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Quality evaluation of Pinelliae Rhizoma before and after hot water washing based
on HPLC fingerprint, chemometrics and network pharmacology
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College of Pharmacy, Nanjing University of Chinese Medicine, Nanjing 210046, China

Abstract: Objective To establish an HPLC fingerprint and chemical pattern recognition of Banxia (Pinelliae Rhizoma, PR) before
and after hot water washing (WPR), and analyze the potential target and mechanism of PR by network pharmacology. Methods
Waters Cig Xselect (250 mm x 4.6 mm, 5 pum) column was used with acetonitrile-water as mobile phase for gradient elution with
flow rate of 1.0 mL/min, column temperature of 30 ‘C, detection wavelength of 260 nm. Similarity evaluation, principal component
analysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA) were used for quality analysis of PR and wPR.
Combined with network pharmacology analysis, Swiss target prediction and David database were used to analyze the corresponding
target and pathway of components, and the “component-target-pathway” diagram was drawn in Cytoscape 3.6.0 software. Results
A total of 20 common peaks were demarcated in the fingerprint of PR. Seven of them were identified as hypoxanthine (peak 7),
xanthine (peak 8), uridine (peak 9), adenine (peak 10), thymidine (peak 13), adenosine (peak 14) and succinic acid (peak 20). The
similarity of 13 batches of PR were greater than 0.95. PCA showed that the comprehensive quality of S6 batches of samples
(Longnan, Gansu) was better. The results of PCA and OPLS-DA showed that there were differences in chemical composition and
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content between PR and wPR. Four potential chromatographic peaks, 11, 10 (adenosine), 18, 20 (succinic acid), which were the main
markers leading to the difference, were revealed. The identified chromatographic peaks had a wide range of targets and network
pathways, which were closely related to the main pharmacological effects of PR. Conclusion The fingerprints were accurate and

reliable, which could effectively distinguish PR and wPR, and lay a foundation for the study of related substances of PR and the

interpretation of its mechanism of action.

Key words: Pinelliae Rhizoma; fingerprint; chemometrics; network pharmacology; hot water washing; quality evaluation; principal

component analysis; orthogonal partial least squares discriminant analysis; hypoxanthine; xanthine; uridine; adenine; thymidine;

adenosine; succinic acid
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Table 1 Sample information of Pinelliae Rhizoma (PR)
from different producing areas

s U = TR s

S1 HIM 1904191 | S8  HiMNPBER 20190141
S2  HIM 1903191 |S9  HiuNR/AK 1902191
S3  HIM 1903195 | S10 HilR/AK 1902192
S4  HiliBzEg 200801 | S11  HlR/K 1902193
S5 HlBERS 201001 | S12  YLIRZEM 20180111
S6  HRPEM 20190121 | S13  JL#5ZEIM 1903194
S7  HyNPBerd 20190131
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Fig. 1 HPLC fingerprint (A) and common pattern (B) of 13
batches of PR and HPLC of mixed reference substances (C)
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Table 2 Relative peak area of 13 batches of PR

IO A BB K SPSS21.0 Giit A, K

- LERSEE A
1 2 3 4 5 6 7 8 9 10
S1 0.007 6 0.0593 0.0210 0.1153 0.048 5 0.1215 0.1329 0.0512 1.000 0 0.758 7
S2 0.007 3 0.067 2 0.0184 0.090 7 0.050 1 0.117 4 0.1211 0.0651 1.000 0 0.768 2
S3 0.006 1 0.056 7 0.0192 0.1411 0.046 6 0.0917 0.1747 0.056 9 1.000 0 0.7314
S4 0.0184 0.0405 0.0221 0.216 2 0.044 6 0.058 9 0.1694 0.0557 1.000 0 0.6106
S5 0.0117 0.0378 0.022 6 0.164 4 0.0455 0.0718 0.1491 0.0326 1.000 0 0.7437
S6 0.062 7 0.0654 0.0635 0.9853 0.0879 0.0900 0.730 6 0.0881 1.000 0 0.8843
S7 0.0146 0.0323 0.0219 0.2210 0.0426 0.0479 0.1398 0.0425 1.000 0 0.7679
S8 0.0328 0.0617 0.026 0 0.3476 0.054 4 0.0450 0.2815 0.0595 1.000 0 0.5781
S9 0.0312 0.0616 0.0271 0.3397 0.056 8 0.0555 0.3029 0.164 6 1.000 0 05411
S10 0.022 3 0.0409 0.0213 0.2654 0.0413 0.0460 0.2494 0.0915 1.000 0 0.4798
S11 0.006 2 0.0306 0.016 7 0.0620 0.0420 0.0611 0.0416 0.0117 1.000 0 0.7254
S12 0.0395 0.0918 0.0401 0.5134 0.0499 0.067 3 0.3524 0.2217 1.000 0 0.265 2
S13 0.023 5 0.0452 0.0654 0.0443 0.038 1 0.1223 0.2627 0.0690 1.000 0 0.600 2
- LERSEE A
11 12 13 14 15 16 17 18 19 20
S1 0.689 9 0.0397 0.1227 0.4319 0.0357 0.036 5 0.068 8 0.030 8 0.0140 1.5773
S2 0.682 0 0.0511 0.176 7 0.469 2 0.044 8 0.058 1 0.096 1 0.043 7 0.0195 2.2530
S3 0.614 5 0.037 8 0.1393 0.3991 0.024 1 0.023 6 0.0250 0.036 0 0.0158 1.8534
S4 0.598 3 0.065 0 0.114 2 0.3577 0.046 8 0.059 3 0.090 4 0.022 7 0.0106 1.1189
S5 0.6211 0.0499 0.1053 0.362 8 0.0323 0.029 6 0.050 3 0.030 6 0.0133 1.546 6
S6 0.6512 0.0439 0.1385 0.4530 0.0413 0.020 3 0.042 8 0.0950 0.044 4 48117
S7 0.607 2 0.050 7 0.092 9 0.360 2 0.0307 0.026 0 0.047 8 0.030 2 0.0140 1.4770
S8 0.639 5 0.058 7 0.136 3 0.4838 0.0347 0.057 8 0.088 3 0.0324 0.0151 1.5877
S9 0.592 7 0.060 3 0.167 6 0.576 0 0.034 4 0.0405 0.074 8 0.046 3 0.0219 2.244 4
S10 0.600 2 0.036 2 0.1070 0.5752 0.0210 0.0250 0.0531 0.0517 0.023 2 2.467 1
S11 0.6555 0.0398 0.1040 0.650 3 0.0356 0.022 3 0.0315 0.0354 0.0136 1.5981
S12 0.6411 0.0705 0.162 0 0.504 9 0.030 6 0.0511 0.095 2 0.039 8 0.0180 19111
S13 0.677 2 0.047 8 0.1158 0.512 6 0.0339 0.048 3 0.0749 0.040 3 0.0180 1.964 2
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Table 3 Rotated eigenvalue of principal component and
contribution rate

AR, WHOREET 5 TR BT T

T E B LB 1 R R AR S
T RTINS 0 B R (R . R 4 WA, 1L 4
7 (YHEMERS), 18, 19, 20 (FEIAMR) ST K
S LAWHERIESAS; 12, 164 17 S E s 2
LB RER T, Ibsh, 10 (ERIERS) Sgxt 3,
5y 2 HRGRAY AT 6. 11 SUEHIEm R FE
By 3 K 8 (FENENS) S48 X 3 sy 4 52
BORMEE A&, BeAh, 10 (IRME), 15 SIgxt

EMG RIEE TTRRE% HBTTRRE % TR 2 HRERXE A 20 13 SR T
1 7.004 36.864 36.864 FES 5 FRr PEOR, B LR & a2 2454
2 3.863 20.329 57.193 IRV AL SN & SR SO S =R Zip s -2
3 2.503 13.176 70.369 M 58 70N &

4 1.961 10322 80.601 TR b B i PR 2 53 3% BB - R A4 WL 3%
5 1.945 10.237 90.928 5, AR % = EE R 1 A R BT AT S A
x4 ERNEE
Table 4 Load matrix of principal component
=3 il i = Bt e i faf
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

1 0928 0.284 -0.159 0.129 0.022| 8 0.359 0.467 —-0.232 0.523 0.489| 15 0.164 0.467 0.347 —-0.647 0.019

2 0367 0421 0.159 0.199 0.729] 9 0.421 0.201 -0.106 0.394 0.201| 16 -0.220 0.900 0.179 —0.092 0.166

3 0.755 0.246 0.362 0.211 -0.303| 10 0.106 —0.564 0.336 —0.715 —-0.129| 17 -0.077 0.912 0.146 0.005 0.230

4 0.930 0.067 —0.239 —0.065 0.166| 11 0.025 0.057 0.933 0.001 0.052| 18 0.919 -0.272 0.142 0.061 0.139

5 0.879 -0.066 0.019 —0.298 0.302| 12 0.040 0.893 —0.332 —0.067 0.166| 19 0.937 —0.225 0.113 0.031 0.151

6 0.012 -0.044 0.911 -0.113 0.147| 13 0.222 0.344 0.186 0.076 0.856| 20 0.916 —0.270 0.165 0.006 0.164

7 0.980 0.091 -0.039 0.046 0.077| 14 0.079 -0.112 0.132 0.725 0.083

x5 AE~MFBEAMNERSEFRBRESTEN

Table 5 Principal component factors and comprehensive quality evaluation of PR from different producing areas
ERS) F1 F2 F3 Fa Fs F HE7
S1 -0.2800 —0.084 2 0.198 8 —0.0389 0.0435 —0.160 8 7
S2 -0.2325 0.0799 0.220 6 -0.101 4 0.1826 0.149 2 5
S3 —0.250 6 -0.3349 —0.038 6 —0.008 9 0.1175 -0.5154 12
S4 —0.187 2 0.3355 -0.1221 -0.167 4 —0.093 6 -0.234 8 9
S5 -0.1916 —0.084 3 —0.070 4 —0.089 9 —0.064 3 —0.500 6 10
S6 1.246 0 —0.158 4 0.053 7 —0.100 6 —0.006 1 1.0345 1
S7 -0.156 0 —0.093 7 -0.1557 —0.086 2 —0.106 4 —0.598 0 13

S8 0.0009 0.219 2 —0.066 3 —0.020 5 —0.0031 0.130 2
S9 0.1170 0.068 5 —0.137 6 0.064 2 0.1331 0.2451 4
S10 0.0250 -0.223 6 -0.126 4 0.1841 —0.0429 -0.183 8
S11 —0.296 4 -0.2514 0.047 3 0.0630 -0.077 3 -0.5148 11
S12 0.154 6 0.3519 —0.066 7 0.1725 0.116 5 0.728 8 2
S13 0.050 8 0.1755 0.263 3 0.1300 —0.199 3 0.420 4 3
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Fig. 2 HPLC fingerprint (A) and common pattern (B) of 13
batches of wPR
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Table 6 Relative common peak area of PR and wPR

HEXT Ve TR
3 4 6 7 9 10 1 14 17 18 20

S1 0.0210 01153 01215 0.1329 10000 0.7587 0.6899 04319 0.0688 0.0308 15773
S2 0.0184 0.0907 01174 01211 10000 0.7682 0.6820 04692 0.0961 0.0437 2.2530
S3 00192 01411 0.0917 01747 10000 0.7314 0.6145 03991 0.0250 0.0360 1.8534
S4 00221 02162 0.0589 0.1694 10000 0.6106 05983 0.3577 0.0904 0.0227 1.1189
S5 0.0226 0.1644 0.0718 0.1491 10000 0.7437 0.6211 0.3628 0.0503 0.0306 1.546 6
S6 0.0635 09853 0.0900 0.7306 1.0000 0.8843 0.6512 04530 0.0428 0.0950 48117
S7 0.0219 02210 0.0479 01398 10000 0.7679 0.6072 0.3602 0.0478 0.0302 1.4770
S8 0.0260 0.3476 0.0450 0.2815 10000 05781 0.6395 04838 0.0883 0.0324 15877
S9 00271 03397 0.0555 03029 10000 05411 05927 05760 0.0748 0.0463 2.244 4
S10 0.0213 0.2654 0.0460 0.2494 1.0000 04798 06002 05752 00531 0.0517 24671
S11 0.0167 0.0620 00611 0.0416 1.0000 0.7254 0.6555 0.6503 0.0315 0.0354 15981
S12 0.0401 05134 00673 03524 1.0000 0.2652 06411 05049 0.0952 0.0398 19111
S13 0.0654 0.0443 01223 0.2627 1.0000 0.6002 0.6772 05126 0.0749 0.0403 1.964 2
T1 0.0681 0.0985 0.2850 0.3055 1.0000 14295 14340 06897 01940 0.3465 146253
T2 0.0345 02811 02451 05992 10000 12138 1.0182 0.2804 02922 0.2394 9.7739
T3 0.0356 03154 0.1114 02397 10000 14655 1.0838 0.2537 0.0434 0.1372 49895
T4 0.0938 13715 04228 05163 10000 04818 0.7960 09562 0.0597 0.0970 4.286 5
T5 0.0365 0.0874 01511 0.2453 10000 12210 1.3129 11936 0.0974 0.2417 9.8494
T6 0.0330 02057 01390 0.2021 10000 09565 0.7891 0.6604 0.0287 0.0963 3.8347
T7 0.0483 01331 0.0598 0.0984 1.0000 11072 0.8342 0.3898 0.0530 0.0783 3.1323
T8 0.1188 0.3321 0.0873 03223 1.0000 16772 12411 0.7130 0.2992 03289 13.5449
T9 0.0315 0.0878 0.0790 0.1092 1.0000 1.2551 11266 0.3858 0.1600 0.1019 4.8659
T10 0.0377 0.1903 0.0599 0.1127 10000 12667 07102 0.1143 0.0397 0.0557 2.5792
T11 0.0278 0.1772 0.0790 0.1447 10000 0.9480 09398 0.49%0 0.0379 0.0697 3.2715
T12 0.0603 0.1999 0.1457 0.2458 1.0000 13230 1.3070 04264 0.1959 0.1870 9.0297
T13 0.0513 0.0635 0.2928 0.2419 10000 0.8802 12212 0.2488 0.0574 0.1111 4.668 4

num/\ 3'

% 1] e -
- 5 | S1~S13 - .
8 -1 __ T1~T13
15 A _35 . -
© 5] -4 ) 0 2 4
. & & " 1.001 42%[1]
5 o 4 *E5;7%¥E OPLS-DA BHEU=E
0 %s1~s13 Fig. 4 OPLS-DA scatter plot of PR and wPR
= N " N
e ) 1 3 P> 1] XL R o 2 B I DO R -8, i R 25 R4t
E3 $E57%EE PCA EHE 25 BRI B (TCMSP, http://temspw.com/tcmsp.php)

Fig.3 PCAscore chart of PR and wPR PubChem Compound %¢#& %  Chttps://www.nchi.nlm.
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Fig. 5 VIP values of fingerprint common peaks of PR and
wPR
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g 8 MUEY, i GP/E RIS s Homid
Uniprot #5 % Chttp://www.uniprot.org/) il H!
T RSB 1 4G A O R IR JE ER 4 o H 5 BH O
P SEAEH, BREESHS, RAGEHYS
8 ML AWK 229 ME S E A .
272 A HEA S5 &G EAE Cprotein-protein
interaction, PPI) MIZ&4r4r  K43RAGH 229 /MEE AT
HHLL gene symbol JE T AFEZ String 11.0 F A
( https://string-db.org/cgi/input.pl ), ¥ F ik £ 9 A
(homo sapiens), fx =1 B 15 5 8 1 28 B S 3000 H >
0.9, HALSHREANY, KSBIMHEERSHS
A Cytoscape 3.6.0 # {4 % PPI 41|, 245 4%
R —T R, WA 6.

XF PPl HEAT AR ANERAE 434, R EUAE FE O
(degree). Hi/rhtatE (betweenness). 23T H Ok

—,PYeM
HEXA

V o y .
\ vaa ‘,"
nsxs
/‘ ~.:;
_ FABPS I
&‘\ ‘“ FUCAL
o
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\ ‘ NSFAB
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Fig. 6 PPI network



¢ %% 20204E5 8 $52% H 104 Chinese Traditional and Herbal Drugs 2021 May Vol. 52 No. 10

* 2905 »

(closeness) 3 NI KT A% H degree=9 1
RAERNIZORE R, 20536153 9 N EZZ O
B, BAAfLHEE MAPKL (degree 15). RAC1L (degree
10). CASP3 (degree 10). MAPK3 (degree 10).

CCND1 (degree 9). CDK2 (degree 9). SRC (degree
9). PNP (degree 9). EGFR (degree 9), HEHIX
9 MESFEGMRE ., REN, P, JRE. KE
MRS K.

273 IheewE & 5@ st FIA David 6.8
g %E (https://david.nciferf.gov/) X} 9 MELEHI#%
O BB R B AT S SR AT R AR L (gene
ontology, GO) IhRefl iyt #iE K 5K H H AL+
(Kyoto encyclopedia of genes and genomes, KEGG)
PR E A M. GO Tife s Hr 32 B H T Hiliik KK #E
RIThee, QIEMMIIGE. IR TIRE.

KEGG & 447 #r vl A5 278 7E B 2 I & SR 115 5l
M. GO 7r#rbh P<0.05 RAnEAGITM¥E L. &
GO &AM, 3R 19 4~ GO % H, H4y
I (biological process, BP) & 104, 43T IhkE
(molecular function, MF) & 1 />, 44k
(cellular component, CC) (& 8 />, &+ P {£<<0.05
(1) AT E7R, GO riir 4 R 47r BP i35 5 57t
K41 (long wave ultraviolet ray, UV-A) KW
FUNR bR A0 o S 58 L A 6 B AR 4 A4 R
Gu/S I IEA 22/ M M A S AR, MF 25

£ ATP 454 CC FEEAEAEMT. JHI & S
MEABIEEMEE S, TN EESSRE. ARG
BRET.

KEGG &4/ M58 73 44, 4558 W#E 8.
TR RBEENHOR T8 T 5 sk HiH TR, &
R 16 FKiE s 3 BV Kl TR e 2R 80 (viral
carcinogenesis). £ [ ZBEME H#EAE  (proteoglycans
in cancer). JEEEES (pathways in cancer). Z BT
% (hepatitis B). i Dt (focal adhesion). /i ik
WL -3- B4 il / 25 1 3% &% B ( phosphatidylinositol-3-
kinase/protein kinase B, PI3K/Akt) {5 5Bk, 44
SRR HIX 9 AN p ] B 32 LI e A 41X L i
KB FHE ) H .

274  FOT-SES-IEB A AR FR R -
M BE RS- R IR0 N K R, FFH Cytoscape3.6.0 4K
22 H B3 - R R 2 1], IR X % [
AL R, W 7. MG, B2
A, ZRERKEDRERR. RIE
Cytoscape3.6.0 4 R, MbAY) AR H
SR IEREE (degree) AZE, KIMEY)
BRFF (degree 73). LT (degree 38) & e T4,
PERIX 2 MBI e B IS 5, MAPKL
(degree 16). CCND1 (degree 13). ADORA1 (degree
6). ADORA2A (degree 6). ADORA3 (degree 5).
PNP (degree 5) FJZEFERE = T HAMEE X, KEHIX 6

®7 EEEYFIE

Table 7 Genetic biological process

e BFThRE ER P
AR UV-A B Cresponse to UV-A) 2 2.27X1073
At e FURR L 4N EE (mammary gland epithelial cell proliferation) 2 3.40%X10°3
AR RBP4 §E (substrate adhesion-dependent cell spreading) 2 0.0180
AR GUS I IER 2 24 B (Gy/S transition of mitotic cell cycle) 2 0.0225
APt R | AR IEREE (positive regulation of protein phosphorylation ) 2 0.0280
AR EAME B (555 S IER (positive regulation of protein kinase B signaling) 2 0.0336
AW FE 25 R (response to drug) 2 0.0396
AR A%t DNA 5B s 3 Ccellular response to DNA damage stimulus) 2 0.046 8
Iy T IhRE ATP &84 (ATP binding) 4  0.0247
AL MiBT Ccytosol) 4 7.79X1073
MR AR AR E AR i 2 A (cyclin-dependent protein kinase holoenzyme complex) 2 8.52x 103
AL FHANARRE Cearly endosome membrane) 2 0.014 0
JHRUZHRL 4HHUR% (nucleus) 5 0.0189
AR 3ERME (ruffle membrane) 2 0.0199
dfuZEE WIBhE 2 (actin filament) 2 00224
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Table 8 Enrichment analysis of main target pathways

ID %5 KEGG {5 5 il % FEF P1H
cfa05203 iU (viral carcinogenesis) 7 1.31X10°8
cfa05205 B A RHEERJERE (proteoglycans in cancer) 7 1.44%X10°8
cfa05200 FEIEIER (pathways in cancer) 7 9.09X1077
cfa05161 A% Chepatitis B) 6 2.04%x107
cfa04510 & PL (focal adhesion) 6 1.34X10°¢
cfa04151 PI3K/AKt 15 5 iE# (PI3K/AKt signaling pathway) 6 1.49X10°5
cfa05219 B (bladder cancer) 5 8.06x10°8
cfa05210 i E R (colorectal cancer) 5 411x107
cfa05212 kR (pancreatic cancer) 5 5.00%X1077
cfa04520 Hi%&%H: (adherens junction) 5 7.62X1077
cfa05215 HIF ¥k (prostate cancer) 5 1.73X10°°
cfa04068 FoxO {5 5@ # (FoxO signaling pathway) 5 8.93X10°®
cfa04921 =R {5 5B (oxytocin signaling pathway) 5 1.41X10°5
cfa04015 Rapl {5 5 @1 (Rapl signaling pathway) 5 5.46X107°
cfa04810 Wlzh& A 40 & 42985 (regulation of actin cytoskeleton) 5 5.67X107°
cfa04010 MAPK 1558 (MAPK signaling pathway) 5 1.11X10°

Adenine Adenosice Uridine Hypoxanthine Xanthine Inosine succinic acid
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v, < | J-{abihesiof (/ AN “Juncxion“\\‘ WY
scaony’” | A N "‘ \ \\ \\
= | A 4e Adkrostara N\ NI N\ N N \
e Mot 1 | 1 4 ‘W y .\‘.\I‘(an“,\ \ \‘\\‘g \ \\‘\“‘ mm“ M
et A:: /‘,‘ ) / Hepa(itigi&/ ) 'e /}\ ' \ \\\\'2,\\;6“,; N \“ \::: 3 :m
wh & A ] v AV e R N };2?:&7‘# Ll N\
PPARA A |4 ] | A XRegulation ., /\/Sgnaling \\, \\ A\ AN I i e
coiy )/ V1l y, V/\Votactint/ X/ pathway W\, LN Aty
LYY Vi | Pthways/in / A\ citoskelersd - H T NONNY NN AN
wer | Y T \'/‘:/ \ Qiytochn, N\ st | o %ix
sucehts sall | VA VA /e . X ) B X 3 ;g:‘:‘::aﬂﬁ\ N sio Y
sucaine SETD7 [ PfOIEDQW‘_‘"}_‘ “/ N SRR : D1 Jea
il wel /) f VYA Cancer \VAVAVY NTARBN & S A JH
i/ O A VAN A= \ Prca
calies "'"";M“ | /X cqrcimgen?sis \ \ coxj“w )
alvu.‘ uns\(u “‘ “ N 3 _Abcv:MP“ POLA: $E)‘5
‘ wsin / "S"""D'.'.w‘.wmu‘,MK‘,|KN+.**T" et A e

\/ \
HDAG3 eGIN progy Depa AHCY

E7 FEm7T-HES-BERRNE
Fig. 7 Component-target-pathway network of PR

L

MORFERER TR ok, BAREEARE 7). PI3K-Akt {5 5@ (degree 6) Z AT 4 (degree
i (degree 7) JEEAEIE K (degree 7) iR 80 (degree 6). ZiEBE (degree 6) ¥E#: /¥ i T HiAhim ik, £



¢ %% 20204E5 8 $52% H 104 Chinese Traditional and Herbal Drugs 2021 May Vol. 52 No. 10

* 2907 »

) 7 AR FEEN EIR 6 445 Sk k4%
HIEER,
2.8 EEOH

LR EEAEMSE. BHERIE. BEHR. M
YIS EER . T ERBICEE RO Z My, H
AHRBEFL AT R B BTSN 2
—, B 2Ry, 1987 fE M E oy B
5710, 1997 44 B H BT 2003 44 5 HH X
PR LA AR, B M R E
FZXHE . BERAE, NFE. S, B, 55
% O S BRI, 3 5 AR A AR R 1 22 S
R AT AHY B o

MAPK {555 Fi@E M4 A K. ol TS
SEHERE HR R A S BEAE A4 41 g A A 25 11 D1 Ceyelin
D1, CD1) &HFuRIWA A (B4 bg e, (HHad
FIE VBN IGTE %, (ke 4 e (1) 28
M08l 1 Hk 1 CD1 54 . 25 1,
HED - 572 5 1 1 A T 3 A P X A O B i R AR
TETERRTT LS 520 B A A 28 o A DG B A
1038 B = BN R O SRR R L e R R
U PIBK-AKt 5 5 IBE . LRIAF% . BB,
A R A DESCRR AT A, CPEPREN . 2SR
Y% OP B AN /N B AR R AR Sison /BRI SH
Hil Hoow ZINER R IE /K 4T EAC 25 B B2
/R RS0, BT ep (A% R oy S 1 B A 9 T
[ 3 U F AT it — 2D AR K
3 Wig

AL oy RS T R E A A e B AR 1
HPLC frgtlit, FEFRIN T HA 7 ML, 5
29 R e AR R 3 A B A AL, A
IR ERGE, v LLRRE RS T2 B R
BEHEES . & ERS B ESEE R RHA
[F = H M s A e R R A 2 5, HEW
BRI, XU R TR K
ERREEZ R R MR, R T B E I 2 5
L fEH A 11 AN LR IR R 2% PCA
A1 OPLS-DA ik j5 132 4 Mz mtErisr. KA M
LRABLE TG, BRI EANIRAT 21
BRI 25 I i, 50 B R A AR B VA OG,
ik — 0 SEER IR . VEAE 2B AL Sl PR A i L
RS ZAKE .

TESCHRIT T2 at b, 4R ac i v i fe v
7K. 20% I E . 50% HHlE 3 P B kA7 LA,

WF7E R B AGEFHEEL 45 min 75 2] (R0 4 55
RO HAA e B 2, IO IRIUAR, 755
HR B R B ERR, BN 2 ER s % E Rk
gre HEA SRR —IRERAE T 5, B 2 BRI
A BT B IRS 5 R

28 SCHRE 120220, [ HEAT 190~410 nm K
AWK, KIE 260 nm AbF o 1576 s
WL, o REEAR N A%, WOERE 260 nm K Rk
ITTREUEIE 3 HT: X} Waters Cig Xselect (250 mm X
4.6 mm, 5 um). Waters Cig XTerra (250 mmX4.6
mm, 5 um). X Hedera ODS-2 (250 mm X 4.6 mm,
5 um) FEREAET T AR, 45K ] Waters Cag
Xselect (250 mmXx4.6 mm, 5 um) Aigixs T ik
B o3 B AR e, AT DR R PR 8 i e e B Ak o
[ a A =N AL S8 Y 7157V B YA/ & B NI ) 1 D TN
FEEEVEMAR P AT T B8, mA&WE T Bl %At

KIFEATE . SHAMEHIRTEA G — . s i
AN A AR H 2GR R B ) 1) AT 231, AR A
KRS EIEHARRT 2 AN = 2 B 200 I J T =
WEIE, VI 7B a2 2 i 2= Sty
TR I 1) 24 24 B 2] 20 7 10 GV A P A FH R s R XK 244
T, A BT SR DR R 21 258 A O )T AR A
KRAKIEFAEIIE T TR . 23 5
RO “G-2-5 7 SRERIE AT, AP
B e s e 2 EL I RS 1R 24PE 5 2 R L
P

RBRXR FHEEHEATEAENGZ TR
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