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Abstract: Objective To establish a method based on tandem mass spectrometry (LC-MS/MS) to detect
bile acid spectrum and evaluate its performance,and to establish the reference intervals of 15 bile acid subtypes
for pregnant women in Nanjing. Methods [LC-MS/MS technology was used to detect 15 bile acids in the ser-
um of pregnant women in the second trimester of pregnancy. According to Clinical and Laboratory Standards
Institute (CLSI) C62-A and FDA guidelines, the performance was evaluated from several aspects,including
the lower limit of measuring interval, the limit of detection,accuracy, precision, linear and carryover, etc. As
recommended by the CLSI EP28-A3c,the reference intervals of 15 bile acids in the second trimester of preg-
nancy were established. Small sample validation method (20 cases) was used to verify the new reference inter-
val. Results [.C-MS/MS technology could simultaneously detect 15 bile acids in serum,the Limit of quantita-
tion was the lowest concentration (S1) at the point of the standard curve. The limit of detection was 1/4 S1.
Linear:all subtypes showed a good linear relationship,and * was more than 0. 99 in all subtypes. Accuracy:
the recoveries of each subtype were between 80% —120% ,and the bias were less than 15%. The coefficien of

variation of within- and between-batch were less than 15%. The carryover was less than 25% of the limit of
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detection. Reference intervals of pregnancy:taking LCA as an example,the new reference interval of the sec-
ond trimester was 0. 07—13. 46 ng/mlL,and 95% of the validation results fell in the new reference interval.
Conclusion LC-MS/MS technology could accurately and rapidly detect 15 subtypes of bile acid spectrum,and
the evaluation results meet the performance verification requirements. The newly established reference inter-
vals of 15 subtypes of bile acid spectrum are suitable for pregnant women in the second trimester of pregnancy
in Nanjing. The established LC-MS/MS technology can effectively separate and accurately detect 15 kinds of
bile acids in serum and the evaluation results are conformed to all standards. The newly established reference

intervals of 15 subtypes of bile acids are suitable for pregnant women in the second trimester of pregnancy in

this region.
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100 = 200) , £ WHRIMK LR 1,
*1 BEIRESRESSTRPEHBRRE (ng/mL)

JH R S1 S2 S3 S4 S5 S6 S7

CA 10.0  20.0 50.0 200.0 500.0 1000.02 000.0
DCA 10.0  20.0 50.0 200.0 500.0 1000.02 000.0
CDCA 10.0  20.0 50.0 200.0 500.0 1000.02 000.0
UDCA 10.0  20.0 50.0 200.0 500.0 1000.02 000.0
LCA 2.5 5.0 12,5 50.0 125.0 250.0 500.0
GCA 30.0  60.0 150.0 600.0 1500.03 000.06 000.0
GDCA 15.0 30.0 75.0 300.0 750.0 1500.03 000.0
GCDCA 20.0  40.0 100.0 400.0 1 000.02 000.04 000.0
GUDCA 20.0  40.0 100.0 400.0 1 000.02 000.04 000.0
GLCA 2.5 5.0 12.5 50.0 125.0 250.0 500.0
TCA 20.0  40.0 100.0 400.0 1 000.02 000.04 000.0
TDCA 5.0 10.0 25.0 100.0 250.0 500.0 1 000.0
TCDCA 5.0 10. 0 25.0 100.0 250.0 500.0 1 000.0
TUDCA 2.5 5.0 12.5 50.0 125.0 250.0 500.0
TLCA 2.5 5.0 12,5 50.0 125.0 250.0 500.0
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1.4.2 A% % 2448 Eclipse XDB-C18(4. 6 X
150 mm,5 pm) @54 A 50 °Cs FshH A 4l
KW s A B4 B (HPLC 2%, &% 5 mmol/L 2 &
Bi) s i . 0. 85 mL/min, K BB VEML: 0. 0~0. 8
min,65% B.0.8~2.8 min,65%~82% B.2.8~3.2
min, 82% ~83% B,3.2~5. 3 min,83% ~85% B,

5.3~5.4 min.85% B,5.4~7.5 min,85%~98% B,
7.5~9.0 min,65% B, #fFEE .10 pl,

1.4.3 it mmiss s 0 s i,
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(m/2) () %) %) %) 3%
CA 407. 200/407. 200 1.68 —150 —30 —20 —10
DCA 391.300/391. 300 5.52 —140 —30 —17 —10
CDCA 391.300/392. 300 5.35 —140 —27 —20 ~10
UDCA 391.400/391. 400 412 —140 —30 —7 ~10
LCA 375. 300/375. 300 6. 61 ~120 —23 —20 —10
GCA 464. 300/74. 100 3.78 —120 —75 —7 ~10
GDCA 448.300/74. 200 4.58 —140 —75 —20 ~10
GCDCA 448.400/74. 100 4,44 —140 —72 —20 —10
GUDCA 448, 300/74. 200 3.48 —135 -1 —19 —10
GLCA 432.300/74. 000 5.05 —135 —71 —19 ~10
TCA 514. 200/80. 100 3.58 —120 —125 —20 ~10
TDCA 498. 200/80. 000 4.6 —120 —120 —21 ~10
TCDCA 498.300/80. 000 4.25 —110 —120 —10 —10
TUDCA 498. 300/80. 100 3.05 —120 —120 ~10 ~10
TLCA 482. 300/80. 000 4.74 —130 —120 —5 —10
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]k 0.00~122. 33 ng/mL, WL#E 5, L ZHTAZ N
I 20 B2 22 00, B R LC-MS/MS
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MUK LR AR LLMI MBSk B 1/4 SLYkgE Yy S vemiy
1Z MH 3 IR 1 A6 7 i 1Y LoD, CA Y=40.5X—0.0207  10.0~2000.0  0.994 6
2.2 ZRMEVER A 7 AR Ak R AR A v R DCA Y=58.2X —0.100 0 10.0~2 000.0  0.996 2
2. DIBsWE (ng/mL) i X fl, & BT BRANER= cpca Y=53.4X+0.0524  10.0~2000.0  0.995 5
S TR 5 NARIETARZ o Y Bl A7 4tk lnl upca Y=38.1X+0.0979  10.0~2000.0  0.994 7
VA3 Hr 453 15 FEF R L RIIR Dy RAEIHR  Lea Y=56.8X +0.052 7 2.5~500.0  0.996 4
. 15 AR R AE AR R DY L 2 R C cea Y=11.7X—0.040 1 30.0~6000.0  0.996 9
Zo, 26 Pk Y B O IR R A I ok, #7 O 0. 993~ cpea Y=12.8X +0.055 1 15.0~3 000.0  0.993 7
0.999, KT 0. 990, fFF A LM BWIERM ZoK, W cepea Y=12.3X—0.047 9  20.0~4000.0  0.995 9
% 3, GUDCA Y=09.73X—0.0330  20.0~4000.0  0.996 6
2.3 MEWRBE MBI AR E 3 R EE (I, crea Y=14.1X +0.002 3 2.5~500.0  0.995 6
H R P ILIE FEAS 15 B T IR AU A9 ~F- B mAs e rea Y=14.9X+0.0512  20.0~4000.0  0.995 9
R R 80% ~120% , H Bias<<15% . fF & WM ETE  Tpea Y=44.8X —0.039 1 5.0~1000.0  0.998 4
FEEESR 5 3 R (0 L3S REAS 15 Bl SO N RS 2 BE AT Tepea Y=33.1X—0.1020  5.0~1000.0  0.998 2
HEEIRE 2 BRI R CV 4300 13. 26 %0 F1 11, 38% .3 TuDCA Y=13.6X—0.002 8 2.5~500.0  0.994 4
AN 150 Tl RS B PEAT R, LR 4, TLCA Y=49.9X +0.065 1 2.5~500.0 0,994 0
2.4 #hris YR 15 AR WY 5 K i (E HE RS
F 4 ERERBEE(X)
PR W1 R 2 WEE 3
AR e CV ) CV AR il CV fitm cv npRE R A CV fiLl CV

CA 98. 40 1.63 8.28 98. 12 6. 54 8.37 108. 28 8. 28 6.93

DCA 93. 81 2.67 7.02 95.57 6.19 7.35 103. 52 3.24 6.74

CDCA 97.42 2. 67 8. 06 95. 58 6. 44 7.26 105. 35 4.03 7.35

UDCA 111.45 5.43 10. 33 102. 85 3.33 7.88 107. 49 1.96 7.05

LCA 95. 10 12.79 11.73 92.53 8. 68 9.35 106. 45 7.80 8. 07

GCA 98.05 3.97 9.13 97.12 5.93 8. 06 107. 96 5.08 7.68
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GDCA 103. 93 6. 24 10.19 98. 69 4,22 8.53 107. 61 3.51 8.37

GCDCA 103. 43 8.12 8.12 93. 61 5.23 6. 66 108. 85 6.19 8.16

GUDCA 93. 96 5.70 9.45 95. 74 6.12 8.50 108. 23 4.31 7.41

GLCA 97. 10 8.16 8. 84 97. 89 8.51 8.82 99.52 6. 04 8. 24

TCA 90. 66 7.22 7.64 85.58 6.21 7.14 92.72 8.22 7.35

TDCA 94. 04 7.63 8. 86 94. 34 4. 64 8.39 106. 10 7.05 8.21

TCDCA 104. 95 5.75 7.69 103. 00 9.38 6.69 103. 95 9.37 8. 04

TUDCA 104. 85 13.26 11.38 101. 92 8. 24 10. 46 104. 51 8.32 8.74

TLCA 95. 37 6. 34 8.29 92.32 14.35 10.17 104. 64 9.38 8.18

x5 BEZAZHE ISHMETBRIRNEYSEXE RS 45 P W BRI AE K WP 7 i B 22 B KL IR TE 3
At WERE REE HIEAIES  B% K (ng/mL) L[] 73 ¥ A Ok HC B B AT A0 Ak B AR T 00 R U
CA 11.32 3.16 hFES 0. 00~324. 70 SlAH AR B He ] B — ol [a] 43 S A A4 ST DA 52 B i
DCA 407 1.59 IE A 0. 00~370. 90 BAFI A RO . B FEAS 15 i JE I R 0 AL ) A DU
CDCA 4.08  2.00 iF {25 0.00~288. 65 BF A 9 min, B KT+ T K35 %
UDCA 14.19  3.46 hFFS 0.00~122. 33 YT RAT P liF b X O 22 ) ICP & & s X,
LCA 0.66  0.43 A 0.07~13. 46 g 5T A 2 DR g e o 1 7 B B R B, JR A LA
GeA 6.31  2.31 I i 0.00~314.75 ok RRE EEEEARES 5 X ], A BFS R Sr
GDCA 6.86 212 IEfi 0. 00~332. 00 TG A FACH X A b 22 0 IR R 3 2 % X (E] I8
GCDCA 0.94  1.25 1E fi 25 0.00~637. 30 SEUE. AR T2 AR IHE RN 2H,.38 5
GUDCA 10.20  2.99 1E fii 45 0.00~85.01 Il PR Az I} A %4 b ok 22 B I BH B 95 dE A7 T P
GLCA 3.82  1.68 EfRZ 0.00~8.96 REFgE BA —E BN RN B E , 3 T g R
TCA 223 L5 ERE 0.00~135. 95 S Sy T LR W DI i G AR 9 TR % L I
TDCA 058 281 EfE 0.00~156. 60 FF 00 L 2 o 15 T R A ) T I 5
TCDCA 1L.90  1.25 N CES 0.00~211. 80 WS, AR TFE S T A H X 22 {1 A0 7 iR
TUDCA 6.3z 247 M 0.00~11.93 R 1 22 D i) P EL 71 0 K 0 245 S 0 9 5 2009
TLCA 2.23 1.45 1E A 25 0.00~6. 84 RHBR 29T .
3 it it BEXH

ARk L AR T R 45 AN LA {5 5 4 F 7E 22 g
AR P & VR BN AR ST A R T AR
I T LC-MS/MS $ AR 7 — Ff fiif 2 Pl o
AR R 5% 1 O . R TR A% b I R A A S R
AR EE ST AR E I £, IR B e A H B, LC-
MS/MS $ AR R & RS R AR T T R
JIELF 2 3 1 1 R A I . 5 22 i Y O s B LC-
MS/MS $ A 7E FE A Fif kb B E A T A K B Y H
B, K2R 1 T0E W e S5 1 2 O i I E KOl 4 °CF 10
min, e KA BE R BRI, 7 DR UE R DU 52 50 R 1 iy 4
TLBRBR T R E AL R DO B IR 25 R
G0 4 2R 1 559 M o R M ) O A S T AR
TEVREA BRI T 5 mmol/L Z W4k, W T 15 Ff
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