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5y FEFC P BRI 3 X UV oS — VRIS & RS
A, AL R —

SRAFEFBEEBABER—RE (EF - BLIRTERD
SRAFEFHEFFRBLE _RE EF - FREZHE
N S

INEURRAE DR I A TEIFREREB TAET B, FORERFCRMEBERCE LTRBLARS . ¥k, Thbo)
FURAS R 1 B fe TR OB NEREE, BB R TRE D& MbR TV, SE, ZONHERE EROMEERED
FOERLMIEERE L 4 A — A REEDS » F EF AR AVCECRERRE, MBS XUHESfEROCRAL
b MRERA EF L BEEREES o FRERL, A AMREER A FNA VAFAT )TNV EY
(3-methyl-4-dimethylaminoazobenzene, 3-MDAB) O# 512 X b fEBL L7z, #IBERERT S LU 3-MDAB BTiX, THEELD
HREAS 36 X O S — AR ORI A PIREGIZ S HBL L, Lz n b Ok A ik L, 148 BLEBRIAR LIk
WA EET D L 5 HAROAAR bR, £LT, 28R, WThOEFATHIhDbOREDDIFREL 5§ <
RFEEROMEY R L. MAREY FHEER MBREOR, 57 re2 745y v ) o vERR, MEMRKRIRT ~
DU S YT 2 ARAGCCRE L. FORE, BAMBE L - A-AMRT, WThoEE 7 AE TREER L D LR
EEE L b IEIR L, RIEEIRBEL D bEER TR L. ¥4, 3-MDAB REHON IV RIBERREMN L b L EEHIE
BEHCEEYE L. RIC, RERE TERERHESERN LI, e iA vy —v T e g 85 (protein gene product
9.5, PGP 9.5) BBMmE@its LU= o —m 7 X4 F Y (neuropeptide Y, NPY) BRI, REBHTIZ, PIRROK
aEE, FUREE, FFBIREE, % X OEEEEECAR bR, KRERER T, BB & L0 Th b OB RERIEDOBL
BLbh, 28 BCRFROXBEMREOACHEEEA. L2 L, 3 .MDAB #5812, PGP 9.5 £ L U NPY Bt f%iR
ﬁmﬁw,%%&E@ﬁkm&%hf,ﬂaammfﬂ—»mmﬁiﬁm,HPSﬁ%ﬁW&&%D%ﬁﬁ&bhh.—ﬁ,
Z.—mYARYT 4 42 =) 5 —+ (neuron specific enolase, NSE) BitEehiigiE 1y, HBE TR, PIREOIREREORE
BAIc R bR s, RISk 3-MDAB 5T, 280 H LB MRS B A e o o3 — VRS AR i NSE Btk
FEMEOF A D bR, 5100 B aEai, RBE T, FRARRE, RERE < oFifific 2 bhik. RIRER
BT, BB E L b S-100 B Ed L, ML, 3-MDAB &E&E#H T, MIRZEATIZ S-100 B A e R R
Oﬁw,%%tzﬁﬁmmAbhu#ot.#izﬂyxIwmmmmeRsm%ﬁWﬁﬁﬁm,ﬁ%ﬁfm,H%ﬁﬁ%%
ORI 5 bRt . KGIRSRESE, 3-MDAB 5B T3, SP MM RREOBRNLEIIAbhih -, BED
mm%ﬂ%ﬁiﬁx;Ufﬂ—»ﬂ@%iﬁ@ﬁ@ﬁum7aa~uaamﬁv1%%W%ﬁmﬁ%bbht.uimﬁ%;
D5y b ORIBGREREER 10 3-MDAB £ 53 T2/~ KB O PRI T O MERERHED ST CHURMIC RS 2 IR
H B A OB TR A S D, S I MBS X O A - ARl AR TS, TOMREBOLE R LU
K%ﬁbTEE@%ﬁ%.%K%Gﬁﬁﬁﬁ%ﬁmﬁkﬁkahh.:h&@ﬁﬁm,:h%¢ﬁﬁ%ﬁ£%@ﬁ¢ﬁ%®%
B EESEAE H O EE LTWA L LART LD EEXbRD. SEOWRICL D, 44, BE ERORECHIEER
EROEARBEFORINC, FHRFTOMEEHES LOMES iy ERTHVE DD EFLLAL.

Key words bile ductular proliferation, oval cell, innervation, 3-methyl-4-dimethylaminoazoben-
zene, bile duct ligation

FFR/NBIIRAS , 4 i@iRe AL, et O 4 OFFIEER RFFOTIEIBLONRDHEELLRTWSY. F7z Rubin
ERTHERNCHEDONE. £OHEK, MEORS, Ml VIV, BEARERRIC X o TR Z A4, IEMR & Rl
MBS S OREREMNERKE LT, RS OWRBEEL SN BESTDINY VIECHETAOTIRIRL, BELROME
TWBH™, e b T, ThbDBEMBEILOMELVESR DORERETHERELT D, F-AFAATAFAT I T
HOEBEDQIRE FFORER X 53 O L /NEDERDFMED 2 ~ v ¥ v (3-methyl-4-dimethylamincazobenzene, 3-MDAB),

R 84 2 A2THZAF, PR 843 AI9EXHE

Abbreviations : ABC, avidin-biotin-peroxidase complex; AFP, alpha-fetoprotein; AgNORs, argyrophilic
proteins of the nucleolar organizer region; BrdU, 5-bromo-deoxyuridine; DAB, diamynobenzidine
tetrahydrochloride ; 3-MDAB, 3-methyl-4-dimethylaminoazobenzene ; NPY, neuropeptide Y ; NSE, neuron
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1-FT7FNAVFFTT - I EDFRBYERET I - T
HET5 4 S = AR OfRERITHE B R T 5 £ &
RTEHMY, MREEE L ARICTOREDOEE, HEOK
Fr, Mg X OYRERNES MRS A L RN
HOHBEERENT WD, Fie, AIBEHE L 43— vifila
EOFEBOBVIZE LTI RBELRARE BRI TS,

XCHE, FF, BERCHHETHHROEEHRENER X
hTEH, FREMEROBECRT W EWRES LT
WBRE XL FEERRETOLDOORE L HESR OBK
BHLEEIRTED, #ic, HREHEST O Bk
FLORIEICBLBERLTWAZ ELD, Thb O MR
EFFRERAORE & OBEN * L UREOFilaoELR
B BEL B, EEIRTHR, ¥z, BEOHREERL
HMFEORET L D, WHREEHEDST L HREOELANE
FEMEN, ETHEEENCHERTE L KR, SRITFERE
TOMBO LA & REHE & OB EMEATR I h TV 299,
LaL, BEETOWRT, BSR4 - flilals & DA
INEURRAE R OBFEMERA & iR STEL & BT oW T,
BEAEBBEIN T L.

FICHE, BIEERES v+ THIESHEERLIERL, ¥k
3-MDAB #&0c k b A A~ MR ERIERL, Thb2D
DEREFVEAGHEERREN, AEERILENBIUET
FREEERET T, MIEEHAE & 4 — A fifadE ORE
FoRE, fREERE, ThIcHEIRE L OBEELYBRE LK.

MR LUV FHE

[. RBRBHH

150~200g D HEME: Sprague-Dawley 5 » + (HA = A = v
v, \&R) AV, UTO2TORBRT -7, i, ERE
HETIZ, —EDORASATEMER CRF-1 (HAXF +» — V&
D A—, BEX) EbBEAIE, BHSFKTECHT L.

I. FROFRBEEE & UPIREO 558

FEPIIA%E % Nakanuma S5O QS LVEBM L TRV, T
febhb, 5o P CIRIFACRIEESAE, FHIZE, HE, BR
BB IUHBERICHE LIPSO TS, £ 2 TRIEEDS
— RO B TFAKBIEE S L, FARARRE L b RO
BB LBHEREDETENADNIFRENL OB THHT2
JEExREERE & Lic. BB < PRI CIFBhIRE I £
ELFRE» BN COMTABER/NERMBE L L, FEE
OB AR O MR L PIREAN A ET T 2R EELF
VW, BEEFEC 5, 6 EDUSTBORE LRI s HEE 2 B
BE LTz, Fh, B4OKREDHEEHMIRKD LDkl
LTRW.

0. REAHE

1. EREORE

1) RIEEERRRE
MREHEETALTHY, BEOT v FEREGE. EERLH
EH, S=FA=—FUREBTIR, 4V O (BERHEE, X
) CHEBREEMCERE L., 2o EREECEEL
FTRIEEYREL. MEZSHMCL, RIBEEOLRY

b3

# lem Wb hF9BH LB L. DWW T TGRS S
Smm L EOERRE BT EERL, TOFMYIB L. £
0, 2BRETHRELFRER .

2) 3-MDAB #5%

AR = LVHEEDEFATHD, 18IEDS & F 2 HT.
EF gk CRF-1 oftio iz, 0.06%3-MDAB FRinEH L+
ERBEEIET.

3) XEE

BESERER, S=Flo—FAKBTE, 4V OV THE
BEWEOWEHE L. TR T2EREECEE LT - cRER
BERREE L. BMEYSNCEL, BEEFDZEH lem ith
h o BH LUEELE. TOREDZ 2EBRATHEL:
LOX BTN CHRE) &Lk, 18EDT » PR AWK,

2. FFEBEROIER

EEABIMA% TR E, 14RE, 21AE, 288 8, 35AE, 428
BRgERBEOINYP=FL1=—TLVRBTICERLE. £
DEREBICACTD 4% 5K LT AFe F +02% Sz —
ATAFe P +02% v 2 ) VEBREE CTBREE T, By
BbHL, BRACTDLHEAFTHANLATAFE ¥ +02% ¢
7Y VEBKETIBHBREZ L. KVT, ZhABOFo—
HEMOML 574 VEEL, F7ry 2IZOFI0HLED
S5um FIHRER L7c. 220 OFF L, 206 RN Y v ERSE AR
A¥E K (phosphate-buffered saline, PBS) (pH7.4) i 2 HE# %
&4, Optimum cutting temperature 2= V87 v F (4 LA
=8, KR CRER, BREEECTEDICER L. tOo%”
FGAFARZ Yy b (T a¥a— T w2, TANLA =3, K
R) TH 7wy 7 X 010KE ED 20um BEDR 2R L, £
RkFET —80C THRELR.

3. EAERIRE

EERFEDNZ 7 4 vEBY R, BOM 774V
L, £t HE $ufs, 7¥ V3, Ba v KRBy » 7HELRE
(periodic acid Schiff, PAS) ¥vfa,, =& Y OFHEIEL T, X
FEREE T CHRE L.

4. MiaBhREDRRE

MBEoBF OB, FRMEB/IMEREE (argyrophilic
proteins of the nucleolar organizer region, AgNORs) ¥, 57
rE 254+ %> ¥ U2y (5-bromo-deoxyuridine, BrdU) BEak
B HEAE B B AR T R B # 4 B (proliferating cell nuclear
antigen labeling index, PCNALI) #R7z. AgNORs {2V &
V== DNA O —FEHRLTWH#ET, MlkosH,
BRECBE LTV B EELHRTL A", BrdU 12 DNA A
ROSHOMBBICERIAERD Z LML R TV S,
PCNA i385+ 1 7 4 DI Gl HA b S Bl TRl
RIZER L, DNA #V 25—+ 5 ORMBIETFE LTHELT
WA I EREBR T B,

1) AgNORs #

Ploton B DOFERE - TR L1z, T8, Sum D7
74 VIR EROMIBIT 7 4 v, BEKRTHORESRL
fo. 0%, lg/dl OB 2g/dl OF T F v R BRLLER
L0 BRI L% 1 2 OEATES LRISKFPIY

specific enolase ; PAS, periodic acid Schiff ; PBS, phosphate-buffered saline; PCNA, proliferatingcell nuclear
antigen; PCNALIL proliferating cell nuclear antigen labeling index; PGP 9.5, anti-human protein gene

product 9.5; SP, substance P
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ErAh, BHEBETRIES . £OH, VR 2EEKT
seats, Bom < BAEA L. 200EL0EOER OMEE R
+OUNEY/NFERIE A d X O AR PR MR ¥ oo oS — U HEER
PEERCHE L, WBY Y ARH, WRBEHE T OB
e b5 U BEEN O Y AgNOR & LTH X, AR ER
BE iz A A — KA L @di h © AgNORs OF#5% H il
L, £FB LOEHED AgNORs KrRkic.

2) BrdU EZask

KEBBEL L, BRI04AC, BrdU (Sigma Chemical
Company, St.Louis, USA) bmg/kg #B#lfk & hiEH L. &
nHOFE LROMAELAT T 4 vERL, 7By 7 X
p Sum DT 7 4 VEEPREERL, 7TEvvEdF U
At F v X — ¥ S & (avidin-biotin-peroxidase complex,
ABC) ZH WA Ra I X D PICE YA Ehic BrdU ©
BHEUTOM T -7z,

Tihbb, BomBis 7 4 v, 0.3%BBLKERM
AFNT N3 - VR0 EHE L, ST FORREES
AFFVE—ERRFEIR., KCTHRERLTED H72DHITC
00.1% + ¥ 7+ v (Difco Laboratories, Detroit, USA) C, 104
WAE L. k\WCERT, 2HEDOEBTIOSMLER, £
ET0.0THEEDOKE L Vv aBKT2HMAR L. X0
%, 2RO RNESLHE LB, 5% 72 EFRM
BT EAE L. RIESMEEFR LIy AR 7 v T4
*vw Yy ovE) 7 —FAfits (Sigma Chemical Compa-
ny) ¥ —BEEUG X8, KW T0EFRO A F by <H~
v 2 1gG #itk (Vector Laboratories, Burlingame, USA) B ER
1 BRG &S €, ABC %W (Vector Laboratories) R CEiR
Tl BEEIG X%, 0.03% BE{EARKEIINZ I 0.2%
3,3-07 3 7 RvF v 4 EEEE (diaminobenzidine tetrahydr-
ochloride, DAB) (Sigma Chemical Company) THE& I ®7. 72
&2 DRIGIZ, 0.0IM @ PBS TH+HMCEHEBEHRIIT-. &
WT, ~T b Fv ) vTHRBRE, BAREALERLL.

500fALA LD EHMIEE, B/ NERRE & & U ERIRE
Mk, ERidAA—- MR EFERCHE L, BAREIh
BrdU Bdimfa s %, £Fl6 L OAR®RBEO BrdU Bk

BOR (%) TEH L.

3) PCNALI

FARERD 77 4 vEBHA %, oM 774 v
P, FOBRRBALAFY - REEE, 10¥V~
F#miE CIRERMREAREXHIE Lic., kT, 1Rk
LT200/EF M0 < v A EEAM SR (proliferating cell
nuclear antigen, PCNA) &/ 7 v — 7 2 #i {5 (Novocastra
Laboratories Ltd., Newcastle, England) ¥ —MEIL 3 ¥, K
WTEFF ULy vy AfildY | ARG S ¥, ABC #
e 1 RERIGHE, 0.03% B8 {LARERM DAB TREI ¥
Fo. RWTA~T b E v ) VR ESE, BAHALL. EF
OFIRAE 1 X OVNEUNERIEE T hic A RBETME, 45—
AHIRI500(E % EIE A ai L, O To PCNA By
B2 &0 L URERMNTO PCNALI (%) & LTEH L. &
¥, REREORIGHEREI—KHiky PBS TEAL, KIS
DEMLT AT L THRLL.

5. FERMEORERE

LI F ORISR O RERER T, L0 & BE & R
HECERRNC 22 BN ) 3V T BB L. ok, MERIEL
DHDITEEBME ThTWBOENL, AV avyT 4R
TEMSE DR E T BB & 2 b RS WOER O
e LTEEIR TV,

1) BEEHECE TR EBHbRT WA b TBTA Y
S—vFux 27+ 95 (protein gene product 8.5, PGP 9.5), v
+ §100, = 2 —BFF F5w v (neuropeptide Y, NPY),
Sy b=a—BYARAR—Y y 7 4y /) F—+E (neuron
specific enolase, NSE), # 7 A # ¥ 2 P (substance P, SP) ©
B2 REEEENRE X h ATFom Ty, MEREOCR
EERRAL. Aol L kb, 2k, BESHA L HREk
EAaR LR, ok, SERE L HERES, —RNH
G~ —H— L LTHBR TS PGP 95 B B mmEss
L NSE [BH:sEaER, g5 VLE2ZLRTV2
NPY MpikraiiaifEit & SP BBUMERHER, Thicy .7V
MEIRBME £ 7n s S-100 BEMERRER LT bha.

¥, 20um BEREEIR%0.3% MV b v X (FIERIETE, K

Table 1. Primary antibodies and secondary antibodies, and their dilution and sources

Antibodies Dilution Source
Primary antibodies
Anti-BrdU (clone BU-33, mouselgGl, mono) 1:50 Sigma Chemical Company, St. Louis, USA
Anti-PCNA (clone PC10, mouselgG2a, mono) 1: 200 Navocastra Laboratories, Nawcastle, England
Anti-human PGP 9.5 (rabbit IgG, mono) 1: 1600 Utltra Clone Limited, Isleof Wight, England
Anti-rat NSE (rabbit 1gG, poly) 1: 2000 Polysciences, Inc., Warrington, USA
Anti-NPY (rabbit IgG, poly) 1: 400 Chemical International Inc,. Temecula, USA
Anti-cow S-100 protein (rabbit IgG, poly) 1: 5000 DAKO A/S, Glostrup, Denmark
Anti-Substance P (rabbit IgG, poly) 1: 800 Amersham Internatinal ple, Buckinghamshire, England
Biotiny secondary antibodies
Anti-mouse IgG (horse) 1: 200 Vector Laboratories, Burlingame, USA
Anti-rabbit IgG (goat) 1:1000 Vector Laboratories, Burlingame, USA
Fluorescent secondry antibody
Anti-rabbit IgG (goat) 1: 1000 Organon Teknika Corporation, Durham, USA

Mono, monoclonal antibody ; poly, polyclonal antibody ; BrdU, bromodeoxyuridine ; PCNA, proliferating cell nuclear antigen; PGP
9.5 protien gene product 9.5; NSE, neuron specific enolase ; NPY, neuropeptide tyrosine.
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) tn PBS iz 4 BHIBE L=, 0.3% @BLKERM A F1
TA2—LEETIREMRGERD LI hHEE L+ +
VE—EERRFEI . kT, FEROESRIGEIET S
o, ORI YFERMBECAE L., kil kiithy 4
CTT2BRIGEE, 1000fFRMO A+ F VERDO Y FH v+
IeG Hilh% 2RI L LCERLEECIBHERG X ¢,
ABC #¥W & RIG#, 0.03%:88{L KRG MN DAB THRE xR
o, ERIGEOHHEIT, Y% PBSIKTHoBE LI, ~< *
FUY TERE, WAHHAL, SRl

B, ThHOREREORREMIZ | kil PBS TE#HR
LRGA G2 & TRA L.

6. HESV—F-FEME X DR

PGP 95, NSE, NPY D#H&HREx UTomL T, #EXL
V—F B TEE L. D% b 20um HEETAS, 0.3%
MY M vXhn PBS 1t 4 HEIBE Lctk, FBRRORAREY
BFlbs B, S 210% v¥ERMBECAELE. KT 1k
FBE2 4 CT20MRIGE . | KELEIZY £ PGP IS5 =
7 7m—F e, YHFH NSE KV 7 e —3AfiER IO
THFH NPY RV 27 v —F ke Ao, Wiz, 1000(5%
WD FITC EBr ¥ v+ 1gC Hihr 2 kith: LTEMS
LEBERTIRERIGE R, 208, KERHART 27757 v
2 A (Merck, Darmstadt, Germany) THA L, #HESL - —
BEBEE (LSM 410, Carl Zeiss, Gottingen, Germany) FIZ 2L

b

o, To¥s, ZERICOFIEKIT PBS TR 2 +45 108t L. 3
ERV-—¥Y-BEHREOEHLLT, V- F -K2EER
AB8m DTN TV V=R FH L. A ¥y VEEIS. 655
L, EVER - NER20E Lic., BEHY 1 2
T68 X576 &7 /L ¥721% 512X512 7wk Li-. EHf 7~
V= v Ziz8EE LCEBERE.

7. BETEMENR

ETOERBRFT, FOMHE, FEKO—H%2.5% 71
2—ATAFe FRTHEEL IX1XImm XOEBA 2 ERL
. BT, OB %0.1% % v =vBE%inz=2.5% 71
=77 e FRT2KHEEE L. TO#%, 15%EERE
T2ARFHEIEE L, 1 ¥ME{bA 2 3 v 2T 1 RREEE L. %
WTHOML =& 7 -V RIVTHRAE, 10068t Ly
TEHRL, =RV 1 2c@B L. @7 n y, 7 X hERLE
lum SIFIZ b v 4 v T — BB B T, IS, A -8
R&H 5 CIIHRERHE OB FU By Lz, F0F e,
ZR MV IVIL, Uik e b~ 4 (2128 ultrotome, LKB,
Bromma, Sweden) W CHBEUIR 2 ER L, Bty 5 = — 1
LHO_EREYT, H-300 BEFEKE (A 8ERT, B
) TEHZELL.

8. REETEMEIC X AR

ETORBRBT 20um OHREFYIA %, 0.3%BE AT K
BIAF AT N3~ AR | BB X EE_A A+ + v 2 -

Fig.1. Microscopic finding of proliferative pattern of the bile ductules and oval cells. (A) Bile ductules proliferation of the liver
for 42 days after common bile duct ligation. Note extensive proliferation of bile ductules and briding fibrosis-like appearence.
(B) Bile ductular epitherial cells composed of cuboidal cells. (C) Oval cells proliferation of the liver for 42 days after 3-MDAB
feeding. Note extensive proliferation of oval cells and some of them show bile ductular formation. (D) Oval cells had small
round or oval shape with chromatin rich nuclear. (A), X132 (HE); (B), X264 (HE); (C), X100 (HE); (D), X320 (HE).
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EREEIRE. ROT, FFERPOEEREHET S 1D
10%FX¥EEMBETLRBELAELL. kKWT, 1RHGELT
PGP 9.5 Hilhh 2ARMRIGE 1. RWT, B F v {brFHh
vy Ay | BRERGESE, ABC BK & | BRI,
0.03%BEALKFEFI DAB TRA IR, 0%, 1 XEHE
(kA= 37 T BEHEEE, =&/ -~V TBARE, BT =
VUV TERL, mRVERBcEE L. 0%, lum Ay
FERLL b vA v T A — Rt Ty, PGP 9.5 BHERIED
FERICEDICHAE PV v rL, EROBFEHFLR L
EHEA RER L, H-300 HEFEMECTRERT- .

B -

. REEBSNRTR

1. RIS L O S — LRIl O 84 L T OHREE:

1) XBE

ERERAE R, METHESF A - AROBERIZAD
nich»7c.

2) KRRRERSERET

MR DRENERETHETARbR. 2D, HAEME
SR NOT R DI, R REiEBRYEL,
T PRSI EIC R L, MBS OBARIL, HREOR
BEEDTHRAEAL, 148 B UBIARIBEHAE D IDIRK
L-FIRIEAEET 2 Lo kie b, TORMEILEE &Rtk
AL, 28 B, FEEIMEERERODHRSH
FEL#ELc-7 (K 1A, B). 7ok, MIBEFOMAEK L B
W, FORBICIGHEMS S (BRLE R ST DEENE
DRBEIC XL, #BE Lo, ok, NFEMIE
®, mEEIRAE, FARARBESYETAPIRE TR, BEBEOHK
B, FEOBMEMEL, PIRKOEBESREL, BHELI2D
hic.

3) 3-MDAB # 58

A=A e F VB UKEE TS, PMEOMB
WLIEAR oMl T, TEEENTHR EREE LTRES
hi-. 3-MDAB #5% 7 HE T2, FIREEAEIC 2 #E»IC
FA-LMBRBEEINEDLTH 7. ABBLE X DA+
AR NEDRS TR A M L. RERIBEK
i1, FA—AMMROEERPIC, LA T HMIBEOMER
BT 2 L2k, 2B B, 3 LilifaEEol
BIEA LcPIRESA I EE TS Lo eich, FREELRE

AgNORs-positive number

0 7 14 21 28 35 a2

Day after treatment

Fig.2. Changes of AgNORs-positive number after treatme-
nt.  Values are X =SE (n=3). [, bile duct ligation rats
group; O, 3-MDAB feeding rats group; /\, control rats
group.

WICHL 0% A= VR DEEN L bRt (K 1C, D). 84
Lz — AR O BB b AR EMERS SR A b hic ks, b
OB SHERKICEND LBETH . Ink, RIETER
B A 5N FIRESCEEROBLII A b Righ

1. MRS R & U A— LERR DM REN A

1. x|
E#OMIBES LN AERMBEFC SV TEERESRK
AgNORs #(, BrdU &3, PCNALI DLW FhOiEBEOEI &
WTHEERERIIALA o7, D% b, AgNORs iz,
FEEEh, FiHfE 1.70~1.81 OERRLE (K 2). BrdU &
BEL, RBEER, FiHE 61~66 OFxRLE (B 3)
PCNALI 12, #B8R+T, FHE 49~54 DEExTLE (K
4).

2. MIRERIRE

B4R T AgNORs %, BrdU &, PCNALI 12\
ThoRErs\wTd, THETREELLY, LEFRL
P, NBEEEL, AR LTEELYRLE. D% D,
AgNORs ¥i%, #E3kE T A B FEISE2.20 L BEBE L e h L
W L. fods, 35F B, FEEL 72D, ERR
PELRIBOMEE e o7 (R 2). BrdU @R, %% TRET
EE12.3E B E & 7o b DEEHRE L, SR LE T L
Bl EOHT, 2BEETREBHET.TTH - (B 3).
PCNALI 12, %54 7 A B TEHESB.0L EBEELR D, Y&
WL, WBELLETLEMEY L VFET, 2AETIE,

BrdU-positive ratio

0 7 14 21 28 35 42
Day after treatment

Fig.3. Changes of BrdU-positive ratio after treatment.
Values are X +SE (n=3). [, bile duct ligation rats
group; O, 3-MDAB feeding rats group; /\, control
ratsgroup.

30
275
251
22.5
20
175
15
12,5
10

PCNALI

75 &
5 ¢ jx_' s & 3
2.5

0 7 14 21 28 35 42

Day after treatment

Fig.4. Changes of PCNALI after treatment. Values are

% +SE (n=3). [, bile duct ligation rats group; O,
3'-MDAB feeding rats group; /\, control rats group.
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FHET.ATH -7 (K 4).

3. 3-MDAB # 58

W+ B4 - VMR TI1E, AgNORs %, BrdU E#X,
PCNALI DWFhDIEEIZ B\ Th I-MDAB B EH THET
BEfEEich, BB HE TEMEL L -7, 28HBLETIZ
WML, ARBECEETIEERLCEELXR L.
AgNORs $it, #5447 BECFHOE2.2TERRBE LD, M
BRI Lo SR L T 5 L EEY & VY, 42288
WL EHE2.00CTH - 7 (K 2). BrdU #EHR L, HEHTHE
TEIBMEIT.SEHMmE & b, LABER Ui R EE &t s
BEBMEY & DT, 428 Bk FEHEN.TTH -7 (K 3).
PCNALI X, #1547 B ETTFHESG.0LBEMBEL LY, UE
W LI AR REE & T 5 L EEY & DT, 420 Bz,
FIELS. 1 TH -7 (K 4).

R

0. #HREoRERE

— R RO = —h — L LTS T\ B PGP 95
B piR AR At & NSE IBH-R RO, MRS L LT
REBI T D NPY [BUEMEELRME & SP Bt M oR,
FRIZY 2 7 VHIBS B & 7e D S-100 Bt MR MER L 1oy
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Fig.5. Immunohistochemical staining of PGP 9.5. (A) and

(B) Liver from a control subject. (A) PGP 9.5-positive
nerve fibers exist near the portal vein, hepatic artery and
bile duct in the portal tract showed by arrows. (B) In the
portal vein wall, PGP 9.5-positive nerve fibers exist and
seemed to elongate in the hepatic parenchyma showed by
arrows. (A) and (B) Note varicosities in thin fibers. (C)
Liver from a bile duct ligation subject for 42 days. PGP
9.5-positive nerve fibers decrease. (D) and (E) Liver from
a 3-MDAB feeding subject for 42 days. (D) PGP
9.5-positive nerve fibers exist in the portal tracts showed
by arrows, (E) and PGP 9.5-positive nerve fibers distribut-
ed in the oval cells proliferating area showed by arrows.
(A) and (B), X400; (C), (D) and (E), x160. A, hepatic
artery ; B, bile duct; P, portal vein.
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Table 2. Distribution and density of PGP 9.5-positive nerve fibers

Liver tissue classified by

Density of PGP 9.5-positive nerve fibers on day

bile duct size

Group 0 7 14 21 28 35 42
Portal tracts containing Control +H H + H H+ H +
intrahepatic large bile duct BDL H + H H -+ + +
3-MDAB + # + +# + 4 a1
Portal tracts containing Control H+ + H H + H +
septal bile duct BDL H+ H+ H H —+ + -
3-MDAB H H# #+ + + # +#
Portal tracts containing Control + + + + + + +
intralobular bile duct BDL -+ + + + + - -
3-MDAB + + +. + + + +
Foci of bile ductules and Control (=) - = ) () - =
oval cells BDL (= — — - — — -
3-MDAB D) - - - - + +

Control, sham operated group ; BDL, common bile ligated group; 3-MDAB, 3'-methyl-4-diamynoazobenzene

fed group.
3cases evaluated in each group.
available area.

4+, fairly numerous; +, moderate; =+, a few; —, missing; (=), no

Table 3. Distribution and density of NSE-positive nerve fibers

Liver tissue classified by

Density of NSE-positive nerve fibers on day

bile duct size

Group 0 7 14 21 28 35 42
Portal tracts containing Control H H + + + + +
intrahepatic large bile duct BDL H + + + + + +
3-MDAB + +# Ris + + 4 1t
Portal tracts containing Control + + + + + + +
septal bile duct BDL + + + + + + +
3-MDAB + + + + + + +
Portal tracts containing Control + + + + + + +
intralobular bile duct BDL + + + + + + +
3-MDAB + + + + + + +
Foci of bile ductules and Control (=) (=) () (=) =) () (=)
oval cells BDL (= - - - + + +
3-MDAB - - - - - - -

Control, sham operated group; BDL, common bile ligated group; 3-MDAB, 3'-methyl-4-diamynoazobenzene

fed group.
3cases evaluated in each group.
available area.

H, fairly numerous; -+, moderate; &, a few: —, missing; (—), no
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Table 4. Distribution and density of NPY-positive

R

B

Fig.6. Immunohistochemical staining of NSE. (A) Liver

from a control subject. NSE-positive nerve fibers exist in
the portal tracts showed by arrows. Note a few varicosit-
ies in thin fibers. (B) Liver from a bile duct ligation
subject for 42 days. NSE-positive nerve fibers distributed
in the bile ductules proliferating area showed by arrows.
(A), x320; (B), x400. A, hepatic artery; B, bile duct; P,
portal vein.

nerve fibers

Liver tissue classified by

Density of NPY-positive nerve fibers on day

bile duct size

Group 0 7 14 21 28 35 42
Portal tracts containing Control H -+ + +H H +H +
intrahepatic large bile duct BDL H + + ++ =+ + +
3-MDAB  #  #  #  H  H#  H H
Portal tracts containing Control + + + + + + -+
septal bile duct BDL + + + + + + +
3-MDAB + + + + + + +
Portal tracts containing Control + + -+ + + + +
intralobular bile duct BDL + + + + + - -
3-MDAB + + + + -+ + +
Foci of bile ductules and Control (=) (=) =) (-) = (=) -
oval cells BDL (=) - - — - - -
3-MDAB (=) - — - - — -
Control, sham operated group; BDL, common bile ligated group; 3'-MDAB, 3"-methyl-4-diamynoazobenzene
fed group. ) ‘
3cases evaluated in each group. -, fairly numerous; +, moderate; =, a few; —, missing; (—), no

available area.
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3. S-100 BBIEAERRME (v = 7 V) D5

1) S-100 (it

ERZ bR R B IR LI,

. XIfREE

S-100 Bk, FFRIRRIRYE, MEEIRE v ~r OF]
RIS ORBAERIC, KUHEEHEADHLTW . L
L, MIREECHEIIREC X » b 7 — 7 RICHFT B4 S-100
RSN Y o v T 4 XA BRI o (K 9A).

A

Immunchistochemical staining of NPY. (A) Liver from a control suject. NPY-positive nerve fibers exist near the portal

Fig. 7.

vein, hepatic artery and bile ductules in the portal tracts showed by arrows.

B

Note varicosities in thin fibers. (B) Liver from a

bile duct ligation subject for 42 days. NPY-positive nerve fibers decrease in the portal tract showed by arrows. (A), xX320;
(B), X264. A, hepaticartery; B, bile duct; P, portal vein.
Table 5. Distribution and density of SP-positive nerve fibers
Liver tissue classified by Density of SP-positive nerve fibers on day
bile duct size Group 0 7 T .
Portal tracts containing Control + + + + + + +
intrahepatic large bile duct BDL + + + + + + +
3-MDAB + + + + + + +
Portal tracts containing Control + + + —+ + + +
septal bile duct BDL + + + + + + -+
3-MDAB + + + + + + +
Portal tracts containing Control + + + + + + +
intralobular bile duct BDL + + + + + + +
3-MDAB + + + + + + +
Foci of bile ductules and Control D) (- = (- - ) (-
oval cells BDL =) - — - —_ - -
3-MDAB (- - - = - - -

Control, sham operated group ; BDL, common bile ligated group; 3'MDAB, 3'-methyl-4-diamynoazobenzene

fed group.

3cases evaluated in each group. -+, moderate; %, a few; —, missing ; (—), no available area.
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Fig. 8.
control subject.
portal tracts showed by arrows.
artery ; B, bile duct; P, portal vein.

Liver from a
SP-positive nerve fibers exist in the
x320. A, hepatic

Immunohistochemical staining of SP.

Table 6.
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Distribution and density of S-100-positive nerve fibers

Liver tissue classified by

Density of S-100-positive nerve fibers on day

bile duct size

Group 0 7 14 21 28 35 42

Portal tracts containing Control + + + + + + +
intrahepatic large bile duct BDL + + + + + - -
3-MDAB + + + + + + +

Portal tracts containing Control + + =+ -+ + + +
septal bile duct BDL + + + + - - -
3-MDAB + + + + + + +

Portal tracts containing Control - - — — - - -
intralobular bile duct BDL - - - - — - -
3-MDAB - - — - -~ - -
Foci of bile ductules and Control (=) (- (-) =) =) (=) =)
oval cells BDL ) — - — — — -
3-MDAB (=) - - - - - -

Control, sham’ operated group ; BDL, common bile ligated group; 3'-MDAB, 3’-methyl-4-diamynoazobenzene

fed group.

3cases evaluated in each group. +, moderate; =, 2 few; —, missing; (—), no available area.
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11B).

C

Fig.9. Immunohistochemical staining of S-100. (A) Liver
from a control subject. A few S-100-positive nerve fibers
exist in the portal tracts showed by arrows. (B) Liver from
a bile duct ligation subject for 42 days. No S-100-positive
nerve fibers exist in the portal tracts. (C) Livers from a
3-MDAB feeding subject for 42 days. A few S-100-
positive nerve fibers exist in the portal tracts showed by
arrows. (A), (B) and (C), X200. A, hepatic artery; B, bile

duct; P, portal vein.

3) 3-MDAB #& B

NSE B, SRR & AR MRS OIRERE D
EEAE PO LTV T, BRI E LA bR s 7.
Feds, A — ARSI I 2RE R B UC NSE B

C

Fig. 10. Fluorescent immunohistochemical staining of PGP
9.5 under a confocal laser scan microscopic finding. (A)
Liver from a control subject. PGP 9.5-positive nerve
fibers exist near the portal vein, hepatic artery and bile
ducts in the portal tracts. Note varicosities in thin fibers.
(B) Liver from a bile duct ligation subject for 42 -days.
PGP 9.5-positive nerve fibers and number of varicosities
decrease. (C) Liver from a 3-MDAB feeding subject.
PGP 9.5-positive nerve fibers distributed in the oval cells
proliferating area. (A), X160; (B) and (C), x400.
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B

Fig. 11. Fluorescent immunohistochemical staining of NSE
under a confocal laser scan microscopic finding. (A) Liver
from a control subject. NSE-positive nerve fibers exist in
the portal tracts. Note varicosities in thin fibers. (B)
Liver from a bile duct ligation subject for 42 days.
NSE-positive nerve fibers distributed in the bile ductules
proliferating area. (A), X160; (B), X 400. '
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B

Fig. 12. Fluorescent immunchistochemical staining of NPY
under a confocal laser scan microscopic finding. (A) Liver
from a control subject. NPY-positive nerve fibers exist
near the portal vein, hepatic artery and bile ducts in the
portal tracts. Note varicosities in thin fibers. (B) Liver
from a bile duct ligation subject for 42 days. NPY-posit-
ive nerve fibers and number of varicosities decrease. (A),
x160; (B), x320.
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Fig. 13. Electronmicroscopic finding.  (A) Liver from a
control subject. (B) Liver from a bile duct ligation subject.
(C) Liver from a 3-MDAB feeding subject. Neuron fibers
showed by arrows detectable during the experiment
periods. (A), X2000; (B), x4000; (C), x5000. B, bile
duct ; P, poratl vein.

B

Fig. 14. Immunoelectronmicroscopic finding. (A) Liver from
a control subject. (B) Liver from a 3-MDAB f{eeding
subject. PGP 9.5-positive nerve fibers observed by high
electron density objects showed arrows. (A), x4000; (B),
% 2000.
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Alteration of Intrahepatic Innervation in the Rat Presenting with Bile Ductular and Oval Cell Proliferation:
Histopathological and Immunohistochemical Study Hiroshi Koizumi, First Department of Surgery, School of
Medicine, Kanazawa University, Kanazawa 920—J. Juzen Med Soc., 105, 363 —381 (1996)
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Abstract

Proliferation of intrahepatic small biliary elements is observed in various hepatobiliary diseases, while the pathogenesis
and significance of these lesions remain unclear. The role of the microenvironment, including innervation, may be
important in these processes. The aim of this study is to investigate the relationship between the intrahepatic innervation
and the histopathologies and cell kinetics of bile ductular proliferation and oval cells, using common bile duct ligated (BDL)
rats and 3'-methyl-4-dimethylaminoazobenzene (3'-MDAB) feeding rats. In the livers of BDL rats, proliferation of bile
ductules was observed around the periphery of portal tracts at 7days and they enlarged and porto-portal bridging due to
these ductular lesions appeared after 14 days. In the livers of 3'-MDARB rats, a few oval cells appeared around the periphery
of the the portal tracts at 7 days and gradually enlarged around the portal tracts. In both models, hepatic parenchyma was
eventually divided by these cirrhosis like lesions in both models. The number of argyrophilic proteins of the nucleolar
organizer region (AgNORs), positive ratio of 5-bromo-deoxyuridine (BrdU) and proliferating cell nuclear antigen labeling
index (PCNALI) were used as the marker of cell proliferation. Each index showed peak value at 7 days and gradually
decreased, though even at 42 days each index was high compared to the control. Each index of oval cell lesions was higher
than that of proliferated bile ductules. Immunohistochemical detection of nerve fibers in the lesion were carried out using an
avidin-biotin-peroxidase complex method and primary antibodies (anti-protein gene products 9.5 (PGP 9.5) antibody, anti-
neuron specific enolase (NSE) antibody, anti-neuropeptide Y (NPY) antibody, anti-substance P (SP) antibody and anti-S-
100 protein antibody). In control rats, PGP 9.5-positive and NPY-positive nerve fibers were distributed among the
connective tissue in the portal tracts and formed a network-like structure near the portal vein wall, hepatic artery wall and
bile duct wall. After 28 days or 35 days, nerve fibers were observed to decrease in the liver of the BDL rats group. On the
other hand, NSE-positive nerve fibers were distributed in the portal tracts and innervated in the bile ductular proliferative
areas and oval cells proliferative areas after 28 days. SP-positive nerve fibers showed no remarkable changes in either of the
experimental groups. S-100-positive nerve fibers were distributed among the connective tissue in the portal tracts. After 28
days S-100-positive nerve fibers decreased in the liver of the BDL rats group. These findings were reproduced more clearly
under a confocal lazer microscope. Electron microscopically nonmedullated nerve fibers were identifiable within the
proliferative area of bile ductules and those of oval cells. The results imply that innervation was different among the
proliferating areas of bile ductules and those of oval cells and also dependent upon the different cell kinetic phases, when the
antigenecities of the nerve fibers were involued. It seems likely that innervation might take part in the formation of the
microenvironment related to the proliferation of small biliary cells, including oval cells and bile ductules. This study
suggests that intrahepatic innervation and its alteration must be considered in the evaluation of the pathogenetic mechanism
of hepatobiliary diseases.



