Thermo 1.392 1.193 1.385 1.502 1.147
InertSustain 1.322 1.270 1.398 1.505 1.156
FI5ME 1.361 1.235 1.326 1.498 1.144
RSD/% 4.08 2.79 3.97 2.87 2.17

F7 AREMUEFFIEIEHEDE 5 R 5 B8 X 4R B B i)

Table7 Determination of relative retention time of five components by different instruments and chromatographic columns

HPLC B i X R T e AR A agmsarma  Uieanmsaina U Rasmpsanmna U ReEmoRsEnA
ZHE G1311C Phenomenex 0.439 0.571 0.590 0.980 1.056
Thermo 0.456 0.600 0.623 0.968 1.069
InertSustain 0.466 0.582 0.599 0.991 1.023
i LC-20AT Phenomenex 0.439 0.552 0.581 0.983 1.071
Thermo 0.451 0.577 0.603 0.967 1.074
InertSustain 0.444 0.562 0.594 0.941 1.058
#%¢ DIONEX Phenomenex 0.450 0.574 0.645 0.981 1.089
Thermo 0.402 0.567 0.591 0.984 1.076
InertSustain 0.467 0.555 0.584 0.993 1.049
“FIME 0.443 0.573 0.603 0.974 1.064
RSD/% 4.25 2.49 345 1.63 1.87
I 75 v B B O 5 T V0 97 0 9T 77 7 , £ 2 K 2 o o
3 itig LR RHIE AN A S B e, B TR 24 R DA 1)

QAMS E & B T &% i 2 fabn BB R E RN T B H il QAMS £ i 2544 L2 LA A it
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®8 SMREF QAMS MERMEE HF 6 MFFN R 5 FE S HLL &

Table 8 Comparison of EMS and QAMS in determination of six components in C. carvi fruits

fm SEERA/ FEER (mge ) SRR (mgeD  REFER (mge) FLFEEB/(mge) TR C/Amgg ™

(mgg™ PN NER QAMS M7k QAMS  AMEiE QAMS AMEiE QAMS  AMEE QAMS
20180715 0.81 0.11 0.11 0.51 0.53 0.16  0.17 0.28 0.27 0.62 0.61
20201224 0.74 0.10 0.10 0.47 0.46 0.15  0.15 0.26 0.25 0.57 0.57
20220808 0.78 0.11 0.10 0.49 0.48 0.14 014 025 0.25 0.60 0.61

VPN L 2 0 Bl 2 2 5 5 e ) 2 R A
JiE B VPN, JEUREZG B EA  Hp (] A % ) 7 f R T
W2 AT N T2, B 5 (8 B LA
e Y BF 5 o S5 PR 3R R R4 P I i D

£ B T A T v R 5 2 i T S I A T B S
ST AT AR S 2 TS L AN A
JEFR 4y 8 H LUUM R i AR LA T A E T
Hh SR B ECR 1) S 5 I 2 A IR S A i v
TR U MERE 4 T R AN AR R 2 T R AT . ek
A r L B L R (%) Wi PR AT A ) A i T 2 R (4
JEE T T 2 Do S e % L 1R ) A0 i v 2 3 1R (S
SRR A FERIFERB M REHEIRC . HT XA
a3 [F) 43 SR AR A 2 5 R A0, TR Ot [ B S %
AR R B L B e B 1.2 A s B R AR I
FKAUZ BRI A R AR o bRkl e 2 i
3 B IS AR A 7R B SE AR A N I, 22 T LA B
1515 1 QAMS A] DL PR w1 R b 5230 2 p oy 7 =
TE » RKTTL) T 457 AR5 I (8] BROA

W e R AT AR B s PR TR I, VR 2 AR
BH S0 L BOE R B R AR R R R i AR .
P9 X R 3 R A ML 7 9 PR AR HL0, T AN
8 SE A A B K P S5 3 T R R O A S B3
M. 3t A AL A B (CAT) 25 BE B ik it & b o
ity (GSH-Px) Ik J5i L 23 ok H Jik (GSHD 3R 1A 7K - %
%, 2 BH XU 2 A7 AE SR AL - A e i o2

CUA BF 70400 o i B 22 R TE N S 2R A
T T 0 IE B AR . B 1, 5- ki 2 2
TR @S B16 4H g T i) MAPK #1 cAMP/PKA 15
SEB R M B A RAER ., REERA3,S5-
O 5 2 7 FRE i B-1%E 38 B H (B-catenin) {5 5 18 B
T B R A IR , FAF H B A B A A7) = A

KA o3 G T B A3 6 R AT T AE

AE X AR R D BR 43 5 3 43 i R A TE 58k 151 A7 P
1) B A S R R AR e, BRI 20 15, MO AR
NWNZ Y. AR ES QAMS, LIRS EEE A N

W2 100 5 [ I 00 R R T A A B 2 S IR 2 SR B
ZRIFIR 2% SRR B MR 4 SRR C By ) & &, il i
JTE AP 5% Tk Ig 5E A7 DL 5 A ik I e B R AT
P, X Fe R AT PEREAT 7R > A, SRR
QAMS it SAH 5 AMrik Il E AW B Z R, A A
e E I SRR M 2T AR AR AR fe T
B R R, BRAR 1 A2 7 2 B A 5 I T e Ak, i
B TE A 2 45 AR R 12 6 D, W] AR 2454
(S VT SRS B R
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