FED 20226F 98 $53% B 178 Chinese Traditional and Herbal Drugs 2022 September Vol. 53 No. 17 * 5283 ¢

ET 'H-NMR £&& LC-MS A HREAR# K I AB L rh 2 RYABERZE R 57

& O, RMAAL 2 oL % B wast!, & OF L2 kK3, BEmR, RAKRLY
L Abp R R %0 PR G, ks 100029

2. R EY R AT AL T E s sEsE, bR 100029

3. WLPEHFWEAHARA R QU KRR S h 257358 7 E X i seie s, V0P B0 341000

# OE. BH @B TRESHREEEA (H-NMR) 45&6BRBCHEAR (LC-MS) BIHT 7%, 1B AERRA S ARG 2 AR
YR, R AENRKY 5 HARE AR R 2 2 sy . AE FIA TH-NMR SRR 24T RE K B Al 3 DL IR 2 v 24514
RS, IS5 SR AR RE ARG F AR R B A 2, DL TH-NMR B3 2 B o3 JE W T AU AR F AT 2 e St i
FIH LC-MS X REfRA R H Al WARZE 25 10 NMRERZERS> (R, RERARER . & AR, fE AR, A-RifE 2%
FHHMR . PR LA, HEREEMEER. HEE 258K, AR, BEER) HTaaEllE, e TEH TS
TCHTHT. EER T 'H-NMR BIE K 2 o8ttt KRR S o AR 2 ) 2Ly, R RERRRY 55 HARH AR 24
WFEZERIERST . 56 TR IR L, MBI B 7 MHERE RSy . #E—D 456 LC-MS S &EEL 1ML 0
GErl- o I ik REARA 5 HAR R ILIESE rR 21 32 2 s R IHRR IS R 7 N RE AR . #E L EUHRR . A-hed e 25 AU R A4 R R 25 41
JHER . 451 REfAn 5 H A AR 2 IREE i AE BB . S HMARR 2L, eI h e L 5L . #EA IR
J AR A SRR R & B . 'H-NMR FR A SR A4 PU e %, Als LC-MS RllAR B 47, FERIN T
HRZG R AR R 03 A3 AT R R A RR N A o

KA. 'H-NMR; LC-MS: fEfE¥y: #WAHETZ), WHRREM T ZuHioiT: RERMNRK, fHEEMRK, FmaEis
JHFR; ARRERE LA HR

RESES: R284.1 XHEFRERD: A XEHS: 0253 -2670(2022)17 - 5283 - 10

DOI: 10.7501/j.iss1.0253-2670.2022.17.004

Analysis of bile acid profiles in bear bile powder and other medicinal bile using
'"H-NMR and LC-MS

CAO Yan'!, ZHANG Pei-jie!, LI Ting!, XU Xia', CHANG An-qi', LI Jun'-2, LIU Di-fa®, TU Peng-fei', SONG

Yue-lin'-2

1. Modern Research Center for Traditional Chinese Medicine, School of Chinese Materia Medica, Beijing University of Chinese
Medicine, Beijing 100029, China

2. Beijing Key Laboratory for Quality Evaluation of Chinese Meteria Medica, Beijing University of Chinese Medicine, Beijing
100029, China

3. State Key Laboratory of Innovative Natural Medicine and Traditional Chinese Medicine Injections, Jiangxi Qingfeng
Pharmaceutical Co., Ltd., Ganzhou 341000, China

Abstract: Objective To establish an analysis method based on "H-NMR combined with LC-MS technology to clarify the bile acid
profiles in bear bile powder, and find out the differences between bear bile powder and other medicinal bile. Methods The
TH-NMR spectra of each medicinal bile was recorded in parallel, the bile acid profiles of bear bile powder were characterized by
signal attribution, and the datasets of piecewise integration were introduced for multiple statistical analysis to find the potential
biomarkers. Then, the content of 10 bile acids [cholic acid (CA), ursodeoxycholic acid (UDCA), hyodeoxycholic acid (HDCA),
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chenodeoxycholic acid (CDCA), tauroursodeoxycholic acid (TUDCA), taurochenodeoxycholic acid (TCDCA), glycyrsodeoxycholic
acid (GUDCA), glycohyodeoxycholic acid (GHDCA), taurocholic acid (TCA), glycocholic acid (GCA)] were determined using
LC-MS, and then the content was used as variables for multivariate statistical analysis. Results Based on 'H-NMR spectrum and
multivariate statistical analysis results, it was found that bile acid profiles were the main components of medicinal bile and the main
differences between bear bile powder and other medicinal bile. With the assistance of literature and reference compounds, seven bile
acids were tentatively identified from the representative spectrum of bear bile powder. Combined with LC-MS results, it was found
that UDCA, CDCA, TUDCA and TCDCA contributed to primary differences. Conclusion The bile acid profiles in bear bile
powder is significantly different from that in other medicinal bile, UDCA, CDCA, TUDCA and TCDCA have the potential to be the
biomarkers. Furthermore, "H-NMR spectroscopy can provide comprehensively qualitative and quantitative information for TCMs,
and it should be an eligible tool as well as LC-MS for the quality evaluation of TCMs.

Key words: 'H-NMR; LC-MS; bear bile powder; other medicinal bile; bile acid profiles, multivariate statistical analysis; hyodeoxycholic
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1 FRERE#ELEYAY 'TH-NMR [Ei%
Fig. 1 Representative "H-NMR spectrum of bear bile powder
F1 FREREH 'H-NMRIZWFMBIFIE GRKEPE-ZEK1:1)
Table 1 Signal assignment for "TH-NMR spectrum of bear bile powder (CD:0D-D20 1 : 1)

T EY WL (0) SCHR
1  UDCA® 0.68 (3H, s), 0.94 (3H, s), 0.96 (3H, d, J= 6.5 Hz), 3.36 (1H, s) 15-16
2 CDCA® 0.67 (3H, s), 0.92 (3H, s), 0.95 (3H, d, /= 6.5 Hz), 3.77 (1H, m), 4.01 (1H, m) 15-18
3 cA 0.73 (3H, s), 0.92 (3H, s), 1.02 (3H, d, J= 6.5 Hz), 3.37 (1H, m), 3.79 (1H, m), 3.97 (1H, m) 15-18
4 TUDCA" 0.65 (3H, s), 0.91 (3H, s), 0.92 (3H, d, /= 6.5 Hz), 3.41 (1H, m), 3.43 (1H, m), 3.46 2H, t,J=6.5 18

Hz), 2.97 (2H, t, J= 6.5 Hz)
5 TCDCA*  0.69 (3H, s), 0.90 (3H, s), 0.95 (3H, d, J= 6.5 Hz), 2.95 (2H, t, J= 6.5 Hz), 3.55 (2H, t, J= 6.5 Hz), 18
3.35(1H, m), 3.88 (1H, m)
6 TCA® 0.58 (3H, s), 0.80 (3H, s), 0.84 (3H, d, J= 6.5 Hz), 3.28(2H, t, /= 6.5 Hz), 3.60 2H, t, J=6.5Hz) 18
7 R e 224 0.67 (3H, s), 0.97 (3H, s), 0.92 (3H, d, J = 6.5 Hz), 3.79 (1H, m), 3.53 (2H, t, /= 6.5 Hz), 2.92 (2H, 19
PR t,J=6.5Hz,)

RANGERE PN
“identities were confirmed with authentic compounds.
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Fig. 2 Overlaid '"H-NMR spectra of bear bile powder and other medicinal bile
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Fig. 3 Score scattering (A) and loading scattering plots (B) for principal component analysis of 'H-NMR dataset of bear bile
powder and other medicinal bile
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Table 2 Retention time, ion transition, declustering potential, and collision energy of each bile acid and internal standard (IS)

WEY fr/min B I BE B [A]/ms JBi A% HLR/V filb i fe/eV
TUDCA 8.18 498.3>80.0 50 -100 -130
TCA 8.65 514.3>80.0 50 -100 -130
GUDCA 12.58 448.3>74.0 50 -100 -80
GCA 12.73 464.3>74.0 50 -100 -80
GHDCA 12.95 448.3>74.0 50 -100 -80
TCDCA 13.29 498.3>80.0 50 -100 -130
ANZE1fRb, (IS) 13.31 11233>1077.3 50 -100 -30
CA 19.92 407.3>407.3 50 -100 —60
UDCA 21.55 391.3>391.3 50 -100 -15
HDCA 22.43 391.3>391.3 50 -100 -15
CDCA 24.77 391.3>391.3 50 -100 -15

1400 1780+ 836+ 714 pg/mL IR &% I 5 A 559 o
28 50% H KRR fG . NS S I ARSI
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2RI, KRR EEMERRENE, S50
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HIE K

2.2.4 AR R DLHSE 2 o R E R SR )
BIE L PCA Rl s 4 A BHSE T 251K LC-MS
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F3 10 MEREEB S BIKEFRTE. HXRH. KMEE. EE TR R
Table 3 Linear regression data, correlation index, lower limits of quantification (LLOQ) and limits of determination (LOD)
for 10 bile acids

o T . LR MEVE Y LOD/ LLOQ/
(ng-mL™) (ng-mL™) (ng-mL™)

TCA y=0.065 2 x+1.06 0.999 8 1.47~1840 0.15 0.525
GCA y=0.007 09 x+0.006 56 0.999 8 0.57~714 0.05 0.263
CA y=0.373 x+7.86 0.998 2 1.16~1450 0.02 0.100
GUDCA y=0.177 x+0.061 6 0.999 6 0.57~714 0.05 0.253
GHDCA y=0.079 2 x+0.052 6 0.999 6 1.28~1600 0.05 0.640
TUDCA y=0.183 x+4.17 0.999 6 1.42~1780 0.15 0.535
TCDCA y=0.002 11 x+2.07 0.996 8 1.42~1780 0.15 0.523
UDCA y=0.003 68 x+2.41 0.998 0 1.34~836 0.05 0.167
HDCA y=0.113 x+17.7 0.999 0 1.12~1400 0.05 0.153
CDCA y=0.107 x+37.5 0.998 3 1.12~1400 0.05 0.175

x4 REREMEEMEREED 10 MEBRERSZENELER (n=3)

Table 4 Determination results of 10 bile acids in bear bile powder and other medicinal bile (n = 3)

2 &/(nmol-mg™")

>
Fd —GHDCA  GuDcA | CA TCA GCA  TUDCA TCDCA UDCA HDCA CDCA
MND 0.35 ND 12.99 24872 44540  84.84 38878 BL BL 145
ND 138 0.63 1936 41377 51023 BL 41182 BL BL 179
RGNH BL ND 2292 3607 119.58 BL 7635 ND 10422 3.86
7D 518.01 ND 132 278 3859 BL 11.72 BL 453 BL
TRNH BL BL 18.38 4572 134.59 BL 2.48 BL BL BL
YD BL BL 8.26 5212 238l 61.01 22044 ND ND  2.02
SD ND ND 0.56 1 892.80 1.01 BL 10421 ND BL BL
D ND ND 1.43 89.15 0.69 BL  889.80 ND BL 7.9
YAD ND ND BL 103.43 042 8283 11824 ND BL 882
ED ND ND 1.19 51.66 BL BL  193.39 ND BL  11.90
GD BL ND 1.54 404.16 340 5924 365.73 ND BL  1.08
D BL ND 0.16 5349 1835 5673 72.59 ND BL 1.9
NWD BL ND 0.63 1.67 BL 2344 0.07 ND BL BL
CYD BL ND 9.53 6.03 BL BL 0.05 ND BL  0.62
WCYD BL ND BL 7.91 BL BL 0.04 ND BL BL
LYD BL ND 3.54 20.12 BL BL 0.34 ND BL BL
BLYD BL ND 1.89 3.72 BL BL 0.02 ND BL BL
XD1 BL ND BL 9.37 BL 79217 19840  7.59 ND 2749
XD2 BL ND 4.99 18.93 BL 99097 23146  28.67 ND  41.05
XD3 BL BL 243 27.48 BL 34739 29259 2136 ND 3587
XD4 BL BL 1.96 1422 BL  547.19 37174 1726 ND  13.05
XD5 BL BL 6.48 31.14 BL 49297 38377  30.66 ND 3958
XD6 BL 0.10 121 21.79 BL 60065 31039  21.04 ND  23.13
XD7 BL BL 1.15 21.78 BL 41196 20933 939 ND 1923
XD8 BL BL 5.12 18.69 BL 29646  302.03  19.03 ND  28.02
XD9 BL 057 2181 6127 3051 68775 24204  23.10 ND  43.99
XD10 BL ND 2.03 20.16 BL 51754 28439 3118 ND 1933

ND-AA i BL-IE T R
ND-not detedcted BL-below limit of detection.
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Fig. 4 Score scattering (A) and loading scattering plots (B) for principal component analysis of LC-MS dataset of bear bile

powder and other medicinal bile
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