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[ Abstract)] Objective To establish a comprehensive quality evaluation method of
Qirong Runchang oral liquid based on HPLC-QAMS quantitative control of multi-components
and chemometrics analysis. Methods Verbascoside as the internal reference substance, the
relative correction factor with other nine components was established. The contents of each
component were calculated by external standard method and HPLC-QAMS method, and
the test results were compared to verify the accuracy and feasibility of the established HPLC-
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QAMS method. The cluster analysis, principal component analysis and partial least squares-
discriminant analysis of HPLC-QAMS test results were performed by chemometrics methods
to establish the comprehensive quality evaluation method of Qirong Runchang oral liquid.
Results There was a good linear relationship among the 10 quantitative control components
in Qirong Runchang oral liquid (#>0.9990). The average recovery was 96.92% -100.11%
(RSD<2.0%). There was no significant difference in the content between the two methods
(P>0.05). The 12 batches of samples could be clustered into three categories by cluster analysis.
The principal component analysis and partial least squares-discriminant analysis show that
echinacoside, calycosin-7-O-B-D-glucopyranoside, atracylenolide III, tubuloside A and
verbascoside were the main markers affecting the difference of samples from different batches
of Qirong Runchang oral liquid. Conclusion The comprehensive quality evaluation method
of HPLC-QAMS quantitative control of multi-components combined with chemometrics

is accurate, repeatability and stability, which can be used for the quality control of Qirong
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Runchang oral liquid.
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201914, 111978-201501, 111975-201501, 4lifE
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20211031, 20211032, 20211035, 20220124,
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Figure 1. HPLC chromatograms
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Table 1. Regression equations,linear range and correlation coefficient of ten components in Qirong
Runchang oral liquid

2% EJEpE JE/ (pg - mL™) r

B S R A Y=2.6104 x 10°X+1 102.2 0.79~39.50 0.9997
ARG Y=2.1419 x 10°X=560.5 0.46~23.00 0.9992
BB B Y=1.5677 x 10°X+43.4 0.34~17.00 0.9998
TN Y=3.4766 x 10°X-334.1 1.37~68.50 0.9999
/N IRES ¥=4.5387 x 10°X-815.5 6.57~328.50 0.9995
BACHA Y=4.6345 x 10°X+915.9 1.81~90.50 0.9997
ERAEHET ¥=3.9009 x 10°X+720.5 3.75~187.50 0.9994
SR Y=4.2707 x 10°X~1 048.6 1.69~84.50 0.9998
PR Y BT Y=1.9355 x 10°X+747.1 0.37~18.50 0.9996
EENL[IAE! Y=9.7473 x 10°X+1 028.0 0.28~14.00 0.9994

2.5 RBEE. EEMMREEMERE
ML “2.2.17 TURA X I SERESL 6 1K
HERESTBTRIN, A5 B A8 S A AT . TR
. BRSFHEE. SR, IR, BT
AL BERAEHTT . SESMEHT . FORAES I,
FIAR HE T 0 FREY RSD KUK M 1.03%, 1.18%,
1.29%, 0.91%, 0.55%, 0.70%, 0.67%, 0.95%,
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F2 KEHGORKEFERIHIRCFSER (1=6)

Table 2. The results of relative correction factors in Qirong Runchang oral liquid (»=6)

RCFs

Fre SEr Ry

AR BESEE SRER R EETA REBEART FORAERIT FARPAER

AP

1 1.4964 1.8284 2.4575 1.1179 0.8494  0.8598 0.9032 2.0322 3.9733
2 1.4893 1.8336 2.4494 1.1429 0.8717  0.8534 0.9399 2.0289 4.1313
3 1.4987 1.8291 2.4673 1.1127 0.8468  0.8238 0.9063 2.0246 4.0412
4 1.4938 1.8249 2.4707 1.0890 0.8534  0.8468 0.8988 2.0062 4.0044
5 1.4913 1.8176 2.5153 1.1441 0.8671  0.8419 0.9226 2.0078 3.9213
6 1.4946 1.8220 2.4849 1.1198 0.8586  0.8416 0.9126 2.0163 4.0099
SEHE 1.4940 1.8259 2.4742 1.1211 0.8578  0.8446 0.9139 2.0193 4.0136
RSD (%) 0.23 0.31 0.95 1.84 1.15 1.47 1.66 0.54 1.76

0.869, 0.218, 0.441, 0.187, 0.043, 0.030 mg - mL™",
H RSD R K H 1.60%, 1.79%, 1.81%, 1.54%,
0.98%, 1.23%, 1.15%, 1.64%, 1.75% F1 1.88%
(n=6) , RUALHELMERL

By e s IR (g5 . S1) HEUE
VW THI455 0, 2, 5, 10, 18 F1 24 h #ERESMHT,
TR A T . AT . AR R
TRRAEER . MG . AT AL BETERET
SRR . FORANER IL. R B 1R
() RSD K K A 1.17%, 1.29%, 1.35%, 1.08%,
0.61%, 0.89%, 0.74%, 1.12%, 1.30% F1 1.19%
(n=6) , FHIERNEM O AREANL R TE 24 h
WERE
2.6 InEFEEIEIR IS

K 5 W BT R0 B S T R AR . TR AW
. BEREM, AR WRET. E
AT AL BSIEHT . REEEHTT . RN
I, FIRPEE T a0y S0 0 IR (i
S1) 1.0 mL, FEWEHCO MFES, 4R34, BadA
3 PR B IRt R AT (5 T S B T A
0.0850 mg - mL™', T A #£ 1 0.0510mg + mL™",
EE S HM 0.0380 mg - mL™'. AR
0.1550 mg + mL™', #2535 11 0.8760 mg - mL™',
BWAEH A 0.2190 mg - mL™'. FEE B
0.4330 mg * mL™', SF BN 0.1890 mg + mL™
AR P BE 1T 0.0420 mg - mL™ I AR P g 1
0.031 mg - mL™") 0.8, 1.0, 1.2mg, FfE “2.22"
UL PR A S, R HERE b, 115
LR TR AT . oA . B
TRRAEER . MR AR AL BEIERE T .

SEEMBET . ARNE O, AARNES LRIEE
[ 3 K2 RSD 43510 96.94% (1.32% ) , 97.48%
(1.61%) , 97.80% (1.72% ) , 98.81% (1.50% ) ,
100.11% (0.56% ) , 99.10% (0.91% ) , 100.06%
(0.76% ) , 98.60% (1.18% ) , 98.41% ( 1.25% )
196.92% (0.85% ) (n=9) .
2.7 RCFMf A%
270 B AR EEAE

1 A 7] 75 2% AH 5335 AL (Agilent 1260
KA UltiMate 3000 %1 ) K A Rl AH C €038 4
( Thermo BDS C,5. Capcell C,5 Fll Hedera C,5) ,
B “2.2.17 TR A X BRI W R A3 B R
5B I AT . ST, BRI
B, PoAmAEER . MR BT A, RER
FEMETT . HORAES ID, HARAEE T RCF 19 RSD
TE 0.529%~1.94% (n=6) Z[a] (#£3) .
2.7.2 Rk

TEVEE A R S5 0F T 3R “2.2.17 TR
B X RE SRS W A ARSI, A5 T A S T 2
. AR, BRI, SRR MR
B B AL RERANET . FORNE T,
FIARNEE T RCF B9 RSD 7£ 0.519%~1.91% (n=5)
ZIE (F£4)
273 HEi&

TEBE AN AR A5 0 T A “2.2.17 TR
A X BE S S W A AT R I, A5 T e T e 2
. T, BRI, AR, MR
S EAET AL BT . FIRNES I,
FIAR NS T RCF B9 RSD 1F 0.63%~1.85% (n=5)
ZmE (F£s5)
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*®3 FEMNER. BIEHEMNSHRCFEs (1#=6)
Table 3. Relative correction factors measured by different instruments and chromatographic columns
of different brands (n=6)

409

RCFs

‘ Jaife Ay o =1 = o =1 EL 2 ER
s G %gj%’ff AR A %ﬂ; PR BRI EIETA ;:E; FIARPEEI (1A ARSI
Agilent Thermo BDSC,s  1.4921 1.8215 24709 1.1186  0.8553  0.8422 09101  2.0175 40111
1260 Capeell Cq 1.5006 1.8382  2.5093 1.1453  0.8770  0.8638  0.9367  2.0401 4.1386

Hedera C,q 1.4783 1.8069 2.4406 1.0829 0.8463  0.8270  0.8894  1.9873 3.9169
UltiMate Thermo BDS C,  1.4879 1.8173 24625 1.1034  0.8502  0.8351  0.9028  2.0058 4.0002
3000  Capeell Cq 1.4964 1.8256 24882 1.1273  0.8569  0.8568  0.9215  2.0396 4.0375

Hedera C; 1.4880 1.8128 24607 1.1055 0.8471  0.8335  0.8979  2.0237 3.9650
FHME 1.4905 1.8204 24720 1.1138  0.8555 0.8431  0.9097  2.0190 4.0116
RSD (%) 0.52 0.60 0.97 1.94 1.33 1.70 1.88 1.01 1.87

x4 ARENRE TMEHIRCFs (n=5)
Table 4. Relative correction factors for different velocity measurements(n=5)
o —— _ RCFs _
(mL - min™) Zﬁ%’;&f LR %ﬂf R R EIETEA fﬁ ;iﬁ FARWERI (AR PR
0.8 1.5082 1.8463 25006  1.1490  0.8681  0.8639  0.9391 2.0609 4.0905
0.9 1.5019 1.8379  2.4971 1.1358  0.8702  0.8560  0.9266 2.0457 4.0522
1.0 1.4966 1.8280 24779 11235  0.8598  0.8473 0.9158 2.0214 4.0167
1.1 1.4937 1.8155 24518 11136  0.8437  0.8322  0.9072 2.0041 3.9860
12 1.4884 1.8072 24330  1.0927  0.8382  0.8298  0.8954 1.9885 3.9510
FHME 1.4978 1.8270  2.4721 1.12290  0.8560  0.8458  0.9168 2.0241 4.0193
RSD (%) 0.51 0.87 1.18 1.91 1.68 1.75 1.84 1.46 1.36
5 HERAFIMSHIRCFSs (n=5)
Table 5. Relative correction factors measured at different column temperatures (n=5)
RCFs

i ) %gjjgf R %ﬂf R WRATE A i;; ERAREI R AR
28 1.4779 1.8075 24407  1.0965  0.8408  0.8392 0.8971 1.9916 3.9283
29 1.4806 1.8160 24592  1.1128  0.8485  0.8405 0.9069 2.0133 3.9768
30 1.4959 1.8272 24768  1.1247  0.8590  0.8457 0.9163 2.0208 4.0161
31 1.4995 1.8394 24971 11351  0.8672  0.8599 0.9213 2.0374 4.0407
32 1.4872 1.8407 25180  1.1508  0.8716  0.8634 0.9365 2.0109 4.0850
FHME 1.4882 1.8262 24784  1.1240  0.8574  0.8497 0.9156 2.0148 4.0094
RSD (%) 0.63 0.79 1.23 1.85 1.49 1.32 1.63 0.82 1.50
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M- R, ARSI, A 2L,
HRAS b 445 7 i o ot
2102 EMRHHH (PCA)

W26 7 H QAMS 7RI 5E 25 5 5 A SPSS 26.0
A, R BRSO A A TR, 15
B FEATFFEE R 22 5Tk (3R 8) Ml
PEZR (9) o MR 8 AIHIAT 2 > F A FFE(H :
6.675 f12.412 ( KF 1) , X0 5TEkE 0
5N 66.748% F1 24.116%, ZilJ7 2ZTTRkE N
90.864% (KT 85% ) . MK 9 W LIF HH—+&
BA AR Bk FPSARAG T PARAE R AR 1T
BT A, BEAARET. REEMAMETAAAR
TR TR ERG, 5 FErmfE Bk A
B S T AT . B S R R N e
I A5 L. R ST F SIMCA 14.1 2 57
PCA iR, 12 #it B2 1 IREAE & PCA 1541
K3, SEREUGH 24~ 4 RPX R 0.908 (K
F0.5) , FRHFrE S AR CE RS . A
3A[LLE M, S1~S6. S7~89 LI Kz S10~S12 43 5|
I CHRYE
2103 s = E-HIA 547 (PLS-DA)

W2 7 QAMS L AHE S A SIMCA 14.1
GEITHRAE, 1217 PLS-DA )7, #2824~ F sy,
135 PLS-DA i1, HARI#RRERE )1 S50 (R2X,
R2Y ) 43 %14 0.933 1 0.913, Tl GE /1 2%k Q2
1 0.840, FiET 0.5, ULHARIEA T,
FA B R WA AT 2 . 28 PLS-DA BRI

R6 AEMUZBFFNAE RIEERFN S BIBENHENREE (1=6)
Table 6. Relative retention value of the components under test on different instruments and
chromatographic columns (n=6)

RRT
N, Sk 5
e i %%F%E%ﬁim AT q;?;f TRER AR A iﬁ%ﬁg FIARMNERIL AR A ERT
Agilent Thermo BDS C 0.3457 0.4427 0.5344 05873  0.7672  0.8836  1.1129 1.3210 1.5238
1260 Capcell C g 0.3530 0.4483 0.5365 0.5906  0.7705  0.8957 1.1175 1.3239 1.5247
Hedera C 4 0.3613 04519 0.5439 0.6038  0.7849  0.9093 1.1293 1.3396 1.5449
UltiMate Thermo BDS C 4 0.3506 0.4506 0.5408 0.5915  0.7726  0.8874  1.1261 1.3271 1.5295
3000 Hedera C 4 0.3544 0.4537 0.5397 05962  0.7760  0.9029  1.1282 1.3308 1.5306
Capcell Cq 0.3539 0.4460 0.5341 05933  0.7731  0.8966  1.1170 1.3065 1.5002
FHME 0.3532 0.4489 0.5382 0.5938  0.7741  0.8959  1.1218 1.3248 1.5256
RSD (%) 1.45 0.90 0.72 0.96 0.78 1.06 0.61 0.83 0.96
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#®7 ESMAQAMSTUEEE M ORKIONESHRERE (mg - g™, n=3)
Table 7. Mass concentrations of ten components in Qirong Runchang oral liquid by ESM and QAMS

(mg - g7, n=3)
5% Jik Sl S22 S3 s4 S5 S6 ST S8 S9  S10 S1l S12 P
BN ESM 0438 0413 0.342 0390 0.331 0.316 0.287 0.230 0.263 0.518 0.567 0.467 -

T R SER A ESM 0.083 0.097 0.084 0.092 0.097 0.089 0.063 0.079 0.079 0.073 0.068 0.066
QAMS 0.082 0.098 0.082 0.090 0.095 0.088 0.062 0.080 0.078 0.074 0.067 0.065 0876

SRR ESM  0.053 0.059 0.062 0.064 0.066 0.061 0.074 0.082 0.079 0.050 0.052 0.054
QAMS 0.054 0.058 0.061 0.063 0.065 0.060 0.075 0.081 0.078 0.049 0.051 0.053 0879

BN AN ESM  0.036 0.045 0.041 0.043 0.038 0.035 0.035 0.033 0.032 0.028 0.024 0.022
QAMS 0.035 0.044 0.040 0.042 0.037 0.036 0.034 0.032 0.031 0.027 0.023 0.021 077

% ESM  0.152 0.177 0.143 0.169 0.135 0.128 0.088 0.079 0.071 0.221 0.247 0.201
QAMS 0.150 0.174 0.142 0.166 0.134 0.126 0.087 0.078 0.070 0.224 0.250 0.204 0983

PSR ESM 0873 0.941 0.825 0.869 0.810 0.779 0.752 0.689 0.701 1.156 1.108 1.064
QAMS 0.856 0.947 0.829 0.875 0.803 0.773 0.747 0.680 0.706 1.163 1.115 1.072 0:999

EETA ESM 0221 0231 0287 0256 0275 0301 0.179 0.135 0.157 0399 0361 0.312
QAMS 0220 0234 0291 0261 0278 0306 0.177 0.140 0.155 0394 0352 0314 0984

RN Y2 i ESM 0.191 0.178 0.189 0.192 0.195 0.183 0.172 0.161 0.153 0.248 0.243 0.236
QAMS 0.193 0.175 0.184 0.189 0.198 0.180 0.168 0.158 0.152 0.255 0.249 0.232 0:260

RPN ESM  0.041 0.055 0.049 0.051 0.051 0.046 0.038 0.027 0.025 0.048 0.033 0.037
QAMS 0.042 0.054 0.048 0.052 0.050 0.045 0.037 0.026 0.024 0.047 0.032 0.036 0871

ERNLE ESM  0.029 0.034 0.037 0.032 0.035 0.038 0.032 0.029 0.027 0.047 0.042 0.043
QAMS 0.030 0.033 0.036 0.033 0.034 0.039 0.031 0.028 0.026 0.048 0.043 0.042 0930
N G AT A AT B (I 4) FiS AR
S KR B (VIP) B (P S) . P 4 TR 12 3L
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Figure 2. Tree Diagram of cluster analysis for 12
batches of Qirong Runchang oral liquid samples
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8 ERSHEERTRE

Table 8. Initial eigenvalues and contribution rate of principal components

N FIGE A AE SR HERAT J7 A
FRILE  TERER (%) RMTETRE (%) FE  TEIERE (%) RBTTEEE (%)

1 6.675 66.748 66.748 6.675 66.748 66.748
2 2412 24.116 90.864 2412 24.116 90.864
3 0.411 4.108 94.972

4 0.257 2.572 97.544

5 0.109 1.089 98.634

6 0.063 0.634 99.268

7 0.048 0.484 99.752

3 0.013 0.129 99.881

9 0.009 0.086 99.967

10 0.003 0.033 100.000

F9 KEE ORBH 10D B2 FEFER

Table 9. Post-rotation factor load matrix of 10 components in Qirong Runchang oral liquid

. F R

% ; 5

B e T A A -0.285 0.866
AR -0.916 0274
Fl S B -0.509 0.828
TARIER 0.965 0.113
PARAT 0.968 -0.020
EALTTA 0.922 0.187
EAE 0.946 0.027
SRR 0.973 -0.121
SN[ 0.283 0.915
AR AR 1 0.926 -0.013

ERGr2A353

F RS 1135
. RX[1]=0.667; R°X[2]=0.241; Ellipse: Hotelling's T7(95%)

E3 12#t K& iEH O R mAIPCARZ & E
Figure 3. PCA score chart for 12 batches of Qirong Runchang oral liquid samples
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Figure 4. Score chart of PLS-DA model for 12 batches of Qirong Runchang oral liquid samples
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Figure 5. VIP images of 12 batches of Qirong Runchang oral liquid samples
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Figure 6. Figures of PLS-DA replacement detection results
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