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Abstract: Bile acids (BAs) are a group of endogenous steroid molecules that regulate lipid, glucose and energy
metabolism. They play an important role in maintaining body homeostasis and physiological functions as key
signaling molecules for host and gut microbial metabolism. The accurate characterization and quantification of
BAs in vivo is of great importance in basic and clinical research. Over the past decades, enzymatic assay, enzyme-
linked immunoassay, nuclear magnetic resonance (NMR), chromatography, and other related techniques have been
developed and applied to the detection of BAs. The diverse structures of BAs, the existence of isomers and the
complex matrix of biological samples pose great challenges for the detection of endogenous BAs. Ultra-perfor-
mance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) is a robust analytical technique that
combines the rapid separation capacities of UPLC with the powerful structural identification capabilities of MS/
MS, facilitating the more rapid separation, characterization and accurate quantitative of target analytes in biological
samples. UPLC-MS/MS has been widely used in the quantitative analysis of BAs in recent years for its high selec-
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tivity, high sensitivity, and high accuracy. This paper summarized the biosynthetic pathways of BAs, sample pre-

treatment methods, common analytical detection techniques, and highlights the current status of the application of

UPLC-MS/MS technology in the analysis of endogenous BAs over the past five years, to provide a reference for

the accurate detection of endogenous BAs and further research development and application.
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Figure 1 Structure profile of bile acids (BAs)
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Figure 2 Biosynthesis and metabolism of bile acids. Red: Primary BAs; Green: Secondary BAs; BAAT: Amino acid N-acyltransferase;
BACS: BA-coenzyme A synthase; CA: Cholic acid; CDCA: Chenodeoxycholic acid; CYP27A 1: Sterol-27a-hydroxylase; CYP7A1: Cholesterol-
7o-hydroxylase; CYP7B1: Oxysterol-7a-hydroxylase; CYP8B1: Sterol-12a-hydroxylase; CYP2C70: Sterol-64-hydroxylase; DCA: Deoxy-
cholic acid; GCA: Glycocholic acid; GCDCA: Glycochenodeoxycholic acid; HSD3B7: 34-Hydroxy A5-C27 steroid dehydrogenase; LCA:
Lithocholic acid; TCA: Taurocholic acid; TCDCA: Taurochenodeoxycholic acid; UDCA: Ursodeoxycholic acid; a -MCA: a-Muricholic
acid; f-MCA: f-Muricholic acid; 78-HSDH: 7p-Hydroxysteroid dehydrogenase
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Characteristics of different bile acids detection technologies™. ELISA: Enzyme-linked immunosorbent assay; GC-MS: Gas

chromatography-mass spectrometry; LC-MS: Liquid chromatography-mass spectrometry; NMR: Nuclear magnetic resonance; SFC-MS:

Supercritical fluid chromatography-mass spectrometry; TLC: Thin-layer chromatography

Method Advantage Disadvantage
Enzyme cycle Simple operation, low cost, routine clinical detection method of TBAs Only applicable to C,,-steroids containing C,-OH
method
ELISA Easy operation, single instrumentation, short analysis time Proneness of antibodies to cross reactions
NMR Simple sample pretreatment, small sample size, non-destructive testing Lower sensitivity than MS
TLC Easy operation, low cost More often used for qualitative analysis, results are
easily influenced by environmental factors
GC-MS Suitable for the analysis of volatile/semi-volatile compounds Complex sample pretreatment
SFC-MS Short analysis time, simple sample treatment High cost
LC-MS High stability, low detection limit, high sensitivity, high separation High cost, complicated instrumental operation

capacity, suitable for high throughput sample detection
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B BON BAs TR R EAT HEM, 28 5k W Y 6 5%
()3 B 7E MS/MS JE v 48 22 SR AS AR SR M 10 ot 1% 1], FF0d
I PR AR AE R R B R R 3 R SR T o R S PR A
HIBAs VEFRE, 0 BIAE NI 2K AN PR R T 112
F1244 7 BAs.
5 RES5RE
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ELISA J2 Il R 5256 A& B A I 4RF 8 BAs 1 77152
—, Bl T PR G S A F S5/ 1 BAs Z A 715 X
KL, T EOZ T IRAE N A BA 3T B 2 B



58 - 245544 Acta Pharmaceutica Sinica 2023, 58(1): 52 —62

Table 2 UPLC-MS/MS method for the detection of bile acids in biological samples. LLE: Liquid-liquid extraction; LOD: Limit of detec-
tion; LOQ: Limit of quantitation; PPT: Protein precipitation; QQQ: Triple quadrupole; Q-TOF: Quadrupole time of flight; SPE: Solid phase

extraction; UPLC-MS/MS: Ultra-performance liquid chromatography-tandem mass spectrometry. ‘nmol-L™'; "nmol-g

BAs LOD, LOQ
Sample type Sample pretreatment Mass analyzer R Ref.
(number) /ng-mL
Human serum, urine Enzymatic hydrolysis, PPT 32 QQQ LOQ 4.1 [28]
Human serum, urine Enzymatic hydrolysis, PPT 70 Q-TOF [28]
Rat/human serum, urine; rat bile, feces, liver, PPT, LLE 292 Q-TOF [29]
spleen, kidney, small intestine, large intestine QQQ
Mice serum, liver PPT, LLE 39 Q-TOF LOD 2-100 [51]
LOQ 3-500
Rat serum, urine, bile, liver PPT 42 QQQ LOQ 1.02-12.8" [84,85]
Human serum, cerebrospinal fluid PPT, online-SPE 17 QTrap LOQ 0.2-500 [86]
Human plasma PPT 26 Quadrupole-orbitrap  LOQ 1-1 000 [87]
Human plasma, serum PPT 18 Qtrap [88]
Human plasma PPT 21 QQQ LOQ 50-2 500 [89]
Ratatouille bile Ultrasonic extraction 30 Qtrap [90]
Human urine SPE 27 Q-TOF LOQ 3.0-20 000 [91]
Mice serum PPT 21 Q-TOF LOQ 5-10 000 [92]
Human serum, urine SPE 49 QQQ LOD 0.5-15 [93]
LOQ 2-50"
Mice serum, plasma, liver PPT, solid-liquid extraction 36 QQQ LOD 0.01-1.18 [94]
LOQ 0.02-3.58
Human serum PPT 15 QQQ LOQ 5-5 000 [95]
Rat serum PPT 25 QTrap LOD 0.01-0.1 [96]
LOQ 0.02-0.2
Human urine Enzymatic hydrolysis 40 QQQ [97]
Mice serum, feces PPT, LLE 60 QQQ LOD 0.5-13.0° [98]
LOQ 1.6-43.2
Macaque plasma, bile, liver; cells, cell culture  PPT, SPE 19 QQQ LOD 0.05-10 [99]
medium LOQ 0.1-10
Carp bile, plasma PPT 30 QQQ LOQ 1-50 [100]
Human follicular fluid High-speed centrifugal 24 Q-TOF LOD 0.01-0.43 [101]
LOQ 0.03-1.29
Human feces LLE 12 QQQ LOD 0.07-0.47" [102]
LOQ 0.23-1.56"
Bile and feces of mice LLE 10 QQQ LOD 0.5; LOQ 1.0  [103]
Rat serum SPE 27 QQQ LOD 0.004-0.4 [104]
Rat serum SPE 221 QQQ [104]
Mouse liver, small intestine, large intestine, PPT, solid-liquid extraction, 341 Q-TOF [105]
large intestine contents, feces, serum Derivatization
Human plasma PPT 112 Quadrupole-orbitrap [106]
Human urine SPE 244 Quadrupole-orbitrap [106]
Human feces LLE 21 Q-TOF LOD 5-10 [107]
LOQ 15-30

A A B 3ok A% rp SR AT BT BAs #EAT B AR 2 F R B

IR 1 75 BAs BT+, GC K GC-MS J2& £ il
BAs MR ZF B . Uk, B LC-MS 7 &5 5 5 1
R PRSI, 1B AR IZ B AE BAs 1€ 1
ST, AT MRM B K AR SR, BN BA TR
IR 1) 58 i

SR, £ K LC-MS X} BAs #4770 #r ik, i F [
Iy SRR AEAE, AR BAs F €038 A5 B8 47 9 B e 7 8
TR BEALL . 5 AR T ARG BAs KA 556 B 1 v
NiAT B RS2, AN R BAs 75 [F — FEAR HH IR EAH £ 2
MR Rk, N3RS B B AR IR I 25 3, o3 B ik 72
HH B A 75 52 5 % TS B A O B 2 TERE AR

SEAb, BSRFE S €1 P R T D 43 5
O S5 B0, ML 2 B ) 2 59 ik L
B IR 6 B AT 5 5 90 W7 90 S M e 1
40 P R AR A A 8 T, L7 A R R
R LA — X, 7 O AL R e 8 R
HEAT V4 85, DMIET0 1 BAS IS AT HE

{2 T : LR B2 A AR DL SCIRBL 22 i
5 2 AR TN R 5 SO 2
HRRERR A

RIS AR A A EAEFTRIR I 52
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