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Abstract: To simultaneously determine the contents of p-coumaric acid, chlorogenic acid, 5-caffeoylquinic
acid, 4-caffeoylquinic acid, caffeic acid and ferulic acid in Imperatae Rhizoma concentrated granules, an ultra-high
performance liquid chromatography (UPLC) with two internal references method (TIRM) was established and
validated. Chromatographic separation was achieved on a ZORBAX RRHD Eclipse Plus C18 column (2.1 mm x
100 mm, 1.8 um) using 1.7 mmol-L" oxalic acid in water and methanol as mobile phase. The flow rate was 0.4 mL-min” and
the column temperature was set as 35 °C. The relative correction factors (RCFs) of caffeic acid and ferulic acid using
p-coumaric acid as internal reference were calculated and the RCFs of 4-caffeoylquinic acid and 5-caffeoylquinic
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acid were calculated using chlorogenic acid as the internal reference. The TIRM was fully validated for linearity,

accuracy, repeatability, stability and recovery so that it could be compared with the external standard method
(ESM). The RCFs of 5-caffeoylquinic acid, 4-caffeoylquinic acid, caffeic acid, and ferulic acid were 1.069, 1.022,
1.368, and 1.493, respectively. The TIRM and ESM were used to determine the contents of six ingredients in

Imperatae Rhizoma concentrated granules from different manufacturers and the variation between results was

within acceptable limits. In conclusion, the newly established TIRM allowed simultaneous determination of six

ingredients (p-coumaric acid, chlorogenic acid, 5-caffeoylquinic acid, 4-caffeoylquinic acid, caffeic acid, ferulic

acid) in Imperatae Rhizoma concentrated granules, providing support for the quality control of this traditional

Chinese medicine.
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Figure 1  Ultra-performance liquid chromatograms of blank solvent
(A), mixed references (B) and Imperatae Rhizoma concentrated
granule (C). 1: 5-Caffeoylquinic acid, 2: Chlorogenic acid, 3:
Caffeic acid, 4: 4-Caffeoylquinic acid, 5: p-Coumaric acid, 6:

Ferulic acid
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Table 1 The calibration curve, linear range, regression, LOD, LOQ of 6 compounds

Analyte Calibration curve r Linear range/pug-mL" LOD/ng-mL" LOQ/ng-mL"
p-Coumaric acid y=13.37x+5.547 0.999 9 0.048-65 14 48
5-Caffeoylquinic acid y=4.875x - 0.765 0.999 5 0.104-110 32 104
Chlorogenic acid y=15222x-0.643 0.999 5 0.070-105 21 70
Caffeic acid y=9.690x + 1.314 0.999 8 0.027-56 8 27
4-Caffeoylquinic acid y=5.039x + 1.188 0.999 8 0.046-95 14 46
Ferulic acid y=19.032x + 0.560 0.999 8 0.117-60 58 117
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Table 2 Relative retention time of the 6 components. S: p-Coumaric acid; 1: 5-Caffeoylquinic acid; 2: Chlorogenic acid; 3: Caffeic acid; 4:

4-Caffeoylquinic acid; 6: Ferulic acid

Relative retention time

Instrument Column

S/1 S/2 S/3 S/4 S/6

Agilent 1290 Eclipse Plus C18 0.397 0.676 0.736 0.760 1.306
Endeavorsil C18 0.402 0.682 0.733 0.787 1.290

Waters HSS C18 0.362 0.667 0.734 0.760 1.272

Shimadzu Eclipse Plus C18 0.403 0.684 0.733 0.761 1.292
LC-40D XS Endeavorsil C18 0.399 0.671 0.716 0.790 1.239
Waters HSS C18 0.373 0.673 0.726 0.750 1.293

Mean 0.389 0.676 0.730 0.768 1.282

RSD% 4.468 0.967 1.028 2.136 1.849
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Table 3 The contents of 6 components in Imperatae Rhizoma concentrated granules by two methods/mg:g”. ESM: External standard method;

TIRM: Two internal references method

Chlorogenic . . . X p-Coumaric i . . .
. 5-Caffeoylquinic acid 4-Caffeoylquinic acid . Caffeic acid Ferulic acid
Sample No.  acid (S)) acid (S,)

ESM ESM TIRM ESM TIRM ESM ESM TIRM ESM TIRM
S1 0.474 0.537 0.533 0.450 0.455 0.942 0.203 0.207 0.170 0.174
S2 0.466 0.532 0.527 0.455 0.46 0.927 0.204 0.208 0.167 0.172
S3 0.459 0.521 0.517 0.441 0.446 0.913 0.199 0.203 0.165 0.170
S4 0.475 0.542 0.538 0.451 0.457 0.945 0.207 0.211 0.171 0.176
S5 0.470 0.535 0.531 0.439 0.445 0.937 0.201 0.205 0.174 0.178
S6 0.464 0.527 0.522 0.429 0.435 0917 0.198 0.202 0.176 0.18
S7 0.461 0.493 0.488 0.415 0.42 0.895 0.196 0.200 0.175 0.179
S8 0.454 0.523 0.518 0.448 0.453 0.909 0.200 0.204 0.175 0.180
S9 0.461 0.524 0.520 0.454 0.46 0.915 0.202 0.206 0.178 0.182
S10 0.438 0.501 0.496 0.436 0.442 0.871 0.192 0.196 0.169 0.173
S11 0.596 0.411 0.406 0.387 0.393 0.562 0.150 0.155 0.122 0.125
S12 0.503 0.436 0.431 0.376 0.383 0.502 0.117 0.121 0.084 0.087
S13 0.392 0.343 0.338 0.299 0.305 0.478 0.123 0.126 0.084 0.087
S14 0.249 0.293 0.288 0.232 0.239 0.186 0.063 0.066 0.037 0.038
S15 0.402 0.374 0.369 0.323 0.329 0.493 0.118 0.123 0.066 0.068
S16 0.316 0.284 0.28 0.258 0.265 0.245 0.108 0.112 0.054 0.056
S17 0.369 0.337 0.332 0.306 0.312 0.385 0.103 0.107 0.056 0.058
S18 0.336 0.304 0.298 0.274 0.282 0.404 0.112 0.115 0.053 0.055
RE% 0 1.137 1.670 0 2.652 2.816

AN LR K 43 B8 R T AR HLUE TR LT, WOk R R R K
W BN o

2% QAMS A48 B, NI £ L J7 BURL T AE X 5
19O B 23R F A B B A A S
RO, AR SR 28 06 DA R SCRRAS 2R, AR W R4 1 5
AT, TE A A RO HER, E A SR Y. g
PR R I, % 6 PP A RN B R R R A — A
S AR A RCF i KT 8l b F 1,
DN ARAIE 65 5 0 HERf 14, AR TR 7R F S I S 1 R
W, X S AR BT 7 BORL 6 AN RS AT T 2K,
Sl ATE 53R 45 & B 0m H A — @ IS TR 4t 5 R V0f
F ZR NN Z 4T RCF T 5, 45 52 3L, RCF 1E It
ZAF T 1, RSD /T 5%, N UHIE RCF [ %2 E
P, B8 TR FAXAE R R R A R IR
%, 45 3 578 RSD 4/ T 5%, 3% B LLIZ S5 2 57 WA
ZAT

[ s F A BRE AN S0 18 iR B S ANANE
F I E 5 R BC 7 BORLHEAT & B E , 45 R EoR, AR
FAE T R J7 RIORL H 6 A ROy R B A AE 22
A — " KA R R 0 E B 22 S/, R 4R R
S-DMMERE 25 7 BR AN 4-DN MG 22 R S R . ARTFA
TR T 5E B0 AR 2R v 6 BT R 4 1
1l 7 A SE IR B B BRRE, DA P AR 2 B FL R o ) A
(14 Joi0 8 42 1) 01 o 2 o A 2 T SR AR AR A o

AW FCTE R G RN 2292, 78 RE 0% ek 2D A I ik
ALY A] TR A R, 8 G B — F b 1Y) SR PR )

il =, SEBL IR P 6 B 5 AR 7 UKL o 6 A A ARy Y
FENGE, U E SR BT BURL )Y 2 58 iR 2GR IR
Fr iR LR S R .

{E& STBK: TR A AT BEIHSE 06 T A% VBB B F
BEAT UG B R AR MR HEAT 29 RPUCER s T8 KT L IR
bz Fi 85 S K8 3.
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