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Study on content determination and chemical pattern recognition of cholic acids
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Abstract: Objective To develop a ultra high performance liquid chromatography in tandem with quadrupole electrostatic orbital
hydrazine high resolution mass spectrometry (UPLC-Q Exactive-OrbitrapMS/MS) method for the content determination of 21 cholic
acids in Niuhuang Jiedu Tablets (4-#f# & F, NJT), including taurocholic acid, 7-ketodeoxycholic acid, glycohyodeoxycholic acid,
12-oxochenodeoxycholic acid, gycocholic acid, 3-oxocholic acid, taurochenodeoxycholic acid, ursodeoxycholic acid, 7-oxolithocholic
acid, hyocholic acid, taurodeoxycholic acid sodium salt hydrate, 12-ketolithocholic acid, hyodeoxycholic acid, cholic acid,
gycochenodeoxycholic acid, glycodesoxycholic acid, taurolithocholic acid sodium salt, glycolithocholic acid, ghenodeoxycholic acid,
deoxycholic acid, Ithocolic acid, and to evaluate the quality of NJT from different batches. Methods The Thermo Bremen Hypersil

Gold column (100 mm x 2.1 mm, 1.9 um) was employed to gradient elution with mobile phase consisting of 0.1% formic acid solution-
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methanol at a flow rate of was 0.2 mL/min, and the column temperature was 40 °C. The mass spectrum monitoring was performed by
heating electrospray ion source, and using parallel reaction monitoring in negative ion mode for quantitative analysis. SIGMA 14.0
software was employed to perform the chemometrics analysis for the content determination results. Results The calibration curves
for 21 bile acids had good linearity in their linear range (2 > 0.9989), the RSDs of precision, repeatability, stability were all less than
6.7%, the average recoveries were ranged from 95.1% to 102.5% (RSD < 4.5%), in the orthogonal partial least squares discriminant
analysis (OPLS-DA) and hierarchical cluster analysis (HCA), the samples were classified into three categories within 95% confidence
interval. The variable importance in projection values (VIP) showed that, hyocholic acid, taurocholic acid, 7-oxolithocholic acid,
glycocholic acid and cholic acid were the main differential components among the samples. Conclusion The method developed in
this study was efficient and sensitive, which can quickly achieve quantify 21 bile acids in NJT, and provides theoretical basis for the
quality control of NJT.

Key words: Niuhuang Jiedu Tablets; Chinese patent medicine; UPLC-Q Exactive-OrbitrapMS/MS; quality control; hyocholic acid;

taurocholic acid; 7-OLCA; gycocholic acid; cholic acid
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A L4 HER C(ursodeoxycholic acid, UDCA, b5
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JEPR (taurochenodeoxycholic acid, TCDCA, #t5
Y09S8K43540). JHER (HIL'5 T16J8Q28663). H &
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5 Y29M9K57235) . J#& 2 %UNHIER (hyodeoxycholic
acid, HDCA, #t'5 S27M8I36899). #% %A JHMEE
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H&Z WA HER K& (glycodesoxycholic acid ,
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H IR AR AR A A MRS 12-BEUHE
2 (12-oxochenodeoxycholic acid, 12-OCDCA, #t5
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HliE; 7.0~8.0 min, 61%H &¥; 8.0~14.0 min, 61%~
80% FHEY; 14.0~15.0 min, 80%~85%HE; 15.0~
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20%H % 17.5~19.0min, 20%FEE; AR E 0.2
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SR IR R 55 8 FYR (HESD i3 AR
W% . —3.0kV, BAIEREE 325 C, RS
HIRSE 350 'C, BHAJLIE 45 arb, HEHSWE 10
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reaction monitoring, PRM) #RAFATHIGRE, %
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Table 1 Optimized MS parameters of targeted compounds
and internal standards
/min BET TET HHE BE
(m/z) (mlz)  BEE/eV B
51428  79.56 124 ES”
405.26  123.08 45 ES”
44830  74.02 40 ES”
405.26  69.03 45 ES”
46430  74.02 41 ES”

wEY)

AR IHER 7.72
7-KDCA 7.92
GHDCA 8.02
12-OCDCA 845
HEMER 9.85

3-0CA 11.11 40526 271.10 45 ES™
TCDCA 1233 49828 7996 100 ES™
UDCA 1250 391.28 391.28 10 ES™
7-OLCA 1279 389.26  389.26 10 ES™
W HETR 1290 40728 407.28 10 ES™
TDCA-NA 1344 49829 7996 100 ES™
12-KLCA  13.66 389.26 389.26 10 ES™
HDCA 1406 39128 391.28 10 ES™
fER 1438 40728 407.28 10 ES™
GCDCA 1445 44830  74.02 40 ES”
GDCA 1514 44830  74.02 40 ES”
TLCA-NA  16.04 48229  79.96 96 ES”
GLCA 17.02 43231 74.02 36 ES™
CDCA 17.04 39128 391.28 10 ES”
FHEMEE 1728 39128 39128 10 ES-
FRER 18.69 37529 375.29 10 ES”

529  401.23 249.15 36 ES™

it

RIA5 V-5 0] B i A o

FE 2 FREU SN E T R, R B AR, PO
4 2 mg/mL 0TI i B, % BRI H BB A0 #
B E] 20 ng/mL 1 N AR -
232 AEEER SIS BONIT, LBRaK, B
BAky G 24 Hi, RGeS K 0.1g, &
T =AM, TN 10mL FEE, FREm=, #
FEHEEL 30 min J5 FRORRE JBUE, NN HBERN R IR
P, £ 0.22 pm FALIEE R, RIS AR5
W WELjErud s, & RO, 111
BN A BRI RS BERE AT
2.3.3  PIMRVEMBEOHIE HUR N AR A HoAd 24
MEIAR, 4% “2.3.27 TR HIERE E

53 TR 5 R s VA5 0 HEL I YA R AR 4K i
WG S, #2101 LN AR, R DL R
7 EE RGN E, H PRM B R LK 1.
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18- HEAMEE  19-8 LR 20-K5HR 21-AH]R 1S-
it 22U R
1-taurocholic acid 2-7-KDCA 3-GHDCA 4-12-OCDCA  5-
gycocholic acid 6-3-OCA  7-TCDCA 8-UDCA 9-7-OLCA
10-hyocholic acid 11-TDCA-NA 12-12-KLCA 13-HDCA 14-
15-GCDCA 16-GDCA 17-TLCA 18-
19-CDCA  20-deoxycholic acid  21-
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B 1 =BER Q). RANBRIER B) RMERMERR
(C) # PRM &iZ[E
Fig. 1 PRM chromatograms of blank solution (A), mixed

cholic acid

glycolithocholic acid

reference substance solution (B), and samples solution (C)
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o1 RN AR TR, RIS R B [
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ELE N AR (YD, HARELS BRI FE R AL bR

(XD, FATEMEEIE . 73R LMEEELL (S/ND 3
10 THE VAR I R A e &R, 45 R ILEE 2.
242 FEEERE BURA XSRS B, Bd vk
w3 N REIREE, ORISR 6 e H H
WKL, N 3d, BRI MR, 458 N%K
3, H RSD #/NT 5.0%, FHMUCEFEEE R IT.
243 BEEMHRE  HUEHFES (SO, FERRE
6 1, oy nild% “2.3.27 5k N e gtk v, it
FENE, ORI e N AR T AR LU S, FEiHE
B Ay S B X RSD. 45 3 ILEE 2, H RSD /)
T 4.0%, RPAIEEL MR
244 FEMERE  REEFCERES (SD, $%“23.27
U A& BRI, THI&ER 0. 2, 4. 6.
8. 12, 24, 48 h {ENAAME, 1055 & o Vg H AR
HiHEH RSD, R E/RFFHR. 7-KDCA.
GHDCA. 12-OCDCA. HZ /& 3-OCA. TCDCA.
UDCA. 7-OLCA. ¥iJH%Z. TDCA-NA. 12-KLCA.
HDCA. JHEZ. GCDCA. GDCA. TLCA. GLCA.
CDCA . 4 HR A IHER I TR FATK) RSD il 2.5%
2.8%- 4.1%- 6.7% 2.5%- 2.6%- 2.5%- 2.8%- 3.3%-
5.6%- 2.8%- 2.9%- 2.3%- 5.5%- 2.5%- 2.6%- 3.3%-
2.0%- 1.7%- 2.5%- 2.4%, T FIEWR 48h K
245 IFEEERIRES  FRELCIIE & O B
FEdh 0.050 g, FEEFRE, 70 Al A2 TRE S %
B A B 50%- 100%- 150% VR &% R S A WL
HPAT 343, %I “2.3.27 TR il AR
SR, EREINE, 0 SRV T ARG BT R
KHRSD, 45 IE 2.
25 MmEENE

I3 ARG B FREAR FHLRFE S, % “2.3.27 TiH
S AR, TE €207 TAPE R R E
FRAE IFRIE T SRR S T 21 FRAEER RS2
&=, GRNE 4,
2.6 ZRLGITSHR

T E L A F) T KA R NIT 72
JREZ AFE R ZE 5, AR A L 2 AR 22 R A
%, KH SIMCA 14.1 #AEXT 15 #6# NIT T 21
TR B & B HEAT T A f /s — 3fe-) 59 43 By
(orthogonal partial least squares discriminant analysis,
OPLS-DA). EWIEZ4#r (hierarchical cluster
analysis, HCA). #55IR, OPLS-DA Bl ()
FRBER (RA) N 99.6%, FE (0*) N 99.5%,
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Table 2 Calibration curves, correlation coefficients, linear ranges, limit of detection and limit of quantitation of targeted

compounds
‘ WAL RN R Rt IR %
HaEw EVEE P Rkl
(ng'mL™") (ngmL™") (ngmL™") RSD/% -“F¥J{H RSD
(ngg™"
REAHEE Y=0.394 3 X+6.8801 0.999 8 78.24~5 696.21 0.17 0.51 1196.54 2.8 99.5 3.5
7-KDCA Y=0.148 0 X—0.0306 0.9992 2.54~110.45 0.72 2.16 42.29 2.2 101.3 4.5
GHDCA Y=0.876 0 X—0.1650 0.9992 1.35~50.88 0.34 1.03 2.44 1.9 101.2 4.4
12-OCDCA Y=0.033 5 X+0.006 3 0.9993 10.10~49.43 3.33 10.00 10.73 3.4 100.3 2.4
H&MHEE  Y=0.6870X4+23100 0.9994 9.97~1 302.87 0.17 0.50 407.64 1.9 99.2 3.0
3-OCA Y=0.201 0 X—0.0102 09991 1.14~115.70 0.36 1.07 26.52 2.2 99.5 4.0
TCDCA Y=0.5510X—0.0184 09991 5.05~340.17 0.17 0.51 42.66 2.1 100.5 3.6
UDCA Y=1.100 0 X+0.0575 0.9995 1.21~49.56 0.17 0.52 0.85 3.5 95.1 1.8
7-OLCA Y=0.0055X+0.0428 0.9992 19.15~2467.12 2.41 7.23 782.33 0.8 101.3 3.8
PR Y=0.003 0 X+0.0393 0.999 6 29.07~2 302.57 3.00 9.01 699.31 1.5 97.4 2.1
TDCA-NA Y=0.8130X—3.1000 0.9992 9.48~648.25 0.67 2.01 143.35 2.2 97.5 1.4
12-KLCA  Y=2.4000X+2.3500 0.9995 3.10~94.33 0.67 2.02 0.47 4.0 100.2 4.3
HDCA Y=2.5600X+6.5700 0.9989 15.03~866.31 1.03 3.08 437.73 2.8 101.4 2.6
JilEN Lz Y=0.111 0 X+2.6200 0.9991 6.03~2 472.09 1.06 3.17 1168.74 1.5 99.5 3.9
GCDCA Y=09160X—0.0941 0.9993 0.76~52.82 0.17 0.52 22.75 1.9 99.4 4.3
GDCA Y=0.9130X4+0.8190 09995 4.90~598.62 0.07 0.20 86.26 2.2 101.2 3.7
TLCA Y=0.940 0 X—0.116 0 0.9992 0.66~52.24 0.09 0.26 1.79 2.4 99.4 2.6
GLCA Y=15000X—0.4160 0.9990 0.75~53.40 0.07 0.20 0.64 2.8 100.1 3.2
CDCA Y=1.4000X4+2.7700 09992 0.52~162.15 0.17 0.52 22.10 2.2 102.5 1.9
LEMHE  Y=4.6000X+1.8000 0.9991 0.21~50.55 0.07 0.21 31.66 2.1 100.4 3.9
i HH R Y=1.050 0 X+0.3740 09991 0.30~52.07 0.07 0.22 1.33 1.7 100.3 3.5
*3 BEERBRER
Table 3 Results of precision test
H A5 % B2 RSD/% H 545 % 2 RSD/% H PAE % B2 RSD/% FI 6 F& # 2 RSD/%
&Y KEE PR SRR JKEE RAE &R e KRR PEE siE KR PR SRR
W OWRE R REE KRB WRE W OWRE RE RE RE WRE

SRR 3.0 3.8 2.8 1.8 5.0 34 |12-KLCA 2.5 1.6 22 22 2.0 0.8
7-KDCA 2.9 3.0 23 3.9 1.6 3.6 |HDCA 2.7 2.4 2.7 25 2.7 3.3
GHDCA 2.7 3.0 1.5 3.8 0.9 1.3 |fEHER 25 2.1 25 2.6 22 2.1
12-OCDCA 2.9 25 2.9 2.1 2.4 0.6 |GCDCA 2.8 1.5 3.0 43 1.0 4.0
HE MR 22 1.9 1.6 2.9 2.0 1.3 |GDCA 2.3 3.0 1.6 2.2 2.6 1.8

3-0CA 2.6 2.6 2.9 3.7 3.2 2.4 |TLCA 2.1 2.1 2.1 2.8 1.5 1.8
TCDCA 2.8 1.4 2.7 2.7 1.5 2.6 |GLCA 15 2.8 1.3 22 1.7 12
UDCA 1.6 2.6 2.8 1.6 1.7 3.7 |CDCA 2.7 22 1.7 22 1.4 24
7-OLCA 2.8 2.8 2.1 3.8 2.9 26 |EEMER 29 24 2.3 3.6 2.1 15
FERRR 2.8 2.7 2.9 2.7 23 3.6 |AHER 2.1 2.5 2.6 0.7 0.9 1.5

TDCA-NA 2.5 24 2.2 3.8 2.7 1.5
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F4 TREHOR NIT & 21 MEBRERSSENELER n=3)
Table 4 Determination results of 21 kinds of bile acid components in different batches of NJT (n = 3)

‘o RS B hee)

i A-fiff R 7-KDCA GHDCA 12-OCDCA H#JH#E 3-OCA TCDCA UDCA 7-OLCA JJHE TDCA-NA
S1 1 196.54 42.29 2.44 10.73 407.64 26.52 42.66 0.85 782.33 699.31 143.35
S22 1175.13 49.44 2.29 12.93 471.20 30.24 50.34 0.92 798.78 760.52 168.37
S3 133797 49.15 2.61 13.50 452.21 31.58 48.11 1.00 872.34 769.83 158.91
S4 749.87 33.75 - 10.78 261.56 15.78 33.35 0.58 243.07 814.08 125.12
S5 598.97 37.81 1.55 8.57 223.44 6.67 3422 1.25 518.01 783.00 120.48
S6 217638 7.75 1.31 - 546.58 1.64 67.70 0.50 773.28 1109.90 274.14
S7 103499 29.10 10.39 8.74 493.22 4.87 62.34 0.96 817.61 792.30 179.36
S8 856.42 24.75 4.03 5.52 606.99 3.02 46.60 0.86 399.79 809.21 141.48
S9 870.34 24.32 2.46 5.62 602.23 4.76 44.08 0.89 565.86 909.02 132.39
S10 768.31 28.61 3.94 6.17 320.82 11.54 37.11 1.00 588.73  1192.02 117.86
S11 872.08 19.40 2.48 6.25 532.30 3.07 44.97 1.26 1089.84 1585.69 149.48
S12 911.04 4291 1.22 9.21 259.71 3.24 50.24 2.50 740.67 122597 162.14
S13 125191 20.78 5.73 0.00 530.59 3.74 51.16 1.09 626.14 222440 180.83
S14 703.99 30.92 1.03 6.84 271.51 12.84 30.67 0.66 247.87 847.33 120.92
S15 846.97 32.82 1.10 7.55 297.83 15.20 33.66 0.80 286.97 952.02 129.70
e JR 5 KU (ngg ™)

h
12-KLCA HDCA  JHFR GCDCA  GDCA TLCA GLCA CDCA ¥4%HR fHfE SE

S1 - 437.73 1168.74 22.75 86.26 1.79 0.64 22.10 31.66 1.33 5127.65
S2 - 367.13 911.93 22.65 87.35 2.03 0.72 22.25 36.69 1.52 4972.43
S3 - 378.07 998.75 25.97 104.59 1.98 0.75 24.63 34.81 1.49 5308.25
S4 - 357.43 804.11 18.61 82.48 2.08 0.70 22.73 50.70 0.75 3627.52
S5 - 303.60 809.81 16.93 70.43 2.22 0.76 34.19 45.56 1.74 3619.21
S6 3.86 452.79 745.63 15.33 89.70 1.34 0.35 50.06 5.19 4.25 6327.67
S7 1.51 424.57 1206.12 24.50 127.87 2.74 1.13 72.02 23.54 2.83 5320.70
S8 - 366.14 905.03 37.39 143.18 2.66 1.16 23.98 44.86 0.60 4 423.66
S9 - 363.29 892.15 36.30 149.80 2.49 1.09 28.05 46.90 0.73 4 682.76
S10 - 335.28 901.63 24.49 91.06 2.06 0.83 34.30 35.34 1.24 4502.33
S11 2.26 386.44 1169.79 100.37 209.89 3.30 1.72 69.63 73.75 2.79 6 326.78
S12 - 315.65 1234.30 23.80 84.09 3.17 0.88 40.03 50.34 2.41 5163.52
S13 - 165.22 1178.88 9.89 132.35 2.48 0.94 54.93 18.05 1.41 6 460.52
S14 - 341.90 734.55 16.98 74.74 2.17 0.68 22.78 59.45 0.84 3528.68
S15 - 382.45 844.08 90.58 1.97 0.75 26.58 87.86 43.77 0.92 4 083.58

THEBIRT 50%, SHNZERTEE HER R X R A, BEEEMEKE (varable

Mige

WK 2 fras, ANEJ SR A2 ) 2508
W RIEILHOTEER, FE N34, H s4.
S5. S8~S10. Sl14. SISVANT4, SI~S3. S6.
S7 A 4, S11~S13 Hph=24 11 4, 5 HCA
g (B 3 —2, UAE) K™ R E A

importance projection, VIP) {E A UL il H [X 51 #F i
I FEZAG bR, SRWE 4 s, HBHER. 4-mHEE
7-OLCA. HZMERR. HERK VIP ¥R T 1, Hot
BRZCEL = Iy, $R7 S AR il 1) 1) 22 3 LY
RTIX 5 FUIHERI B &, nIE X 40 Ho i i 2
KEEFEIR.
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Fig. 2 OPLS-DA score chart of 15 batches of NJT
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Fig. 4 VIP diagram of each component index
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3.1 KRR

T PR BRI SRBLEH S, BT
%7 Acquity UPLC BEH Cj5 (100 mm X 2.1 mm, 1.7
um). Thermo Bremen Hypersil Gold (100 mmX2.1
mm, 1.9 pm) SEAR[FERE AR, &I Thermo
Bremen Hypersil Gold Cis A5 F ity 73 B 35U R fet
WERIIEE, XTRRYELF, & T AR SR R IIE .
A5, BT HEE-K . ZHE-0.1% H R K
AN FEIFEANARAR R BEE R, RIAE LKA Z
EKIMRBIAHIR R T, IEIEFEERIER, Pt
RORAEE, MIIANIE SRR, nlis Rz,
SR, Rk STk, WOEFH 0.1% F BR/K-H BV
BAEmsH. Jehh, ARELKEHES TIE. MET
PRRRE 7 OGRS 2 R e SAE RTm, S5 5K
B 21 FPRRER AL A 3 v AE 7 B A T A )
BErFEE, BfEmIEEMER PRM BT, il &
RERERE AR (HCD), RIS B (5 2,
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&, AR SR B2 i A 3 22 5, o
R 2 FE I 25 A PR A R (84, S5). Jb5t [
- A IR TR A E] (S8~S10) KAk F g 24 b A5 i
AF] (S14. S15) 3 AN X0 NIT 7= i o i,
AR AR AR (S1~83) HEFZ
J7 (S6. ST) My AR &, = i 2 I 2 A
BIRAF (S11~S13) 5HA K M ZEHE,
VIP {6 BB MHER 2R HER . 7-OLCA . HZMHER
MRG0 & K P AR 2 S 1) F B dabs, HWFAR R
W EIRRHVTER A RIE . Pid . PUR G TR,
PEIRIX L B AR NI T FITE AR I b 4 - e 4h,
ERAREN, SH0EEE AR 2 R
K, HogER PN, HEER. 7-
OLCA. JHMHRAERR, &R 80%LA b, Hmi
B8N 598.97~2 176.38. 223.44~606.99
247.87~1 089.84. 699.31 ~2 22424, 734.55~
1234.30 pg/g, WRABASHIEFTH BT & 7= i, A
i B A N LA DA IR . H =R, 7-
OLCA. WA S &1T, W& EEEN 0.7~
1.3 mg-

Ty, AR AR SR i) A 2R
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