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benchmark samples, providing a basis for the establishment of quality standards for Xiehuang Powder and the development of related
preparations. Methods Prescription materials were sourced from major producing areas, genuine production areas, as well as from
multiple origins based on the official key information table of classical prescriptions and ancient records. A total of 15 batches of XHP
benchmark samples were prepared. HPLC fingerprints were established, and characteristic peaks were assigned using reference
standards and HPLC-MS. Batch consistency and differential components were assessed via similarity evaluation and chemometric
analysis. Quantitative methods were developed for geniposide, prim-O-glucosylcimifugin, 5-O-methylvisammioside, liquiritin, and
glycyrrhizic acid. Their transfer characteristics from decoction pieces to benchmark samples were subsequently analyzed. Results
HPLC fingerprints were successfully established for 15 batches of XHP benchmark samples. The similarity values across all batches
were not less than 0.900. A total of 44 common peaks were marked, and 14 characteristic peaks were identified. The 15 batches were
classified into three distinct groups by chemometric analysis. A total of 17 components contributing significantly to batch differences
were identified by orthogonal partial least squares discriminant analysis (OPLS-DA). Mass fractions for geniposide, prim-O-
glucosylcimifugin, 5-O-methylvisammioside, liquiritin, and glycyrrhizic acid were 0.248 —0.326, 2.438—3.812, 0.178—0.292,
2.609—3.121, 8.888—9.481 mg/g, respectively. Their respective transfer rates from decoction pieces to benchmark samples were
1.003 5%—1.342 1%, 40.558 1%—46.727 7%, 44.463 4%—52.561 2%, 34.818 5%—38.229 3%, and 34.214 0%—39.804 1%.
Conclusion An HPLC fingerprint and a multicomponent quantitative method were established for XHP benchmark samples. The
quantity value transfer characteristics of five marker components were successfully clarified. These findings provide experimental
support for the establishment of XHP quality standards and the development of related traditional Chinese medicine formulations.

Key words: Xichuang Powder; benchmark sample; HPLC fingerprint; value transfer; chemometrics; geniposide; prim-O-

glucosylcimifugin; 5-O-methylvisammioside; liquiritin; glycyrrhizic acid
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Table 1 Origin and batch number of medicinal materials for Xiehuang Powder prescription
YK I fits
Ma¥ VAN 77-20230503. ZZ-20230504. ZZ-20230505. ZZ-20230506. ZZ-20230507
Gizye 77-20230405. ZZ-20230406. ZZ-20230407. ZZ-20230701. ZZ-20230702
i 77-20230602. ZZ-20230603. ZZ-20230604. ZZ-20230605. ZZ-20230606
B R it FF-20230401. FF-20230402. FF-20230403. FF-20230404. FF-20230405
Ak FF-20230508. FF-20230509. FF-20230510. FF-20230511. FF-20230512
E-3i FF-20230311. FF-20230312. FF-20230410. FF-20230411. FF-20230601
HE B GC-20230408. GC-20230409. GC-20230410. GC-20230412. GC-20230414
HM GC-20230802. GC-20230803. GC-20230804. GC-20230903. GC-20230904
thivg GC-20230301. GC-20230302. GC-20230303. GC-20230304. GC-20230305
T IR GHX-20230303. GHX-20230304. GHX-20230305. GHX-20230306. GHX-20230307
tiae) GHX-20230205. GHX-20230206. GHX-20230207. GHX-20230308. GHX-20230309
i GHX-20230704. GHX-20230705. GHX-20230706. GHX-20230801. GHX-20230802
BE bik|A SG-20230314. SG-20230315. SG-20230410. SG-20230411. SG-20230412
i) SG-20230401. SG-20230503. SG-20230504. SG-20230505. SG-20230506
TR SG-20230413. SG-20230510. SG-20230607. SG-20230608. SG-20230609
R2 SR EERAMIENESER
Table 2 Random combination information of 15 batches of Xiehuang Powder benchmark samples
s R [EER HE HE B A HVE /%
XHO1 GHX-20230303 Z27-20230506 SG-20230413 GC-20230408 FF-20230404 28.9321
XHO02 GHX-20230706 77-20230701 SG-20230412 GC-20230303 FF-20230511 32.3910
XHO03 GHX-20230306 77-20230503 SG-20230504 GC-20230412 FF-20230401 29.390 4
XHO04 GHX-20230207 77-20230406 SG-20230609 GC-20230804 FF-20230509 26.904 2
XHO05 GHX-20230704 77-20230405 SG-20230505 GC-20230301 FF-20230508 29.291 0
XHO06 GHX-20230305 77-20230507 SG-20230410 GC-20230410 FF-20230405 31.2819
XHO07 GHX-20230304 77-20230504 SG-20230315 GC-20230409 FF-20230402 29.983 6
XHO08 GHX-20230308 77-20230602 SG-20230608 GC-20230903 FF-20230311 30.102 8
XHO09 GHX-20230705 77-20230604 SG-20230607 GC-20230302 FF-20230410 29.9302
XH10 GHX-20230801 77-20230407 SG-20230506 GC-20230304 FF-20230510 27.839 1
XHI11 GHX-20230309 77-20230603 SG-20230314 GC-20230904 FF-20230312 28.194 0
XHI12 GHX-20230205 Z27-20230505 SG-20230510 GC-20230802 FF-20230403 32.370 9
XH13 GHX-20230206 77-20230702 SG-20230401 GC-20230803 FF-20230512 27.563 1
XH14 GHX-20230802 Z27-20230605 SG-20230411 GC-20230305 FF-20230411 28.389 3
XHI15 GHX-20230307 77-20230606 SG-20230503 GC-20230414 FF-20230601 27.8875
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Fig. 1 Fingerprints of 15 batches of Xiehuang Powder benchmark samples
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Table 3 Similarity analysis results of fingerprints for 15 batches of Xiehuang Powder benchmark samples

FALLEE

XH02 XHO03 XHO04 XHO05 XHO06 XHO07

XHO08

XH09 XH10 XHI11 XHI12 XH13 XHI14 XHI5 R

0.999
1.000
0.965
0.987
0.949
0.982
0.971
0.962
0.943
0.974
0.952
0.955
0.962
0.947
0.982
0.981

0.986
0.965
1.000
0.963
0.972
0.965
0.941
0.981
0.972
0.962
0.952
0.968
0.959
0.963
0.953
0.977

0.996
0.987
0.963
1.000
0.966
0.985
0.974
0.948
0.965
0.958
0.994
0.975
0.973
0.961
0.958
0.978

0.963
0.949
0.972
0.966
1.000
0.957
0.984
0.963
0.952
0.948
0.966
0.967
0.973
0.981
0.974
0.977

0.984
0.982
0.965
0.985
0.957
1.000
0.978
0.985
0.943
0.953
0.977
0.972
0.956
0.967
0.971
0.981

0.972
0.971
0.941
0.974
0.984
0.978
1.000
0.988
0.981
0.952
0.964
0.983
0.976
0.974
0.946
0.980

0.956
0.962
0.981
0.948
0.963
0.985
0.988
1.000
0.956
0.986
0.952
0.945
0.957
0.982
0.947
0.980

0.969
0.943
0.972
0.965
0.952
0.943
0.981
0.956
1.000
0.959
0.973
0.968
0.982
0.994
0.989
0.981

0.952
0.974
0.962
0.958
0.948
0.953
0.952
0.986
0.959
1.000
0.993
0.972
0.983
0.968
0.984
0.978

0.948
0.952
0.952
0.994
0.966
0.977
0.964
0.952
0.973
0.993
1.000
0.974
0.995
0.978
0.965
0.954

0.954
0.955
0.968
0.975
0.967
0.972
0.983
0.945
0.968
0.972
0.974
1.000
0.983
0.948
0.976
0.942

0.973
0.962
0.959
0.973
0.973
0.956
0.976
0.957
0.982
0.983
0.995
0.983
1.000
0.998
0.982
0.943

0.982
0.947
0.963
0.961
0.981
0.967
0.974
0.982
0.994
0.968
0.978
0.948
0.998
1.000
0.974
0.937

0.965
0.982
0.953
0.958
0.974
0.971
0.946
0.947
0.989
0.984
0.965
0.976
0.982
0.974
1.000
0.942

0.986
0.981
0.977
0.978
0.977
0.981
0.980
0.980
0.981
0.978
0.954
0.942
0.943
0.937
0.942
1.000
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Fig.2 Total ion chromatograms in positive, negative ion modes of Xiehuang Powder benchmark samples

WETHRRER, 14 TUE 5-O-HIIEAEIOKREE T, 22 51U
ZA W, 23 SWEDUREH, 24 Sk, 29 5
Wefh T AES, 30 SRR, 31 SIEHER,
41 U RN, 43 SUEH R 44 SR
Wy RN IZR AR, fkPE (b E 25 0) 2025 4F
J e C A SCHRARIE D TIHEAT B A

229 JZRZEIEHHT (hierarchical cluster analysis,
HCA) Nt 15 fbikyE B B pe il 5
AL SRR AR A 5 22 e, 5 HH S A I i

FRIFHIH SPSS 27.0 #1247 HCA. R FT7 R IK
PE AR AR AR SR B I P B da s, 18 4 a)iE
LT RR LR BN, 5P K IREE R 10 B,
15 #LRES AT 408 3 2% XHO08. XHI13~XHI15 BN
%125, XHOl. XHO02. XH06. XH07. XH09 %N
% 2 2%, XHO03~XHO05 ) XHI0~XHI12 E N 3
F (B3, RRLEREY, NGRS B R

A BRI AE — 2 57, AT RE S 2R
KIFAFAT R
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R4 EEEEEMS HPLC S5 EISISTIEHLE
Table 4 Identification of characteristic peaks in HPLC fingerprint of Xiehuang Powder benchmark samples
g HwEY 5T HIR{E (m/z) SEMHE (m/z) wE (X1079) JE)E
9 Ma+H Ci17H24010 411.126 72 411.125 58 2.772 8 Ha ¥
10 FRRE C22H2s011 469.465 83 469.468 90 6.5393 B A
12 HRE C21H209 441.116 15 441.116 73 1.3148 HE
13 FRRE C16H1506 307.118 17 307.117 43 2.409 4 Bi 4
14 5-O-FIEAEGOKEE T CaaHasOno 453.176 08 453.175 05 22728 7 )X
22 Zr C21H26010 461.142 37 461.142 75 0.824 0 7 A
23 WS C22H20011 483.380 77 483.380 49 0.579 2 7 A
24 ITE:74 Ci15H1006 287.055 57 287.055 18 1.358 6 B X
29 M A B C12HsO4 235.060 10 235.060 46 1.5315 Bi A
30 R B C42H6sNO16 862.420 11 862.424 25 4.800 0 HE
31 HHER Ca2He2016 823.411 38 823.411 62 0.291 4 HE
41 ] RE A C12H1604 247.094 63 247.096 37 7.0417 JTRER
43 HHERIR C30H4604 470.449 61 470.448 02 33797 HH
44 K& Ci5H1004 255.065 60 255.065 74 0.548 8 Ma 1
. s iﬂuﬂﬁf " ’s LU S B 15 fLERE S A I S R 2B
' ‘ : : ' ‘ Pl Ja LA D8 AR e v A, 568 1 £ &
ﬁﬁi% B 2. 6. 8. 324 35. 42, 43 BgHE, 2%
XHO08 By EEEH 18, 194 21, 24, 28 SERE, 3
e B 11, 13, 23, 28, 34, 44 BgJE, 50
09— |— 4 FREEH 9. 104 114 134 29, 37 SI§HE.
02 5T SIMCA 14.1 B(IH241 PCA 340 ([ 4, %
XHO7 RER 15 SBT3 28, &k
oy 1] G5 HCA 25—, H—BWiE 7 AR U
f{g‘fi —} it AR SR AR AR — 8 Sy i .
XHI1 2.2.11  IERm b —AeiE-H 5104 Corthogonal
XH10

B3 15 HOUERAEER R HCA B
Fig. 3 HCA of 15 batches of Xiehuang Powder benchmark

samples

2.2.10 Epsr50#r (principal component analysis,

PCA)  RHJ SPSS27.0 BAFXT 15 ity Bk i pt
AR AL U A W) U TR R 1E 1T PCA . &b
MK S, JLERAC4 DN ERS RHEE>1D, %R
R Z TR N 94.262% (58 5), S5 RFHAEN

£S5 PCAYLERSERME

Table 5 PCA eigenvalue and variance contribution rate

TRy FFEE T ETTRE/ % BRI ETEE %
B FERS 29.634 67.350 67.350
¥ 2 EHSY  8.326 18.924 86.274
%3 ERS 2.081 4.730 91.003
¥4 FRS 1434 3.259 94.262

partial least squares-discriminant analysis, OPLS-DA)
7E HCA 5 PCA it b, 12 SIMCA 14.1 # A%}
15 75 30 B AT dh 1O AT I T AR3EAT OPLS-DA,
DUk — 42 48 % b R 8] 1R 22 5345 JE O i ade ot o 22 5

XHO1

]
m XHO02

XH06 m XH09
-

XHO07

XHI15
@ | XHO08

xH14 ® XHI3

XHI12
¥ XHO05
XHIOva XH04
XHI11~ XHO03

-5 5 15
t[1]

4 15 HOSERMEEFRR PCA B E
Fig. 4 PCA score plot of 15 batches of Xiehuang Powder

benchmark samples
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PrEY. OPLS-DA 30 (F 5) BoR, 15 #HEFES,
S0 B BB R . BSOS R
N, BAEERGIEE (RE) N 0.948, AR ER A5
(R 240997, HATIMIFER (0% N 0.984,
T ZE R B RFA ge DA ml g 1. &
200 KB # kI (B 6O m] L, R2 A Y Fli#EE o 0.583,
Q> 1E Y fli#FE N-0.738, RIRMIKT 0, BiHIHA

ARAELIE, BRFRER A,
8
XH14
4 XH13| 4a XHOS
XH15
= 0 XH10

XHO09 g XHO7
XH02 “. XHO06

-15 -5 5 15
t[1]

E5 15 #5REEEH M OPLS-DA 1547 [E
Fig.5 OPLS-DA score plot of Xiehuang Powder

benchmark samples

1 '_ __________ |
e |
0 |
& | B
=% " =
& -1
L
| . R?
) [ | m
0 0.2 0.4 0.6 0.8 1.0
R R

B 6 OPLS-DA 1% 200 )X EHMAQWINIE
Fig. 6 Verification of OPLS-DA model by 200 permutation
tests

PLAF & B 2% # % ( variable importance
projection, VIP) {8 >1 NBMERAT I, FiRmMH
17 AN RE i 22 5 ST RREBCR IR 2y (B 7D, HooT
BRI R BMK VO 18 24 CLIZERY). 29, 19, 9
(WEFH) 214 284 164 17, 37, 7. 30 CHEEEREL).
22 (ZFMF). 264 15, 43 (CHERER) K275
U, g5 R, BIR 17 Ao 2 5 REA RIS 7

2.0
1.5
@ 1.0
a
=
>
0.5
0
T AN 0O~ O N O NN~ — T ANNXOFTALDANODNOODAIANTFTNN T — O NN — —
—'NN—'Q(MNNP"—‘MWMNNP'ﬂvaﬁ g‘\_ Nm'—‘ﬁmﬁ‘ﬂﬁf\lm'—‘ﬁmwm—"—'f\l'—'ﬁm
goereSogreeYorerneeTe¥e¥ooeeVoveVovooe¥oveoe¥s

var ID (primary)
7 15 $EERMEER R OPLS-DA VIP 347 [E
Fig. 7 OPLS-DA VIP score chart of Xiehuang Powder benchmark samples

B A 0T B 22 e R OB I
BN E B S .

2.3 EEEEEMRTPERER S SENE

231 fAig&MF @ik Agilent Extend-Cis A%
(250 mmX 4.6 mm, 5 pum); VAN LFE-0.1%0
FRKIRT, BEREVERL: 0~8min, 19%ZJE; 8~35
min, 19%~50%Z.ME; 35~36min, 50%~100%/Z.
fi5: 36~40 min, 100%~19%Z.fi; MK 237
nm; A 30 C; AR E 1.0mL/min; HEFEE 10

AR PR L5

pulo

232 HHAmEmrm & [\ “2.2.27 TR
2.3.3 ARSI [ “2.2.37 TR 7L,
3 I 1) J5 R B 43 34 204 40 60 80+ 100 pg/mL
G F-EF 0T R VR, SRR 2 50 50 100,
150~ 200, 250 pg/mL [1FFRR TR RS, i
BRI 10, 204 40, 80+ 160 ug/mL [ 5-O-
FH 5 2 B B0] R B X R AR TR, TREIRIE 0 N
50, 100, 150. 200 250 pg/mL [ H 5H X} R 5
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RN 5 B9 FE 433124 100+ 300+ 500+ 700+ 900 pg/mL
AR B TR e ot R R A A

234 ZMOCRFEL A “2337 DU E
R FST IR VA, $ I8 “2.3.17 TR (i Skt
FEHT, LS FIARE 2R . DU &Rk B
AR (X0 WETRURM AR (V) BEATLMERDIE, 13
EH5FE: BT Y=12 600.0 X+7 622.9, R?=
0.999 6, LEPEVEFIN 20~100 pg/mL; FHHRETF Y=
13989.0 X+ 11 181.0, R2=0.999 8, £ Ny 50~
250 pg/mL; 5-O-FEEAENIOREE H Y=130 144.0 X+
321849.0, R”2=0.998 6, ZPEJE [N 10~160 pg/mL;
HETEF Y=10 161.0 X+31 352.0, R2=0.998 7, £
PEJE A 50~250 pg/mL; HE R Y=6163.9 X—
461.6, R*=0.999 6, £ 100~900 pg/mL;
SERLW], BABIRYE R E A5 H VO N 2t %
AR

235 NEWEHL  HUE TS O R
(XHOD), ZH “2.2.27 TUF J7 v 2% s il I
I8 “2.3.17 TR Bl R ARIELEERE 6 Ik, MIENE
T FHRRERE . 5-O-FIER4EHBoREE . HEH
T H BB () O B N [A) 5 0 AR, FE TSR RSD
fHe ZRER, FREIRENEP) RSD 20510
0.25%-+ 0.87%- 0.15%-. 0.39%-. 0.31%, WA
RSD 73514 2.30%- 0.18%- 2.46%- 0.41%- 0.32%,
R IZA TG % R o

23.6 fRoEtEFE L HUE TS O AERE
(XHO1), % “2.2.2” T J5 i) & Bl i s,
A FH% G 04 24 4. 8. 12, 24h, BIE “23.17
TN G AR A, MENE 85 . RS E

5-O-H BGE B R B . H B S H R R B AR
B[] ST AN, 5L RSD. 45K EoR, iR
I3 PR BEIT (R RSD 43514 0.28%. 0.42%+ 0.73%-
0.48%-+0.26%, WETHIF ) RSD 4374 0.48%-+0.18%-
1.52%- 0.23%- 0.23%, FR AL IS TRAE 2 050 T
& 24h NEEME R I,

237 EEMWFEL  BUE TS O AR
(XHOD), %/ “2.2.27 TR J7 - PAT 25 it v
W6t LI “2.3.07 U GRS AR AT, T
ENETH . THRRERT . 5-O-F3E4E b ki, H
FOH N IR AR B R B I TR 5 B o B, R
RSD. 48R 7R, FRps- R B [E] ) RSD 4353l A
1.04%-+ 0.29%-. 0.11%-. 0.19%-. 0.07%, JiiEsr%L
] RSD 434 0.34%-1.06%-0.40%-0.41%-0.35%,

K ZITEEIE R
2.3.8 INFEEWCERFELE  RSERRICCIE 5 FEbR
BA B  [F] — S SO ERE S (XHOD) 6 47,
B2 0.5 g, 7RI S S fabr i &
AR AN B IR, 12 “2.2.27 U5k
Hl A R AW, R IR “2.3.17 TR s Sk
FEMGE o THENEFH . FHRERE . 5-0-H HL4E B
KEEFF . R R H BERR A I INAE (Y5 2% & RSD .
5 FhARAR B (1P IFE W E 2300 98.70%
98.21%-+ 98.14%-. 97.74%-. 98.06%, RSD 47~
1.18%-+ 0.86%-+ 1.29%. 0.69%- 1.22%, FWHiZJs
TEUERAE R AT .
2.3.9 VS EEGEAERE S AR ARV RS (R &2 0
SELTR M “2.2.27 TR Il #% 15 HiE sk
TERE A AR VA, TR “2.3.17 TR (i 2k it
AT . AR EIR, 15 RSB 5 HE 75 1R
BHUE 0.248~0.326 mg/g; FHRR T &= 5
7 2.438~3.812 mg/g; 5-O-F 3 44 1 ] K B 1) )
BB 0.178~0.292 mg/g: HHFH I FR &9 HE
2.609~3.121 mg/g; H BRI 5T & 73 2 A7E 9.072~
9.677 mg/g; H R & 73 FUAE 8.888~9.481 mg/g
CH BRI = H B IR i 5/1.020 7)o K TR bR
(1) )5 5 73 B BN L/ » SAE T 3AE IR £30%35 A,
FH 15 L5 T HORAERE B AR T B RN E, 4521
W2 6.
24 15 #IEEHEESERPIERR N EEEER

S (RE 20 2025 FERRAHE T, e Xt
NEAERAETT 2T 5 FRARFR MR B &, RS
“2.3.97 TUR I w5 45 R XS BECEHERE & h
5 MR BRI S W AR AR R EREAT 40 b . DA FS
SRR 1 2508 BN FEHERE o AL, B
SRR 6. Hp, HETHMWHEREERN 1.003 5%~
1.342 1%, “FEHEN 1.142 4%; FHRE TR R
N 40.558 1%~46.727 7%, “F-¥IE N 43.6453%; 5-
O- W 5= 2fE 3 o] oK B 8 1) #5272 32 44.463 4% ~
52.561 2%, “FHIME N 49.170 6%; HELEHFEFE R
N 34.818 5%~38.229 3%, “FIIME N 36.606 3%; H
BRI HE RS FRAE 34.214 0%~39.804 1%, “FIMEN
36.123 4%.

25 - O o 8 T R = V5 S O MRS S P R R R
3 B0 43 0/ k 75 245 o I8 H VR e R R A 2 B R
¥

P
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Table 6 Component contents and transfer rates in Xiehuang Powder medicinal materials and benchmark samples

Ma 1/
(mggh) H®
i E/%

7%
it -

THR R T/
(mgg") H#®

B /%
T RE

it prens

M ke

5-0-F 4L 1 b
KEEE /(mg-g ™)

HHEH/

(mgg!) B
B /% B

2 _ a3y v - 2 -

H B B/
(mg-gh

HER/
(mgg!) HE
/%

L4
R/%

XHO01
XH02
XHO03
XHO04
XHO05
XHO06
XHO07
XHO08
XH09
XHI10
XH11
XHI12
XH13

25.977 0.312 1.201 1 6.774 3.037 44.833 2
25.642 0301 1.173 9 6.774 3.112 45.940 4
24799 0.288 1.1613 6.281 2.819 44.881 4
25.810 0.309 1.197 2 6.005 2.806 46.727 7
23.471 0315 1.342 1 6.281 2.757 43.894 3
27.247 0319 1.170 8 6.480 2.910 44.907 4
25.168 0.291 1.156 2 6.005 2.438 40.599 5
24249 0.274 1.129 9 8.780 3.561 40.558 1
30.880 0.326 1.055 7 8.787 3.603 41.003 8
26394 0310 1.174 5 6.386 2.801 43.861 6
30.107 0.317 1.052°9 9.013 3.812 42.294 5
22.453 0.253 1.126 8 6.386 2.876 45.036 0
24713 0.248 1.003 5 6.480 2.911 44.922 8
XHI4 29.953 0.322 1.075 0 8.401 3.638 43.304 4
XHI5 28430 0.317 1.1150 8.417 3.528 41.9152
FH)ME 26.353 0.300 1.142 4 7.150 3.107 43.645 3

0.432
0.434
0.406
0.410
0.406
0.449
0.410
0.549
0.529
0.375
0.571
0.381
0.449
0.587
0.554
0.463

0.221
0.208
0.187
0.214
0.207
0.201
0.199
0.278
0.261
0.178
0.292
0.200
0.236
0.261
0.265
0.229

51.157 4 7.649 2.748 35.926 3 26.660 9.553 26.119 9.359 35.833 2
47.926 3 7.816 2.988 38.229 3 23.144 9.212 22.674 9.025 39.804 1
46.059 1 8.925 3.121 34.969 2 24.183 9.297 23.692 9.108 38.445 3
52.1951 8.336 3.098 37.164 1 27.836 9.524 27.272 9.331 34214 0
50.9852 7.581 2.764 36.459 6 26.919 9.466 26.373 9.274 35.164 9
44766 1 7.319 2.693 36.794 6 25.641 9.304 25.121 9.115 36.285 6
48.536 6 8.237 2.992 36.323 9 26.564 9.430 26.025 9.239 35.499 5
50.637 5 7.878 2.743 34.818 5 27.989 9.641 27.421 9.445 34.446 1
49.338 4 7.141 2.609 36.535 5 25.141 9.289 24.631 9.101 36.947 8
47.466 7 7.457 2.733 36.650 1 24.962 9.072 24.456 8.888 36.342 9
51.138 4 6.863 2.611 38.044 6 26.650 9.441 26.109 9.250 35.426 6
52.493 4 7.681 2.779 36.1802 25.978 9.311 25.452 9.122 35.840 7
52.5612 6.998 2.630 37.582 2 26.800 9.525 26.256 9.332 35.5417
44.463 4 8.048 3.065 38.084 0 28.034 9.677 27.465 9.481 34.519 4
47.8339 7.684 2.715 35.333 2 24.265 9.109 23.773 8.924 37.539 5
49.170 6 7.708 2.819 36.606 3 26.051 9.390 25.523 9.200 36.123 4

3 Wie
3.1 EEEHEENHRNEIETIZER
CEEAEIE) il : “RIZi 20k, BEimk,
AR, AR U8), 5 BB HERE & 1
25 L2V B R A o BE i ) AR B R B % S B
BV R AT SR, B AT AR R E 2
FOCEE BRAEARTRIATIR T, B LA
M IFRAR L R T THRRER .
T AR EEFN AR, Xl LZEAT 7
tho SEREH, AFRPAFZMS T HEREUAK,
B4 25 MR AR R AR SR i 50 B, At 65 H i
i, ARERVER Y TR R A R, B RAE
A RENS BT M o S A AR R T AT . AR
v 411 vl o i U R Y ¢ % A e il 0 LT e @) 1N
J¥, UESE “EFEME” AT R TR bR A oy
AR, 0T BB N o IR [E] 1R 25 ¢
BIR, 15min AFHRE S HEH S H s e
M, RN FHALE 30 min B NAE IS, (HEE T4
J7 R SR — B, Bk IRV R4 15 min.
FERIZ K ITHER L, 90 CH&M FHERLAME
5 HEH R SRR, S T T80 C
N E PR AR A T Y TR 2 IR, AR FUAL

17 ey AU 5 BT SR IR, SR K TTE N
90 C. B 7 A LR W], — R L ZAER I F 8 &
HMER EHEFRT R, RY L2 ORI
YOI Rl 0 RO RS . TR sULL R R B o, %
VR T IGBE 25 T 45 SE AT M T DR B T 2 A i 55 AV i
VR G4 AT s o R B HE R i BE AR SURFIE A
AR Zie BIRGER, BAHE 7AW TUT
RIS SRR fh i 26 T2, O SRR SURlE
PSRN R AL B T B0 120, o8 )E Sl A4
PR TR gt T EE SRR S S R PR
b B AE 7= o i LA T2 2 H0A T A PR A
WA F=Br B S a S br A P B A A TR
PREATHE— 1 L 2RI RAL .
32 EREHEEHARBKMAREEEEER
DNERAT RE WS I AR ALV T B VR i B A 1L
SRR BRI, A TO Ak i A SR G 77
AR IOT kAT 7 H AL S REH, 5K, 50%F
BEAN ZWEAR L, F AR UG (il B R LA (5 2
SRR, EE RN R, U F RS B AR
SEHERE R P 2 R A B AR IAE 7o AESEHL
TR, A SRR (R SR IR 5T E
EIRMZ AR EZ 5, HiJeiR B 30 min i
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FEHEEN 45 min (177 TR 25A tn i N AR o %45
SRULH, TR R A BT 7 o R IR 0
SRR, 4 A R AR i R A TR P AL
BT SRR . [RIL, AW 55 A 44 e DA BE )y
PR 1215 30 min J5 A HEEL 45 min {E A
WA IR T7 15 TR RE S BT B V5 SR
SUEIVE 5 AT S 22 48 AR R 53U 5 1R e 2
33 BIERHER

V5 PR HEERE S R 2, R E M
FNGE RGBT 22 5, DR £l 2% 1 ok 38 L 4
S 45 ST BEARAL SRR R AERE ST o AT
FElSean AR R R AR OE R R
R REAT 1 IR . S5 REW, 5 WEHRRALL,
CIER R TG HE LR T A, TR AN 43 B A R A 0T
Horb -0 1% B BR /K AR R T SRS BCE &
WIEEE, AR T USRS B R, HMuksE
HAE R R (2104 254, 275, 300,
365nm) EELER EoR, 210 nm &1 FIHAIEE B
WAFE, FERSWWPEE, BRI G B
PR HERE T I AR AL SRR AE, PRI E 210 nm N
R . 3 — SRR (25, 304 35 C) Fifk
R E(0.6.0.8+ 1.0 mL/min) J& & 3L, ZEAEIR 30 C.
AR 0.8 mL/min 2618 T, FEM&HSIREIT N
WA, R BERAF. R R, SMERET
Ak, BZHE T AR T A9 0~15
min, 3%~20%ZffE: 15~45min, 20%~25%Z.Ji&:
45~55min, 25%~30%ZJ5; 55~60min, 30%~
37%M: 60~110 min, 37%~80%ZJ5; 110~120
min, 80%~85%C. M. %5k N AT/ i S L T
Fa, WETRRE, EIMERCEE, Retsi R TE EHOE M
FE b e SRS 2 #1675 2
34 EEREEEM RIESENE 5 RIEFRER ST
T

A EiE HPLC fa8U&E AR E 44 MAT
U, Jf454 HPLC-MS Xf Hor 14 MRHIEIEEAT T 45
N, WP EAL T V5 B HBOEHERE 5 1AL 22 R R
TET7 9250 15 V5 B HOEHERE S H8 SUE S AR LR 35K
F 0.900, FRIFFEREEHI & T 25T, ANFEHRLE
i B SERFIE RO — B P45 HCA. PCA
F1 OPLS-DA T WL, 15 #UAE & B AR 8k —
otk A —E R 2 T . A A AR ZM
KIS BT, HEMNZZE R 2 20 7= SRR
AFA I, MR E & L2938 OPLS-

DA i3 22 A8 5 W3 — DR R 73 gt [a) 22 =
MEZRAE R, v fE sk a1 A 2 b A G
R BN L T . HESR AR, fibiR 2z
REBEBHNEFSRE, RS REICE. kYE
WAL 0T K T B AR F AR R 3, TS N f5
5l VAN B OS5 = G ety 9D Y- P D e
B A 77 o B E I R SRR IR B L 2 AR AR
FIGUSChRE, FEAE DA BRI i R MR I A AR L
WRZGHF S ) AL AL B s — AL Pek),  DUR AT RE[%
G SRRk 22 S5 e i 6 S R AN 7 it i R R PR R R
AR, AH N S MR ) AR T AR R
FERE . SRME BRI R, X K B AR
o RS RA = AR AT IR, SR AN R4S
A T A HEE TS HAR A S Fi it — 0 58 3
TEAR PR SISV S At b, AT FCiE— D ik
NG T8 THIRET . 5-0-H B 4E B kit . H 5L
HAH R S MR E &, LR 45l
KIETHE T B RAH &, AR IR,
[ B V5 SR RIS A ot LB L 2 8 PR e
W T IERR R, EA1E N E AR IB I T PR AR
gy . Himik—Jr ks (HEZGH) 2025 FFERRAHOC
JREFEHIER, H—J7 g “J7 LIRS, ZibE5
it (I, S AE AL T 3 B2 R 1) D e E
REINCARE « FoHr, B ZHE T 07 HiE TR B AR K
(B2, HAVE KB, EHGFIIR. B
DN KT AR NG 0 B RS R
By, HAPIR . PUEMWSEEZEERRY, B
M THe T2 2= PEA, DRI Al 4R D S i 24
EERRAE W B B R bR . B 24915 TE 77 BB Bk
AR A E SRR RY, AR M )5 2
Iy FHIRRZR R 5-O- F 35 o 17 B oK e 5 2L A 6 B A
(25 BETE, COE TR 3 vl A% 2R A
I B R VAR DR AR R, BRIE A1 BT K
YRR B o 2 H AR 5 R B A
2 ST e SR R 2324, S R g R
AHEHSHNEAPR PrE. G L
TRF S5 22 ol 2 R 1 (25260, [ Bof A1 2 H R A
oA Z R RR L) -
YA, AL PR I
FERME S22, AR AT KRS
RYEWZREST, RASAAHGEENE, SR RA
X AR KM A 25T HPLC AR R 2 @A [H 0
5, WA R I B E RN FE E AR
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gy GE L, AWRFUEEUN 5 Fha bR BE A
HHRA PR 24 A0 SRR AN — 8 B 25 B2 AR, SCRBILIT
WIS S A DG 2R IR 2R AE s PO BEHERE L 1)
E BV SR AL IS BT R (RS B e ARl . 78
I il b ) S ) B AR R S RAE 5 AR M B
BT G TP, AT m s s o
HERE SR W TR 2, NG 8R4 & 2 R0T I
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