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Abstract Ursodeoxycholic acid(UDCA) is a fundamental medication in the treatment of hepatobiliary dis-
eases and used as an adjuvant in the treatment of certain cancers and neurological disorders. The chemical
synthesis method of UDCA is environmentally unfriendly, low yields output and cannot be fully met the
production demand yet. In contrast, the biosynthesis of UDCA is characterized by high conversion rates,
low energy conservation, and environmental friendliness. At present, it represent the direction of research
and development for UDCA synthesis. Availabled substrates are utilized for biosynthesis such as chenode-
oxycholic acid (CDCA), cholic acid (CA), or lithocholic acid (LCA). substrates are catalyzed by four en-
zymes: 7alpha-hydroxysteroid dehydrogenase (7a-HSDH), 7beta-hydroxysteroid dehydrogenase (7p-HS-
DH), Lactate dehydrogenase(LDH), and Glucose dehydrogenase(GDH). There are two methods for syn-

thesizing UDCA. It includes free enzyme catalysis and whole-cell synthesis. Free enzyme catalysis method
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are subdivided into “one-pot two-step” and “one-pot one-step”. Whole-cell catalysis uses engineered cells
as reaction vessels., The synthesis of UDCA is catalyzed by enzyme systems of cell. This paper reviews
This article gives an overview of the enzymes involved, synthesis methods and the progress in synthesis
technology for both free enzyme catalysis and whole-cell synthesis of UDCA. It provides technical refer-
ences for the research and production of UDCA.

Key words ursodeoxycholic acid; biological synthesis; free enzyme-catalyzed synthesis; whole-cell syn-

thesis
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B 2 4R AR (UDCA) & — Rl IR PE IR TR , HAT VRS 47 367 7R A AR IR PR B 28 | Itk P AR
R GH I G ARG 5 FR MM PERTRE AL 25 P VE AT 2 FBGE PR RACR PRI . Bl e
RIL UDCA I8 T A 51 5 0 S5 D 4 b 8088 1755 38 4% FH R IR 7 5 e S e 0 4 4 A 0 1
(L V5 A 1Y WG RV T SRR A A K 5 EVRYT AT M 4 R BT I UDCA I BB 85 03 32 #5122 b
TRIRE . RHER AP VE A . B IbITE], UDCA S BIUE 52 HAT 8 AR et S e 36 A0 SR (9 I R AR

UDCA J& AU SRR R B A — il R AR L7 40 . 1902 4F i Hammarsten #44 , J5 SEWFFEUE S, UD-
CA HHE WP RRAN 73677 IS AT B 7 2 B B A7k, F AT UDCA 2 56 [ £ i Fl 2l
WAE PRy (FDAD ME—HE IR T I R PEAR TP AL B 259 . A= W005& il UDCA AR T s R A s 6
AR SR AR DR AR R A2 1) & i UDCA B WS A B sE A R D5 1) . A=)k i UDCA
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1 i ZEAETE & 0k UDCA

i B AL A B UDCA DL CDCALCA 5 LCA il &R, Horh KA 4wt 58 F 24 th7E CDCA Fl
CA, —J7TH ,CDCA il CA K HZKE O 15 89 F1 4= M0t sk o8 & , A 5 53 —J7 1, CDCA Fll
CA At B UDCA {57 % 2 524 1 Pt J5t S e A ko v« T B i D S 4 el R A AE 5 B UDCA |1y 2
HIEY CDCA.,

1.1 CDCA JE# 1y UDCA

CDCA C-7 B2 10 SMALIE B4 46 UDCA, L CDCA HIEWI & UDCA #5 K Wi fh el . 7032
F 2 [ W d U (7 - HSDHD 1 73-F8 3625 [ B i S0t (78-HSDHD . 7a- HSDH 44k CDCA 481k S AL %, 7-
Fii A7 JEAER (7-KLCA) , 78-HSDH #E—# L 7-KLCA JEGA A i, UDCAL WK 1 fiR .,

| R
&Qﬁ 7a-HSDH 7p-HSDH O’igj
S TN 7N
HO™ ™ 1 _"oH HO S0 HO™ " NoH |

""" NAD'  NADH NADPH  NADP'

NADH-dep DH, NADPH-dep DH,

CDCA 7-KLCA UDCA
TER=4-JRM G ITHE.C-7 5%, Note: R= d-valeric acid; Blue box: C-7 hydroxy.
Bl 1 7«HSDH fil 73-HSDH 44k CDCA ik UDCA
Fig. 1 70-HSDH and 7B-HSDH catalyze the synthesis of UDCA from CDCA

7To-HSDH F1 78-HSDH [R)J& 4% i U /18 J5L i (SDR) Z i, B4 & LY 7e- HSDHs K4 M- 48 B
o RS R A B S, UTARR  E g RV L Bl e R P 4 A A A R RSS2 B 7 HSDH 4t
B4, CHGER 7« HSDHs W3 1 fis.
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Table 1 The reported 7o-HSDHs

5 HEEEHFF ID HEEYIHRIE G SCHR

(No.) (Gene (protein) sequence ID) (Microbial sources) (Coenzymes) (References)
1 GenBank: WP_046653274. 1 Brevundimonas sp NAD™ —
2 GenBank: MH743112 MBEFH Y (Black bear faecal microbes) NADP" {7
3 GenBank: MG516982 6 M4 (Black bear faccal microbes) NADP' teJ
4 GenBank: KF356399 Comamonas testosteroni NADP™ o
5 Sl-a-1 (code in literature)
6 Sl-a-2 (code in literature)
7 Hl-a-1 (code in literature) RIS NADP™ Lol

(Black bear faecal microbes)

8 H1-a-2 (code in literature)
9 Y1-a-1 (code in literature)
11 GenBank: AAA53556. 1 Clostridium sordellii NADP " Lzl
12 GenBank: AAB61151. 1 Eubacterium sp NADP " (3]
13 GenBank: JN191345. 1 Clostridium absonum NADP" REN
14 GenBank: WP_011860631. 1 Clostridium difficile NADP' sl
15 GenBank: KXH01569. 1 Escherichia coli NAD" tis]
16 GenBank: OGX95366. 1 Bacteroides fragilis NAD™ =
17 — Xanthomonas maltophilia NAD™ L8]

BT _ERIIGEEIERY 7a-HSDHs, 7E NCBI RefSeq #0#E FE A7 % & “ 7-a-hydroxysteroid dehydrogenase”
KR, CREHE T3] 1 200 2155 H .

Y5 7e-HSDH AN[a], FH TAEW# Ak 78-HSDH i & /b, ik 2 firzs 1 H 78-HSDH 1Y S A
fiika E MR 22102, A — AR T8 4B Y Clostridium absonum ) 73-HSDH T UDCA Tl Ak & ik
T2 78-HSDH JLF-#5LA NADPH Jo i, H i 1k HUZ PR NAD™ Ktk 78-HSDH.: 2 11)¥
G ARE 1 = R4 915K F Lactobacillus spicheri ' Roseococcus sp. "' # Candidatus Ligilactobacillus
L S — PR R S LR IE 9K E Xanthomonas maltophilia™®

* 2 B#EM 73-HSDH

Table 2 The reported 7p-HSDHs

5 EEE TS ID YRR £t SCHR

(No. ) (Gene (protein) sequence ID) (Microbial sources) (Coenzymes) (References)
1 GenBank: JN191345. 1 Clostridium absonum NADPH L14]
2 — Xanthomonas maltophilia NADH (18]
3 GenBank: ZP0177306. 1 Collinsella aerofaciens NADPH (26]
4 GenBank: ZP02041813 Ruminococcus gnavus NADPH (27
5 GenBank: WP015528793 Ruminococcus torques NADPH [19]
6 Engineered Ruminococcus torques NADPH (1]
7 GenBank: WP006236005 Collinsella aerofaciens NADPH L20]
8 Engineered Collinsella aerofaciens NADPH [20]

o RARSEAEY
9 Y1-b-1 (code in literature) NADPH [10]
(Black bear faecal microbes)

10 WP_045806907. 1 Lactobacillus spicheri NADH (23]
11 WP_213611802. 1 Roseococcus sp. NADH tz4)
12 Genbank: HIX02396 Candidatus Ligilactobacillus NADH (2]
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1.2 CAJEYI{y i UDCA

CA J2& H e 3 & M B B IRV IR , CA T2 AFE T4 F SR b Hoh AR R rp & oy £
1000 mL A4=JEVFHIEAR & HE A5 44 g, AN CA & UDCA A DU 45 BR A2 i 2 fz A 45 4 B AR 24 30
Bl Wolff-Kishner B8 J5 A P24 4 C-12 BRIE T B JE L B L, H i % J6 3 S B0 LA IR M S 9 4
AV UDCA,

: @ R | T, R
o | o | A*,fﬁ]‘,};}i 00
i\ -------------- Q----j i\}_[(_)__[ ------ ;7-/-%-0-1-{--/; Wolff-Kishner
DHCA 12-0X0-UDCA
2. Q9 .
| ME ISP Ty ot %
- S NG N RN NS e
oo ;\{,{1 i Ne® L
{HO” = T _OH HO oL HO' T T lo .y MOT T T TOH
CA 3 7-0x0-DCA 7,12-dioxo-LCA UDCA
@ (©)
R e e i B
i [ 1 I i\\ olff-Kishner i E i ) { ] E
O >l T oM HO™ 7 7 MoH Mo . o
12-0x0-CDCA CDCA 7-ox0-LCA

TE: DHCA: i ZUIHAR 5 12-0x0-UDCA : 12-Hi- R 22 SUHAR ; CA: IR ; 7-ox0-DCA: 7-Bil-1 AR ; 7, 12-dioxo-LCA: 7, 12-f f1 JHFR ; UDCA.: #&
FAERR 5 12-0x0-CDCA: 1 2-H-K8 2 401K s CDCA R F AR s R=4- IR O 5 AR 15O B UKL 2O AU 3; @ A B 4.

Note: DHCA : dehydrocholic acid; 12-0x0-UDCA : 12-keto-ursodeoxycholic acid; CA: Cholic acid; 7-oxo-DCA: 7-keto-lithocholic acid; 7,
12-dioxo-L.CA: 7, 12-ketocholic acid; UDCA: ursodeoxycholic acid; 12-oxo-CDCA: 12-keto-chenodeoxycholic acid; CDCA: chenodeoxycholic
acid; R= 4-valeric acid 1: Synthesis route 1; @ : Synthesis route 2; 3. Synthesis route 3; @ . Synthesis route 4.

2 CA{fyik UDCA ¥k
Fig. 2 The routes of UDCA synthesis from CA

1.3 LCA JE¥nk UDCA
LCA WAFFE T4 ERRE SN IR o R RN T & BN R =Y. g #y A ss .
L LCA HJEY & UDCA AT S LCA C-7 #2HALEI ], 4 & 3 FioR,

P450 Monooxygenase

LCA UDCA
Bl 3 P450 WmAAERHEL LCA ZEpk UDCA

Fig. 3 P450 monooxygenase catalyzes LCA to generate UDCA

P450 U4 B RE WS A1 ThaX — SN » SR TT PAS0 BN A A A6 S i v e I i 29k . LA O, mfiEfk
TR R KA P NAD(P H R JFAEBE (12 Gk B2+ E A2 G WA REAR T P450 B i AUl 1)
FasEPEREAL AR, ERT, R D BOMAE T LUK LCA #5406 UDCA., T 38 48 1 25 P450 2 in 48 B Ak
LCA A1 UDCA, HA Grobe 243 i —~ T L ANMI (03 P450 B4R OleP™
1.4 U AL UDCA & nk ity Ji X

LI CDCA MJEY R 2 AL A i UDCA E 34 B B R W 1 0 LR W4 0 s, HOAE A LB 4k
KA AR T HE ARSI AI 5. UL CDCA AIEY & UDCA — R I “—48 B A5 7 F
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“— BRI R A N - S — 2 Ta-HSDH 4k CDCA A% 7-KLCA, I 58 5 K (5555 —
M SN S AS AT B B L 55—, N 73-HSDH, ik 7-KLCA 425t UDCA. “—H Wik " AL R i s (H K
BRI BE AR S S5CR AR FERHE B — 29570 7o- HSDH ., 78-HSDH JE W A & ik — I A R
AT . “— 52" R B YR B 5 5 PR Ry v [a) 25 BRJC T THIR (BRI BT LAROR R 15 8 BB VR 5 {H 3Z B
TR SR -7 L P AR R SR alifb T A B 240

SRy T B R R B T I S 1 T AR, TCIE SR R — BRI 2R T R 2R T T LA i A T
EALIE . Yang 250 FHRGE 2 (0 AR E T 7a-HSDH H1 73-HSDH B35 M A Ra 2 M, 22 2 Ak e
EP-0. 5-C i}, 7a-HSDH #1 78-HSDH Ak R fn i & 6 A5 2042 55 s Zheng 264 7To- HSDH/FLER
SV (LDHD L Kz 738-HSDH /4 %5 0 it &0 (GDHD 431 [ 52 75 3480 g ES-103 1 il 45 & %2 fL i LDH-
7«HSDH@ES-103 #1 7BHSDH-GDH@ES-103, ] T#fk. CDCA & 1 UDCA, Jf-3 o 75 P 1~ 1% 22 S 78 R
o7 s e P [ 2 AL SZ B T CDCA #4242 77 UDCARY
1.5 UDCA {5 i i) 235 1 TR

FIRFR RS [ B U T T35 22 A IS X LA T R SR L O T B R A R UDCA
AR R AR, B B TAREOR N T UDCA 6 RO ) A0 DA B e T R 1 16 1 48 5 il P 2 e 2 TG
Wit 324 28 FH 0 il P S R S DA T B3I A ™ AR

Huang 45K F %2 [w) 546 A1 e 18 1 T AR 25 S ) 15 3298 T Clostridium absonum W 7a-HSDH 4
AR R 2 W B s Zheng %55 Fl 54t PCR.DNA shuffling FliE 5 2878 555 AR 2 1730 K B Rumi-
nococcus torques [ 78-HSDH, B03% T 78-HSDH B93% P e PE ARl pH' s BLE 8 A9 78-HSDH JL
SEHR AR RS T NADPH, #8117 . 5 NADPH AHH . NADH 54 BE#r , S e 5L [ W il S0 5 i UDCA #I4E
JEIRFE A 1. You %53 T 78-HSDH B 1Y 4548 53 Hr FIERSE FF 51 L XE s X A Ruminococcus torques Y HE2H
78-HSDH #H47 T TR si2s T Al Bh e v
1.6 UDCA 15 B i 5l 11 21 SR

4k CDCA 5, CA H B UDCA 1 il &1 8 T 72 L2 [ s Mot S0t o 3ok IS il 1) MR R A1E 2 i 07 AR 75 22 NAD
(FDEi# NADPCHDAHEES . BE L, I FE /DI Yk S0 04 #E 45 B8 /R Sl B 10 1 Se il B A A1 A0 s 530 5
PNZE T A B 25 5, I i P S AN T AT 1 PRI o 50 R 288 [ T Ot S 07 ) 2 A v R0 AT A %) i
FiE RS, UDCA FEs 4 B i AL RS T (NAD D) FE JE R G [T (NADPH) #0542 38 4o il ok ik, 52
BAEHAI . Zheng %46 L CDCA NP AL A L UDCA 1372 H AL AR i 208 CLDHD 1 20 4 i 2
(GDHD 4359 NAD' Fl NADPH f9F-A4 5 s Liu 25768 7-KLCA #4648 UDCA I, BB S ADH-
TE EfLF N EESL B NADPH $#4: 7 s Pedrini 45 F B R 6 %0 i C ADHD S5 PRl B0 2R T4 7 AE 1 AH iR
(UCA)H1 UDCA™ ; Zheng 2515 7-KLCA 4= i UDCA B3 # b, ffi Jf GDH ] T NADPH F2E /6 35 )
FABH AP L LSRR /SRR I A R GG NAD' I 6 )5 7K-LCA 2E i, UDCA®™ ; Chen 2571
FH#EZ A SR (FRO A R FAZ TR (FMIND R JFORE, 57 T NADT FRA R R, DL S A 57 8 o
JFRE, #5377 NADPH FAEIR R ZE— N2 T CDCA 2] UDCA BY5E 2546 s Bovara S48 o Fil 1%,
T M/GLDH %/ GDH RELCI T LURRR R JEY) A A 12-8-UDCA™" ; Sun %876 4= 41 g fi /b DHCA
A W 12-H-UDCA B 2K 36-HSDH L 78-HSDH #1 GDH 7 [al— K AT s h 363535 . GDH FH T NAD(P) H
B8 Carrea Z57E L) CA RJERE B 120- HSDH 4 i 12-Hd-CDCA 83 #2 6 12o- HSDH FI4A 2 12 il A
B [ 2 Ak, A R I U FH T NADP T F2E , B 3R 45 12-8-CDCAMY s ¥E Ak 2B 4 UDCA iy
FErp RRE AT LA LDH S8 NAD fF 3 #A . o] T NADCHD il NADP (HD P4 (4l i A 1R &2
i, A RS (R 3) .
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K3 EMAERK UDCA ¥ HiEMBEEER

Table 3 Common coenzyme regeneration systems for biosynthesis of UDCA

S EE AWM A TR SCHR
(Dehydrogenases) (Coenzyme types) (Reaction) (Characteristics) (References)
NAD™" it L3 v B R ASAIR 5 S Ak 38 D AR O IR, 2 BOAS iR P AR
o , PP A L X
FLER I A HA - NADP" (High specific enzyme activity and low enzyme .
FL& (Pyruvate reduction [41.42]
(LDH) (NADT cost; The REDOX capacity is weak and most of them can-
to form L-lactic acid)
regeneration) not regenerate NADP ™" )
a8 BRI T AR AR R AT LGS & AT ) Lo B 3
U NADP) " IR LA AR P s T LA 5
BRI A ) ) .
HAE(NADP) (alpha-Ketoglutaric (Commonly used coenzyme regeneration system and can be [39,43]
(GLDH)
regeneration) acid to reduction to combined to produce useful products I-a-aminoadipic acid;
form L-glutamate) High enzyme cost)
NAD(YH R FaE LT, %t NAD™ #il NADP ™ #B84 1R &5 14 L0 0 s M 4%
o T 7 A R PR I 7 R
AR Fick A B
(Good stability and high specific activity to both NAD" and [44.45
i (GDHD (NAD(P)H © (Glucose oxidization
) L NADP ™ ; high price; the product gluconolactone is sticky,
regeneration) to form gluconic acid)
which makes the separation of the product more difficult)
R A — LB X TG LS T Bk R4k CO* —Fhal
PR s ELSURAS AT 536 5 T AL L FH i B AS 8 5 R S R 25 XA
o il
. NADH #4E IR sl — S Lk
P iz it S e (Formic acid and carbon dioxide are non-toxic to enzymes )
(NADH (Formic acid oxidization [46]
(FDH) and easy to remove; CO, is one only by-product; the reac-
regeneration) to form carbon dioxide)
tion is irreversible; enzyme activity is low and enzyme cost
is high; specificity is poor and enzymes are sensitive to or-
ganic solvents)
Prigigrh . L85 CWERA RN, 5 T MR NI R & B
NADH F1 NADPH . SAALIE JRE TR A B B 2 R 2 2 0o i 1 1
o LR R B
TS S A4 (NADH (Moderate price, ethanol and acetaldehyde are volatile and
(Ethanol oxidization to [47-49]
(ADH) and NADPH easy to remove from the reaction system; low redox capaci-
form acetaldehyde)
regeneration) ty, if ethanol and acetaldehyde are not removed in time, it

will inhibit enzyme activity)

2 A4k UDCA

GG R — R BT I 2 A R A LRV I 228 i AL S N - 76 G i 22 259 v ) R
SR T B RN TSR Tk i, 24005 B UDCA MBI I & BT AR 1A T LUK
CDCA 5{ LCA H4k} UDCA™ " | (HE} A= (34 ) 5 BB AR 80k B2 W A 19 S 4 (R R UL Z2 S R CDCAD
JEEHR B — B0 S E A K Z ] BRI . 2013 4, Kollerov 45 )i T [ i & 19 0 26 B A
PLIR LR B EEA 1A LCA A UDCA MR T, B R % E 10 FPaT DL E 844 LCA Bkl UDCA 1%
IR . CDCA 2414 i UDCA /R B ENE 4 iR,

BB R ) 2 BT L AT LUK CDCA 8 LCA 554k UDCA, 2 R AU H 5 72 14 T ML AL B - %
CDCA #:4t>l UDCA WA= 9 B & 77 7o HSDH #1 78-HSDH ; 4% LCA #% 4k UDCA BIfUEW H 5774
P450 BN . 3% SETRUE P 0 Jo BRI G R BE S [ B Al 5 PASO BN 4R B SE P P A I E 2ok R, (R
A B A OG0 RS [ ot S s A AU 0 T8 P AT RS A R B3 384 30 24 ) B R A R Rk, T AL AH
KA M2 AL AR 5T — PBE A W 3 Il . ELENAR A TR B bR L 0 R R T B S5 VR 3 K AP S 0 3 28 [T e ot
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Wi, JF X 2 TR Rk CDCA &5 i UDCA B T R A RICR S AH 5 4 40 M R A6 T 5 4 B8 E A AT A AR
§F ., MECTUr E EEAEAL R ol DUR Gl W 4 M B B B RS P 2R AR R R 25 1 TR AT e o g 2D
BT I ALH . X T LCA #efb i UDCA, I 52 BR T PASO BN A& B BF IR OBk | S0 26 47 %0, A1
BT 1 AR B SR PR S

CDCA o UDCA

HO™

Pyruvate

" Glucose
H
NADPH
>
o
i 7KLCA e

Lactate Gluconic acid
Pl 4 CDCA A8l UDCA 7 &l
Fig. 4 Schematic diagram of whole-cell synthesis of UDCA from CDCA

Shi ZF4GE T84 7o HSDH 1 73-HSDH 9 KT T 8% 240 ks 2R it e 38 2 IR (TCDCA) #:4kh
AR AE 25 AR (TUDCA) L [JEE AT LASZEE CDCA 2] UDCA (AL . Z )5 M XOF R T3 # S T
2. AR TUDCA 5 TCDCA L5 2504 51 i BE IR ) Lb (AR 3 S48 T —Fh A FH sk A 4 4 i T
J MRS B A 7= N TR R RRAR A A 73 o Bl KR AH SR T 3 A B 0 RS T B 1 R B
£ 5 AN A A R TE  BE B AL R T GRAS BRI T R s s

Sun EMSZEL T 12-F-UDCA #4445 . 12-F-UDCA J& UDCA fb 24 kA i Y 56 5 v ] 7=
Y, Bt 30-HSDH, 73-HSDH HIK [ Bacillus subrilis WIFZIIE I S M (GDH) 7E 7] —#k BL21(DE3) K
F DR A T L3Rk Al T D) — R R AR A 20 M Ak R 6 IR R AE 4. 5 h P DHCA 4k 12-8i-UDCA
VAL RRT 99. 500,

Chen 250 F 8 R AL IR i (FRO M E A H R (FMN) JF & T —~ NAD" i £ 40, FR/FMN %
G JE AR R E Brevundimonas sp. B NAD K #i1E 7- HSDH., ¥ CDCA %4k 7-KLCA™Y , 4R IFHF
B A AL R 2 351% To- HSDH 1 FR B, 76 50 pmol/L CDCA 52254k K 7-KLCA, X T 7-KLCA it
JEL R T 3E H Clostridium sp. NADPH #fitE Ry 78-HSDH, 3% H Thermoanaerobacter brockii BB
AUl CTH ADHD Fl 5 P BV E R G- 2E R G0 %KW AT AT 2 Al LA AL I, 40 pmol/L 9 7-KLCA #3480 5

A UDCA , HAEAL R R 26 %6, 1 W AP 40 B R FH -« — — 25322 IOWi st 12, 5 pmol/ L CDCA 58454464 UDCA,

3 gk

S AR ARG 1 UDCA E &R BHEPLB: , Jf HE 2528 LD CDCA SR & 1 UDCA #) T
A A: = i AR AR AE SEBR A P AT A — 8 SR BRPE . 158, T R CRESIE: 78-HSDHD ANRRUE » 76 R NEAR 2R Hh
AR TG 08 R B D LR Rl 2 07 A 22 6T IV A0 %) 7 330 5 SR AR o — S g 2 ™ gk e i) ™= A 0 o 4 P ™ o BE R
R KRB SR AE 10~20 pmol /L ¥R BEJG I N HEA T, B 25 Tl AR T (A R 3A 2 100 pmol/ L) 1
AR, BAR KA S IR R A 7R Go Xt AT F2 JE 2% [ e A S il 11 22 326 A #00 b s w08 i) ok R A 2
F PR R 2R E AR 7 AR LR BT D) g 0 il B ) B B AS  25  d BRUETE  K L S SO ) RSO TR R
PETE AL SN T AT T | N i S R T e — 2 e o A P e DA £ AR 4 200 e A 7 Ml ]
AT R Ak sz iE . ML LCA ARYIA B UDCA A9 Wnie A R R PA50 BAHN4aU B 0 S PR AL fiE T BRI
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PR TP SIS AR . bR ) R BR ] 2% Aol e Al ik Tl Ak AR 7 UDCA B EZIR R . 1o, A= W06 nl
BARA WL 29 KB A Yy BOw P IEE (R R, 5 2T R R IAT B LM s R IR IR R A

B A5 T UDCA T2 BN B S » IR IR 2k — 203 SR B IR, T OB R A0 e A e, LA S
Jonsi: 2 o T AR U T R A D R, TR R e AR TR T 100 pmol /L v BE TR B W FH A A= A
7R 1 RS P T PP A R0 P 2 e 240 A AR A R R AR A A B A R 7 il 4 23 B AR 4L 42
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