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Analysis of Bile Acids in Four Niuhuang Jiedu Preparations
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Abstract: Objective To analyze the bile acids in Niuhuang Jiedu Preparations. Methods The ultra — high - performance liquid
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chromatography — time — of — flight mass spectrometry (UPLC — TOF / MS) method was used for the quantitative analysis of bile
acids in different Niuhuang Jiedu Preparations (11 batches, including pills, tablets, capsules, soft capsules). The cluster analysis
and principal component analysis were used for clustering. The orthogonal partial least squares — discriminant analysis (OPLS —
DA) method was used to screen for key bile acids (variable importance in projection > 1 and fold change > 2). The ultra — high —

performance liquid chromatography tandem mass spectrometry (UPLC — MS / MS) method was used for the quantitative analysis of
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key bile acids in the preparations. Results A total of 240 bile acids were identified in the preparations,which can be divided into
three categories, including free bile acids, glycine — bound bile acids and taurine — bound bile acids. The cluster analysis showed
that Niuhuang Jiedu Pills could be well distinguished from the other three formulations,and 16 key bile acids were obtained. The
total bile acid content was in the range of 1.74 to 4.84 mg / g in different dosage forms,and in which the key bile acid content
was different. Compared with that in pills, the bile acid content in other three formulations was higher, while that in the
preparations from different manufacturers showed obvious fluctuations; compared with that in other preparations, the bile acids in
Nivhuang Jiedu Pills from different manufacturers were more consistent. Conclusion There are differences in the types and

contents of bile acids in different dosage forms of Niuhuang Jiedu Preparations. This study can provide a reference for improving

the quality standard of Niuhuang Jiedu Preparations.

Key words: Niuhuang Jiedu Preparation;bile acid; UPLC — TOF / MS;UPLC — MS / MS

A SRR B TR ARG A 17273 RS 24 e b 24 1
CL R T4 ROk PR AR S, 7 S LA S i N T 4R
N H 8z o N A AR IR IEER A 2 AR
A-RER JHLT 2 I EEE R TR N T R -6 20
H AT A 600 43 B ik 2 vh g FH Y A0 08 i i il 790 2 A
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LC MS — 8050 74 {8 /=5 %00 W AH B 3 — 1 PUAR AT i i
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3, F345 LC — 30A U AH 22 58 A1 8050 I = F U A% AT it
T4 ( H A% Shimadzu 23 7 ) 5 LC = SCIEX 5600 %5 = 5%
R EP BT AT IR [R) BT RN, A4 B HE LC - 30A RUEAH
Z %8 Fll AB SCIEX Triple TOF 5600 % K 47 I ] i 3% /%
(EE ABA ) ;1 — 15PK &5 3 % 4 55 .0 HL (F
Sigma /A H] ) 3 BT25S I B, K F- (5 [E Sartorius 23 Al , 4
FE40. 01 mg) ; KQS5200E U 75 1k 35 A (B th i a7
IERABRATD)

1.2 R%

X BE SRR (CAL L5 4 A313A025) , 4 fif iH iR
(TCA,#t*5 A711A025) , 3490 A ALt Z3E E R A TR
s A (F & = 98%) 5 4 i i 4 JIH 2 (TDCA, it 5 24
1.820S84, ¥ 1 97%) , W A At 5t i R B A R A A
HZ MR (GCA It 5 H1520042) , it S AR (DCA , 41t
TR K1912135)  JE K 4ANAFR (CDCA, #E5 D1809125) ,
H 4 B % HH R (GDCA, It 5y G1804163) , f1 fiH iR
(LCA, L5 4 11920124) , ¥ | L g BT T A feBh 52
B A BRA R (B = 97%) ; 4 i 41 IH AR (TLCA, it 5
S 722S11H125507) , W H I - AE 9 R4 A R F
(% > 97%) ; HE& A MRER (GLCA , Hit5 4 GC437781) ,
I H GlpBio Technology v F] ( ¥ & > 98%) ; ¥4 IH R
(HCA,#tt5 4 700159P - 5MG - D - 010) , 4 [ Sigma —
Aldrich 28 5] (% 1 > 98%) ; 2F-fiff 8 25 S LR (TCDCA,
fit 5 4 80678) , H 4 # X A JH R (GCDCA, fit 5 A
29837) , }% LA JIH R (HDCA, it 5 hy 46046) , ¥ 14 H
MedChemExpress ANE(F & =98%) ;5 - B — cholanic
acid —3a— ol — 6 — one(6 - KLCA, 552 - HPA - 68 - 2) .
3 - oxocholic Acid(3 - KCA, L5/ 056552805) JIHfZ - d,
(d4 - CA,#ES M 0595961 —2) , 30 H Cayman Chemical
INEN(F 2 95%) s W R ¥ o ik g, Hoaxitn 1y
SR oM Al et 1 4, K kR 4l K AR IS T AR B A
il T 2505 (FERE B LR 1) .
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Tab.1 Information of samples
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Tab. 2 Information of ion pairs of 16 bile acids and internal standard

A BE O RF AT R Bit® #H5F0a) FEF(D2) BEBE(Y) | iR AEFD) FEFD) BELE(V)

FEBEL SI20013426  AFREEHEARBRAARNAGT A Sl 124.05 50 | HeA 012 4002 2
S2 20030103 LBEEHLRAARA CA 012 4.0 15 |GLCA M1 82,10 1§
$3 210011 BAERGT (L) A LA RA GCA 4642 15 3 |6-KIcA 390 389.00 2
S4 4020006 REPHALZARMARABEEHET (DCA  39L2 3L A |3-KeA 450 4500 2
S5 20001020 AZERAARAL DA L2 30 N ooy 82 7410 3

FEBER S6 2012450  AFEEEHEARKAARNAGT GDCA 4482 44820 15 |TCDCA  498.0  498.00 3
ST 20230301 RRHLEE(FA)ARMN A 4982 49820 ST T S O A 0
S8 2304004 KMEAWNGEHBARA A 351 37510 19 Jd-CA 43 4130 18
9 230311 TEHLEARMARAE A 4820 0 %

FEBERE SI0 20220203 FMFAHBHRAT

FEBERKE S AT RAHELARFEN
1.7 wm) ; FEBIAH: 0. 05% H R - /K (A) - 0.05% H R -
ZNE(B) BB FE WML (LC — TOF / MS 2341, 0 ~ 1 min i}
17%B, 1~7 min B 17%B — 26%B, 7~9 min
26%B — 32%B,9 ~ 13 minf 32%B — 48%B,13 ~ 19 min fi}
48%B — 98%B, 19 ~ 22 min, 98%B; LC — MS / MS 74T,
0~1.5minff 17%B,1.5 ~ 3 min i 17%B — 32%B,3 ~
8 min I 32%B — 48%B, 8 ~ 10 min I+f 48%B — 60%B,
10~12.5 min B} 60%B — 98%B, 12.5~15 min i}
98%B ) ; Wi 1 : 0.25 mL / min; H: iR : 45 °C; gEAE .
10 Lo
2.1.2 RiE&

AB SCIEX 5600 &4 Hif [] 5T i (i PR 4878 ) , LT 55
B IR (ESD) , 78 R AR B T Y
100 ~ 800 Da, #5414 7 20 IDA B RR 4, 19
536 [ 100 ~ 800 Da & I A 1,2 R 40000
40,50 psi, 7 S E N 30 psi, B IR EE 4 500 °CL 5
T-WE % B A — 4 500 V. Shimadzu 8050 = F PU # #T
i (G B ) L ESI, B TR R4 S &
2L/ min, TESEHN 10 L/ min, AR EH
10 L/ min, £ R 4 300 °C, BEIA 1R B R 500 °C, i
FEF (DL A IRE M 250 °C, AR R 400 °C. £ %
Jof W (MRM) RS2 i HAR S50 3R 2,
2.2 BREHE

Xof G A AR« RS R R o) TRt 3 i RS PR A
Jorm PP b ol B v B 44K 1 mg / mlL 9% BB BRR 5 %
WS, A ETR S, i P It i S A R, 45 o 2 ViR 2 40 i)
600,200, 60,20,6,2 wg/ mL [ Z 51 TR A X B8 50
B 45 WGE B, A AR (AR 10 ng / mL) 119
50% H R FE 200 7% , 43 31145 3 000, 1 000,300, 100, 30,
10 ng / mL ) ZR 0 TE A% HE TS L

PIPR ST B d, — CA (P45 ) X JIE Sl o, RS %5 A
FE 0 HR P B BT VR BN 1T mg / mL B N BR BRI,

120220102

50% FP RG22 o FE e FEE O 10 ng / mL, RIS .

P S A R BORE S RS N S F A, 3ok 100 B
i s R B Ze A, W4 s ek 100 H i 5 AL B B, A AL
20 ~ 30 B ; FRASBEHL N Z590)0. 1 g, WG BFRE , B HLJEHE
T, 43 BIKS B IAE INFRI) 509% HEE 4 mL, % %€, B
FE T (T3 200 W, 40 % 40 kHz) Zb 2 30 min, i
¥ FRRPRE i, FH 50% FP B A2 0l 06 i I i, 32 50 )5
FHUEACHE L, 12 000 r/ min 850> 10 min, B, BIAS,

3PS - PR 5 IR 50% YIS RE 200 1%
4 °C'F,12 000 r/ min &> 10 min, B35, BI15
2.3 TEMSW

{8 Analyst 1.7 B4 X IR 2 2E 47 7 4 4 5] B
25 V.3 000 ng / mlL IR A X6 BE & I TR 36 i 7
W, 4% 2.0 LIRS0 S AR 0 T, BB 3 MR A A
A TR T I RS I A ) R R BB TR, A T
PRt S 2 5 TORT R 0 IR R, AR A At 40 o, AE X
PR B I R R S A R , 255 SR [8 15685 .

P (ST) VA R BB U 1 DL BT 1 R 51 o IRy
FRISAL A 240 B, 43 A i B IR R (109 Fh) L H 2R 45
A BT ER (52 Fh) AR B FR 45 A IH VTR (79 Fh) L (5 5o
B UL 2

i FH SIMCA A X 854l 3204713 — A A 31, Bifi f 2%
1T E 53 (PCA) | 1E 228 fi e /N — 3 1 531 43 Br (OPLS -
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Fig. 1 Total ion chromatograms of test sample (S1)
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Fig.3 PCA scoring plot Tab.3 Information on differential bile acids in different dosage
[123] forms of Niuhuang Jiedu Preparations
asol T 1 =i}§3 LAk 2FX mlz[M-H]" VI P Fold Change
000 H TCA CHNOS 5142844 9319 0.004  2.310
Lsood - 1. N - (la, 3a - Dihydroxy - 56 - C,HNOS ~ 498.2895  6.390 0.004 2.535
1 000 cholan = 24 - oyl) - taurine -
500 isomer
o e l_l; CA G0, 4072803 2791 0.004 2,012
SIL S5 8283 51 54 57 86 59 S8 510 N - (6a,7a - Dibydroxy - 3 - C,HNOS ~ 512.2687 2044 0.004 5.8
| A
B4 REFWER oxo0 = 38 - cholan - 24 - oyl) -
Fig. 4 Results of the cluster analysis L
x}&/\* Aéﬂ:%ﬂ [g ﬂ‘[‘l Tﬁﬁ%{ﬁ:% taurine = 1somer
DA) FIZRZE 7T - PCA B DL 3, 1T L, A o 3k CHO, 4053010 L84 0.030  956.031
fiffe B U IR R 0 53 A1 22 S AN K, IR B g 55 G Ath 7] 7Y HDCA CH 0, 3912854 1.463 0,004 2,090

BFIX A3 s AR T A4 BB i IR IR A 22 ek, 3, Ta, 120 - tibydioxy - 8- G0,  449.3272 1354 0.04 3125
55 Jie 3 7] g A0 s 3 R TS 3k DX 43, 28 B AR IRy R 4 cholestan - 26 - oic acid isomer
R G [ B BB KA R ] 4, N (60T Digdoy - 3 - CHNO, 4622860 1260 0.009 3181
O SURRUA IR E RS I 5 e, 0P el
g ycme 150mer
/
LS8 N DCA CHO,  9L2854  LIT4 0.07 2112
S PsES T B ES =

BT PIRETR AR S e R AN AR T R N-(4-nor-3a, 7, 120 - - C,HNOS — 500.2687  1.097 0.004  4.752
Fr WA A B E T T 2 AR B 5 5 PRIk I ol L hydroxy = 58 - cholan - 23 -
YER—A, It 548 AL T OPLS - DA 230t (JLELS) . oyl) - taurine = isomer

L AL bS8 A A TR R 6N GO, WM LI 0 3
I 5 W ALTE R R 26 4 | B — B T Allo-CA Cy,H,0; 407.2803 L1016 0.009  14.276

TS plot P62 SN PE AT ST (L XA 16 R A REFIL F 45
K6) EfEVIPIEAT 1.0, R B ELER(P<0.05), 2.4 ZEUE
R LS (R BOR T 2 B0 I A 4 BbR LR 5] 2.4.1 THRF AR
12T RS A (IR 3) , 2805 K4 Sk I LRI : 431100 ng / mL £ %0 HE A
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Fig.7 MRM chromatograms of 16 bile acids and internal standard
DA RS SR S S VR (S 1) 4% 2. 1 300 R 244
PEREIN 2 0 SR i 1] A5 R 25 TS WRAE A5 IR
WA B R WG S0, RIZ TR R RN R4
L7,

NE R EE  HUR YR A X BRI VA5 4 o
4 °CF 12000 r/ min #.0> 10 min, B EIE R, % 2. 1T F
PRI A5 AR A, DLAS IR R 55 P9 A 0 T R LA
RPN (Y) A I IR BT i R BE (X, ng / mL) A AL bR
AT A5 W 4,

A5 2% B 58 . B 10 ng / mL R A %) B8 S W, 1%
2. 1IN 6 U, THRA IR 5 Y
PR A A FL (B 45 A RSD M 1. 14% ~ 4. 92%(n = 6) ,
T H RS B R A 2RI H B Ll A Rl AR A B
TR — A RE i (S1) L 4% 2. 2 101 Jy i il 45t ik i
WL TAT 60y, 6 2. 130T 150 A% A4 E AR | 1 i e T
U, I 1158 45 IRy 1R & 12 o 45 R 19 RSD M 1.59% ~
3.77%(n = 6) , R AIKE 2 B R4f .

R PERES B 5 (SO B HGE 2, T4 CT K
T 6,12,24,48 hith 422 2. 1300 F il 56 2 1 HE AR 22 L ic
ST AR 25 A RSD 1. 64% ~ 8. 82%(n = 5) , =W
PEEGT I 4 T E 48 h N HEATRE .

MRS ORE i (S & &, 4% 2. 2 50 F 7 ik
A7l 2% 6 O AL S VA W, 456 2. 1 300 T R B8 2% 4 1 R
FE LGSR I TR, I A 45 I R L 2 R
14 & O 0.022~0.442 ng/ g, RSD M 1.49% ~
3.96%(n=6), KU EELIERLF .

x4 KMEEERER

Tab.4 Results of the linear relation test

he it B ) )2 7 A2 R &MEHE(ng/mL)
TCA Y,=0.0599X, +0.6298  0.994 6 10~3 000
CA Y,=0.0515X,-3.5272  0.9929 10~3 000
GCA Y,=0.047 1X,-2.6119 0.9928 10~3 000
CDCA Y,=0.0128X,-0.2959 0.997 1 10~3 000
DCA Y,=0.0343X,-0.48 0.9919 10~3 000
GDCA Y,=0.0592X,-4.3991 0.9943 10~3 000
TDCA ¥,=0.0583X,-3.858  0.9922 10~3 000
LCA ¥,=0.0025X,-0.0002 0.9939 10~3 000
TLCA ¥,=0.0698X,-2.6593 0.998 1 10~3 000
HCA ¥,,=0.0094X,,-0.3089 0.9970 10~3 000
GLCA Y,,=0.0375X,-1.6011 0.9947 10~3 000
6-KLCA ¥,=0.0156X,-0.382  0.994 6 10~3 000
3-KCA  V,,=0.0419X,-2.1284 0.9977 10~3 000
GCDCA  ¥,,=0.0658X,,-2.0771 0.997 4 10~3 000
TCDCA  ¥,,=0.0529X,-0.019  0.9963 10~3 000
HDCA Y,,=0.0173X,,-0.1857 0.9913 10~3 000

TRE [R5 BURE § (S1) 2450, 05 g, 239 A 4%
R B2 25 519 50% , 100% F1150% B9 RH 7 R X R &, 44
2200 R kil A B W, AT 3 0 4K 2. LI
IS AR AR E 0 s T AR, IR i rh 25
TR BT R B TR IR A5 R AR S
F®5  MEERRRIE R

Tab.5 Results of the recovery test

Peitar  X(%)  RSD(%) JiERedi X(%)  RSD(%)
TCA 99.57  3.44 |TLCA 102.57  8.33
CA 98.40  5.08 | HCA 98.23 6.3l
GCA 101.83  5.70 | GLCA 92.33  5.54
CDCA 97.67  6.62 | 6-KLCA 98.63  5.53
DCA 95.07  5.05 |3-KCA 96.63  5.26
GDCA 99.97  7.82 | GCDCA 101.83  7.24
TDCA 99.53  3.45 | TCDCA 99.77  7.03
LCA 94.27  6.22 |HDCA 103.17  4.96

2.4.2 HEAHENE

BT HEARE S 4538 B, 92 2. 2 TR 7 ik ) A5 A3l
VU, 5 2. 1300 IR0 A5 AR | e SR T AR, JF i
A A (AN v B R i 8 v o i R, DU
e 128 USRS AR B R UCGHRE 0T ) 4 SR IR 6.

Sy R 35 BT R 7 AN () 7] 25 v R R 1 3 A R AR X6
SRR AN HDCA (TN A= 8 bR s M IR R ) i 47 22
(DLIEL8) o AT UL, AR RALFI Y 2 F sl o 5 i 22 /A
K, HABNRT Rt R 2 A X 5 & o BRI
gl LA — B0 F I P SRR AT HDCA T B S = [
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x6

HREENESER (mg/g)

Tab.6 Results of content determination of 16 bile acids in samples (mg / g)

H&%BE  TCA CA GCA CDCA DCA GDCA TDCA LCA TLCA HCA GLCA 6-KLCA 3-KCA GCDCA TCDCA HDCA
S1 0.168 0.303 0.201 0.095 0.198 0.061 0.131 0.124 0.028 0.040 0.028 0.037 0.025 0.026 0.033 0.460
S2 0.191 0.220 0.196 0.121 0.079 0.054 0.121 0.145 0.024 0.058 0.024 0. 063 0.014 0.023 0.027 0.39%
S3 0.126 0.297 0.091 0.109 0.234 0.043 0.114 0.172 0.026 0.043 0.026 0.034 0.032 0.020 0.027 0.413
S4 0.177 0.230 0.143 0.102 0.187 0.047 0.123 0.142 0.025 0.038 0.026  0.057 0.024 0.022  0.030 0.364
S5 0.282 0.210 0.156 0.112 0.035 0.034 0.160 0.182 0.021 0.039 0.020 0.085 0.011 0.018 0.030 0.388
S6 0.601 0.646 0.646 0.156 0.311 0.167 0.345 0.175 0.044 0.106 0.043 0.103 0. 056 0.050 0.075 0.859
S7 0.592 0.745 0.516 0.272 0.321 0.140 0.403 0.376 0.052 0.100 0.043 0.232 0.113 0.036  0.068 0.829
S8 0.394 0.557 0.163 0.290 0.207 0.051 0.231 0.187 0.031 0.345 0.027 0. 080 0. 047 0.023 0.044 0.550
S9 0.329 0.900 0.209 0.410 0.260 0.070 0.230 0.307 0.035 0.127 0.031 0. 188 0.099 0.031 0.050 1.141
S10 0.701 0.671 0.425 0.241 0.339 0.112 0.354 0.265 0.040 0.136 0.037 0.174 0.075 0.034 0.072 0.927
S11 0.552 0.705 0.504 0.204 0.349 0.114 0.291 0.211 0.046 0.113 0.046 0.083 0.062 0.046 0.025 1.123
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