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Abstract: An UHPLC-Q-exactive orbitrap MS method for the simultaneous determination of 19 chemical
components in Qilong Zhuang'er oral liquid was established and the quality differences between different batches
of samples was compared by chemometric analysis to provide a basis for the quality evaluation of the preparation.
The contents of allantoin, L-proline, pyroglutamic acid, hordenine, adenosine, L-phenylalanine, guanosine, L-tryp-
tophan, caffeic acid, calycosin-7-glucoside, verbascoside, isoacteoside, ononin, calycosin, 3-hydroxy-9, 10-dime-
thoxyptercarpan, formononetin, atractylenolide III, atractylenolide II and astragaloside A were analyzed by cluster
heat map, principal component analysis (PCA) and partial least squares discriminant analysis (PLS-DA) using
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Hiplot platform and Markerlynx™® software to comprehensively evaluate the quality difference of different batches

of Qilong Zhuang'er oral liquid. The 19 chemical compounds showed good linearity in their respective concentra-
tion ranges (r = 0.999). The RSD of precision, repeatability and stability (24 h) tests were all less than 1.94%. The
average recovery was 97.24%-102.75% (RSD < 2.74%, n = 6). The 10 batches of samples were divided into two
categories by cluster heat map and PCA analysis. 3-Hydroxy-9, 10-dimethoxyptercarpan, atractylenolide III, calycosin,

atractylenolide II, formononetin, allantoin and caffeic acid were identified as differential markers by PLS-DA. The

established multi component quantitative method of Qilong Zhuang'er oral liquid combined with chemometric

analysis can provide reference for the quality evaluation of the preparation.

Key words: Qilong Zhuang'er oral liquid; orbitrap MS; determination; chemometric analysis; quality evaluation

B )L IR B 2 44 R ) LR K F 0 3
fEEITR AL G R H I, 45 G IRIKRE R, LI 3E
E By N E NN RN R N A= P N E
ARVIIZG SN B AR (B AR ZF (Kb DYk
2477 1) OTC F R il 2, BA M AN B L 2 TR I
B 7HE H MBI AR S0 AR Rt
U P IR B 42 v TR /0N BR PR S 2 ) e FH ML A R e
77, SRR RE /N B K R B AR

H AT )L AR o B 45 1 5 12 R i 2
FH 2 5 I v R S Y, 2 5 R 2
MR A%, W PR B 2, B 280 U 2 AR FI AL
SERAE, SRR AR I I AR R LR A T
AR, Z Febn & B e KA TH B o ok ek 2
bR T H 2 20 i R e A AT

AR UR AL T HA % 88 7 HPLC-UV &I 52 B L
F1 AR W 7 925, R B HPLC-UV (il B4k 2 45 B IR
/b i L B R R AR R AR A A i 7
3. HPLC-ELSD 77 2 # A7 #& Il . UHPLC-Q-exactive
orbitrap MS VAR A 1 RBUE im0 HER ik PSS
B, TRAN TR 58 AR T B R AR A A 5 AR
MAEY . REEIRE T A2 . At aEETER
He L TR 9T G 92 1) 2 B 2 B0 ) 2K B R 1 R
P, G IRBER (LR TR EB R K Z 20 R
L- RN SR S H L- 2 R W HE IR L B 388 e B
BAACHEE T B RE TEAETE  BE  TE  3-
F25E-9,10- AL B e T R L AR I ERTIT. (1
RPN B TTRD 3 158 B R 3 19 FlAb 22 jle o 1E 5 2= 5
(346 b, ST [F I 5 19 A48 b 1 23 (1 UHPLC-
Q-exactive orbitrap MS & &= 7> ¥ 77 %, I 45 & b 2t
BT, AT LR P B L I IR 24 5
B, PRAE I AR 25 22 45 A 28

mRE5EREE
188 A & 48N UltiMate 3000 £ 41 i R0 AH
A (32 E 8% /A F]); Q Exactive Focus & Hi 1% i

[F v 2 #¥ 5 B A% (32 [E Thermo Fisher Scientific 2> &),
B A5 A Jn A e % 25 B T YR (HEST) % Xcaliburd.0 %4
A FRER A . KQ-400DE ZY i 75 1 35 e ML (B L 7l i 7S
AR E R A F]); BT25S 847543 2 — 740 B K P Al
BS210S B J5 43 2 — ML F 43 B R (AL 38 2 F i Bl 27
XA R A

MR JRFEEER (IS5 MUST-22061307) k2 ZF b,
(#t'5 MUST-21102104) B ' (4l 5 MUST-21070613).
9 (it 5 MUST-22021408). & & 16 B 7 (it 5
MUST-21122712). 5 & & € ¥ & (#t 5 MUST-
22030810) FI AR M EE 1T (L5 MUST-21111614). 3% 1<
FHF (it 5 MUST-17022804) W H /& # 2 BRE AV R
HARAA; LR (5 HGT111W3) A8 &R
(65 HR22271W2). L- K TN % 1R (fit 5 HR83299W 1),
3-322E-9,10- — H A AL SR b (L5 HR2182W1). AR
PRI (65 HS20913B1) 1 B 539 R A RHE A R
Nl WIHERR (#E5 17122804) 14 H RAR I JE 4 AE R R
HIRAT; L- 5 R (5 wkq22011707) 6 & 7 55
({5 wkq20010904) T AL (LS wkq20060507)+
EE R EHE (5 wkq20010906). T4 16 & (L5
wkq20062208) 14 H U )11 44 4k 50 75 A= Y RHE A BR A 7,
DA HE SR A EE E > 98%.,  FHEE AN H R (it 4l (35 [
Fisher il 71| 22 &), 7K 9 8 287K, FoAth il 7735 7 dr ki

B L IR A% 10 mL/fR; 15 20 0ok
211135 (S1), 211136 (S2), 211237 (S3), 211238 (S4),
211239 (S5), 211240 (S6), 211241 (S7), 2111242 (S8),
211243 (S9), 211244 (S10)], H 7 22 1E Kl 2545 BR A 7]
Fefit.

BIEZMH il F N Thermo Accucore aQ RP18
(2.1 mm x 150 mm, 2.6 um); JisHAHA FEE (A)-0.1%
R KW (B) B BE Y it (0~5 min, 0% A; 5~45 min,
0%~58% A; 45~65 min, 58%~68% A); i 425 °C,
AR E N 0.3 mL-min”, #EFEE N2 pl.

Ri% %% Thermo UHPLC-Q-Exactive Focus %!
IR FH Ao SR FH I 4 i v 25 88 7R (HESD), 1E . 71



A /NMEEE: 3E T UHPLC-Q-exactive orbitrap MS I 2% 5 2% 40 BT 0 B0 L 1D IR =340 0F 7

© 1657 -

B[R] B A A =X, 1 55 L 9 +3.5 kV/-2.8 KV, il fiE
HL IR B B AE R 20,4060 eV, F1 3 7 o — Z A
B AR R — ) R A (full MS/dd-MS?), Full
MS 73 ¥ % 70 000, dd-MS* 43 #5324 17 500, $3# 70
Fil D9 m/z 80~1 200, 544 B 408 il 5 4 320 °C, i&
55 HL IR 55 kPa, 4K SR B 350 °C, #YA R4 B AR
439N 40 AT 10 arb.

Xof BR SR i B R R EC I A3 PR ECE T T
Wil 2 FR €, 0 FR R S R PR 9E R 241.60 pg-mL ! L-Jifi
R 212.00 pg-mL"\ £E 4 2 R 79.80 ng-mL"\ K&
ZE B 15.96 pg-mL"' R 70.35 pg-mL"'\ L- 2K T & #2
14.81 pg'mL" ¥ 36.98 pg'mL" \L- {22 13.20 pg'mL™.
WERR 9.10 pg-mL™ B &8 % ¥ i £ 133.88 pg'mL' &
SEAERE T 20.63 pg'mL" 7 B EAEKE 11 38.50 pg'mL".
oM AL 38.15 pg-mL"' B & 5 5 45.15 pg'mL™ .\ 3-
F£3-9,10- — AL M 5% 11.93 pgmL ' S AETE &
18.38 pg-mL". A AR N BSIIT14.40 pg-mL" . (1 A N g 1T
1.38 pg-mL"' 3 1€ B 44.25 pg-mL™" [R5 I8 %
B RS

o AR A& RS R e )L P IR
2mL, BT 15 mL E0EH, A8 mL ZJi, TR iEk
2R R IR S) S min, T4 °CE#E 0.5 h )5, 2 500 r-min’
FAF 50 20 min, B RIE R 1 mL, VA, Gk
30% Y KIS R IF € 5 2 1 mL, $R4E, 0.22 pm fi 5L
JERR I P8, RITS .

RGERM  HUR SRS E R, % Rk g
JOT B S5 AT A, 1O SR AW o € B U 1 4 B R B
BRSO3 2 R T

TREM il Bl e R B SR
T TR A Ko HE A VBRI VA TR, AR 5 5 I 4 )
PR i 7 Lk (3% 1), Mass tolerance # 4 5 ppm, Mass
precision B4 4 7 #, 1EA5 20 7946 & W0 50 A B
ARG 4k & 90— 41, R Xcalibur 4.0 #1F 3k 15
B GRS TR g K. RS BIERRA X
FE S VA R AR A T T

M STEE o R R ORI TR
0.1.0.2.0.5.1.0.2.0 f113.0 mL & 5 mL & & 30 i
WERE 20, $250, F10.22 pm FLIE I gL, HERE o

UEREZE B — R A0 HE VA, 4% R
T G 2% A HERE I i, % S HEAE 6 IR, W e VTR AR, T
SR 19 Bk 2 j 4 W THT AR ) RSD B

REM  BUE— M a RIS, 50T 0.2.4.8,
12 1124 b 4% [ € 138 1 5 1 2% A 3R 52

EEM HUE A ORE A )
7T EPAT 2% 6 A VA TR, € 1 A 3 2%
PEREREN 2, THE AR A7 2 & S RSD.

PRRERICER 2 W C 3 & s e )L iR
W1 mL, 35645, 20 B LA 1E 1 ERAZ I N 4% ok JE L I
TR, T IR R A I B 77 i R
VIR, A R A T AR O % S5 A R I, T BRI T U
JRSD.

MM HCE e ot LT AR 2.0 mL, 4%
T VR ) 4 IR 7 ) A R A R, AR ik
TR B 2% A, 23 50l 25 AN R HEREAR AR (1.2 703 uL),
ASTA] % (0.25.0.30 10.35 mL-min™"), /A R4 R (24+
25126 °C), A~ [F] H BRI FE (0.05% HIE + 0.1% H [ A

Table 1 Mass spectrometry parameters of all the analytes in Qilong Zhuang'er oral liquid

No. Compound t,/min Formula Calculated m/z Extracted ion m/z
1 Allantoin 1.11 C,HN,O, 159.051 3 159.050 5-159.052 1 [M+H]"
2 L-Proline 1.13 C,HNO, 116.070 6 116.070 0-116.071 2 [M+H]"
3 Pyroglutamic acid 2.24 C,H,NO, 130.049 9 130.049 2-130.050 6 [M+H]"
4 Hordenine 5.95 C, H,NO 166.122 6 166.121 8-166.123 4 [M+H]'
5 Adenosine 6.85 C,H;NO, 268.104 0 268.102 7-268.105 3 [M+H]"
6 L-Phenylalanine 6.89 C,H, NO, 166.086 2 166.085 4-166.087 0 [M+H]"
7 Guanosine 8.82 C,H,;N,O, 284.099 0 284.097 6-284.100 4 [M+H]’
8 L-Tryptophan 14.32 C,H,,N,0, 205.097 1 205.096 1-205.098 1 [M+H]’
9 Caffeic acid 20.68 C,H0, 179.0350 179.034 1-179.035 9 [M-H]
10 Calycosin-7-glucoside 29.77 C,H,,0,, 447.128 6 447.126 4-447.130 8 [M+H]"
11 Verbascoside 31.58 C,H,0,, 623.198 1 623.197 0-623.203 2 [M-H]
12 Isoacteoside 34.07 C,H,0,, 623.198 1 623.197 0-623.203 2 [M-H]
13 Ononin 36.65 C,H,,0, 431.133 6 431.131 4-431.135 8 [M+H]
14 Calycosin 40.11 C,H,,0; 285.075 8 285.074 4-285.077 2 [M+H]"
15 3-Hydroxy-9,10-dimethoxyptercarpan 42.74 C,,H, O 301.107 0 301.105 5-301.108 5 [M+H]"
16 Formononetin 46.28 C,H,0, 269.080 8 269.079 5-269.082 1 [M+H]"
17 Atractylenolide III 49.12 C,;H,,0, 249.148 3 249.147 1-249.149 5 [M+H]"
18 Atractylenolide II 54.02 CH,0, 233.153 4 233.1522-233.154 6 [M+H]"
19 Astragaloside A 62.78 C,H,O0, 829.4590 829.454 9-829.463 1 [M+HCOO]
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Figure 2 EIC chromatogram of mixed reference substances (A, B: Positive ion mode; C: Negative ion mode); EIC chromatogram of
sample (D, E: Positive ion mode; F: Negative ion mode); EIC chromatogram of blank sample (G, H: Positive ion mode; I: Negative ion
mode). 1: Allantoin; 2: L-Proline; 3: Pyroglutamic acid; 4: Hordenine; 5: Adenosine; 6: L-Phenylalanine; 7: Guanosine; 8: L-Tryptophan;
9: Caffeic acid; 10: Calycosin-7-glucoside; 11: Verbascoside; 12: Isoacteoside; 13: Ononin; 14: Calycosin; 15: 3-Hydroxy-9,10-dimethoxyp-
tercarpan; 16: Formononetin; 17: Atractylenolide III; 18: Atractylenolide II; 19: Astragaloside A
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Table 2 Standard curves, correlation coefficients, and linear ranges of 19 analytes

. . Linearity range LOQ LOD
Analyte Regression equation B r 4 r

/ug-mL /pg-mL /pg-mL

Allantoin Y =5472 828 X + 479 320 4.83-144.96 0.999 7 0.060 0.020
L-Proline Y=286975923 X +5 638 716 4.24-127.20 0.999 9 0.085 0.028
Pyroglutamic acid Y =64631208 X + 2389539 1.60-47.88 0.999 8 0.032 0.011
Hordenine Y =723 082 195 X + 33 356 735 0.30-8.89 0.999 8 0.005 0.002
Adenosine Y =266200177 X +9 443 073 0.32-9.57 0.999 6 0.020 0.007
L-Phenylalanine Y =247 574407 X + 9293 926 1.41-42.21 0.999 6 0.035 0.012
Guanosine Y =40 699 138 X + 2453 794 0.74-22.18 0.999 8 0.009 0.003
L-Tryptophan =195962721 X + 1750113 0.26-7.92 0.999 1 0.005 0.002
Caffeic acid =169 287 666 X + 8 768 389 0.18-5.46 0.999 5 0.069 0.023
Calycosin-7-glucoside Y =157987 427 X+ 2 827 590 2.68-80.32 1.000 0 0.031 0.010
Verbascoside Y=32726217 X + 1202329 0.41-12.38 0.999 5 0.007 0.002
Isoacteoside Y =44913 759 X - 6 465 736 0.77-23.10 0.9999 0.011 0.003
Ononin Y =86567 555X + 60511 347 0.76-22.86 0.999 6 0.008 0.003
Calycosin Y =229728 032 X + 54 122 589 0.90-27.09 0.999 9 0.023 0.008
3-Hydroxy-9,10-dimethoxyptercarpan Y =284 043 686 X + 11 858 456 0.24-7.16 0.999 8 0.003 0.001
Formononetin Y =336 848 761 X + 44 638 709 0.37-11.02 1.000 0 0.013 0.004
Atractylenolide III Y =65804295 X +4 155839 0.29-8.64 0.999 7 0.097 0.032
Atractylenolide 11 Y=1117680022.X- 1738208 0.027 5-0.825 0.999 7 0.010 0.003
Astragaloside A Y =2129447 X + 143 154 0.885-26.55 0.999 9 0.017 0.006
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Table 3 Content determination of the analytes in samples S1-S10 (ug-mL™", n=3)

Analyte S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 Average
Allantoin 137.04 11649 9448 150.01 126.94 133.80 121.15 123.79 136.08 13431 127.41
L-Proline 7840  83.66 4948 7248 71.10 7636 7342 7193 68.85 6596 71.16
Pyroglutamic acid 3242 4220 2490 36.66 29.05 3543 3328  26.13 33.80 2497 31.88
Hordenine 5.01 4.52 4.69 4.82 4.98 5.23 5.11 5.82 5.08 6.01 5.13
Adenosine 12.61 11.74 9.03 11.68 11.03 10.91 11.38 10.77 13.37 12.80 11.53
L-Phenylalanine 3338  27.00 21.71 31.11 2843 29.72 3211 2549  28.00 30.49 28.74
Guanosine 2523 26.71 17.81 2238 2087 2272 23.00 21.70 2543 2445 23.03
L-Tryptophan 6.61 5.71 4.56 5.78 5.47 5.59 6.31 5.78 6.01 6.09 5.79
Caffeic acid 4.45 3.13 2.30 4.08 4.32 3.80 4.20 3.54 4.67 4.31 3.88
Calycosin-7-glucoside 61.19 4643 3836 6040 5748 60.02 6029 50.71 48.83 4293 52.66
Verbascoside 9.73 5.78 5.41 8.49 12.09 9.16 10.24 8.46 8.59 10.97 8.89
Isoacteoside 19.71 14.42 9.67 1549  22.06 14.18  20.67 19.22 18.67  22.02 17.61
Ononin 44.09 17.01 14.17  21.54 20.50 2232 20.30 17.17 17.14 16.24 21.05
Calycosin 23.81 16.61 13.09 1838 2098  20.04 1493 1341  23.52 18.83 18.36
3-Hydroxy-9,10-dimethoxyptercarpan 7.00 5.52 4.49 5.78 6.91 6.81 4.15 3.93 7.38 5.99 5.80
Formononetin 8.98 6.62 5.21 6.43 7.86 7.89 4.50 3.89 7.55 6.87 6.58
Atractylenolide 11 10.00 8.42 7.42 8.58 10.40 10.18 7.32 6.78 10.22 11.38 9.07
Atractylenolide 11 0.59 0.51 0.48 0.49 0.68 0.61 0.30 0.29 0.61 0.62 0.52
Astragaloside A 3247  27.80 29.08 30.52 30.02 2792 2756 27.08 50.18  42.29 32.49
Total 552.72  470.28 356.34 515.10 491.17 502.69 480.22 445.89 513.98 487.53 -
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Figure 3 Clustering heat map analysis of 10 batches of Qilong Zhuang'er oral liquid
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Figure 4 Score plot of PCA. PCA: Principal component analysis
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Figure 5 PLS-DA score plot (A) and VIP values (B) of 10 batches of samples. PLS-DA: Partial least squares discriminant analysis; VIP:

Variable important in projection
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