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Simultaneous quantification of 26 bile acids in Calculus Bovis Sativus and
Calculus Bovis by HPLC-MS/MS

LEI Kai, LIU Ya-nan, ZHANG Cheng-liang, XIANG Dong, LI Xi-ping, REN Xiu-hua, LIU Dong
Department of Pharmacy of Tongji Hospital, Tongji Medical School, Huazhong Science and Technology University, Wuhan
430030, China

Abstract: Objective To develop an HPLC-MS/MS method for the simultaneous determination of 26 bile acids in Calculus Bovis
Sativus (CBS) and Calculus Bovis (CB). Methods Chromatographic separation was performed on a Symmetry C;g column (150 mm x
2.1 mm, 3.5 um) with linear gradient elution of water (0.1% formic acid + 10 mmol/L ammonium acetate) and methanol (0.1% formic
acid + 10 mmol/L ammonium acetate) at a flow rate of 0.15 mL/min, and the injection volume was 10 pL. Switching electrospray ion
source polarity in negative mode. The ion spray voltage was set at — 4 500 V, the turbo spray temperature was maintained at 350 C,
and multiple-reaction monitoring (MRM) was employed. Results The 26 bile aicds showed good linearity within the linear ranges (» >
0.991 4). The average recoveries of the bile acids ranged from 98.2% to 102.3%. The precisions (RSD) for the investigated components
were less than 0.95%. There are some differences in variety and chemical components between CBS and CB. Conclusion The
proposed method is reliable and has high sensitivity and good specificity, which allows the determination of various bile acids in CB.
Key words: Calculus Bovis Sativus; Calculus Bovis; HPLC-MS/MS; bile acids; MRM
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C1420-000). #EL4%NHER (CDCA, #t5 C0985-000)-.
REJEHER (UDCA, fit'5 C1020-000). J& KA MR
(HDCA, #t5 C0860-000). =4 JHEZ (DCA, #it5
C1150-000). & /HEZ (DHCA, b5 C2000-000)-.
FRAHAR (MCA, #it5 C1895-000). HFER (CA, #it%5
C1960-000). J&iHEZ (HCA, #it5: C1850-000). H
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Table 1 Sample sources of CBS and CB

Rl #It5 LS
CBS1 150203 NS sy
CBS2 150201 RIS E 23
CBS3 150202 RIS E 23
CBS4 150301 RANEE B 4R
CBS5 150303 RANEE B 4R
CBS6 150402 RIS E 23
CBS7 150403 RANEE B 4R
CBS8 150501 RIS B 4R
CBS9 150502 RIS E 23
CBS10 150602 RIS E 23
CBI 140801 FAR
CB2 150201 KARA T
CB3 150202 KARA T
CB4 150203 FAR
CB5 150204 FAR
CB6 XDO0015A1 RARA T
CB7 XDO0015A2 FANA T

2 FESHER

2.1 OIEH

2.1.1 A% Symmetry Cig BiEH: (150 mm X
2.1 mm, 3.5 um), WaIHAK (0.1%H R+ 10
mmol/L &%) (A) -FEE (0.1%F R+ 10 mmol/L
LIRE) (B), BAEVEAL (0~2 min, 60%B; 2~4
min, 60%~90% B; 40~45 min, 95% B; 45~50
min, 60% B), KB EAN 0.15 mL/min; HFEE
10 uL; FE#E 40 “Co X HEGRIARE o ik B LI 1

212 JRiG&M ARMIEE AR (ESD: EES
MR £ JOs 27 il (MRMD; Wi =0 £ 2
TR BSFURRHR L (IS) S—45 000 V;

ZAIRE N 350 °Cs ZAAR (GSD AIAHBIS (GS2)
RS, GSI1 2758 kPa, GS2 Jy275.8kPa, 3
SN 137.9 kPa. XFHE§h . CBS Al CB #f 5 V MRM
PEHGE TS E L 1, (A E X, A 2%
fRHE (DP) Flflif#ERE (CE) %55 R MK 2.



¢ %% Chinese Traditional and Herbal Drugs 35 49 % %5 10 #§ 2018 £ 5 A ©2449 «

l7 17 1
A 5 24 20 16 2219
[ 1 23 21 il
o8 o NI 2
Il 3f [4, 10,0 .
e 1513 [ ALz ‘ A ML VL e
5 1
B f ﬁ] 26 19
Lo
|14 | "
o TR/ (W 2 25y BN
c 5 26ﬁ
112 | bl 19
14 IiJ ]\
s el L L
0 6 12 18 24 30 36 9 48 0 6 12 18 24 30 36 42 43
t/min t/min

I-AHER 2SR AHER  3-RELAEUHRR 4B LEHER S-RAHER 6-MAHEE  7-RUHER 8-FHER  9o-MHER  10-HZEAMHEE 11-HE
JREEEE  12-HEMSUHERY  13-HE LA 14-HEREE MR 15-HEREEEIEER  16-HEHE  17-HEUEHRY 18-
REANEER  19-4-REBLAEIRRREN 202 R 2L EUHIR  21-AF R RE SRR 22-F RS IR 23- R SRR AN 24-2- R I RN
25-FRERRINER  26-4FREANER

1-LCA 2-CDCA 3-UDCA 4-HDCA 5-DCA 6-DHCA 7-MCA 8-CA 9-HCA 10-GLCA 11-GDHCA 12-GDCA-Na 13-GHDCA-Na
14-GCDCA-Na 15-GUDCA-Na 16-GCA 17-GHCA 18-TLCA 19-TDCA-Na 20-THDCA 21-TUDCA-Na 22-TCDCA-Na 23-TDHCA-Na
24-THCA-Na 25-TMCA-Na 26-TCA-Na

1 BAWRBGEAR (A). CBSHMEAR (B) # CB(C) #) MRM REVEFRE
Fig.1 MRM chromatograms of mixed reference solution (A), CBS sample solution (B), and CB sample solution (C)

*2 26 FABHERBUE S
Table 2 Optimized MS parameters for 26 bile acids

g5 L% AR F R tg/min MS! (m/z) MS? (m/z) DP/V CE/eV
1 LCA 376.57 38.45 375.2 375.2 -150 -10
2 CDCA 392.57 31.67 391.3 391.3 -145 -10
3 UDCA 392.57 21.25 391.3 391.3 -155 -10
4 HDCA 392.57 23.74 391.3 391.3 -150 -10
5 DCA 392.57 32.54 391.3 391.3 -145 -10
6 DHCA 402.52 6.60 401.1 249.2 -120 -40
7 MCA 408.57 17.90 407.3 407.3 -160 -10
8 CA 408.57 24.87 407.3 407.3 -160 -10
9 HCA 408.57 21.88 407.3 407.3 -150 -10
10 GLCA 433.62 31.54 432.4 74.1 -120 -68
11 GDHCA 459.58 4.10 458.2 74.1 -130 -65
12 GDCA-Na 471.61 26.19 4483 74.1 -125 -78
13 GHDCA-Na 471.61 15.39 4482 74.1 -130 -68
14 GCDCA-Na 471.61 24.45 4482 74.1 -125 -62
15 GUDCA 449.62 13.77 4482 74.1 -120 —65
16 GCA 465.63 18.60 464.3 74.1 -125 -78
17 GHCA-Na 487.60 14.06 464.3 74.1 -110 -70
18 TLCA 483.71 29.80 4823 80.0 -150 -110
19 TDCA-Na 521.69 24.57 498.3 80.0 -140 -105
20 THDCA 499.70 13.93 498.2 80.0 -150 -107
21 TUDCA-Na 521.69 12.70 498.3 80.0 -120 -75
22 TCDCA-Na 521.69 22.89 498.3 80.0 -130 -115
23 TDHCA-Na 531.64 3.93 508.2 80.0 -140 -120
24 THCA-Na 537.69 12.41 514.3 80.0 -140 -108
25 TMCA-Na 537.69 8.28 514.3 80.0 -145 -120
26 TCA-Na 537.68 16.87 514.3 80.0 -150 -110
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221 SPHRSER SIS S BRI IR R R
MG, FEERRE, I 50% FFEEAC ) et B AR
I3 RS X ARG R, NN 50% RS &, %
47, BIf§ LCA.CDCA.UDCA.HDCA.DCA.DHCA.
MCA. CA. HCA. GLCA. GDHCA. GDCA-Na.
GHDCA-Na.GCDCA-Na.GUDCA .GCA.GHCA-Na.
TLCA.TDCA-Na.THDCA .TUDCA-Na.TCDCA-Na.
TDHCA-Na. THCA-Na. TMCA-Na F1 TCA-Na [¥}i
AR AT, RN 0.51. 10.09. 0.51. 0.52.
10.12. 0.55. 0.52. 100.21. 0.53. 0.51. 0.52. 100.12+
0.51. 10.19. 0.52. 100.20- 0.55. 0.51. 100.21. 0.54.
0.54. 1021 0.52. 0.55. 0.49. 100.56 umol/L. ATy
BRAESERD R NI T

222 MR B CBS 50 CB #ok G
557 0.05g, KEMNE, EHREHIEIT, K%

HRNTC ) 2 77 (1% FR R /K-FEE 5 ¢ 95) 10 mL,
WIE, WOERTE, UKIBEA (DI%EN 250 W) 1 h,
A, FAGE R, RIS R R E, TR,
1 0.22 um TALIERE ERE, R REEKS AR TR
BRI RO A N AT .

23 JRFER

231 ZEMELR. RIIK (LOD) M s “2.2.1”
DU FRA X RIS R, KA MGERRRIE 0
FE, HRHR R AR B 2 A AT 0, il skt
AR . LAKT R BT IR B AR bR (XD, U
BURAEAR (YD, 2afilbriEph 2RI T 2[R
KR GX IR SISO P MR AT E , 430 LAE e
b (SIN) =3 B &SN LOD. 455 26 Fi
FRIAH 7y B PR FE RN AR ) 7 (B35 KT 0.991 4, K B
EINENEMER R RAF, SHSIEVETE. 2tk
J5HEl. LOD W% 3.

+=3 26 FHEEHERRIEIISIE. AR ZLHEEE. LOD

Table 3 Regression equations, correlation coefficients, linear ranges, and LOD of 26 bile acids

s B % Frifk h 28 5 12 r £ METE I/ (umol L1 LOD/(umol-L™h
1 LCA Y=1.72X10° X—1.05 X 10* 0.997 5 0.051~10.200 0.004
2 CDCA Y=1.35%X10° X+4.55X10° 0.991 4 1.009~50.450 0.055
3 UDCA Y=1.74%X10° X—1.06 X 10* 0.997 2 0.051~10.200 0.007
4  HDCA Y=2.41%X10° X—1.06 X 10" 0.992 4 0.052~10.400 0.005
5 DCA Y=1.70X10° X+8.48 X 10° 0.992 5 1.012~50.600 0.024
6  DHCA Y=8.76 X 10* X—901 0.996 3 0.055~11.000 0.006
7  MCA Y=2.41X10°X—9.81 X 10° 0.996 3 0.052~10.400 0.005
§ CA Y=1.34%X10° X+5.71 X 10° 0.996 5 10.021~501.050 0.130
9  HCA Y=239%X10° X—3.13X10? 0.992 7 0.053~10.600 0.001
10 GLCA Y=8.12X10° X—7.42X 10° 0.998 3 0.051~10.200 0.005
11 GDHCA Y=1.90X10* X—186 0.997 9 0.052~10.400 0.002
12 GDCA-Na Y=2.85%X10° X+4.47x10* 0.998 3 10.012~500.600 0.058
13 GHDCA-Na Y=4.91X10° X—5.58 X 10° 0.996 7 0.051~10.200 0.004
14  GCDCA-Na Y=3.88X10° X—5.44X10° 0.997 6 1.019~50.950 0.015
15 GUDCA Y=4.58X10° X—6.30X 10° 0.997 3 0.052~10.400 0.004
16 GCA Y=3.42X10° X+3.69X10° 0.996 9 10.020~501.000 0.225
17  GHCA-Na Y=5.51X10° X—7.53X10° 0.998 0 0.055~11.000 0.002
18  TLCA Y=8.12X10° X—7.42X 10° 0.998 3 0.051~10.200 0.008
19  TDCA-Na Y=2.12X10° X+5.82x10* 0.994 3 10.021~501.050 0.155
20 THDCA Y=4.44%X10° X—7.18 X10? 0.995 7 0.054~10.800 0.004
21 TUDCA-Na Y=1.94%X10° X—3.22X10° 0.998 5 0.054~10.800 0.004
22 TCDCA-Na Y=2.00X10° X—1.91X10? 0.996 8 1.021~51.050 0.025
23 TDHCA-Na Y=3.71X10° X—5.99X10° 0.998 2 0.052~10.400 0.005
24  THCA-Na Y=3.54%X10° X—4.78 X 10° 0.997 4 0.055~11.000 0.004
25 TMCA-Na Y=2.14%X10° X—2.92X10° 0.998 0 0.049~9.800 0.005
26  TCA-Na Y=1.98X10° X—6.31X10° 0.997 0 10.056~502.800 0.265
232 REEERIE RS R IR A A RGN, FRMlRmERfReErt. S&RER

W10 pL, LR 6 X, R, ZRER
RSD H¥4/NT 0.95%, FRIIZITIERG T R UT -

233 faEtkilie  HUF— CBS Hhalfial (s
150202, 43 51F 0. 4. 8. 12, 24 h HEEE M E,

g A RSD<2.85%, FF&#iidie, #W
FE AR M R A .

234 HEMWRE HE—HASH CBS HmU s
150202) 0.05 g, FEEFREL 6 3, % “2.17 BUF4y
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(1) RSD, HEFEMFR M, 4558 26 M ERT
RSD fH¥/NF 2.09%, UilHA T LR S R IT.
2.3.5 FEEERRL  REERRECIE R CBS
(5 150202) #E5 0.05 g, HkEFIMARE. H1.
RIS IR0 BE SV, RRNREE 3 4, 4% “2.2.27
TR AR, S &S A A . 1E “2.17 Wb skt
TWE 26 AN RREIUETIAR, THEEIZEF RSD
fH. 255 26 PR R 0P85 N 98.2% ~
102.3%, RSD 4 0.24%~1.17%, FF&2g Bk,
24 HmNE

3 BIEL 10 4tk CBS #1 7 it CB #£4# 0.05 g,

KB, % “2.2.27 TN J7 ik & 4R s
W, 1% “2.17 BUR A s AT I E, il
) JE v 8 AH RL U TR AR, 4% BB MR K 26 AN
RN TR A N i INALO AT by P o SN =
B, SR NEK 4. AR AHIETH, CBSHEE
% /& CA, 1fii CB H & & &£ /& TCA, CBS
Al CB ¥ it ¥ A4 DHCA. MCA fil HCA. %
4h, CBS #5474 GHDCA. GHCA. THDCA
FI TDHCA, 1fi CB FEfHEIAE ;s CBHE S
H GDHCA 1 THCA, ifi CBS e EIAE
1X 46 CBS #1 CB % H A 19 H v & 0T 1 A9 15 1)
%5 CBS 1 CB b &4

&4 CBS 1 CB H 26 #IEHERHRENH (n=3)
Table 4 Contents of 26 bile acids in CBS and CB samples (n = 3)

)

1 =}

PR LCA CDCA UDCA HDCA DCA DHCA MCA CA HCA GLCA GDHCA GDCA GHDCA
CBS1 1.94 5.35 045 045 2194 ND ND 40.25 ND 0.53 ND 23.55 0.16
CBS2 1.83 6.25 025 057 2527 ND ND 55.21 ND 0.52 ND 25.51 0.21
CBS3 1.72 5.32 031 0.64 19.15 0.01 BL 36.21 BL 0.56 BL 22.13 0.15
CBS4 1.52 6.32 054 024 2415 ND ND 36.43 BL 0.46 ND 2932 0.20
CBS5 1.62 6.51 024 035 2525  0.02 BL 52.54 ND 0.58 BL 22.04 0.15
CBS6 1.32 4.58 046 045 3814 ND ND 56.51 ND 0.62 ND 18.21 0.08
CBS7 1.59 5.21 048 061 2575 ND ND 29.64 ND 0.45 ND 12.35 0.18
CBS8 1.68 6.21 0.61 055 2145 ND ND 46.31 ND 0.65 ND 14.51 0.33
CBS9 1.72 6.45 045 038 1714 ND ND 30.59 ND 0.61 ND 20.51 0.41
CBS10 1.54 7.12 052 042 2124 ND ND 40.23 ND 0.62 ND 45.21 0.24
CB1 0.94 2.51 0.03 ND 1615 ND ND 19.00 ND 0.35 0.04  56.51 ND
CB2 1.52 4.28 BL 0.04 2194 ND ND 20.45 ND 0.38 0.01  58.20 ND
CB3 0.08 3.15 0.02 001 1145 ND ND 15.21 ND 0.12 0.02  44.60 ND
CB4 0.10 1.52 0.04 009 1645 ND ND 5.52 ND 0.24 BL 39.54 ND
CBS 0.02 1.07 0.10 ND 514 ND ND 28.20 ND 0.10 BL 20.51 ND
CB6 0.18 1.15 0.02 0.11 345 ND ND 6.21 ND 0.12 0.02  24.60 ND
CB7 0.14 2.31 0.03 ND 6.15 ND ND 15.00 ND 0.25 0.04 29.51 ND
B E JRE A H(mg g )

GCDCA GUDCA GCA GHCA TLCA TDCA THDCA TUDCA TCDCA TDHCA THCA TMCA TCA
CBS1 3.52 BL 7.52 005 1.82 10.52 0.06 BL 4.62 0.02 ND BL 20.62
CBS2 3.65 BL 569 003 1.60 5.62 0.02 BL 3.60 0.06 ND BL 36.60
CBS3 5.21 BL 6.51 BL 0.95 12.20 0.05 BL 2.20 0.01 ND BL 40.21
CBS4 4.61 BL 4.68 BL 1.92 19.13 BL BL 1.83 0.04 ND BL 21.62
CBS5 2.61 BL 861 0.01 1.92 10.98 0.02 0.01 3.98 BL ND BL 18.98
CBS6 2.50 BL 883 0.12 142 6.83 BL BL 4.83 0.04 ND BL 22.83
CBS7 3.94 BL 4.68 0.06 120 8.68 0.01 BL 2.68 BL ND BL 30.68
CBSS8 3.82 BL 453 0.03 153 253 0.13 BL 1.53 0.03 ND BL 26.53
CBS9 2.68 BL 338 001 1.08 238 0.08 BL 438 0.08 ND BL 20.38
CBS10 3.02 BL 423 0.04 095 823 0.13 BL 15.62 0.03 ND BL 30.13
CBl1 12.54 0.18 3569 ND 0.88 20.68 ND 0.08 6.52 ND BL 0.08 75.62
CB2 10.65 0.09 4562 ND 091 32.02 ND 0.19 9.62 ND 0.09 0.02 82.56
CB3 16.50 0.16 5321 ND 0.01 12.02 ND 0.29 5.84 ND 0.02 022 2277
CB4 6.51 0.02 3261 ND 0.07 6.02 ND 0.05 20.62 ND BL BL 92.26
CBS 2.51 0.19 19.65 ND 099 35.05 ND 0.09 15.15 ND BL 0.15 7227
CB6 8.50 026 2321 ND 0.05 5.02 ND 0.19 2.84 ND 0.08 0.12  50.77
CB7 8.54 0.08 352 ND 052 10.68 ND 0.18 2.52 ND BL 0.08  80.62

ND FoRAKNF|, BL FR{E LOD LLF
ND means not detected, BL means below LOD
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HARHAEE G X 5] CBS H1 CB A M STk K, X5
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FAFR A 53 B it o
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K2, NTEFARTRE LA R fEE,
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B 1% R /K- B 5 0 95) FIEE A A] (20, 40.
60. 120 min) X CBS Al CB H $#ZHUAH V& 1l 7 11
S, SRR, R 1%F RK-HEE 5 95
VERSEHE ), e R A5 HE L 60 min 1 32 EL %
GNP E E S ST
3.2 BEFRHMmL

Rl A R AR %, AR S5 AR L,
w8 3 BT R 2 [F) 2 SR AT, (R oy SR R B R
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Fig. 2 PCA score scatter plot of bile acids in CBS and CB
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