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Determination of Fifteen Bile Acids Concentration in Rats’ Serum by LC-MS/MS
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ABSTRACT: OBJECTIVE To establish an LC-MS/MS method for simultaneous determination of 15 bile acids in rats’ serum.
METHODS Serum samples were protein precipitated with acetonitrile and the separation was performed on a Xterra RPis
column(4.6 mmx100 mm, 3.5 pm). All analytes were gradient eluted with acetonitrile and 10 mmol-L~! ammonium acetate in
aqueous solution, of which flow rate was 1 mL-min~'. Quantitative analysis of 15 bile acids was conducted by a
triple-quadrupole mass spectrometer with negative-electrospray ionization(ESI) source, monitored under a multiple reaction
monitoring(MRM) mode. RESULTS The calibration curves of 15 biles acids were linear in the quantitative range. The RSDs
of the intra-day and inter-day precision results were all < 10%. The average extraction recoveries of the control samples at low,
middle and high concentrations were between 69.93%-88.83%. CONCLUSION Established LC-MS/MS method is simple,
rapid and specific, and can be used for the determination of 15 bile acids in rat serum.
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B 22 e — 288 o FH 290 i L e A i A T
Wi ay, HasmBAPEEME, —HBSk, MHiT
T2 R AN N AENLAR PN 1933536 R s L A 70 0
TEAR N BENE T O, 3k T 02 2 1 £ M1 07 A B
T TG 4 AR Z 2, A E A 2
e B B ) K H T BR——NH PR (choleic acid, CA)
DL S 15 25 S IH R (chenodeoxycholic acid, CDCA),
FEFEIE A i S RV FR R 8 5 H R . AR REPR &5
&, WEUHRL S &R . Plik#te s, |
THIRBE R B o W 2N, FERGIE N, W
W AE o TE A A 0 A T T BSR A 1 OR 5 IE
i Jlit 48 IH R (deoxycholic acid, DCA) Il 4 fiH iR

(lithocholic acid, LCA), 1 K3 2H 5y e 75 5]
¥ A ity 48 o 07 B 2 RSk [ JH i, AN /b B JIE
TR RE A% 13F N 4 B 118 PA BB 2 4 HE H A4 41800,
IR TR I, T EREEEAE AR NE 5 7
Tl el X 52K (farnesoid X receptor, FXR)
DL 7058 X 24K (pregnane X receptor, PXR)%5#%
TN SN EDE SRR [, TR
WARAEE AN FIFEFE R4 s e, A [RH A BRI A
TEAR A 1R A0 B s 38 A B 22 D e 22 S AR K gl
LCA ;2R tE i s HH IR 73, B2 PXR f 3L
PRS2 KB, T CDCA g E RN, e
FXR A B WIEPERCAR . B R TAS F AR

HEeWH: EHXARRZESHEFEILESTH (81603181); FHM MiRHE K BT HI(SYSD2018234); FiIM T “RI#NT” HHERFHH

(KIXW2017015)
EEE M A, 5, Wid, REH
Bl AT Tel: (0512)67783682

- 1030 - Chin J Mod Appl Pharm, 2020 May, Vol.37 No.9

Tel: (0512)67783687
E-mail: huawenyan2010@163.com

E-mail: wangmm25@126.com RIEEE: R, &, B,

R E BACR T 2524 2020 £ 5 H 5 37 B4 9



1% 2H 53 7E WL A N B B A 1 B A A B DA R 5 38 2 )
REIC AN T iE R, Ho— 807 s IRk A2 4k 4 IH
R Ea, Ao mmEz, XA R BT R
B 1) B A R A

A2 ST T HPLC-MS/MS 58 K B L35 o
15 FRAHVBRZ /IR BEM 7%, BAE A KRR IR
B TSR HOR S
1 UE5KF
1.1 {43

API-4000 7Y = # U 42 #F 8 B0 1S A (36 [
Applied Biosystem Sciex A #]); 1200 R 51 & 80K
FHE R (35 B Agilent A F]); Analystl.4.2 £4iE ib
R4
1.2 Zjin SOk

CA(#t'5: SLBH1420V; 4fi & =98%) DCA(#t
5 : BCBQ4388V; 4liJ¥ =98%). CDCA(#t 5 :
MKBS2816V ; 4l & =97%) . A& % & JH &
(ursodeoxycholic acid, UDCA, fit5: SLBQ1474V;
a6 BF =>99%) . LCA(#lt 5 : BCBS3684V; 4iifE
=95%). 1 fHER (taurocholic acid, TCA, #t*5:
SLBQ5062V ; 4 i =>98%) . 4 fiff % 4 JH iR
(taurodeoxycholic acid, TDCA, #t5: SLBR0659V;
gl =98%) . i # 2 U JIH % (taurochenodeoxy-
cholic acid, TCDCA, #t*5: SLBR7538V; 4l
=97%) - 1 Ag 2 % H IR (tauroursodeoxycholic
acid, TUDCA, fit'5: 026M4184V; 4liJF =95%).
- fi# 47 JH 2 (taurolithocholic acid, TLCA, #t%5:
SLBQ8462V; 4l =98%). H & H(glycocholic
acid, GCA, #it'5: SLBRI284V; 4l =>97%).
H& LA MR (glycodeoxycholic acid, GDCA, #t
5: BCBN5741V; 4% =>97%). H&EK LA
(glycochenodeoxycholic acid, GCDCA, #t*5 :
SLBM3327V; 4l ¥ =97%). H & A8 % % JH iR
(glycoursodeoxycholic acid, GUDCA, it 5 :
BCBR4054V; 4% =96%)LA K 2,2,3,4,4-5 ARA
JE# (lithocholic acid-2,2,3,4,4-d5, D5-LCA, L5
SH1094V; #lifE 98 atom% D)¥JIH 3 E Sigma-
Aldrich A #]; H % A IR (glycohithocholic acid,
GLCA, H[H J&K FBHEA A, #5: 1-TMH-13-4;
YifE=98%); LM Ntikal, BEERYE N Tl
IR KBS K
2 HEEHR
2.1 A5 R A
2.1.1 s i AE: Waters Xterra RPig

Fp [ BN 26524 2020 4E 5 55 37 55 9 )

(4.6 mmx100 mm, 3.5 pm); fR¥FF'4¥: Phenomenex
Security Guard TMC g 4 (4 mmx=3.0 mm); i3]
AH: 10 mmol-L-!' BEFREL K IEW(A)- LB (B), 1
YEWL: 0~16 min, 70%A; 16~18 min, 70%—>10%A;
18~23 min, 10%A; 23~30 min, 70%A; Jiif N
I mL-min~"; HEFEAAFN 10 pL.

2,12 UG mmEE ST, AR,

47 AN 2 B I(MRM),  HL B 55 L

—-4200V; REFES: 4 psi; AR 30 psi; Fik
K2 50 psis HHBIA: 50 psi; B FIRIRIE: 500 C.
15 FiAE R R AR LAL S S HU0 36 1.

RS MEBABRE SR F 58
Tab.1 Mass spectrum conditions of 15 bile acids

T4 BET THET/ KRG RS RN

m/z m/z \Y eV min
CA 407.4 407.4 -177 -18 4.67
CDCA 391.4 391.4 -174 ~14 13.32
UDCA 391.4 391.3 -170 -12 7.03
DCA 391.4 391.4 ~180 -13 16.56
LCA 375.1 375.1 -200 -12 21.12
TCA 514.5 514.5 -220 -13 4.67
TCDCA 498.4 498.4 270 -8.4 11.42
TUDCA 482.2 482.4 200 -95 5.17
TDCA 498.5 498.5 -220 -20 13.67
TLCA 482.3 482.3 206 -29 19.41
GCA 464.4 464.4 ~145 -10 3.91
GCDCA 448.4 4482 ~150 -10 8.77
GUDCA 448.4 448.4 -150 -13 413
GDCA 448.5 448.5 -150 24 10.70
GLCA 4325 4323 -150 -12 19.30
L 380.4 380.4 200 -12 21.07

2.2 MG &

375 A 2 H A7 AE B A I E R 2 %) T ¥ 2%
BV SL = A TP, DR AR S TG SR FH ¥ A e X X
PSR TR S o EAT W P AR B, b B TV N X
JF 25 Bkt 165 K R 2 A s inoNVE R, e B R
TEERIRE N 0.1 g-mL~" {5 TR B, =6 iR
JE 1 h A H 78 o e iy, T 13 000xg, 4 CE L
10 min, HU b2 iB0d I8 A5 AR50 By 75 25 1 L o
2.3 AR
2301 MHARRAERIB A RS TR 2B 15 Ml
RS IRAZ) 10 mg, FEHEME, HHEER
£ 10mL £fid, MR IFIREAN 1 mg-mL!
ISR R . B4 15 FRIRVTRRAL 7 (s
T 2t 2 VR 50% BRI RR IR &, A4 3
15 FhAEABRZH 43 L & BE 43 7oA 10, 25, 50, 150,
500, 1500, 5000, 15000, 30000 ng-mL™" [{JE&
XA 2k BB TAE, W IRARAE -
232 WARERIB KL RS TAER  BUA bR R
2 10 mg, F5EFRE, HH I ER 2 10 mL &,
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e IR AR EIRE N 1 mg-mL~" ) A A il 4 T B
JEFHF 50% H B VA B0 — 0 W B A B o R
N 10 pg-mL~' BTN FR TAEW, A ARAT
24 [MIGFEA AL BE

WeH 200 pL MIEFEAS S 1.5 mL Bk OF
tr, BN 10 pL B AR TAEWBUS FEN 400 pL 2
EVCE R A, WRE 1 min, T 15000 r'min™'. 4 C
B0 10 mine B EWEZE 1.5 mL WRIE0E T, H
FLIRGAAL 65 CHETIEF], 100 pL 50% H EF VK
ZVE, iE 1 min, 15 000 rrmin~'.4 ‘C&.{» 10 min,
B 2R, S &R 10 L A Hr il
2.5 JjikEEER
251 Rt SBCKRTAMEREER. ©H
L& DR B TAR R LA S N Fs TARRAEA . IEH
Wistar K B IILIE DI\ AR FE AR 54 B 320 456 0 78
ST, TR R AR E LA 1. B E SR
SRRV R A B IE R TR, AR A& IR R
Y30 TR B . AR T v A A R
P, BEE TR R IIE 15 PR BRZE 5 1 I 52
252 AnifEHh & GG E BRI IR BR bR
Y T 28 229 TAFWR 20 puL, AN\ 180 pL KBl %S A1
s RS AR R o IR N 1, 2.5,
5, 15, 50, 150, 500, 1500, 3000 ng-mL™" {5
HEMZE RVIFEA, $5 “2.47 TN J7 ks AT G FEA
TRACFRIRAE T, B “2.17 TN il A m it 4% sk
FEOHT, il i, FELL 15 MEA R IINIREE C
BEAARR(x), DABRIIAY As 5 IFR Al FUE T AR LA
(f=As/A1) AL (v) 3E 47 BCE [B] 5 (AL R HR
1/C?. UDCA. LCA, TCA. TCDCA. TUDCA.
TLCA PLJ2 GLCA HIZMHTaR N 1~500 ng-mL~",
HARNAVFR 4 7y 26 VEVE LA 1~3 000 ng-mL~", W FE
HIEMARR U ERA RIFMAMERR, rifElliZs
TR A SR PR 22 [RE=(SZME - I NI FE Y I
WIEX100%] B TE£15% LA, #H 28 R AL A 7E
0.987 4~0.998 4. ZERFE 2.
253 FEEEAUES AL $% 92527 BIR
o WIECH 2.5, 50, 400, 2 500 ng-mL~' 4 MK
FER s MG rEA, BANREFATECH] 6 . 1%
“2.47 TURNJNEHAT IS FEAR AL BB E S,
i “2.17 WUR Al AT B SRR AT, e
g, ESE 3 ANMadrat, DLEEAThRdE 2t
HERAE BEIR S BRI L, MR —IKEE 3
AR IL 18 ANFE i (1) S IR B 147 B0 IR 3R 7 2295
B, THERLA . #EEDE%E RSD FIHERHE RE.
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Fig. 1 Chromatograms of 15 bile acids and IS in rats’ serum

A-a blank rats’ serum sample; B—blank serum spiked with 15 bile acids
and IS; C—normal rats’ serum spiked with IS.
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Tab. 2 Linear ranges, regression equations and correlation

2.5.5 IREUEINCE $% “2.5.27 TR 7 A A
#12.5, 50, 400, 2500 ng-mL~"4 AN FE 1 5 4% I

coefficient
N N e VI S e
4y M E /g mL! 6] 975 F& I AR {ﬁﬁﬁzlg, /[\/ZQE:FWTEB%U 6 /\, U&ilﬁﬁﬁﬁﬂ
CA 1~3 000 y=0.000 296x+0.000 539 0.991 6 HWEHARFR L “2.547 IR EHMESAFHEE
CDCA 1~3 000 1=0.000 589x+0.000 594 0.995 6 N . B s 1o
UDCA 1~500 1=0.000 833x+0.000 799 0.996 4 BN A RLE $% T AR BORT P A T AR S HERE AT 21
~ _ . . S _
DCA 1~3 000 3=0.000 503x+0.000 483 0.998 4 WU AR, SR 15 FhBH I ES B4 RN FR 1K
LCA 1~500 3=0.001 72x+0.006 08 0.990 8
H 327 =] = N iR =]
TCA 1~500 3=0.000 970x+0.000 701 0.990 6 SERUESC AR o KB 15 e JE T R4 20 B 3 B
TCDCA 1~500 1=0.000 458x+0.000 511 0.995 4 F I ZE 69.93%~88.83%, A br [ 45 B [ Wig 2
TUDCA 1~500 1=0.001 29x+0.000 686 0.990 8 .
TDCA 1~3 000 1=0.000 704x+0.000 574  0.992 4 N 80.41%, WK 4.
TLCA 1~500 3=0.001 39x+0.000 613 0.990 0
GCA 1~3 000 1=0.000 729x+0.000 102 0.994 4 T4 BREREKERERBMER
GUDCA 1~3 000 »=0.000 125x+0.000 156 0.996 0 Tab. 4 Results of recovery and matrix effect tests
GCDCA 1~3 000 =0.000 972x+0.000 23 0.993 2 —
TR L/ N .
GDCA 1~3 000 =0.000 607x+0.000 193 0.995 0 Il /% T RRL/%
GLCA 1~500 y=0.001 21x+0.001 39 0.987 4 CA 2_5 79.77i5.52 102.7811 1.00
b 5 g e 50 77.5542.29 98.4046.30
w3 WEEMERELS 2500 79.2945.66 100.29+10.33
Tab.3 Results of precision and accuracy tests CDCA 2.5 84.42+5.83 101.30+11.52
4y AR/ AR kAL 50 76.11£1.04 100.88+7.79
- ngmL~' RSD/% RE/%  RSD/% RE/% 2500 79.1145.42 98.5149.02
CA 25 5.02 ~1.80 3.94 -3.67 UDCA 25 81.24+4.01 103.82+8.65
, 5(5)8 g;g i?ﬁ ;-gg 1;-2; 50 76.42+1.36 99.66:4.57
CDCA 5 s 215 ol 440 133 oA 400 82.28+1.95 98.1845.56
50 77 9.08 226 12.10 2.5 82.116.04 101.88+5.72
2500 0.70 5.89 3.32 5.60 50 76.89+2.63 100.41+6.73
UDCA 2.5 521 0.36 3.42 2.73 2500 79.0445.75 99.1249.28
50 0.77 2.36 10.83 11.27 LCA 25 72.95+6.71 85.65+3.74
400 5.75 2.36 9.50 7.79 50 69.93£1.57 94.41£5.36
DCA 5?)-5 ;Zé 22;"5‘? ;g; ‘3-;‘(7) 400 80.9242.75 94.10+3.83
: y : : TCA
2 500 11.73 8.24 2.65 11.47 ¢ 25 Y6 A % 85.41:8.68
LCA 25 3,96 5.60 408 400 50 77.16+2.38 94.75+7.86
50 5.06 937 1.92 9.97 400 76.14+2.76 94.12+4.66
400 8.03 -2.08 1.41 1.08 TCDCA 2.5 79.83+6.98 102.21+12.20
TCA 2.5 3.93 -3.89 5.99 -3.07 50 74.8042.00 110.12+7.96
438 ‘5‘-32 Z;‘g ‘3‘;? Zé; 400 77.60+3.42 112.6945.82
: : : . TUDCA 2. 1.5542. A48+11.
TCDCA 2.5 8.79 1.87 4.02 -0.60 s > §8 2;2 (5)2 zz 5‘8&5 723
50 2.41 8.22 2.38 743 b0k AR
TUDCA 2.5 2.60 ~7.98 3.59 -8.13 TDCA 2.5 83.73+5.94 102.99+7.01
50 1.06 8.03 331 7.83 50 74.70+1.46 107.69+8.71
400 5.36 1.92 3.08 4.13 2500 77.41£5.19 112.57+12.11
TDCA 2.5 5.46 2.87 248 4.60 TLCA 25 79.63+3.34 107.75£11.43
5 5(5)8 ?'gz ;'z; i'}é 232 50 76.526.24 109.8349.51
TLCA 55 306 5.60 4.08 5 60 400 87.19+3.76 113.57£11.24
50 5.06 937 1.92 4.97 GCA 2.5 81.33+1.73 89.3849.57
400 8.03 -2.08 1.41 3.29 50 80.87+2.60 88.79+7.39
GCA 2.5 6.99 1.44 438 4.67 2500 84.09+4.30 96.67+8.28
50 0.78 9.93 2.27 9.57 GCDCA 25 82.08+5.16 91.55+11.91
GCDCA ’ 50;) 5 12'(3)2 ?'35 421'?3 ?58 50 77.62:+1.83 96294772
50 10 1036 580 013 CUbeA 2500 80.81+4.84 103.3449.66
2 500 541 10.22 192 7.80 2.5 76.12+3.83 96.3245.74
GUDCA 2.5 10.05 -0.42 5.97 -3.20 50 79.16£2.37 93.05+6.28
50 3.87 2.16 5.62 3.97 2500 78.9445.99 89.7149.20
2500 9.00 3.80 3.93 0.20 GDCA 25 82.64+2.88 92.76+11.61
GDCA 2.5 8.59 047 5.86 333 50 77.36+1.38 102.51+5.23
s 538 2'33 Z)'g; ?Zé 1?;8 2500 74.4645.03 107.76£12.47
GLCA 55 S 76 a3 633 e GLCA 2.5 88.83+10.77 102.75£12.06
50 918 6.39 5.03 10.73 50 88.2449.64 108.86+6.76
400 10.72 6.64 3.24 11.33 400 87.63+6.55 109.06+6.81
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2.5.6 FeoEtEiEe  MRAERE MRS T AR,
SR E T AN 72 h BRI E 4h )5,
=30 CREHmM 3 K I-80 CUKH & IRAF
90d JataE M, HAPFAZKME TR . & 3
AN FEREAIRBEIFE - AT 6% 3 . &R
HERA D FaE HEREAR RILTE 4 h JGRMRES
FIBWK R RE #£-14.13%~3.07%, WM& T H3)
HEFEAS 72 h JESEMNREE S EIRIKR AR RE {E
—14.17%~2.87%- —30 C R IR 3 K5 Sl
WK EE B RE #£-12.75%~8.13% /% -80 ‘CUKFE
A TRIRAT 90 d J5SEVR S S5 ER IR E ) RE 78
—12.00%~4.53%. F2E MR LSRR, SV ER
Yoy Fa E PEREAS SEIVR B S5 3R IR E K RE TR
+15%2. M, RSD ¥<<15%, KRG FAEITERfE A
Wi g Bl R e P R 4 o
3 g

KEBARNREA TR BT 24, o Rk
Wx, ARMBABRERNATEZETRRK, B
43 I3 BB R VR FE Y O ng 2%, RIS I
RE T BR k7 ik 2 (W ST N R e . H R STk xS
- 1 R TR ARG N ) Ak B v A A [ A AR Y
IR { i vENY, RS R B AT S,
AHEE T AR RE L, SR 206 DU e 28 (A R A AL B 7
AT AR, & T ORREE R A B E

B B2 4 P9 BE 25 A S /K PR B R AN 72 2
NEBHKERBEZMP R, X 2 BARFEMERE
B AR AE A /S IRV IR AE 45 0 b B Sk R B K 2
AT U2, 3R o M 5 R R AE R A B TR A
AR R SRR AR R AL . [FIR, X
43 pH X &I BRZL o (il AT AR K. B
5 T ANFRE PSR A1 pH X 55 BT ER 41 4
Al BRI, &I 10 mmoL-L-! FER
KO AR S TR A 2 a0 s, HE
R A HETE o[RS AR 5256 R F R AL 2 AR A
AR 20 BT 450 5 P9 b 1 A0 B D R A 2% P i B
NI, BRKFRRE Bb T AT AL B R oy Ml R
PERIRZ

gi BRTR, ARSI LC-MS/MS 1] [Al i
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WoE KR MEH 5 Fhi e 2 H A iR ——CA.
CDCA. UDCA. DCA H1 LCA LA R HAH R ) H 4
Mg 4 B TR R 45 A B RV R 3L 15 Rl
SR EL, G EA AR R RGE, R
W E . TREIEGIR A, BT KRS
TR BT 9T
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