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Abstract: Ursodeoxycholic acid (UDCA) is an essential drug for the treatment of cholestatic liver diseases.
As the most important representative of endogenous drugs, the metabolism and disposition of UDCA in human is
characterized by both host-gut microbial co-metabolism and hepato-billilary-intestinal circulation. These distinct
metabolic and pharmacokinetic features have brought great challenges into the bioequivalence (BE) evaluation of
UDCA generic formulations. These challenges include not only biopharmaceutical problems derived from the
unique physiochemical properties of amphiphilic molecules and the large single dose, but also the drug metabolism
and pharmacokinetic problems associated with endogenous metabolism, long terminal half-life, high inter- and
intra-individual variations, as well as accurate determination of UDCA and its metabolites. This review summa-
rized academic and industrial literatures about the clinical pharmacokinetics and endogenous metabolism of
UDCA. Current guidelines and technical challenges of UDCA BE studies were extensively discussed. Knowledge
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summarized in this review is expected to provide valuable reference for the development of UDCA generic formu-

lations.
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metabolism

C24 JIEL VT 2 EL I T Il 3L 3 0 4 9 PR AR 24 7
Wz —, FA R R ES A B SR G5 R N B S ) A T
H AT A IR B SO AT AR v 259 i, Herh
RE 224 JIHIR (ursodeoxycholic acid, UDCA) s&— M F+
JIEV YA R JFE 0 5 7 1) B L 2, 0 AR IE 0 G B AT
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TR ABERCEE U E . EAF 2%, UDCA B
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T fiR % 1 7 T UDCA, GUDCA ¥ pK, 1 CM-pH 43 %
H3.9F16.0; TUDCA ] pK,<2.0, CM-pH I 51 .
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Chemical structures (A), host-gut microbial co-metabolism and hepato-billilary-intestinal circulation of ursodeoxycholic acid

(UDCA, B). Transporters: Apical sodium-dependent bile salt transporter (ASBT), organic solute transporter subunit (OSTa/f), organic anion

transport peptides (OATPs), sodium taurocholate cotransporting polypeptide (NTCP), bile salt export pump (BSEP), multi-drug resistance

protein 2 (MRP2). Host enzymes: Bile acid-CoA ligase (BAL), bile acid-CoA:amino acid N-acyltransferase (BAT). Gut microbial enzymes:
Bile salt hydrolase (BSH), 7-hydroxysteroid dehydrogenase (7-HSDH), bile acid inducible genes (Bai genes)
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% [# Allergan 24 7] ) URSO 250 H 71 (250 mg) 5 URSO
FORTE /77l (500 mg)i*.
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IR FUESE, WE 1B iR, BT /Mg pH AR
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UDCA 7E 4 B IH 71 B8 5 3 2 [X] (bile acid inducible
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SN it 25 78-F2 R i LCA. LCA W R MEIR 2, KEB
oy FEE M, X 2 UDCA ) 3= 2 Fitis e . A —
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2 L, UDCA FA7 B IR AT 11 32—l i v F 3L
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AT - & G, F 24 N 1E R AR Sl 3
A HEE, PR VB T B 5E N T 25 2500 R 1%, 7 #H
THRARIS BR AL . UDCA S HARS ™ 4 7 B AH 52 2 J1H
T HEHE S R A R R ZU B, T vk v A N R S
TR, SR U A KA 3.5~5.8 KB4,
1, UDCA Z54R3h /1 22 52 M R 3R B 2%, B 28 3t (1 T
AR R 3, 38 A SRS T i RS I R 3R, S 2 3
R T A SR Ry AR g 08 21 e 4 R 3R 1) 2 35
Wi, oAk A 25030 ) S BB AR AL 5
3 ARBEFTERA S R AR UDCA I8 38

BV IR BT B 2% 115 T2 - B R AR I 2%, N
A PR IR R AN A ) A A TR B bR A R DRI
R IR R H I BR ORI = 2 I i R 124231, Ak #4544 |
A3 gl B B A R AN 4G 5 B IE VT RRUY . MR B R
72 JH 400 i DA R ] 1 0 JEORE A Sk 5 RO BV R, 2 A
i BHTR (cholic acid, CA).CDCA J 3L 6a- % 4k 7= P
IEMZ (hyocholic acid, HCA). X 2 IH 1R A& 41 2% JH ¥t
2 48 M T TR R A A B T RN RV R, R EAHR O
CDCA F1 CA 1) 7-it S 7= 7. LCA Fl 22 % IHR (deoxy-
cholic acid, DCA); @ CDCA ) 5 #J 7 #): UDCA 1 5
RERSHIR (isoursodeoxycholic acid, isoUDCA); @ CA
B 5 44 P2 W) BE IH R (ursocholic acid, UCA). 5 A& IH iR
(isoursocholic acid, isoUCA) A1 12-3 fH R (12-epicho-
lic acid, 12-epiCA); @ DCA [fJ 5 H 7= 4): 5 2 AU H IR
(isodeoxycholic acid, isoDCA) Fl 12-3% £ A HIE (12-
epideoxycholic acid, 12-epiDCA). =& JH TR /& K 2%
JIEL Y- 2 B R WAL I 380 JHF U I 14 CYP3 A AL AR i JIE
R, FEAFEDO LCA B 6a-E A=Y HE 2 AR
(hyodeoxycholic acid, HDCA); @ DCA %5 T8 4L =
¥, W DCA-1-0l.DCA-6a-ol F1 DCA-5p-0l. #]Z% X
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SE T A5 0~2 h I LT ¥ 2 UDCA MRS, i Al F e fig
VRALFEARE S 2 T ALHS GUDCA . TUDCA A1 UDCA 7
W UDCA B3Rk . i 3 fizw, e A&7 25 UDCA
W I8 J2 UDCA S I8 F5 1A 1 18] 728 5 3R 40 7E 100%
A (B 3A), Hriif B UDCA £ &5 B IH VR M &
1) 4%, & UDCA 2 d7 JH i IR 2 & 1) 7% (&1 3B). 5
CDCA.CA HI DCA #H b, = Jig % Ji5 Ui 25 UDCA Fll &2
UDCA /KPR W, 535 A2 4k, #2785 R 7 UDCA Bl

Lucts Xsuuts]
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Figure 2 Host-gut microbial co-metabolism pathways of ursodeoxycholic acid in human. Metabolites: Isoursodeoxycholic acid (isoUDCA),
ursodeoxycholic acid (UDCA), chenodeoxycholic acid (CDCA), lithocholic acid (LCA), hyodeoxycholic acid (HDCA). Host enzymes:
BAL, BAT, cytochrome P450 3A (CYP3A), UDP-glucuronosyltransferases (UGTs), sulfotransferases (SULTs). Gut microbial enzymes:
BSH, 7-HSDH, Bai genes
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Figure 3 Post-prandial serum unconjugated and total levels of ursodeoxycholic acid (A) and the related major bile acid metabolites (B) 7).
Metabolites: CDCA, deoxycholic acid (DCA), cholic acid (CA), UDCA, isoUDCA, LCA, 12-epideoxycholic acid (12-epiDCA), isodeoxy-

cholic acid (isoDCA), hyocholic acid (HCA)
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Figure 4 Representative ion chromatograms of a series of dihydroxy-cholan-24-oic acids that present in human biological fluids®". Uncon-
jugated bile acids: murideoxycholic acid (MDCA), isoUDCA, isohyodeoxycholic acid (isoHDCA), UDCA, HDCA, 12-epiDCA, isoDCA,
CDCA, DCA, 3-deoxycholic acid (3-deoxyCA); Glycine-conjugated bile acids: glycohyodeoxycholic acid (GHDCA), glycoursodeoxycholic
acid (GUDCA), glycochenodeoxycholic acid (GCDCA), glycodeoxycholic acid (GDCA); Taurine-conjugated bile acids: taurohyodeoxycho-
lic acid (THDCA), tauroursodeoxycholic acid (TUDCA), taurochenodeoxycholic acid (TCDCA), taurodeoxycholic acid (TDCA)
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Table 1 Summary of the bioequivalence study protocols in literatures.

Literature

Subject  Baseline Bioanalytical

Year Dosage form Dose/mg Administration Washout . Ref.
type number  correction Analytes Method
1997  Review, USA  Tablets, 250 mg 250 Fast, single & multiple Im 30 No UDCA, et al. Unknown  [5]
dose

2000  Review, USA  Capsules, 300 mg 600 Fast, single dose 4w 70 Yes Free UDCA, LC-MS?  [6]
Total UDCA

2000 Review, USA  Capsules, 300 mg 600 Fast, single dose 4w 24 Yes Free UDCA, GC-MS [7]
Total UDCA

2000  Paper, Canada Capsules, 300 mg 600 Fast, single dose 1w 24 No UDCA Enzyme [34]

assay

2000  Paper, Italy Capsules, 150 mg 450 Fed, single dose Iw 6 No UDCA, GUDCA, GC-MS [35]
TUDCA

2004  Paper, India Capsules, 300 mg 300 Fast, single dose Unknown 14 No UDCA LC-MS  [36]

2005  Paper, USA Capsules, 250 mg 750 Unknown, single dose 2w 24 No Total UDCA GC-MS  [37]

2007  Paper, China Capsules, 250 mg 750 Fast, single dose 2w 18 No UDCA LC-MS  [38]

2008  Paper, China Capsules, 100 mg 500 Fast, single dose 1w 20 No UDCA LC-MS [39]

2010  Paper, China Capsules, 250 mg 500 Fast, single dose 2w 22 No UDCA LC-MS  [40]

2013 Paper, India Tablets, 300 mg 300 Fast, single dose Unknown 12 No UDCA LC-MS [41]
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