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W OE B80: IR (CA) ZERERYESR (0J) /NRUITFES A DIBR A S5 75 rh i 1 L)
ik 180 HAgFEMEPE /NN 43 6 4, TR TR (XFRRZL) | JHEAFESHL (O 4) | HA
BEHLIFT 7 AT (ED 41 ) | BB 454 +0.2%CA #EE I 7 d J5 AT 48513 ( ED+0.2%CA 4 ) |
RS +1%CA HEE T 7 d JFINATA 510 (ED+1%CA 4) | PREESEILIET 7 d 5T NsIiR
(ID4L) , H0 T LK 14 RAT 70% FVIBR, HASHMNSI R4l MBI . &4 Al AR
A T5) BSF Ji) 55 JEF P2 25 5 P 4 0 58 A R A DD KGi-67 3k . SOIRSk & MIb JE A ( Foxm1b ) mRNA A%t
Tk A IEA K 72k 4 (FGFR4) AL, FEULEH o 4L 40 507 98 715 5
SR RAIRAS, HFEAZE, AL Ki-67 HMEFRIEZE . Foxmlb mRNA & FGFR4 & [ R AE LR
& 4 v AR YR M s ID 2 SED+0.2%CA 2H >ED 4 >0J 21 >ED+1%CA 4, 402 R XA G
O (#4 P<0.05) ;5 ID 5% AL & 48 bR 22 RG22 X (¥ P>0.05) 5 JFA0MLIE -3y = 5
AR A . ED+1%C 41 >ED 40 >ED+0.2%CA 40 > X HR4], #1822 548 Giit=#7 L (¥ P<0.05)
1% NSl NIEPE CA B9 E KA R T HFOIER S AR 5 SMEMEARIR B2 CA W] LIRS AP 51 5|
FEL A IF P A RS, W RES O B Foxm1b 5 FGFR4 B35 AT 5 T HEAE A 6
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Function of cholic acid in liver regeneration of obstructive jaundice
following partial hepatectomy in mice
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Abstract Objective: To investigate the function of cholic acid (CA) in liver regeneration of obstructive jaundice (OJ)
following partial hepatectomy in mice and the mechanism.
Methods: One hundred and eighty healthy male mice were equally randomized into 6 groups, and underwent

sham operation (control group), common bile duct ligation (O] group), common bile duct ligation followed by
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external drainage (ED)7 d later (ED group), common bile duct ligation plus 0.2%CA gavage followed by ED 7 d
later (ED+0.2%CA group), common bile duct ligation plus 1%CA gavage followed by ED 7 d later (ED+1%CA
group), and common bile duct ligation followed by internal drainage (ID) 7 d later (ID group), respectively. In the
14th day of experiment, partial (70%) liver resection was performed in each group of mice, and ID conversion was
made in each group of mice with ED treatment. On different time points after hepatecomy, the liver regeneration
rate and expression of proliferation-associated nuclear antigen Ki-67, mRNA expression of forkhead box M1b
(Foxm1b), and protein expression of fibroblast growth factor receptor 4 (FGFR4) in the liver tissue were
determined, and in situ apoptosis of hepatic cells was also observed in some of the groups.

Results: Excluding the control group, the liver regeneration rate, Ki-67 positive expression rate, and Foxm1b
mRNA as well as FGFR4 protein expression levels in the remaining groups were all presented in a decreasing
order as follows: ID group>ED+0.2%CA group>ED group>OJ group>ED+1%CA group, and all inter-group
differences had statistical significance (all P<0.05); there was no significant difference in any of the above parameters
between ID group and control group (all P>0.05). The apoptosis rate of hepatic cells showed a decreasing order as
follows: ED+1%CA group>ED group>ED+0.2%CA group>control group, and all inter-group differences had statistical
significance (all P<0.05).

Conclusion: ID is beneficial to liver regeneration after liver resection through reducing endogenous CA loss; low
concentration of exogenous CA supplement can improve the liver regeneration retardation caused by ED, which

may be associated with its up-regulating Foxm1b and FGFR4 expressions, and thereby promote liver regeneration.
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25 D5 R 7 A A B M R B AR WL,
T 8 DO RE R 22, W IR b v 0 a2 FR 3 i
AT HF8 4 VI BR wir A AR 51 9™ s 76 /N BRUMF P4 2 7
B, SRS &M 1b A (forkhead box Mlb,
Foxml1b ) K T2 40 il A= < K 32 4K4 (fibroblast
erowth factor receptor 4, FGFR4) A CHEAE
FEA A 25 S B AR T TR RE A A
B0, A ST 5 b AN TR 51 O =X B A
JE R T 10T /N U2 2 Foxm 1 b X FGFR4 1Y K ik
o5 00, AR AT B R AE /N BUF#F A iy 4R H
B AL

1 MREFE

1.1 W SHR

R MEEB/C/NR180 L, R H18~20 ¢, fh
AR S 22 BE SPREL S B0 sh v 4 it s IHTH R I H
Sigma/A Al (451001700885 ) ; /NRIFLKi-67H
I ESABA ] (44 5 #29002-1) 5 MRNA$EH
H & (Tiangen’AH], DP419) ; Quant cDNAZS
—HEA AR F & (TiangenAH, KR103) ; Taq
PCR Mastermix (Tiangen/z}ﬁl, KT201) ; FGFR4
—HLI B SigmaA FEl (774 %5 SAB4300637 )
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TUNELFEM M- H & (RocheNHl, iy
11684795910 ) .
1.2 Y HESLE

Wi /N BB HL 2> 6.4, B BEL 1k B 98 51
JFDIBR 4L (OJ4l ) . A BH PE B A 51 i D) B 41
(ED4L) . FERH M EIEAN 513 +0.2% 0 7T TR ¥ B
JEHFEIER 40 (ED+0.2%CA4 ) . #HBHM:#E A5
W+1% M PR HE B JE VR4 (ED+1%CA4 ) |
A BELPE 98 P B AF VI BR 40 (1Dl ) Fnx) a4,
B30,

OJ4 . JFME - B IR R4, S5+LIF DI, il h
FERHPE B LAY 7 dJE AT AP UIER (2
T0%MARR ), FIEATHSIR AR, EDA: 0S4
7 A, T HRBAEEE, S5 WM
JE s 51 AT B R TN BUS S0 R Bk 5 1 E .
ED+0.2%CA4: EDRBARIHEN )G, K% T0.2%
JHHMR#E S . ED+1%CAZH . EDRE R & )5,
BRET1%MITRAES . IDA: HEAFLEHT d
Ja, Ty k& M+ 8 E S5, ED.
ED+0.2%CA . ED+1%CA . IDHFIH7 dJ5, 17
70% I A, ED. ED+0.2%CA . ED+1%CA%
[ ISF AT PN ST o X BE AL F 40 35 E R A (EUAS &
o, 7 IJEIFESEMBEHEASIR, 87 d517
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70% K UIBE o PBST i e G A Z 40 (1:2 000) , &

1.3 #RARBEE

6ZH /NI B TIFUIBRIS 0. 4. 12, 24, 48,
72 hAbFE, BEASEFE S H R E O R R
T —80 CHAF; For F LR H 5 T 48 /R L b [
JE, 24 hINATA NS B0 IFH A W A R 5
B - 80 CAR-FE
1.4 3EFRIQ
141 MEFEAFE HFHAEE (%) =100x[C-
(A-B) 1/ (A-B) , H¥ A NARAEIFEE (A=B/
JFPIBR2 ) , B AVIBRIFE, C WEGHT M HA
JH .
1.4.2 ) FAAFMLR Ki-67 Rk tenl  FpEdifk sp
BRI Ki-67 3Rk, it Ki-67 HEEA M (41 %
YL AR B B ) BT R E A L
1.4.3 D RAFL 2 Foxmlb mRNA Fi&#n
WAL WAME G, RBOUFIEG RNA, S 317
Wi S, W SRR HET PCR YR . RN SRR -
94 °C 5 min, 94 °C 30s, 58 C 30s, 72 C 40 s,
H 35 MG, fJE 72 °C 5 min #EM; B -actin B2
NiZ&FR: 94 °C 5 min, RS 94 C30s, 57 C 30 s,
72 °C 40 s, 28 MFIF, 5 72 °C 5 min ZEAH
JIT AR 7 W 25 L SRR W R S LUK S, SR AT R AR,
Quntity One ZM T4 I0 5 H 19 554 9 ROE R (A)
fH, HWZWHAMES NS AW L E AR X R
ki LEHEKE 3R, LWITHETIY I H BT
W ARAN TS K /DR Foxm1b FIEG|#): 5'-CAG
AAA CGA CCC AAT CCT-3', F i 51 #¥1: 5'-GCA
GTA TCG TTC GCT CAG-3' (228 bp) ; B -actin
B 5'-GAG GGA AAT CGT GCG TGA C-3',
THEGIH: 5'-CTG GAA GGT GGA CAG TGA G-3'
(445 bp) .
1.4.4 )R FGFR4 B aten  HE40
AR IO IR A, s bk R vk i A IR
B 50 pg 55 EHZ RIS, 8% + 2
Jot S A TR 4N — SR DM T P 5 M PR UK LUK 0 B, SRS
BRI B, IMA—PT(1:1 000 )4 CEIRIFF 1 h,

A 1 he BN LG, BE%E DY E %
JEHAMRIC S, Quntity One Z3 A BRI 5E H /Y 5571
A, LR EL 3K,
1.4.5 TUNEL Z#&0Faied = /DNEAFIEA S
ZARIR ARE . R R R 2R, A R IR
P TR & U B A, R R B . KA
KA, PBS k), H&VI A& T 37 C
JEFE T, B TUNEL RIEAYWHEE 1 h, BHE T
Ee BT KA R
1.5 GitFEabiE

K HISPSS 18.048 iH 5404, I BTk
B briEZE (xxs) Fon, AR HECSRAREE T
2E50 0, ALE PR L 3R HISNK -q 6 36 . P<0.052K
ERBEGIEE L.

2.1 HBERE Ki-67 FHERIER

BR 4T RRAL AN, B P AR 2R i1 21 Ki-67 FHAE P
TG bR A LA A i B R Y R Bk . 1D
SED+0.2%CAZ>ED >0J4>ED+1%CAH, %%
WHS %5 L (¥P<0.05) . IDZH 5 X} ME 4 a] 22
SHGHFE L (HP>0.05) (F1-2) (K1) .
2.2 BFAZ Foxmib mRNA ®ix5 FGFR4 &8

Fixk

PR IR ZH AN, HARABAFHAS Foxmlh mRNA
WA s BRI . IDSED+0.2%CA4>ED
H>O0JH>ED+1%CAY, HEEFHEGI#E
S (¥P<0.05) , HIDAL 5 Xf B 41 6 {8 22 5% oG8
IR (HP>0.05) (E2A) (£3) ; %4
A ZIF GFRAZE 3k W AE h 5 BRI . 1D
HA>ED+0.2%CAA>EDH>0JH>ED+1%CA4,
HmERHEGEIT¥E X (¥P<0.05) , {HID
25X IRl g 25 B g L (¥P>0.05)
(E2B) (%4) .

F1 BHEHEMERFBEE (n=5, %, x+s)

Table 1 Liver regeneration rates of each group at different time points groups (n=5, %, x + s)

2159 0h 4h 12h 24h 48 h 72 h
0J 4 0 2.45+0.24 3.55+0.52 15.66 +2.35 25.04 +3.09 45.84 +5.39
ED 41 0 2.90 +0.35 5.02 +0.59 17.31 +2.60 37.07 + 5.50 61.90 + 8.23
ED+0.2%CA 41 0 2.85+0.25 6.58 +0.33 23.56 +3.45 48.58 +5.35 70.76 + 6.72
ED+1%CA 41 0 2.01 +0.33 2.98 +0.45 8.67 +3.24 13.08 + 4.56 14.58 +3.32
D £ 0 1.03 +0.12 7.84 +0.98 27.25+3.27 69.10 + 7.90 9520+ 12.55
Xif 2 0 1.95 +0.37 8.55 + 0.99 35.22 +£2.55 74.10 £ 6.21 99.33 + 8.15

© WA )3 i [ & F A F A EFH

http://pw.amegroups.com



978 B E L RE SRR F24 %
F*2 HBARMERFHARK-67 PAERIE (n=5, %, x=s)
Table 2 Positive expression rate of Ki-67 at different time points in each group (n=5, %, x + s)
4 0h 4h 12 h 24 h 48 h 72h
0J 4 31.21 +2.55 36.87 +4.97 42.56 £ 4.78 46.19 £ 6.78 57.53+3.54 55.54+£6.54
ED 26.92 +1.88 32.30 +3.88 48.32 £5.98 57.45 +8.43 71.54 £4.53 61.34 £5.43
ED+0.2%CA #H 2543 +£3.42 33.43 +4.62 50.43 +3.64 58.67 +5.64 78.43 +5.14 63.54 £4.65
ED+1%CA 4 1534 £4.78 2343 +6.78 3523 £4.87 41.73 +5.32 42.32+4.83 39.73 £4.32
ID 24 2323 +2.78 34.29 +3.45 71.45 £8.54 74.43 £4.74 89.22 +8.35 65.54 £5.43
Xof REZH 22.63 £3.21 39.21 +4.12 58.45+5.67 83.89 +£5.78 91.54 +7.43 76.32 + 4.65

ordl

ED+1%CA 2 ED+0.2%CA 4 ED 41

ID 41

&5 ( x400)

Oh 24 h 48 h 72h

B 1 SRANKEUBEAR K-67 RiklE

Figure 1 Immunohistochemical staining for Ki-67 of expression in liver tissue (x400)
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o url
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A B

B 2 RT-PCR 5 Western blot £
Figure2 Results of RT-PCR Western blot

A: Foxmlb mRNA #ik; B: FGFR4 HE KK
A: Foxm1b mRNA expression; B: FGFR4 protein expression

%3 HALXBESFFEL Foxmib mRNA B RIEE (n=5, %, x+s)

Table 3 Pelative expression levels of Foxm1b mRNA at different time points in liver tissue of each group (n=5, %, x +s)

2 0h 4h 12 h 24 h 48 h 72 h
0J A 0.29+0.17 0.41£0.16 0.52 £0.09 0.63 £0.15 0.59 £0.18 0.56£0.18
ED 4 0.26 £0.11 0.31+£0.14 0.38£0.12 0.49+0.13 0.51£0.15 0.39£0.12
ED+0.2%CA 4 0.38+£0.13 0.45+£0.09 0.72+0.13 1.23£0.21 1.63+£0.12 1.34+£0.11
ED+1%CA 4 0.28 £ 0.10 0.39 £0.14 042 +£0.12 0.38 £0.11 0.33£0.14 0.27 £0.13
ID 44 1.50 +0.15 1.76 £ 0.13 1.84 +0.10 251+0.11 2.32+0.17 2.01+£0.18
X HEZH 1.76 £ 0.18 1.89 £0.17 2.23+0.19 2.57+0.21 2.89 £0.19 241£0.12

R4 BEARMESFELS FGFR4 EEMENRIEE (n=5, %, x+s)

Table 4 Relative expression of FGFR4 protein at different time points in liver tissue of each group (n=5, %, x + s)

21 0h 4h 12h 24 h 48 h 72 h
0J 4 0.38 £ 0.08 0.42 +0.09 0.52 +0.08 0.56 + 0.05 0.43 +0.06 0.43+0.10
ED 4 0.26 + 0.07 0.36 + 0.08 0.46 + 0.07 0.49 + 0.06 0.40 + 0.07 0.35+0.06
ED+0.2%CA 41 0.51 +0.09% 0.59 + 0.08 0.67 +0.11 0.58 +0.10 0.52 +0.06 0.48 + 0.07
ED+1%CA 21 0.30 + 0.09 0.35 +0.07 0.39 + 0.09 0.41 +0.10 0.35+0.06 0.31+0.06
ID 4 0.64 £ 0.09 0.76 £ 0.10 0.80 £ 0.07 0.77 £ 0.09 0.71+0.11 0.69 + 0.09
X HRAL 0.68 + 0.06 0.81 + 0.08 0.81 £ 0.07 0.84 +£0.11 0.79 £0.12 0.72 £0.11
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2.3 TUNEL ;&5 AR AT 6] 2% B E G E X (B1P<0.05 ) X 40 4k 47
F AR TR BRI R TEIEH/KFE (F3) (F£5) .
ED+1%CAH>SEDHSED+0.2%CAZ >N E4H, 4

B3 TUNEL E&MATAERAT ( x400)
Figure3 Apoptosis of hepatic cells detected by TUNEL assay (x400)

ED 4

ED+0.2%CA #H

ED+1%CA £

XTHEZH

x5 FHEMFMMATE (n=5, %, x=s)
Table 5 Apoptosis rate of hepatic cells in each group (n=5, %, x + s)

415 0h 4h 12 h 24 h 48 h 72 h
ED ZH 15.32+343 22.87 +2.98 34.74 +5.32 54.87 +5.32 4943 +7.43 39.43 +4.87
ED+0.2%CA 4H 6.39 + 0.87 13.43 + 1.43 17.43 +3.43 30.43 +0.98 38.43 +1.43 15.43 +0.53
ED+1%CA 4H 20.43 +2.43 30.43 +3.22 50.43 +4.32 63.76 + 6.33 72.43 +4.89 76.43 £ 6.76
X HEZH 4.32 +0.93 6.34 +1.33 943 +2.43 8.43+143 8.15+2.35 6.43 +1.87
3 it i 2y 4y 24 R A0 AR R E AT 4RI NG
] 5 BISIY  ARBFIE R Bk, IDA KR IR
Foxml1bJ& T-forkhead boxZ G I — 4~ 88 5 1k FoxmlbMWZEEE TOJH MEDZ, ED+0.2%CA%
G FE S Sk 7, BREANHEIRWAT LIS S 901 Foxmlb REWEDH & . OJ4 /N F A M
JE IR YT B R S BR AT A W x Z 4K (farnesoid X R A KM, RIG0 hig Foxm 1h BV 4E £ 78 45

rf‘”‘Ptor, FXR ) FEAE#IENUS 0 e 5 40 M9 09 7 &K, 2EH Z AiiF o R B o K BUIF VI B A e
SR, Foxmlbu] -S40 E ADNAS W AA 0 h FXREIARBAL, SARRIFFTAMH—3 ; EDAIH
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Wr 7RV RR W A RS, SEFXRERIR T, #
— 5 T Foxm b RIE. LL0.2%MH I W2 v B
J . WRE T A IR R R, A Foxm 1b ) 3£
MR, FEA R A SNG4l &, TUNEL
JE AP T2 R ED+0.2%C A 4 1T 41 i U8 T2 R ED
AR, H2E TX A, BEB10.2% M0 iR i B
— R AR E T A . S LU % i IR R E
JE R Foxm 1 bHy KKK T OJ4H , TUNELSS R $2
TNED+1%CAZH T 40 I 98 73R 8 3% 5 T A L4 .
IRA R IR 44 R R % B R R I 374 d, fT
T0% AP V1G AF AT o UEHH A = v B2 1 IE YT 1R 7
LT

BB A B 5T 5 R R I Rl o TS
/N TE FXRAE SEIFF A, B FX RIS 4T 4
A0 B A KT 15 (fibroblast growth factorl5,
FGF15) , Je& kI T#F kAN, FGFR4 N &
FGF 1576 T 40 Ml 1 Y 32 2 32 K" FGFR4:8
i {2 #E JNK/ERK BB /R 16 ok 0 6l A0 i /2 & B
P e i 510 B RHE 7 o — %2 1b W ( cholesterol
7-alpha hydroxylase, CYP7al) , M4t &
R R XA 7, (R EI R A . OJ4 R ED4
o T8 TR R 0 B IG5, Bk 2 T IR
FRE B, IEFXRMFGF15FIKH AL, H—
L FHFGFRAK X B ZM, FHEFZECYPTal
WSRO IR B e, BENE
Ao ED+0.2%CAZH 38 i Yk 5 1 18 IR 1R ROk 2
S FGFRAME H AN M &Kk, —ERE FIH T
CYP7al WUT& P, e 1 A BB PRt far , 2 i2F
JFRA . ED+1%CAZHFGFRAZ & B AR T Hifh %%
A, UEEH vk B R EE S )5, AR
FRFXR-FGF15-FGFR4{F il i shfe 25, oo™
R 1% M0 R E H 5 /N U B 2 &3S %, FGFR4
(A% 3% 35 02 A5 5 I T A 4 3 n = 5 4 M 0 T 1Y
HnAr & (HARHE— PR

ARFFEEE AR, MBI AT A T/
SURF BT BR A G R4 5 AN IRAE AR R 3 A 82 T LA
SANSII SR /N B R AR s, XA E AR T
A 2 43 )38 2o R JHE OE B i 3 P X R A2 AR S
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