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Abstract: Objective To establish a quantitative analysis method of multiple active components liquiritin, vitexin, baicalin, rutin,
cryptochlorogenic acid, chlorogenic acid, quercetin, and kaempferol in Qingreling Granules (QG) based on UHPLC-ESI-HRMS", in
order to provide a comprehensive evaluation for the quality control of QG. Methods The chromatographic separation was carried on
BEH Cis (100 mm X 2.1 mm, 1.7 pm) column with methanol-0.1% formic acid water as mobile phase at the flow rate of 0.3 mL/min.
Full scan mode with an electrospray ionization (ESI) source was used for the detection. The quantitative determination results were
calculated by the pattern recognition function of the software SIMCA 14.1 to evaluate the quality of QG. Results Liquiritin, baicalin,
rutin, vitexin, quercetin, chlorogenic acid, cryptochlorogenic acid, and kaempferol all showed good liners relationship (» > 0.999 0) in
the ranges of 570—9 127, 10 032—160 500, 293—4 690, 1 625—26 000, 40.5—645, 41—1 325, 44—1 413, and 13—209 ng/mL,
respectively. The precision, repeatability, and stability were all up to the standards. The recoveries of standard addition was 98.83% to
100.65% with precision of below 3% RSD (n = 5). The average mass fractions of liquiritin, baicalin, rutin, vitexin, quercetin,
chlorogenic acid, cryptochlorogenic acid, and kaempferol in five batches of QG were 202.07—438.15, 10 258.03—11 046.56,
56.09—87.7, 689.19—818.56, 4.95—6.0, 8.87—18.37, 22.49—42.12, 3.21—4.11 pg/g, respectively. The data analyzed by SIMCA
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14.1 showed that the quality deviation of five batches of QG were within = 2. Conclusion The method established in this study is

simple, rapid, sensitive and accurate. The results of methodology conform to the relevant requirements and the method can be used as a

quantitative method for the active ingredients in QG. The research also provides a new basis for the quality control at the same time.

Key words: Qingreling Granules; UHPLC-ESI-HRMS®; liquiritin; baicalin; rutin; vitexin; quercetin; chlorogenic acid;

cryptochlorogenic acid; kaempferol
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7-Mit Rz 8-l A
1-chlorogenic acid 2-cryptochlorogenic acid 3-rutin = 4-vitexin
S-liquiritin ~ 6-baicalin  7-quercetin ~ 8-kaempferol
1 ABFEATEESMER A) 1 QG #& B) ¥
TIC & 8 MRS MIZMEFEE (©)
Fig. 1 TIC of mixed reference substances (A) and QG
sample (B), extracted ion chromatograms of mixed standards

of eight active compounds (C) at negative ion mode

XTI O AT A AT RS0 . 8 b i A B B A
X FHIESFEAT REE S, BARGNFE,
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W, % 40 kHz) 30 min, 4, &%, #£25), 0.20
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24 ZMXRRER

PR R “2.3.17 WU 8 B TR & I i
T, A R S AR I 1) A (R B R A FE T VR
BN R A, H A R BT R 36.500418.250
9.125. 4.563. 2.282. 1.141. 0.570. 0.285. 0.143.
0.071 5. 0.035 8 pg/mL, ¥EEHiEWKE 80.250.
40.125. 20.063+ 10.032. 5.016+ 2.508 1.254. 0.627.
0.314. 0.157. 0.078 5 ug/mL, /T JFiEIKFE 2.345.
1.173. 0.586+ 0.293. 0.147. 0.073 5. 0.036 8. 0.184.
0.092.0.046- 0.023 pg/mL, 4137 57 A FE 13.000.
6.500. 3.250. 1.625. 0.813. 0.407. 0.204. 0.102.
0.051. 0.025 5. 0.012 8 pg/mL, il KR EIKE
5.155. 2.578. 1.289. 0.645. 0.322. 0.161. 0.081.
0.040 5. 0.020 3. 0.010 2. 0.005 1 pg/mL, Z¢JEMER
T 2.650, 1.325. 0.663+ 0.331. 0.166+ 0.083-
0.041. 0.021. 0.011. 0.005 5. 0.002 8 ug/mL, [&
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Table 1 Retention times and mass parameters of eight compounds

PN AFR amin AHXF 43T FMTH]’ iz G ()
PR SERRE (X1079)

R CieHisOo  4.07 353.08671 353.08817  4.139  191.055 28, 179.034 07, 161.023 27, 85.028 05

BRI CieHisOo 430  353.086 71 353.08826  4.394  191.055 30, 179.034 06, 173.044 56, 155.034 18, 135.043 96,
93.033 09

T CH30016  5.73  609.14501 609.146 67  2.723  609.146 67, 301.035 46, 271.024 29, 178.997 70, 151.002 46

HFAF  CaHo010 582 431.09727 431.09851  3.008  431.098 48, 341.066 83, 311.056 46, 283.061 31, 269.046 02,
191.034 38, 117.033 04

HEH  CaHnOs 596 41711801 417.11932  3.144  255.066 19, 135.007 55, 119.048 73, 91.017 45

AT CaHisOn  7.24 445076 54 445.07785 2948  269.045 72, 113.023 13, 103.002 27, 95.012 50, 85.028 10,
59.012 49

W% CisHio07  7.80 301.03428 301.03549 4.023  301.035 55,273.040 68, 151.002 56, 121.028 23, 107.012 50,
65.001 78

2/ CisHioOs  8.67 285.03937 285.04070  4.405 269.472 25, 257.045 14,229.049 19, 213.055 86, 197.210 47,

169.065 45, 107.012 60, 65.545 79

o3 JEURR 5 IR 2,825 1,413+ 0.706. 0.353. 0.177.
0.088. 0.044. 0.022. 0.011+ 0.005 5. 0.002 8 pug/mL,
Ly 2519y 5 SR 0.835. 0.4184 0.209. 0.105. 0.052.
0.026. 0.013. 0.006 5. 0.003 3. 0.001 7. 0.000 85
ng/mL o AS[E A IR EL 5~6 AN 43 B o UK 44
PR 2R, HrPHEAF 0570, 1,141, 2.282. 4.563.
9.127 pug/mL; ¥ %4 10.032.20.063.40.125.80.250+
160.50 ug/mL; %] 0.293. 0.586. 1.173. 2.345.

4.690 pg/mL; #E3FHF 1.625. 3.250. 6.500. 13.000-
26.000 pg/mL; #i 7 25 0.040 5. 0.081 0.161. 0.322.
0.645 ug/mL; Z¢J5L 0.041. 0.083. 0.166. 0.331.
0.663. 1.325 pg/mL; FaZRJ5ER 0.044. 0.088. 0.177.
0.353. 0.706. 1.413 pg/mL; LIZ5M 0.013. 0.026-
0.052. 0.105. 0.209 pg/mL. £ “2.1” TN &

Ji T A% A R RERE B, A A A B ) B
Xcalibur 3.0 AL EE, 15 2 DARFINY) R &0 A
kR (YD, WETHRUONAAERR (X0 kst ik, 15
BIEH TR o CARRRE IS 18 DU 401 7 1) 5 T bL
(SIN) KT 3 1HEME 7R R (LOD), S/N K
T 10 tHEME T EEER (LOQ), R IWE 2.
SERRI, 8 PRI AL A LR o B 3 el P 2k 1
KARL, r=0.999 0,
25 HBEERR

B “2.3.17 TR MIFRRE 32 TR A X IR S A TR
s, mEE, AT HIE. MR, &
JRER . BRad )RR (LRI 5 2.282,
5.018. 0.814. 0.143. 0.322. 0.166. 0.177. 0.052
ug/mL, % “2.17 WiRNEE, Fk&FESHFE 6

®2 SHMMOMETSIE. HXRK. LMTEE. WNR. EER

Table 2 Liner regressions, correlation coefficients, liner ranges, LODs, and LOQs of eight compounds

B % EPEWipE: r e PEVER/(ngmL™")  LOD/(ngmL™)  LOQ/(ng'mL™")
HHEH Y=4 099 40014 090 800 X 0.999 2 570~9 127 0.304 1.012
BAH Y=78 391 900+4 477 980 X 0.999 0 10 032~160 500 0.096 0.321
T Y=6939 990+56 091 800 X 0.999 5 293~4 690 0.079 0.262
LawjilNc Y=10 098 200+10 101 800 X 0.999 2 1 625~26 000 0.620 2.066
i e K Y=1699 090437 565 600 X 0.999 5 40.5~645 0.244 0.805
R R IR Y=>514 190414 904 600 X 0.999 7 41~1 325 0.236 0.786
(SE 0 Y=208 65746 636 470 X 0.999 7 44~1413 0.660 2.201
TESL) Y=433 7494119 325 000 X 0.999 7 13~209 0.057 0.190
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Bfo iCsRH R, WSRO AT AR, M.
SRR PR EIR. I ZEmrEma. &RER,
AT TR RSD 40 AN 2.84% 3.57%- 2.83%.
2.51%- 3.84%. 2.00%. 2.41%. 2.06%. 45%5%H
J7 R B R .
2.6 EEMIRAW

F “2.3.27 WUR 4% 6 (Al il (it
5 1509007), J3 ABEREE FH R BT E #1150
B HOY S 8 4 (I RSD A - 45 R B H
WA, AT AR, MR R SRR, R
R Ll 22125 o1 3 #o3 i o 189.39 10 543.58,
80.11. 726.09. 5.97. 18.12. 41.51. 3.56 pug/g: RSD
58 3.20%. 1.28%. 2.29%-. 2.01%- 4.89%.
1.39%-. 2.64%- 1.37%. KHZTEEEH R
2.7 RREMIRAE

B “23.27 TR 6 & 0 gl il (it s
1509007), 25H1F 0. 2. 6. 10, 12, 24 h #EFES
M, e H R, B AT AR MR
SRR, FRgtERR. L EMIEARE RSD 40 4lh
2.91%-1.33%-2.33%- 1.75%- 2.93%- 3.64%- 2.69%-
1.12%. 255K, il mismre 24 h W E .
2.8 fNFEEULERIAIE

FREC LSRR S R (A5 1509007) £ 0.15
g, JLetn, MHME, HAMANHELRE. EEHE.
FUT L IREE . ME R SRR RSRER. &
P o) B8 SO B, (SN S 9 & 12023 1 0 ol i A
FRL RN A 100%, TEBR “2.3.27 TR
Tl MR 6 1, JEI R it
S R PP AR RN % LA & RSD ff - 45 3R Wow
R, AL T AR MR R SRR
B 2 B IR . Ll 2% Wy 07 2 RE IR S N

98.83% -+ 99.01%. 98.85%. 100.08%. 98.97% -
100.64%- 100.65%- 100.21%; RSD {43 515 2.05%-
1.79%- 2.68%- 2.49% 2.27% 2.11%- 1.52%- 2.35%.
K TEERE RLF, &E& 8 & EIE.
29 HEmEENESENXIRA S

HCAN 8] 4 ¢ 5 # R FORL CHE R 1509007
1509008 1604109 1602112 1509003), 4% “2.3.2”
TR B £ 3 A FEdh, ~PATHIRESL 15 03,
BITE “2.17 TN s, B NIRRT . i
8 H Xcalibur 3.0 X fF e X T H IREALEE, 1157 8
FEI R R 50, 5 R IR 3. MIE &h
ATLLEH, 5 iEHR PR P H R w5,
T, W R, SRR RERER. 1%
) 5T B 4 $5 J9A 202.07~438.15. 10 258.03~
11 046.56. 56.09~87.75. 689.19~818.56. 4.95~
6.07. 8.87~18.37. 22.49~42.12. 3.21~4.11 pg/g.
8 Pl or1E S G AR Bk A E BE % 5. H,
B H HAA B R, R R
FET, MR R SRR RERIR. I Em S &
K. X T2 & ER AR HE S RS (>2
mg/g), HEEM 5 MNP RERRER (RSD<
3%), FEAAZHIE.

SIMCA14.1 2% [T Z oA 8IS
ST, HariEFR R 8T (PCA) 7%
CIREEZ et LU TR =0 N = K 2 AL Y
K, XATLRE RBUREIEARE R, BRSO &
PLRAARAE E, RIABIZE S PG 29 = 1 B s,
BRIk, AT VP 5 Rl AR BOR B A &=, SR
SIMCA14.1 B AR A R Lk 2 8] 2 & 50 317
PCA 73t 1377 BI85 B an 18] 2-A F1 2-B fios .
300 B T VRAY 5 9 A0 R 0k (1) B A 5 = (1 A e

®3 SMFUMRSBIMELER (n=3)

Table 3 Determination of eight components (n = 3)

RS H (ngg™)

ek HET {5 T awilis Hiit B = 2R B ox IR TS
1509007 202.07 10 342.83 81.65 735.63 6.07 18.37 42.12 3.52
1509008 280.54 11 046.56 87.75 755.87 5.22 13.18 38.91 4.05
1604109 438.15 10 258.03 67.72 689.19 5.15 8.87 27.27 3.21
1602112 336.07 10 423.68 61.17 720.37 4.95 9.13 25.13 3.77
1509003 202.78 10 418.47 56.09 818.56 5.15 9.34 22.49 4.11
“FIME 291.92 1049791 70.88 743.92 5.31 11.78 31.18 3.73
RSD/% 6.81 2.99 18.98 6.49 8.25 34.71 28.09 10.05
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Fig. 2 Score scatter plot in five batches of QG (A) and
loading plot of eight compounds (B)
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K. SRR, BRSERR. (L2 8 ko Rl & &
A3 I AN LR 5T 2% (O o i A SRR P38 0 P A =
FRAYAE 3~10 min BEHESE AT . AEELS S
A Xcalibur 3.0 FA4 5@ &) 04 D RE 8145 € &5
W A3 E 3k, 0T KBRS T T g g N T
EAE7 T 0

18 AR T 6 2 MR 8 #8 R R AT 2 41

AT, KIEE TR E S % >2 mg/g. RSD
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HE R A T A R AT BRI o AR SR B
SELE R, TEARRBUR R H T ST, 4
T Mt = B 2 RN, RSD {HISAE 10% LA,
FHEE PCA 43 M el n 5 HERE S B R BN e, Ho
BAREmMZEE 2 2N, THET 8 w5
WA FHE R R 2 I B R, RIS T ML
. SRR R AR Sk SR R T JBURL 1) 5 22 TR K
RE I 2 52 M A RSB AR T i, LA TEAE
FERIRAE 1% 4 FhEC AT R E ], LRt
R IR R 22 5

R RS E RS ARy, EHy, 2
A IR RIS REYT H R, Rk, %2 A0
AT R AR A ReAE TR 2 R i A e PE A, AR SE
46 % Fl UHPLC-ESI-HRMS" X i #4 R ik 22 41 43 iF
ATFIBTI e, fRTe. PRis, ] ATH VAN 2544 1 5
B, T AR URE DL R G 7R B R A S Rt
RIS hR it
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