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Analyzing differences in components of Bupleuri Radix by vinegar wetting and
honey bran fried during processing based on UPLC-LTQ-Orbitrap MS
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Abstract: Objective By analyzing the difference of components of Chaihu (Bupleuri Radix, BR) by vinegar wetting and honey bran
fried during processing, the effects of Jianchangbang’s characteristic processing methods on the changes of components of BR were
explored, and the differential components were screened to lay a foundation for revealing its processing mechanism. Methods The

UPLC-LTQ-Orbitrap MS technology was used to analyze the chemical components of BR, stir-fried BR (sfBR) and during the
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processing. The SIMCA 14.1 software was used to conduct principal component analysis (PCA) and orthogonal partial least squares-
discriminant analysis (OPLS-DA) on the sample data. The variable importance in projection (VIP) value > 1 was used as an indicator
to screen out differential components. Results A total of 63 chemical components were identified from BR, and 66 chemical
components were identified from sfBR, including saikosaponins, flavonoids, organic acids, coumarins and others. A total of 21
differential components were screened out before and after processing [baicalin, L-(—)-arabitol, gluconic acid, apigenin, citric acid, L-
(-)-malic acid, (152)-9,12,13-trihydroxy-15-octadecenoic acid, saikosaponin a, azelaic acid, saikosaponin bz, 12,13-dihydroxy-9-
octadecenoic acid, D-(—)-quinic acid, trans-6-hydroxyoctadec-4-enoic acid, (+)-9-hydroperoxyoctadeca-10,12-dicarboxylic acid,
matairesinol, 2"-O-acetylsaikosaponin a, chlorogenic acid, 9,10,13-trihydroxy-11-octadecenoic acid, saikogenin f, saikosaponin d, and
wogonin]. By comparing the peak area, it was found that the relative contents of apigenin, L-(—)-malic acid, (152)-9,12,13-trihydroxy-
15-octadecenoic acid, azelaic acid, saikosaponin bz, 12,13-dihydroxy-9-octadecenoic acid, frans-6-hydroxyoctadec-4-enoic acid, (+)-
9-hydroperoxyoctadeca-10,12-dicarboxylic acid, chlorogenic acid, 9,10,13-trihydroxy-11-octadecenoic acid, saikogenin f, and
wogonin increased, the relative contents of baicalin, L-(—)-arabitol, saikosaponin a, matairesinol, 2"-O-acetylsaikosaponin a, and
saikosaponin d decreased, and gluconic acid, citric acid and D-(—)-quinic acid were newly added components after processing. During
the processing of BR, it was found through analysis that there were significant differences among raw products, after being moistened
with vinegar, and after being fried with honey bran. A total of 23 differential components were screened out [citric acid, gluconic acid,
(152)-9,12,13-trihydroxy-15-octadecenoic acid, baicalin, 9,10,13-trihydroxy-11-octadecenoic acid, matairesinol, saikosaponin a,
apigenin, (£)-9-hydroperoxyoctadeca-10,12-dicarboxylic acid, isorhamnetin, saikogenin f, 12,13-dihydroxy-9-octadecenoic acid,
maleic acid, chlorogenic acid, ephedra fatty acid f, 2,4-dihydroxy-2,3-bis[(4-hydroxy-3-methoxyphenyl)methyl]butanoic acid,
saikosaponin d, 3-hydroxy-3,5,5-trimethyl-4-(3-oxo-1-buten-1-ylidene)cyclohexyl-1(2)-D-glucothioside, guanosine, saikosaponin e,
15,16-dihydroxy-10,13-octadecadienoic acid, D-(+)-arabitol, and 1-O-[(3B,5&,9&)-3-(B-D-glucosyl)-27-hydroxy-27,28-dioxoolean-12-
en-28-yl]-B-D-glucopyranose]. Conclusion After BR is processed with vinegar moistening to stir-baking with honey bran, the saponin
components are converted, the types and contents of phenolic acid components increase, the content of irritating components decreases,
and the component differences at different processing stages are relatively significant. This study can lay a foundation for in-depth
study of the processing mechanism of BR by vinegar moistening to stir-baking with honey bran.

Key words: Bupleuri Radix; processing; UPLC-LTQ-Orbitrap MS technology; principal component analysis; orthogonal partial least
squares-discriminant analysis; saikosaponin; flavonoids; organic acids; coumarins; baicalin; apigenin; matairesinol; chlorogenic acid;

wogonin; citric acid; azelaic acid; maleic acid
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negative ion mode
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Table 1 Identification of negative ion mode components of raw and processed BR products
&5 AT S B A5 tr/min a4 BTHA Fil RS R
SR R (X10°)
1 CsHiOs  197.0667 151.0684 [M+FA—H]" 114 0933 D-(+)-fHifrikim: 80.1497,101.081 5, 113.059 6 R + -
2 CuHpOu 3411090 3411162 [M—H] 046 0.937 a,0-fEHE 113.0145,119.018 0, 131.000 2, TR + -
161.0029,179.013 8
3 CeHpOr 1950512 195.0583 [M—H]" 109 0954 LR 75.088 1, 99,066 4, 129.005 7 LEpijN s + -
4 CeHOs  209.0303 209.0375 [M—H]" 006 0959 D-Hi%iHE M 85.1292,129.025 9,191,017 7 LEpijN s + -
5 CsHpOs  197.0666 197.0684 [M+FA—H]" 051  0.979 L-(-)-Ffuffbiime 89,1283, 101.079 2, 118.997 5 TR -
6 CsHiOr  195.0511 195.058 3 [M—H] 0.78 0983 R 128.9791,99.100 3, 159,010 6, 177.028 2 HifRE -t
7 CHiOs 1910561 191.0633 [M—H] 005 0986 D-(-)-% R 85.062.8, 111.007 7 el eS -t
8 CiHeOs  133.0144 133.0215 [M—H] 118 1020 L-(-)-F R 71.1186,87.076 7, 114.965 3 Lepijtes ot
9 CHOQ: 1150038 1150109 [M—H] 154 1025 Dk@ 710412 Lepijtes ot
10 CsHOs 1110090 111.016 0 [M—H] 149 1050 67.0812,83.058 0 HHRE + 4
11 CsHNOs  128.0355 128.0425 [M—H]” 160  1.084 4-ARMHER 82.1161,84.1709 FEWGEN -+
12 CHO:  103.0039 103.0109 [M—H] 172 1121 i@ 59.045 5 Lepijtes ot
13 CeHeOr 1910197 1910270 [M—H]" -0.06 1289 FriEm 111.0119,172.963 8 Lepijtes -
14 CioHuNsOs 282,084 5 282.091 6 [M—H]" 05 1303 B 133.017 2, 149.996 4 AL + -
15 CeHOs 1150039 1150109 [M—H]" 141 135 EHEMR 710318 HHRE +4
16 CeHeO:  117.0194 117.0266 [M—H] 0.78 1391 JEHIRR 73.0348,89.035 0, 99.043 2 HImRE + ot
17 CuHisOy  315.0719 315.0794 [M—HJ -129 2110 RRZEZE 109.045 7, 152.999 6, 181.034 3 e 4
18 CigHigOy  353.0873 353.0950 [M—HJ -131 4321 BER 173.044 8,179.050 5, 191.049 0 Lepijtres ot
19 CoHsOs  179.0351 179.0422 [M—HJ 105 4794 WnEE: 134,054 1, 135.030 1, 161.099 7 Lepijtres -
20 CiHxOs 4311912 385.1940 [M+FA—H]" 047 5901 3-8H-355-=Hi3-4-(3-  385.204 1,223.114 4, 161.008 2 FER o4
AT 11T )R
CUH-1(Q)-D- A B R
21 CisHaO:  309.1242 2631361 [M+FA—H]" 067  6.027 (3aR 4R 5aS,65,9aR,9bS)-4,6- 265.168 8, 237.127 9, 247.149 7 i +4
Z$3E509-ZHIHE-3- T
3£-456,7.92,90-~F -
3aH- 2 F (][ 1] 15-2-
22 CyHxOs 3671031 367.1107 [M—H]" -0.75  6.319 3-O-EEE TR 173.014 4,191.0190 Lepijtires -t
23 CosHsO1 547.1455 547.1529 [M—H]" -0.71 8030 H#HE-6-C-p-L-FHufHE-  337.0695, 367.0935, 427.1137, HE% +
8-C-p-D-Ai & Hf 457.114 8,487.1732
2% CpHsOs  191.0349 191.0422 [M—H] 011 855 REEER 111.055 1, 146.929 2, 176.004 7 BFOEE +t
%5 CuHaO7 4291033 383.1209 [MHFA—H] -134 9111 3-[CKTMEE)TH]-45 3831097 Hhk + -
6-= F A2 -1
g
2 CyHaO 5471455 547.1529 [M—H] 174 9130 A %-6-C-p-D-Hi&HE-  337.0517,427.0917,457.088 1 AR o4
8-C-o-L-F i
27 CosHsO1 547.1445 547.1529 [M—H]" -0.05 9530 [#%-6-C-p-D-HikiE-  337.0864, 427.1155,457.136 1, HE% +
8-C-B-L-PT i frrih i 457.067 8, 487.083 L
28 CoHisOs  187.0975 187.1048 [M—H] -0.09 10403 TR 87.0500, 125.034 8 eyl es +
29 CopsHuOp 5151192 515.126 7 [M—H]" -0.46 10.859 R4RFRB 173.026 4, 299.009 2, 353.084 7 LEpijt s ot
30 CisHuOs  269.0450 269.0528 [M—H]" -197 12122 fi¥& 225.110 6, 251.092 6, 259.090 3 e o+
31 CauHiOu 445.0771 445.0849 [M—H]" 130 12130 #&H 260.0346,175.016 9, 445.173 8 e 4
32 CauHxOw 4310983 4311056 [M—H]" -0.03 12.236 Kdlisits 269,065 4 S -t
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VPR e — 55 itk AR K9 LR G
S A (x10°)
33 CaoHxOs 3911285 3911471 [M—HJ 129 12260 24-~HH-23M[(U-HIH-3-FEKHE) 135.9978,2230171,320.1846,355.1063 AflEE +  +
HEI TR
34 CisHaOs 279.1233 279.1310 [M—HJ -159 12706 (1'S2'S)-311-Z 8% 5= % 97.0287,235.1418, 2611129 E o+ o+
§-HABINHA C-2,12-23
(721037 5] 54 -4
35 CiHseO15 855.4377 809.440 1 [M—H] -1.54  13.043 1-0-[(3p,56,9¢)-3-(p-D-EifH)-27-  809.407 4 BEE o+ o+
12352128~ HRFFHR 1248
28-3]-p-D- %
36 CisHiOs 253.0503 253.0579 [M—H]" -109 13479 HHEE 209.197 8, 225.101 3, 253,063 4 HEE - o+
37 CaHisOw 429.0823 429.0899 [M—H]" -0.82 13490 FI¥hE-T-O-p-H I ERRARTY 174.981 4, 253.0239 HEE o+ o+
38 CisHiz0s 283.0607 283.0684 [M—H]" -1.54 14005 WESZ 268.0177 HEE o+ o+
39 CaHz0s 357.1336 357.1416 [M—H]" 211 14460 BUIAER 135.0939, 161056 6,321.2009,339.154 3 A&k +  +
40 CuHssOts 8434745 798.440 1 [MHFA—HI 105 14.812 (3p,8596,12p,14)-11,12,14-Z 2 3-20- 7974875 mEE -+
R-5--3- 6 S M -(1-4)-
2,6- MU %-3-0- AL UL -(1-4)-
2,6-FUl-3-0- U A UM
41 CigHxQs 3272174 321.2249 [M—H] 153 15424 SERRHIR £ 171.0748,211.1004,229.146 3, 291.1915 AHEE +  +
42 CigHuOs 329.2329 3292406 [M—H] =262 16.387 (152)9,12,13- = 4151 \TfiRE  171.0896,211.1287,229.1259,311.2215 HHlEE +  +
43 CighsOr 9715213 9265239 [M+FA—H]" 030 16.820 LEbietic 9258358, 779.596 6, 644.7989,568.435 6 EHE  +  +
44 CyHrOms 9735352 9275031 [M+FA—H]” -0.79 17.191 SR # 927.5330, 765530 0, 781.630 0 BEE o+ 4+
45 CigHuOs 329.2331 3292406 [M—H]" 258 17570 910,13-Z - 11\t 311.1848,203.158 6, 211.1102,201.0705 AHEE +  +
46 CisHiz0s 283.0609 283.0684 [M—H]" -078 17730 HEHZ 268.0393 RERE o+ -
47 CiHisOs 373.0926 3731001 [M—H]" -064 18318 £EZE 343.058 1, 358.097 6 WEE o+ o+
48 CyHerOr2 7132604 7132676 [M—H]" 162 18440 43t 491.1297,561.129 6, 681.195 3 AfEE + o+
49 CiHseO13 825.4628 779.4659 [MHFA—H]" -1.68 18910 L&+ a 779.4235, 6175151, 471.6375 BEE o+ 4+
50 CiHesOs 825.4632 779.4659 [M+FA—H] 019 19.190 &R %D 7794729 BHE o+ o+
51 CusHoOss 865.4600 865.4663 [M+HFA—H]" 232 19.690 i —ERsEietia 821.434 3, 779.466 4, 6174639 BEX o+ 4+
52 CuHrOw 867.4736 8214765 [M+FA—H]” -0.03 19.790 2"-0-ZHE4eHI 2 ¥Fa 7615207, 7795157, 821.490 7 BEE o+ 4+
53 CuHroOw 867.4729 8214765 [M+FA—H]" -0.81 20.130 4"-0-ZHi4:H 2 a 7614371, 7794100, 821.422 7 BEE o+ 4+
54 CaHesOs 663.4099 617.4131 [M+FA—H]" -055 20240 SEli g 617.409 9 BHE o+ o+
55 CigH0s 3112223 3112300 [M—H]" -148 20377 1516-~ #1013 F\B M 223.1770,235.1805, 253.197 1, AfEE + o+
275.206 0, 293.234 7
56 CiHseOr2 763.4621 7634710 [MHFA—H]" -0.79 20.920 4&H]%2 e 601.4637, 7635185 BEE o+ 4+
57 CuHrOw 867.4740 8214765 [M+FA—H]" 046 21330 6"-0-ZEi4:HEa 7614892, 779.494 8, 821.495 7 BEE o+ 4+
58 CuHroO1s 805.4732 8054816 [M+FA—H]" -0.08 21640 ZBELEHEHm 7635074, 745460 2, 697.4499,601.4702 BHE  +  +
59 CigHuO: 313.2378 313.2457 [M—H] -194 20902 (4-9,10-FE+\B-12-6 S/ 171073 4,201,096 6, 295.247 8 AHRE -+
60 CiHseO13 825.4636 779.4659 [M+FA—H]" -0.96 22.185 L&Hf2#d 779.445 8, 471133 3, 673.387 2 BEE o+ 4+
61 CisHz0s 3112223 3112300 [M—H]" -148 22275 (H-9-ALAET K101 28K 1711006 AHRE + o+
62 CisHaOs 3132380 3132457 [M—H]" =126 22446 (8-9,10-~F i+ \B-12-158 171.1177,20011102, 276.212 8, 2042180 BHEE -  +
63 CusHnO1s 865.457 4 8654663 [M+FA—H]" -0.64 22960 7 —BtseiigHd 8214480, 779.449 7, 617.382 4 BHE o+ o+
64 CauHnOw 867.4736 8214765 [M+FA—H]” —0.03 23.220 2"-0-ZFseHi R Hd 7614649, 779.4859, 821,430 1 BHE o+ o+
65 CausHnOw 867.4732 8214765 [M+FA—H]” 053 23.290 4"-0-ZFseHi e Hd 761464 9, 779.4859, 821.430 1 BHE o+ o+
66 CsHseOs 663.4103 6174131 [MHFA—H]" 010 23.810 L& 2y 617.3700 BEE O+ 4
67 CaHnOy 907.4695 907.4769 [M—H]" 107 24.200 O-F6 — -2 Riseii 2 #d 761540 7,821,543 9, 863.469 7 BHE o+ o+
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68 CaHoOw 867.4747 8214765 [M+FA—H]" 123 24.770 6"-O-ZBEEEH B 1d 8214104 BEE o+ 4
69 CisHx0s 311.2224 3112300 [M—H]" ~0.99 25763 (H-9-Fd FIE+ )\ -10,12-ZFR0R 249.2147,293.2025,311.168 7 AHIERE + -
70 CigHw0; 277.2171 277.2245 [M—H] -039 25945 y-T0 ki 233.1849,259.1634,277.2003 AHIME +  +
71 CisHuOs 295.2275 3132457 [M+FA—H]" 229 25950 12,13- 30+ \ TG &L 195.168 1, 277.257 8 HHEE + o+
72 CisHuOs 297.2431 297.250 7 [M—H] -1.19 26271 R-6-FEA \B-4-15 171.063 3,279.182 1 HHEE + o+
73 CisHx0s 293.2119 293.2194 [M—H]- -0.93 26334 13-Fd AT \BK-9,11,15- =AM 113.0733,179.0808,249.1886 AHERE + -
74 CigHy0; 295.2276 2952351 [M—H] -090 26.797 -} )\Ik-10,12-Z )% % 1711251,277.2535,295.2315 HHME -  +
75 CigHx02 279.2328 279.240 2 [M—H]" -048 26999 Wik 261.2134,279.217 4 HHEgE + o+
76 CisHx0s 2712276 2712351 [M—H]" 317 27604 16- BN 2051758,253.1845,271.2278 AHERE + -
“ FORRHGY, “-7 RRARKH RS .

“+” indicates the ingredient is detected, “—” indicates the ingredient is not detected.
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o 0" TeH,oH HOT T O TeH;oH CH,0H
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mlz779.423 5
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2 KREARH a RARRRE

Fig. 2 Fragmentation pathway of saikosaponin a
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Fig. 3 Fragmentation pathway of baicalin

T CO2 T, ARYE SCERFRED 7200, HEM A E4°H
SRR, HAREEWE 4,

324 HEUER HERLLKEAXRYE o-Mtm
A5 RGN, 2R GBS ER RIS R
o, R BN BUREETE BB R IR S T o AR
RERNG, HOEFE0 e 1TI8N mz
191.034 9 [M—H], &R&fRfEHRE 1 75 FHERA
FEH I m/z 176.004 7 [M—H—CH;]-, HRE 14
F CO 5% m/z 148.817 3 M—H—CH;—CO] . X}
PSRRI IE R, HEMNZAL SN R E S R, 2R
BRI 5.

325 HARSE BRI STIN, ENGEHF

Y R . AR B ERAT LAY

AR RN AP DR NEFE RG], RN
(15 T8 TN m/z 357.133 6 [M—H]~, 3 HiIfi %
2 1 H0 153 m/z 339.154 3 [M—H—H,0] -

321.200 9 [M—H—H,0—H,0] - 2@ FE i i T K
FERE R T B T m/iz 135093 9 [M—H—
Ci2H1404] o FIRZLRIEAE 5 Sk & DA IR 22 1)
HfpiEm—58, Bk, R8P DU IR R,
fgissm L 6.

3.3 EREEIHIEHABLFIRIE M PCA & OPLS-
DA

3.3.1 PCA KTl 2 &R0 S I 1 5 A it His



- 3116 - F8 B 2025F5H $£56% B Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 9

HO COOH

HO COOH HO COOH
OH OH -H,0
HO HO HO
OH

6O
7
HO
OH \
miz 353.087 3

o OH
HO
OH

m/z 179.050 5

m/z 191.049 0

H
-H
-CO, 7
E— {
HO
OH

gl )

OH
m/z 173.044 8

m/z 135.073 9

4 ZRREBRRMER

Fig. 4 Fragmentation pathway of chlorogenic acid
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Fig.5 Fragmentation pathway of scopoletin
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Fig. 6 Fragmentation pathway of matairesinol

S SIMCA 14.1 A, X HBAT PCA, BLAfERE
RZH R N 0.785, BUSEILE 7. BUREIERM,
SEEAE BRI S (17 min KBS AR EE ¢ B,
A DABR R X 43, 3% B SE BRI AT 5 4 2% By 22 e 1k
LN

3.3.2 OPLS-DA i il Bt i) 2 &k b S8 5 0 1) wiy
JERES T ZE RSy, TE PCA 45 R ERE LitAT
OPLS-DA, ZERILE 8, 200 X B ke 25 H LK

9. SEEHMHIRTERES A ATAE Y RO, ATEEIX
71, H R% 74 0.589, EHAGI 020 0.180, KU
ST RSE I AT S

3.3.3 TV EE AR D SEEA M AT FE AR S b 2 S R
sy AR EEMERE (variable importance
projection, VIP) {8 A] LAMABILLE SAAHI T /5 p 7224k
5oL, VIPE>1, R &YW N ZERIER T, VIP
EBRR, UL SRR IR . SRR AT
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Fig. 7 PCA plot of BR before and after processing
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Fig. 8 OPLS-DA plots of BR before and after processing
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Fig. 9 OPLS-DA model 200 replacement tests of BR before

and after processing

JEILTHIE 21 NEF Y, A5RILE 2.

34

BRI E AR S EFI TIPS PCA K

OPLS-DA
3.4.1 PCA KBS LRI SE M A2 AR S
G- TN SIMCA 14.1 #fF, XH#ET PCA, A
fRBERSH R2 N 0.549, HUSEILAE 10, #UsE
B, SEHIEIET S BUE A R X 3k, RIS
AT 5 R R AEAR A BT S RS (PZ1) S50

F2 LHAEHIETRHERTES MRS
Table 2 Differential components of BR samples before and after processing
TR LA

5 (& /EA S VIP{E P LA e WEMAH VIP{E P A
1 EEH 6.520 18092034 17163386 J/>| 12 D-(-)-ETR 1.863 4342 642 1
2 L) R e 5.022 26103074 25108 330 /> | 13 R-6-RH+ )\ Tk-4-15HR 1.849 851411 1439971 1)1
3 HEER 5.007 4637757 1| 14 (H-9-FiFEIE+ \B-10,12-~H % 1.821 5036093 5875042 i
4 K¥E 4764 28678 844 32482387 1| 15 TWMIRE 1761 11109 751 8821 695 /b
5 WER 4529 17824 828 11| 16 2"-O-ZFhsEHH 2 Ha 1,732 8073496 5420542 Jii/>
6 L-(-)-ERR 3.859 24178 807 28 965 085 #in| 17 %A 1592 1294197 2053 970 1
7 (152)-9,12,13-= 315+ )\ Bl 3.304 30570 726 33337 897 1| 18 9,10,13- = K11+ )\ ki 1576 8343464 8992011 1
8 S 2588 21057 949 14492535 Jii/b| 19 SEdI R Hf 1178 4996 741 5778195 1
9 I°R 2494 3387419 5268704 tEhn| 20 LeHIBEEd 1.176 14007 998 8615 179 Jii/>
10 LD, 2234 231757 528364 i) 21 WEBE 1.134 1100459 1405 062 1
101 1213-ZH 59+ \BRIGR 2.044 27541730 29301 322 Hn

FEARES, (PZ2~PZ7) MISEHIA 5 (SP) A EEA
A [X 8], FRIHLEHESE G (PZ1) o kA, H
FEXO I 5 Bo3 [FIRE R AR 20 - 20 min 55 22 min A
(PZ9. PZ10) Jlbiilid AR i (PZ8) 7
BEAN A X T], R BRIl At 2 S8 S s

3.4.2 OPLS-DA

iz F OPLS-DA 2%t SE i M) i

FEHFEM PCA ST — 20, SR 11
Fan, 200 (R E#A S5 R WK 12, AR, %
A ZE S HEIEE, H RN 0.751, BHAGN 02
N—0.342, FKEIFTEAL AR E MR EE .

3.4.3 T E AR S AR R R A R 2 S
Ay EE TR AR OPLS-DA #4654
VIP #4701, A VIP [H>1 1EAFfE A&, I
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Fig. 11 OPLS-DA plot of samples during processing of BR
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processing of BR

B 23 MESMENRS, SR NE 3. 23 MERME
Ol EdE 11 AMENERE R 7 DREEIERR
o5~ 3 BB 1 ANKRBEEITF 1 M
TR -
4 g

2R A 2P USSR 2 B

®3 REHITIEEZRERS

Table 3 Differential components during processing of BR

5 AR VIP{H
1 R 5.897
2 AR 4717
3 (152)-9,12,13- =¥ F£-15-+ )\ BRIG L 3.584
4 XY 3.280
5  9,10,13- =511+ )\ B IH TR 2.366
6 FIUER 2.296
7 SR 2.265
8 HX=E 2.039
9 (D-9-FAHIES/\BR-10,12- R 2.000

10 RRZEER 1.884
11 SEHIREEf 1.688
12 12,13- 5391 )\ BRIG R 1.592
13 Ik 1511
14 SFER 1.433
15 FRE RN RS 1.431
16 2,4-TFR%E-23-W[(4-FFE-3-FHAER) 1327
HE] TR
17 SefRTd 1.306

18 3-%%£-3,5,5-= HH-4-(3-FAR-1- T V- 1.217
1-37.36) 2 L FE-1(2)-D-7 %

19 5iF 1.211
20 LEHETe 1.095
21 15,16-—F%E-10,13-+ )\Ik IR IR 1.051
22 D-(+)-BardiffrpEnE 1.046
23 1-O-[(3p,5¢,9¢)-3-(B-D-Hi K IE)- 1.033

27-$35£-27 28- —E AR IR
12-J75-28-3L-B-D-H] % 4

TER . el RIE~Rg A T2, AN
[V R 7%, K rh 25 R A AN R 25 A
FIRR . SRFE SOV R BRI N, 55
FRAH ELEA SE A AR R E T, AR R T i 253
BLFT 2, B st M I s Rk —he . R
FRIGHRTE26-28 3t B 3 G )t A i ek b
BLRAERE R SEIBEAL 1, 51N BRI R 759
BRI, DA AT
JHY FRO 5] 6 ek A S A T i el T DA
RAIE, ZINERTRIESUOT AT (REZ5H) 2020 £
PR,

SCHRFR 0031, Sl 28l ] i L IR A TR
VEAR BIREAR, BRATRAR TR 5, X AR5 AR
SARRCHATIRATT AL, RINEETHE 5, 2882
FERAE AR & AR SR R B, e
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DRI, FF F SE A M R o e e 5, B AT
7~ SRR 5 25 OB oG EE . A FLiE H
UPLC-LTQ-Orbitrap MS 7 A S HH M il it F2 HH 1k
FHOTHAT T, SRE, ERE TR,
SEEMHI AT S I 76 ML, HFRLEHR
T HE. AHLIRAE. FE RPN,

I I LA I AT S A 2 43 P 2R A [R) 2R B Ay
(T AR A I, SRR 5 B & i AP SA i
H R R R A3 () & B AP AE 257 - Bl BN, HAT R -
FrRE B AN 28 T BRAEA MBS LA S oA s o AT IR
AAFETLEE S, (B SRR, ®
BZAG G ] RERIR T-H kL . 2 T RRAE MR
WAV ZAR I RRAE I B 0 Fr, UG I AR 0 2% B
SERAI ] SR S Er A TR, SRRR 13
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R a. d ERRVEMES NI AR R AL TR %
SRR by by BISEAHRE, 1TSS EA M S B R
RE IS, BT ARACRE 139, AT RE 51X AL
EAF BB kB, 22 ERTAL ARE )
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SRR IR ARG EE, [ B 2 0 1) S R R AR Y P 2 g 55
M, KWIRATTRES SEUFEH0, (HiZsn1E
L] € G 22 S T BT i I LRERAS R B[R] —

A B U TR AR AT R, D IR A e ) A 42 25 384
B J5 IZ ML, 1245 SRR B T A Rk M ) kA
W SE 2[RI, B AT LAZR AN 2P, e )
PERAY -

zi ERTd, A8 72 i# ik UPLC-LTQ-Orbitrap MS

F AR50 B 45 e T S R B Ak 0 S AR A i

TR R, TR B AR S8 A 1 2438 o s

b N )7 VAR S e N i P 5 < 1 =

ERAM SRR ) 2 sy, WP ERTE TSR
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