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Simultaneous content determination of eleven constituents in Tongxuan Lifei Pills
by UPLC and their chemometric investigation

JIN Wan-jun', HAO Wen-ting’, LIU Jing',  ZHANG Ming-tong' " , NI Lin'"

(1. State Key Laboratory for Quality Control of Chinese Medicinal Materials and Decoction Pieces, Gansu Provincial Engineering Laboratory for Chinese and
Tibetan Medicine Inspection and Testing Technology, Gansu Provincial Institute for Drug Control, Lanzhou 730030, China; 2. Gansu Provincial
Pharmacovigilance Center, Lanzhou 730070, China)

ABSTRACT: AIM To establish a UPLC method for the simultaneous content determination of liquiritin,
ammonium glycyrrhizate,, naringin, neohesperidin, hesperidin, rosmarinic acid, baicalin, wogonoside, baicalein,
wogonin and praeruptorin A in Tongxuan Lifei Pills, and to make chemometric investigation. METHODS The
analysis was performed on a 30 “C thermostatic SVEA C ¢ column (2. 1 mmx150 mm, 2.5 pum) , with the mobile
phase comprising of acetonitrile-0. 1% phosphoric acid flowing at 0. 5 mL/min in a gradient elution manner, and
the detection wavelength was set at 250 nm. Subsequently, cluster analysis, principal component analysis and
partial least square discriminant analysis were performed. RESULTS Eleven constituents showed good linear
relationships within their own ranges ( R*>0.990 0), whose average recoveries were 90. 00% —98.32% with the
RSDs of 0.35% —1.89%. Forty baiches of samples were clustered into 3 types. Baicalein, baicalin, liquiritin,
wogonin, wogonoside and neohesperidin were taken as quality differential markers. CONCLUSION This simple
and reproducible method can provide the basis for quality control and evaluation of Tongxuan Lifei Pills.

KEY WORDS: Tongxuan Lifei Pills; chemical constituents; content determination; chemometrics; UPLC;

cluster analysis; principal component analysis; partial least square discriminant analysis
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Tab.1 Information of Tongxuan Lifei Pills

I RGT RS =R it || KRS RS A=K il
A St demtiA: s R A RERAERLA R 119024 D S21 JLE BB A PR 7 20211236
A S22 dbnUiEA: BRI A RIS ABRAF 291026 D 822 ILE A R ] 20230306
A S3 dvmtiEA: s R RERIZFRRAR 119032 D 823 JLZ B A BR A F 20230307
A S4  dbEtiEAE A AR A LR 2 BAE 291030 E S24 1L A i 2454 BR TR AT A ) 122006
A S5 dbaiEA: A A R A BRA R 291028 E 825 INPE R A H 254 PR BTTEA A 123005
B S6 HORT v R 25 BR 5T 190701 E 826 INPERA R 24 R THEA R 123006
B s7 HARRT PG 257 B T2 A 190102 E 827 L7 R A 1 2457 B T4 ) 122003
B S8 b P R 2545 FR ST A 230301 F S28  EZGER T (ORI 25 ARRA R 220018
B S9 P 254 BRI T 230302 F S29  [EZHERS THE(EEIL) 25 ABRAF 220016
C S10 LLIVG AR e 245 M B A7 BR A 7 20230103 F S30  EZGERNS T (B 25 ARAR 220017
C Si1 WL PG AR 24l e 4y A B ) 20230402 F S31 HEZERS 7B 2Dl ABRAF 230006
C S12 LI VG A B 240 B A BRZA 20230503 F S32 HEZGERS THE(EEL) 25 ABRAR 230012
C S13 LI VG AR R 2450 B0 A3 BR A 7 20230703 G $33 AL R B BR A ] 23010074
C S14 1LV A R 2450 B 7 BR A 7 20230504 G S34 At st R By A BR A 23010072
C S15 WL PG AR 2l e 4y A B ) 20230702 G S35 Jb s IR s ey BRA =) 23010086
C S16 Ll PG AR 25 e 0y A B ) 20230705 G S36 b n R B B A7 FRA 7 21010287
C S17 LLIVG AR 240 B A BR A 7 20230104 H 837 R 25 4 A e A A7 PR ] 230101
C S18 LLIVG AR e 24 M B A A7 BR 24 7 20230401 H S38 2R 25 4 PR AR A5 BR A ) 230501
C S19 LUy PG A5 245 Ml e 43 A B A ) 20230505 H S39 AR 245 5 A B A A R ) 230102
D $20 LZ By A FRA 7 20211238 H $40 AR 245 5 A B A PR ) 230503

2 HAEE4R

2.1 &4 H  SVEA C, B34 (2.1 mmx150
mm, 2.5 pm); WAL (A) -0.1% W
(B), BEEEVEML (0~15 min, 13% ~14% A; 15~32
min, 14% ~ 30% A; 32 ~ 42 min, 30% ~ 35% A;
42~60 min, 35% ~60% A); KR & 0.5 ml/min;
FEIR 30 °C; Al K 250 nm; HERERE 2 ul,

2.2 BIRH &

2.2.1 XPREAIATR RIS SR, BT
50 mL A, H RS AL 43 I H B 0,040 4
mg/mL . 2 F 0.460 8 mg/mL . # 2T 0.391 6
mg/mL . B 4 0.201 0 mg/mL, % % F MR
0.102 5 mg/mL, ¥ 0.208 9 mg/mL, &%
1 0.195 8 mg/mL, H % 2% 0.020 4 mg/ml, L H
%2 0.033 6 mg/mL, HHFEREL 0.080 4 mg/mL,
HAERTEAH % 0. 053 6 mg/mL WA, BIiS, & T
4 CUKFAHIRAT

2.2.2 MHAAR SHOGE [10] #HaE, Bok
M 1.0 g, FEEMRE, MY 1.0 g iEwt, B4,
BT RIEHIEH T, FHHMA 25 mL 70% LB, %
FE, PR, /5 (TR 300 W, 4% 40 kHz)
AEFR 30 min, A, 70% S EEANEIR S AR, B
5y, bk, ERELuEW, BIfE.

2.2.3  FAYEFEMIAM  He2H BRI B PR A
Fie “2.2.27 TR Jrikdles, BIAE,
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2.3 FiEkgHER

2.3.1 LEMAEAR
A R I

SRR 1,

TR AR (V)

oot Ra gL bl BAMEAE
TE “2.17 Tifa gk s 4 F JEAED 52

UL AT AT, BRI ol o 45 A o0 o i
WA E TR, RN EIE R,

2.3.2 LMEXRFL SMICH [10] fiE,
JSCAS [7] Jo v BE o B TS W, AR 2.
PETF IR E DA BE A B o B R A AR (X)),

17 (03 4%

PEATIENE, SERILE 2, A

RS B RS F L B N ZESC 2R AT,

&2 BRALMXR

Tab.2 Linear relationships of various constituents

% 5] 5 77 R* &MU/ (pgemL™")
HHRH Y=3.308 6X-2.246 0.999 3 4.04~40.40
il He H Y=1.610 7X-14. 101 0.9955  30.72~460. 80
T e H Y=1.374 2X-14.971 0.998 4  39.16~391. 60
HEFR  Y=6.614 2X-2.943 0.997 7 1.71~102. 54
B Y=1.473 5X+1.6913 0.999 8  25.13~201.04
AT Y=7.504 4X+30.476 0.9943  41.78~208.90
WHERTF Y=6.542 8X-5.659 0.990 8 9.79~195. 80
[ Y=12.219 0X+4.345 0.992 6 1.36~20.37
DWIEAEE Y=10.433 1X+1.335 0.999 2 0.51~30.58
HHmME  Y=5.778 2X+4.664 0.999 8  10.06~80. 44
HAERT & Y=4.173 2X-0.691 0.999 2 2.68~53. 60
2.3.3 KE®mERE R&EWE “2.2.17 WFX

F!ﬁn%/%{ﬁzﬁi, <217 Ttk T HEREI 2
SHEH M, B, REFR.



202549 A o % September 2025
Fa41HE O FEo Chinese Traditional Patent Medicine Vol. 47 No. 9
%102 %102 %10?
1.00 s 1.00 : 1.00 | !
2 0.75 \ 3 0.75 - 0.75 ‘
L A T I
025 "o 25 _ — , : ol LT .
| ; L L | ‘ ok \i [ S ot 4 N | T
6 12 18 24 30 38 42 48 54 60 6 12 18 24 30 38 42 48 54 60 6 12 18 24 30 38 42 48 54 60
t/min t/min t/min
A X R B. ik C. BRI B2 BIPERE &
=102 %10? %102
1.00 1.00 1.00| H
3 0.75 2 0.75 2 0.75
= 0.50 ‘ . = 0.50 = 0.50 §
0.25 | e 0.25 | ) . 0.25 . [ . :
! HE S L L s ! | FOEY T I 1 VR Y IO
6 12 18 24 30 38 42 48 54 60 6 12 18 24 30 38 42 48 54 60 6 12 18 24 30 38 42 48 54 60
t/min t/min t/min
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£ 0.50 . ’ £ 0.50 i .
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f/min

G. BRAR TR LR A
LOHRH 20 Mg 3.0 B 40 KRR S W
11. HAERTE %

f/min

H. B T3 B P
6. WA 7. DUEXA 8. HAER 9. WHAEE 10. R

1. liquiritin 2. naringin 3. hesperidin 4. rosmarinic acid 5. neohesperetin 6. baicalin 7. wogonoside 8. bacicalein 9. wogonin

10. ammonium glycyrrhizinate 11. praeruptorin A

E1 &M% UPLC &ikE

Fig.1 UPLC chromatograms of various constituents

B K
R, HEmRRE ., HAEHTS P R g mm A RSD 4351k
0.81% . 0.92% . 0.31% . 0.03% . 0.14% . 0.66% .
0.37% ., 0.24% . 0.16% . 0.71% . 0.27% , 2 HI{Y
ARE B RAT

2.3.4 EEMHRE  HE A (S27), %
“2.2.2” WUFJEPAT R 6 it i, 7E
“2.17 TS SRR, DUASH R Al
K, R, R IR ORI . EA L I
WAEH, MAER, AR, HERE ., HAERTH
& & & RSD 2090 1.26% ., 0.98% . 1.36% .
1.03% . 0.79% . 1.21% . 1.32% . 0.03% . 2.01% .
0.67% . 1.33% , FRHZIEERERE,

2.3.5 REMEE BCRE 4l s %R
(827), T0,6, 12, 18, 24, 36, 48 h{E “2.1”
W S5 T I, DA H R My, 1%
Bt REEERR, B, A, DUES T
WSRO DR HERE . FERTSH R0
U RSD 43 911 H 0.55% . 1.77% . 2.21% . 1.74% .
2.01% . 1.62% . 1.35% . 0.04% . 1.21% . 0.72% .
0.87% , FKWIAWAE 48 h WHRENE R I,

2.3.6 MRS BCR — O A R
(S27), Al T4 4 . SVEA, Waters, Agilent ¥

B, DA, MAR WHS

NS NP

BAE 2017 TG F T AR E, AR
HLOMECH  BEH . IR B R
H,OWEE, WER, SR, HE

=)
1. WA
. H R, M
AT B Z & & RSD 49k 2.06% . 1.67% .
1.09% . 1.05% . 0.13% . 1.56% . 1.88% . 0.45% .
2.13% . 1.62% . 1.42% , FeWHiZ )5 i e B Ar
2.3.7  JnAERICRIE R PRGSO R e
HIA S (S27) 1.0 g, dte6fy, # “2.2.2” Il
T A B S, RS A R
0.253 4 mg., MhZHF 2.535 5 mg, #B R H 2.566 3
mg, HIEFR 0.062 2 mg, HA LA 0.913 mg,
BAYF 3.552 mg, DU SF 0.903 4 mg, AR
0.045 3 mg, WH AKX 0.212 1 mg, H 5%
0.6552 mg. FIFERTHHH 2 0. 253 1 mg AT I G
W1mL, £ “2.17 WEREFA TS, 15
MR, 4558, HRH | MhicH | B R
g . W R BAE . DAY SR IUE
XHR ., HHRRE  AAGETH 2R R R sy
SR 92.15% . 98.32% . 90.00% . 92.90% . 93.58% .
96.99% . 92.58% . 91.23% . 93.45% . 93.55% .
96.33% , RSD 4% W A 1.34% . 1.89% . 1.37%
1.09% . 1.67% . 1.09% . 1.05% . 0.64% . 0.75% .
0.35% , 0.64% ,
2843
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2.4 #H&mAEWE 40 HEEES, % “2.2.27
WUR kil s s i, 7 2017 Tk A

NHERENE , AMREITRE SR, AR 3,

x3 BHASENELR (mg/g)

Tab.3 Results for content determination of various constituents (mg/g)

IS B HEE R B RIAER WM NS AT mFR SR HEmE AR
A S1 0. 503 3.053 4.073 0. 103 2.565 3.692 1. 855 0. 126 0. 143 1.018 0. 542
A S2 0.476 2.978 3.724 0. 151 2.426 4. 560 1. 663 0. 154 0.076 0. 880 0. 445
A S3 0.483 2.672 3.684 0. 168 2.373 3.335 1. 644 0. 122 0. 064 0. 869 0. 537
A S4 0.429 2.718 3.795 0.097 2. 696 4.033 1.756 0.128 0. 126 0.568 0.423
A S5 0.439 2. 680 3.293 0. 083 3. 096 3.188 1. 824 0. 124 0.122 0.48 0. 388
B S6 0. 136 1. 807 1. 423 0. 061 1.293 3.140 1.324 0. 045 0.014 0.455 0. 142
B S7 0. 106 2.047 1.515 0. 069 1.523 3.251 1.203 0. 047 0.013 0.521 0. 125
B S8 0. 107 2.049 1.777 0.111 1. 898 3.131 1.233 0. 038 0.014 0. 609 0.226
B S9 0. 106 1.921 1. 568 0.110 1.358 3.183 1.552 0. 037 0.012 0. 496 0.152
C S10 0.442 4.922 2.006 1.195 4.315 3.192 1.235 0. 192 0. 101 0. 803 0.592
C S11 0.439 4.362 1.754 1.571 3.961 3.268 1.234 0.303 0. 122 0. 664 0. 541
C S12 0.329 3.650 1.074 0.901 2. 681 3.221 1.241 0.324 0. 160 0.632 0. 496
C S13 0.582 3.950 1.528 1.528 2.861 3.350 1. 475 0. 285 0. 151 0.733 0. 543
C S14 0.251 2.964 1.794 0. 994 2.234 3.189 1. 067 0.377 0. 139 0. 596 0. 596
C S15 0.323 4.185 1. 385 1. 097 3.992 3.229 1. 354 0. 406 0.122 0. 635 0. 505
C S16 0. 406 4. 004 1.552 1.49 3.726 3.219 1.003 0.139 0. 104 0. 746 0. 541
C S17 0. 391 3.938 1. 408 1. 553 2.79%4 3.279 1.038 0.137 0.071 0.672 0.536
C S18 0.424 3.102 1. 508 1.243 3.115 3.250 1. 064 0. 191 0. 098 0.703 0.528
C S19 0.323 3.518 1.377 1. 036 1. 983 3.711 1. 354 0.170 0.103 0. 896 0. 496
D S20 0.238 3.488 2.231 0. 645 1. 693 3.168 1. 307 0.079 0. 022 0. 665 0.432
D S21 0. 137 4. 157 1.568 0. 687 2.458 3.261 1.279 0. 092 0.019 0.703 0.412
D S22 0. 176 3.531 1. 744 0.814 1. 850 3.225 1. 464 0. 104 0. 031 0.556 0.389
D S23 0. 165 3.725 1. 664 0.711 1. 850 3.224 1.263 0. 068 0.016 0. 542 0.432
E S24 0.491 3.042 3. 166 0.079 2. 067 4.021 1.114 0. 054 0. 061 0. 802 0.563
E S25 0.516 3.245 2.967 0. 095 2.522 3.965 1.234 0. 08 0. 055 0.717 0.442
E S26 0. 506 3.985 2. 886 0. 067 2.412 3.766 0. 987 0. 063 0. 094 0. 809 0.532
E S27 0.551 3.541 3.152 0. 089 2.133 4.221 1.235 0. 075 0.123 0.699 0.524
F S28 0.635 5.194 4.158 1.074 2.969 3.111 1.038 0.112 0. 622 1. 026 0. 706
F S29 0.615 5.041 4.358 1.274 2.835 3.718 1.674 0. 101 0. 644 1.026 0. 696
F S30 0.568 4.812 3.772 1. 496 3.022 3.971 1.744 0. 092 0.521 0. 815 0. 634
F S31 0. 558 4.204 3.514 2.021 3.704 3.211 1. 444 0. 097 0. 503 0. 822 0.591
F S32 0. 706 4.315 3.624 2.291 3.706 3.326 1.453 0. 102 0. 588 0. 748 0.614
G S33 0.575 3.076 2.279 0. 061 1.234 3.379 1.023 0. 042 0. 026 0. 623 0.231
G S34 0. 464 3.049 2.098 0. 047 1. 655 3.312 0. 897 0. 036 0. 022 0. 806 0. 303
G S35 0.598 2.876 2.207 0. 049 1. 042 3.089 0. 963 0. 038 0. 029 0. 669 0.289
G S36 0.535 3. 004 2.201 0. 054 1. 407 3.343 0.875 0.034 0. 036 0. 705 0.222
H S37 0. 608 5.007 4.258 0.561 3.361 3.182 0.997 0. 059 0. 046 0. 665 0.491
H S38 0.483 4.752 3.419 0. 796 2.984 3.306 1.131 0. 066 0. 029 0. 594 0.525
H S39 0. 487 4.221 3.785 0. 655 3.024 3.247 1.224 0. 059 0. 037 0. 502 0. 494
H S40 0. 506 4.597 4.014 0.704 3.221 3.452 1. 033 0.079 0.013 0.470 0.397

2.5 AFitEFEER

2.5.1 #ixUE >R Graphpad Prism 9 #XF2:i
SERULE 2, MBEET N, RETR, SRS A
WO S A 22 5, Hp DUESH, H MR
e,

2.5.2 BEoMr BILA GRS A RL.2.1
BAOFHEAT 0T, S5SRULIE 3, mBERI A, 40 fLREA
BN S5 A, HAp LTS HEE (S28~832) &

2844

M1, JTTH B, G HLEES (S6~S9, S33~
S36) RAH 2, HAT FHEME NN 3 KHAE
FHEE, JFHT K C, FRERPERSTEE
m, RAARRET R, HOREES TR A2

2.5.3 FWmath (PCA)  FHERTERFA
SIMCA 14. 1 3 FE47 04, S5 R WA 4, ftkn]
A, A0 HERESER N 3 25, H TR F A 5 R
BH—2K, JTHEB, GHSHMAEMB N, He
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Fig.2 Box diagrams for contents of various constituents
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Fig. 4 PCA score plot for 40 batches of
Tongxuan Lifei Pills
2.5.4 fhig/NZAFNGN BT (PLS-DA) R4S

e SIMCA 14. 1 A EAT 08, 4559 WA
5A, AIHIFAEES L RPY H 0.758, R BER S

R’X 73 0.961, FfE 1240 Q° M 0.608, B
AIFEE, WUNAE S15% , FEUEAT 200 R B HAG K, 45

UL 5B, W0 R AE Y G E AR N 0,158, Q°
16 Y il FRYAEE K -0.487, HI R*>0* H 0* A1
B, REBBTC EEILE, v T A&HURE S 4 a) 22
SEEIFBI AT, LA VIP (E>1 A ifvebrE Y, Lk
6 Fhsisy, H VIP EAKK A& S A > A1 >
WA E S T ST A AT > H i 11, wIE R i
ZRbrEY, WK SC,
2.5.5 HWFoath B&ENSSESA SPSS 26.0
BAES ) BEBURRIEME>0. 8 1Y 4 N Esy, WK 4,
RAIEAX PCA=a/N (N IIFIEME, o HHFH5T)
FHE F M55 PCAL~PCA4M | HARIEAR F=
(0.416 92 x PCA1 +0.202 95><PCA2+O 117 19 x
PCA3+0. 075 81 xPCA4) /0. 812 86 it 45154

GERWFES, WK FHEAE —, CL AR
Z, B. G5,

F4 IRHBMERFERHE

Tab.4  Eigenvalues and variance contribution rates of
principal components
BN Wi FHIEME Ji TR/ % B 2R/ %
1 4.586 41.692 41.592
2 2.232 20.295 61.987
3 1.289 11.719 73.705
4 0. 834 7.581 81.286
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Tab.5 Comprehensive scores and rankings for principal components
i GEE TR PCAl PCA2 PCA3 PCA4 F Hef¥
A S1 -0. 163 2.560 0.261 1.393 0.723 8
A S2 -1.387 4.242 -0. 549 0.982 0. 360 13
A S3 -0.534 1. 195 0.296 0. 886 0. 150 19
A S4 -1.289 1.292 0.283 1.724 -0.137 25
A S5 -0.735 -1. 400 0. 699 1.917 -0. 447 28
B S6 -3.852 -1.969 0.216 0. 705 -2.371 40
B S7 -3.696 -1.526 0. 092 0.345 -2.231 38
B S8 -3.032 —1.428 0.119 0.372 -1. 860 37
B S9 -3.746 -1.884 0.239 1. 331 -2.233 39
C S10 2.592 -0.479 -0.975 -0.542 1.019
C S11 2.277 -0. 705 —1.825 -0.245 0. 706 9
C S12 0.417 -0. 401 -2.185 -0.097 -0.210 26
C S13 1. 628 0. 180 -1.613 0. 156 0. 662 10
C S14 0. 168 -0.178 -2.497 -0.261 -0.342 27
C S15 1. 635 -0.578 -2.793 0.227 0.313 14
C S16 1. 664 -0. 810 -0. 855 -0.932 0. 441 11
C S17 0.952 -0. 803 -0. 856 -0. 860 0.084 20
C S18 0. 646 -0.332 -1.232 -0. 631 0.012 22
C S19 -0.393 1.578 -1.504 -0.071 -0.031 23
D S20 -1.087 -0.910 0. 053 0.078 -0.770 30
D S21 -0.623 -0.948 -0.567 -0. 063 -0. 644 29
D S22 -1.191 -1.533 —-0.338 0. 679 -0.979 32
D S23 -1. 166 -1.524 -0. 157 0. 052 -0. 996 33
E S24 -1.167 2.776 0.219 -0. 692 0.061 21
E S25 -1. 104 2.003 0.204 -0.317 -0. 066 24
E S26 -0.312 1.945 0.356 —-1.240 0. 261 15
E S27 -0.918 2.735 0.303 -0.345 0.223 16
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&= (=TT RS PCA1 PCA2 PCA3 PCA4 F Hep
F S28 4.113 0.264 1. 462 -0.783 2.314 2
F S29 3. 663 1. 409 1.276 1. 108 2.518 1
F S30 2.892 0.936 0. 883 1.435 1.978 4
F S31 3.714 -1.318 0.989 0. 796 1.793 5
F S32 4.353 -1.329 1.277 0. 819 2. 161 3
G S33 -2.215 0. 133 1. 004 -1.041 -1.055 36
G S34 -1.871 0. 633 0.537 —-1.427 -0. 857 31
G S35 -2.024 -0. 191 1. 096 -1.292 -1.048 35
G S36 -2.162 0.296 0. 906 -1.434 -1.038 34
H S37 1. 609 -0. 692 1. 655 -1.184 0. 780 7
H S38 1. 054 -0. 841 0.943 -0. 679 0.403 12
H S39 0. 653 -1.340 1.295 -0.170 0.171 18
H S40 0. 635 —-1.061 1. 281 -0. 699 0. 180 17
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