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Electron Microscopic Study of Pericanalicular Microfilaments
in the liver with Intrahepatic Cholestasis

Tadashi KAWAMURA

3rd Department of Internal Medicine, Niigata University School of Medicine
(Director: Prof. Fumihiro ICHIDA)

Ultrastructural observation was made in the liver of 20 patients with acute intrahepatic
cholestasis and rats with cholestasis induced by Na-taurolithocholate in order to elucidate the
role of pericanalicular microfilaments on intrahepatic cholestasis. The correlation between
the alterations of pericanalicular microfilaments and the alterations of bile canalicular mem-
branes, their surface coat (ruthenium red-positive surface coat, RRSC) and membrane spe-
cific Mg*™—activated adenosine triphosphatase (Mg™—ATPase) activity was examined.

This study demonstrated that in acute intrahepatic cholestasis in men the shapes of per-
icanalicular microfilaments became shortened or granular at an early stage, and at the later
stage they took the shapes of filamentous meshwork. The study also showed that in ex-
perimental cholestasis two types of bile canaliculi—one with shortened or granular pericana-
licular microfilaments and the other with increased filamentous ones—were observed and RRSC
and Mg™—ATPase activity on both of them decreased.

These findings suggest that dysfunction of pericanalicular microfilaments disturbs con-
tractibility of bile canaliculus and can be a possible cause of intrahepatic cholestasis.
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FAL, HHBEOBE L LB LIcReE, T4b
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BHENE (L2 5 HHT, BRUAMFABH > -k
T UEBRMAFRIEH 5 - B OFR&Y AT, EBERM.
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RRESUICHE
1. RMFAEBTS -6

FHERC L 0 SHFMIBH > -3 GiR, BEAR) &
MMl 20R MR e Lic. 5 LEAM 156, 940
AU SHITH b, ERR19~TTF, Bit1esl, 44
THot. M, AERRBERE S HE, &E 391
HHZ26& & BEET ¢t TR L. (Table
1) FB L7 20F1204 AT MM 2 BENCEBEL, 0
HRYEEHEDL OFER T TOHMIC L D208 LRE
I8, 218500 IR T8, 50H %A 2 EME T
BrLRILLE.

Table 1 Subjects

Cases Etiology|{T-8i1 (mg/d1)| Duration from
[at Bp.| max. | onset to Bp.(days)
1. S.A. 33.M.( virus 5.7 5.7 L 5
2.M.T.65.M.| drug | 44.0 60.0 -7 14
3. AN, 38.M.| drug 5.0 12.4 L7 e 15
4, 1.Y. 58.F.| drug 4.3 6.5 7t ~— 15
5.5.2. 77.M.| drug 13.9 139 L1 ~_ 19
6. H.E. 31.F.| virus 8.8 1.5~ 1~ 20
7. K.S. 74.M.| drug 5.4 8.7 1 . 23
8. K.K. 41 M.| virus | 3.8 7.2} T~ 25
9. M.K. 56.M.| drug 2.7 34 L 27

. Y.T. 31.F.| drug 4.4 18447 T~L 30
. S.1. 62.M.| drug 0.4 127 L 1T~_
. N.X. 24.M.| drug 10.0 21.6 /"i\ 42

— -
N —- O

13. 5.T. 55.M.| drug 6.0 6.8 —j—_ 45
14, K.C. 69.M.| virus | 2.0 12.0 i a7
15. N.T. 64.M.] drug 33 B2l 62
16. ¥.5. 48.M.| virus | 10.0 19.6 [ ———4 84
17. Y.T. 19.M.| drug 20.0 64.8 490
18. K.K. 42.M.| drug 7.4 9.5 L 120
19. $.T. 23.F.| drug 2.6 23.2 1133
20. H.S. 39.M.| drug 9.5  22.0 [/ e 4391

2. RBRORHFMNBTS-#
Wistar FiftE 5 » b (KE 150~ 200g) %A\,
Nembutal (30mg/kg) MB: FICRIBECHEA Lioh

7 — 7 (PES0) ot 2B8H# & (control bile
flow) % 3WEFRHIE LBk, Bl IRREEEAREICEBA L
fe#iF =5 (PEL0) 756, Na—# oo l) b a—LEg
(Na—TLCA) #30#Et +rT77 Iy, FurLry sy
A—, 5% 7 FORBIERL, Na—TLCA % 0.24M/
min/{AE 100g O—EBETHREEEA L TP H
5 >R IERIL 2. FFE%IT, Na—TLCA ZEA D154},
304, 454, 6053, 1209 % X U8RI, TAERKY
UL 0.15M, 4°C OREKTHE 120mmH:0, 253
PSR I REBR TR BRER L 7.
3. BTHEMSNBES

BRAK L7 v b X DB SO —K 2 EIE %
ZH 1mmd KETIL, 2% 7 v —uT7FE K60
S, 2%A4 R 1Y LB 120 HREEER T V3 — LR
THKL, Epon—812 TE# L1, HETH/ERE,
U7=—, $O2EREPMEL T HS-9 BF AN
THE L.

4. Ruthenium red (RR) #fbi&

RIS LU 7 v b LRI L EBo—82 1
Imm? Kic I L, 2~4°C OB BEEAT, 100mM
KCl, 5mM MgCl;, 6mM Na-—phosphate $E&i#
(pH7.0) MmO A BEEREKTHRRL T0% & Lz
Ve — L T4, IRCCRIBRICTFIR L 7225% 7 )
o - VETI2EE, LR 5% o —viET305
FIAEE Lok, BHEEAR DA TIONME -S> 3ESKH L
7. £D% Luft 2V ->T RR $@r B LE. T
febhb, 2% 78— TFE FIz RR % 2.000ppm
EhBEHIMATHEBY0MBEE L, Kz Na-
phosphate Z## (pH7.0) & 2,000ppm ® RR %
M TRz, X 5 2,000ppm @ RR Mz
To2%ARIVLABRTISO0OAMEE L. Tra—nF
FIClRAT B S=—vDT oy S HREETHEL,
Epon-—812 Ta | @y 41T L TEHEMIC
BELL.

5. EHMPBPRIBEIGE

EMIBE (BC) SEOFI, SF¥EHELIV RR
FECHAWIEYD T v MFEX B, Song #:¥¥ OFHE
T#h5 Fisher & 2% T -» Tifie - 1o,

Thbb, UEERNC 0.15M, 4°C ORIEKTHER
IRENCEFRE LIes v P 0~4°C B L —H—A
THIYIH%, GO 2 58D 1mM NaHCO; S
(pH7.5) *M%, Dounce & & ¥ 5 4 ¥ —¥H Tk
TUFA XL, FEVEA—REIUEHKE 250ml %
ME It AMOAR T — T2 ERA L, MY 500g,
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5453, & HiK 100g, 100HEL L, B LIc<L oy b
w6 U 250ml Nz fEfEtR, 1,000g, 10536380
LTy b2, "Ly FRFER L ZITRIE
(¥ 8ml) ORHEE XML TELIRBLTHRR Y Va2
VifEall. TOHRRY Vs YRIFERD 5,580
70.74% W/V (LLE1.26) ORFEEERK % N2 T, Dounce
FEIVFAY —TESFEVFARXL, TOHRARY
Ja vOHEN1.22THLH I L 2 HEE, TO 15ml
% 2 v v 3 (No. 30 rotor) A cellulose nitrate
Fa—-FIRER, E5HK 48.45% W/V (LLE 1.18) Tm],
42.90% W/V (& 1.16) oml O MK *ERE L,
66,000g, 603NIHBE L Lz, £ Dk, HE 1.16 £ 1.18
OESEROMCES LIJKABROSEY v Y v U THEE
L, D AEBROEEM Y ML T 1,000g, 557HE&ELL
TEbhic)ry P EMBEESEE LT, RR s
LW LI T D Mg*™—ATPase DEERFMM/ L HEE
L.
6. Mg* {kZFfHE Adenosine-triphosphatase

(Mg*—ATPase) OETFEHEMHINPHE

7w PFOLLEELK BC 2@ % A\ T, Boyer
B DHEICHE LT Mg™—ATPase ¥Hila{b¥mic

FRESSME $101% $45 HR62FE4A

gL, Thbbd, BCAERPEALRVy b %
0.06 M Cacodylate &E®# (pH 7.4) TEH L 1.2%
TNF —TFE FT0°C, 605 B EE Lok,

0°C, 0.08M Tris—maleate &K (pH7.2) THi=]
g l, L FEROEERPIC 0°C, 128D TH
b, Wachstein-Meisel 2% ic# U CH® L - Kt
#—2mM. ATP-Na2+3H;0, 80mM. Tris-maleate
B|Em, 10mM. MgCl,, 2mM. Lead nitrate, 234mM
BB Y 84— RIS T, 20°C, 103 fRIGX €. %0
#%&, 0°C, 3,000rpm, 553 O L THE L~y b
234mM O ST 0.08M Tris-maleate &K T
wEL, 5K 0°C, 3,000rpm, 553HEL L. HE
Lic_Vv v FE/NRICHIE, 0.1M Cacodylate
B (pH7.4) TEE LI 2%AR IV LET, 0°C,

60MREERE L. 73 — v RFTHAKE, Epon—
812 K HE L, EMYIF e i i L TREENCEE
L.

153 1
1. SRR S - BElIcH T 5K
BHERTAREH > - IO RO BEOZ LY, JEH

Table 2 Summary of ultrastructural changes in human liver
with acute cholestasis

overt cholestasis (from onset)
Ultrastructural changes
I («20) 11 (21—50) | HI (51days—)
Bile canaliculi
Dilation + ++ + +
Bile thrombi + ++ ++
Microvilli
Shortened, Bleb
Loss + ++ ++
o
§ Pericanalicular zone
é Ectoplasm, prominent + ++ +
2 Microfilaments + ++ +
T Golgi, prominent + + +
Lysosome, increased + + + + ++
Cytoplasm
SER, increased ++ ++ +
Changes of mitochondria ++ ++ +
Bile imbibition ++ ++ +
Biliary Epithelial Cells + —+ +

0 :no change, +:mild change + :moderate change, + + :marked change
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B/ SIFESEROPMC L - T3BR ST —FE L T
Table 2 WiRLt. Tihbhbd, I1# (5H~28FT
D 6Hl, MEKRE ) ve ViEiE, RS 5.7~60.0mg/
dl, 5 18.3mg/dl, AFEKREF 4.3~44.0mg/dl, Tty
13.6mg/dl) T, BMHEE (BC) 0L 3P HEED
BFPR 2R Lich, HeEA 7ev BC b7 ik -
7=. BC OBEREIFEREL O AR FEIT LTk T
BEEERL, HEE (Mv) BFhicff- TR
Lk L. EMEERBRERE (Ect) ik, B0
RCAEVCVBETEEOMMEEEY R LIcH, SLIBT
BEOMMERTKEL T, COFMNTHEL-EM
BERBEE~1 70745 2+ (BCMF) 258/t
s LERRA 2 L, 8k BCMF DIt - OB
P IBETh -1 (Fig.la).AHEhFRRE, £
HMIEEE (BCM) BIEE TEREDOILED K BC O
ik, 7Tk Ect DBFEEOHEMEZ RTINS Y,
DL WA T BCMF X ERKY 2LTW
1- (Fig. 1b). I8 (230~47H ¥ T 8 4, MEKE
) ove v, RSl 3.4~21.6mg/d], 1 10.9mg/
dl, FFHREE 2.0~14.4mg/dl, ¥ 6.8mg/dl) TiZ,
BCM, BCMF &b ii&bBEEREMEZRL, FLA
Eo BC EBRIEECHEL, Mv 3%2HEEL,

Ect 3B FEEOMMEBERZR L. ¥ BCMF
3, BERTELOEML T (Fig. 2a). 7'V &
o—VIE%D RR 7 o5 7§BTE, 275 BC
Tit RR L& TR OMBBEAZ Y > EHEEOE
BYE (Ruthenium red positive surface coat,

RRSC) 2, BE T 4 FREEL T 5@ (lateral
cell surface) 7% tight junction #ic £ % ¥ THB#
RTIRHH ST, BCM @ RRSC i3R21HELT
Wi (Fig. 2¢). ¥ic, E¥ D Ect i BCMF D
DZ amorphous matrix KR BB LR TE L
M, ZOBKH® Ect KIIZHD pinocytic vesicles %
BlZ L, ¥ pinocytosis Z#R"dT BC &</ -1
(Fig. 2b). & (62~3918 % T 6 F, IMFEL ) v
eV, BEE 9.5~64.8mg/dl, F 25.4mg/d],
FFEREs 2.6~20.0mg/dl ¥ 8.8mg/dl) TiX, &
EOREIRGE L T BEFIC B3 5 BC &1k,

IHOThEERFFRX 2L, BCMF &# IR TH
SEML T, BEOBRY R TEEHOEM K
% BC I, EEEOEEEFRIL Ect DBEERIEE L
fth, BCMF BBHRE22E LT ch, RI\HA GEF
20) TiX, BCMF R ZRTOLL ST, BRI
BHVIEEREZEL T (Fig. 3). ZOBTIZ, BCM

DEOEIE BCMF OoEMIIHcH LBE L&
2HEMR DD, Ect TD pinocytic vesicles b/ L
T,
2. EBMBMFNBETS - HBICHIT KRR

1) BEHREOZE(L

Na-TLCA BE5 X 300H 5 - W OEHFREI,
FEAHID control bile flow 217.8+24.2 (mg/hr/{K &
100g) & LT, ARG HE1553MT 48.9% (106.5+
17.1) ©&ED Lick, SREHRBORBDRIETL,
1804 %12 ¢2 6.2% (13.5+3.7) v ¥ THA L1 ( Fig.
1).

2) BTUAMENFRR

Na-TLCA F#EH 5 - &k O8O BEHNIZE L
% Table3 /"7, Tihbhb, MIREATIE, Na-
TLCA HA 15~302 %7 5 Golgi Hak, 714V
Vi— o, BE/MEESEIN L, BC EFEN & MARE AN
sHiR#EEmHIHE Lz, —F, BCM & BCMF 0%t
oWTiE, Na-TLCA EA%305 X » B LeosrEl
BEEEL oot IETEL BC R 2B S, 1
BT EEATE L, Mv BEbicuv LlEL, Ect @
JEEi3Z U< BCMF 3 BhHRYE LT\ (1 H BC,
Fig. 4a). thoZ b LTO IR T2, BCM Ay =3
FRUCEBIRZ(L L, BCMF AR cEHic#inL ¢
W (I8 BC, Fig. 5a).

Tt

control period

N
(=
?

(mg/100g.b.w/hr)

-—h
(=
e

TLC infusion

Bile Flow

T

-180-120 -60 o 60 120 180

Fig. 1 Effect of taurolithocholate on
bile flow
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Table 3 Summary of ultrastructural changes in rat liver with
TLCA-induced cholestasis

Ultrastructural changes Control 15min. 30min. 45min. 60min. 120min. | 180min.
Bile canaliculi
Dilation + + + + + ++
Diverticula + + + + +
Microvilli
Loss 0 + + + + ++ ++
Lamellar transformation 0 + ++ ++ + +
Crystalline deposit 0 + + + + +
Pericanalicular zone
Ectoplasm, prominent 0 0 + ++ ++ + +
Golgi, prominent + + + + + +
Lysosome, increased 0 + + + + + +
Crystalline deposit 0 0 + + + + +
Cytoplasm
SER, prominent + + + + + 4
Crystalline deposit + + + + +
Large clear vacuoles 0 0 0 + + ++ ++
Biliary epithelial cells 0 0 0 + + + +

0 :no change, +:mild change, + :moderate change, + + :marked change.

3) EMEIEE 5 E OB TIRMESENTR

7 v MFAERED BC HEONET, —ILYHS 2.8mg
(FFERDHK 0.03%) T, Zd BC Hifi% BEANICHE
T5&, REAAERG LEARE22LTEL, AH
Iz BCMF %i3& A ERDI\V-BC (Fig. 4b) &, A
R AREANCZER L, BB BCMF O&F/icfy b7 —
2 wH4%5 BC (Fig.5b) @ 2 » BC »&bi-.
AiE» 1B BC, &% 1% BC tBY4T530&%E
%t:. ¥1., BC HE® RR $efafs 50 Mg —AT
Pase DMl EOBE T3, EH D BC K
W Tik, BCM i RRSC & Mg*™—ATPase GtE%
Eh, &<t Mg™~ATPase (3, BCM (Mv) #&H
52X 5FEHEL, BCM DA OTAIIT B S ED
Mot (Pig. 6b). Ziuctkl, T8 BC, I# BC &
Lz BCM @ RRSC, Mg"—-ATPase /&L BHL b
BT ew L%k LT (Fig. 6c¢).

£ -3
<4707 452y ML, #NE, DPEE (10nm)
747 AV MEELCMROBEEEY XETSHEE
BOTEMRBSREERS LTHEEL, BEAETNT

OHIRZZ LT RIEEhA1V20 w707 4
7 AV NI, HOBHER LB L CTHRETSE
EbHHM, BUIHACHEE L THEROBERESE
BRLTWA. =4 707 4543, G, JEGE
fax b8 2 oER i iatHRENO B8 B F
ELTWA, Fan <47 a 7454 MM, SIRAEEE,
&<k BC A BZCHEFLL, —iiT BC KT
DR 2D ) HIgIZ B 5y i LT intermediate
junction KEE L TW33Y. %/, HRENODRH
R747AVIREGHEFTL TR EEHALLRZ
h2-30 0 s HOEEIRE Y XA S LU TEMBE QIR
MBS LTWBZ EHRBEIN T3S,

—7%, EBRWNFAEH > -#tEo BCM 2 BCMF
OB ERERZE (LB L 2RI & 2\ T A LF e
b LR LR R R TEE O L OB E L T,
fBH 5 - #DRRALIcit, BCM ® BCMF DfEfEL U
KHBEEMZELARARTH Y, BEThE, HH B
1107 &% BCM & BCMF MIEHE R & BiE>
HRTALENDBZLERLTHDEY®, DX,
BCMF #HHBEith & B pEL2E LT 52 L3
Bt A, b PRBALTRENL D BRBA L 3T
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BEitviol, £2T, RHEFNEH S - BFl 02
i 7c F B D BBEARIZE L% EERIVATPIBH 5 - Ak OEEA
ffe HUNCHIR{EERZE (L BRI L, & Mok 5
BCMF DRHHHEMC Bid RS 2T L.
2MIFRIEH > > o BHOER GEF 1) TiT,

BCM (Mv) SEEMICEETHY hib, Ect DBTE
Eoms BCMF OERRILOSHR LRI, ZOBRIL,
Ajmalin EREFARBHS -8 25EFIH HBREGHR
BEHICEShI TR BETEY . bbb, K
5@ BC 1, EReniik, BCM OELiKZ LUNTEE
BC ¢(ERAHFEL TV 155, Ect IR TEFEEY
L BCMF I ERHRY 2L T i, ird BCMF OFikL
RE(LZFFAIBH S - #EsO & B 58 (LEE %
Hha, BERBASHOES (18) T MviPELTS
O£ BC BREDSILRL, Ect 3ETFEELXHELTE
EL, BCMF OZ({b3EEL -85, BCMF (1 EH
Fliz & BEDROS DDEEK KL, BiRE & L ITHRHERD
LM A HECH -1, S DOERIO BCMF it
4% Na-TLCA #5#®D BCMT ©ZE{kid, S5
T I & BC, &B& &b TR BC OfFED BCMF
CHY%TARREELS. T, BC HEEYAVTH
‘SR T, 18 BC, I5 BC &4 RRSC, Mg
ATPase FHIZE LWVETF e LEEREZRLL.

Wi, BHEFABH 5 - #0208 LCES (18D
T, EULEE LA BC FBE® Ect OIEEIT MR
wimlL: BCMF Th»bh, oLl s ) to—
BRI X - T Ect @ amorphous matrix %%
B T—BHBCEETE . ZOMKHD BCMF 3
#FYER EOIR BC o FACEHZE L BCMF &xt
BT AR EE L.

EMAREEE U ER (I8 Tk, BCMF 0 &tz I
BrH L TERT2EMCH -1, SERREIFFREL
TUWABEFTEL, BCM OELRFETHH I Hh D
BCMF 2 I B L 9% L, —McBhROEEY R
LD LREL T, BIEHDES T, BCM, BCMF
FARE(LIBEICL 9, BCMF &Ko ohE
ETH -1, ZORKADO BCMF i3, BER T EL
LCI® BC @ BCMF iWHEHAMKRDOLNS,

SHAFRIIEH 5 - Pl BT 5 BCMF oZfb%:, &
B X L HERR, L O & ORENEN LIRS 5
L, Fig. 2 O XS HERE»LOBRICKE (EE
ENAZ ENHELAR - .

¥, BREHABRE®R» SHEREE 91 BEKEDL
hi- &0 BCMF o—#oBEZ{LZE LT, A

+ o0 @ o0 L]
8
T +|cooep o L [ ] [ ]
£
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Fig. 2 Grade of changes of pericanalicular
microfilaments

BEH 5 - # & BCMF OE{bs OREMK >V TEET
e, BRDLGEIFRIA VL DBIESREY v
SNERDEAT S EBEINAHEHS - #BEF (ym-
phokines) 343" i & - T, BCMF »Mzah, 8H
DOHHHEENER SRS, 23\, £OBHHEEE
¥ [ET 5 icdic BCMF ARGH BT 5. ot
MmU7: BCMF DSBMEREZ R LTH2D, 77 F 16
-7 F vORBTOZNBELXET I L01DL, &
HOTHBHEEZS. ¥ LT BCMF oz, g+
ittt bicE Ul hidEAREBRIGEEZ 2 D0, B
mUTcE8Re LTHABH > -8 ERTi0TI Vv X
5TH5. £ DEFT, *DEOEBICLE-> T BCMF
BELL, BACEELT S, Eficbic - TlEH
WM B AT, BE BCMF RKET 5
E X > THEHBEORE S —BEET IO LA
s,

BB TAH B R 5 BCMF 0%kt Na-TLCA #
o 1 ® BC, 1% BC 0rhFhoEBECHE
L7z BCMF OZFECin 5 & LB R~<icn, &
Dk 5% BCMF 0Fftit, +4 +A 5B (CB) ¥
LU7 704 Y (Pha) *AVWLEHMERTLHET
x4, THhdb, CB 2, # £D—ED helmintho-
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sporium dematioideum DB EM T -7 F
 g-TIFVCUNTAEMTHEH®, CBHT v
M5 T 5E& BC (HERL My 2IEK LIBHRED
®WoT5. ZoE BCMF BERRZE L THEZh
3, toZElkl, Na-TLCA #5#8HBETS 1H
BC Ff» BCMF 0Z1{t, XLiBBKRFICKT 28
BEHBERKL LEBERBEEHD BCMF OZ LI
HTHEYULTWS, —4, Pha. 33 HD Amanita
phalloides 7 HHitH LICBRIKRZ7F FT g7 F
B -7 2 F V~OEESRREX L LHEMT L DM
0 29 Pha. #7 v M5 T3 & BC (IR L My
BHELBEHRELRDLTS. Ect BFLIEEL
BCMF X B#ROBEEYR L THENT S22, o
BCMF Dt RI3, Na—TLCA #5#%D 1% BC %
BRI T 2088 Lt i B4 2 FNEH 5 - D
B3 mEK; BC OFED BCMF (L& BLIL T
W5, i, SEEEFMRC ST time-lapse cine-
photomicrography *H\T BC RIEBEEHEE
T 52 &M in vitro THEAD R TE DY, 26
© CB % Pha. RX-»>TBCOBEHELL, BCH
BEDER LT S BIEMBH O At T 5 1B 14
DX 5 CB ® Pha. #AWEWERS in vitro
DEBRHSELNLREIZ, BCMF A EH el g%
RIS LB eV OELTERAIREEL T3, Zh
LI & FE W L AR b Ui EREIAFANEHAH
H oM bB—EHOKEY LT AL, L rREWT
4 BCMF (208 Bt R & 1), ZTOIRERED HuB
7ol LIHEDEH 2 ~>#ORRE LTEETH L &V »
THBETIH eV,

L& L, BCMF X5 BC ®IXfEiE, BCMF 37¢
bb7 o F 7474 BEBOERCE S LIEEL
<, BBHOES LRIRCFRATL T 7 F v e
Z v vOREERTIE R 5 L HEZIhE. EE,
F4ERaD 3 A & »ik, 19765 Brandon®® it & h 38X
hTw5b., b, SEHERIFARLEVERLD,
BCMF kXt % BC olEE#HIL, Ca™ ZHFEEATH
AAnEY L)V UEMLTCavybo— v ERITIF -
14 v vOfEA (actomyosin—Ca**—Calmodulin %)
CE->THRMINDZENHALM L 2T 5131040,
— T I F T 45 A v RS A it Catt B
RHE/RT, #laHN Ca™ OH AR EET S Ca™
—Mg*™—ATPase K & » THF I h b L0bh3, &
OREFZ AN TIE BCM K 0L R HEELT
£ b4 actomyosin—Ca**—Calmodulin FIZERA L

THHE TS LTW5 EEX S, Co8ldEan
5, ERWITABEH 5 -»#c kT, BCM, BCMF @
Ltk - T Mg™—ATPase fEHEAMET/nL LIH
Lz SIZEGZE. Mg™—ATPase EHEDOET X
BCMF OZE{t&#N LT, BH S > #oRRKROSE T8
DE EDTNBEELI.

] £

1) SHFREH > -#oBEEKSII B %5 BCMF
OB X HEBHNEE CY, BCMF BN
LTERREZEL, SBEEHEMURHREYEL
1-.

2) BESHEBRERD BCMF oFkil, HERHRE
1P CERE L. BCMF ot LRIFcBENKEEL
T,

3) Na—-TLCA ¥5ix k- TES L . EERYEF AR
H> -k 5 BCMF oZ{bicid, BERK*215
LOLEMLTRERYZETALOD 2RIMNEEZ N,
i & di BCM @ RRSC KLU Mg™—ATPase &
HIE TV LEEL T,

i B ERREID LR & B ERR D AR & Ottt
mb, BBEERHEE <47 07 0 7 4 v M2BHE
KBS L, w4707 474V OBERESEMIEE
OIERELYERE L, FREH > ~#HREOEELERN
EheBhEELI.

War¥z bicla, eE, HEMY B - B
HIGAEIR IR 2B BT 3. T /EEW
R\ RO CBILEER R RE S 3 WRHEL KiE
LI DBEEXERT L b, @RIV
TREZO L NSENERIE CHDBZER DL 2 S
BLET.

ek, FRXOBESW, F17E HEFEESELR
&, YVBEYY L [HERYA 275 v vkl
DR DOEN] THREL.

g 2 X ™

1) Porter, K,R., Byers, H.R. and Ellisman,
M.H.: The cytoskeleton. In The Neuroscience
(Schmitt FO & Worden FG, eds), pp. 703~
722, The MIT Press, Cambridge Mass 1979,

2) RIIER: MIRBROMEHEE EOE -8
BE% 28:624~635, 1983.

3) Ishikawa, H., Bischoff, R. and Holtzer, H.:



NiFt: EMEERERN <4707 ¢ 72 ¥ M cBT 5 ETHREENTIR 265

Formation of arrowhead complexes with
heavy meromyosin in variety of cell types.
J. Cell Biol. 43:3121~3128, 1969.

4) Trenchew, P., Sneyd, P. and Hallborow,
E.J.: Immunofluorescent tracing of smooth
muscle contractile protein antigens in tissues
other than smooth muscle. Clin. Exp. Im-
munol. 16: 125~136, 1974.

5) Farrow, L.J., Hallborow, E.J. and Brighton
W.D.: Reaction of human smooth muscle
antibody with liver cells. Nature 232: 186~
187, 1971.

6) Lazarides, E. and Weber, K.: Actin antibody:
The specific visualization of actin filaments
in non muscle cells. Proc. Natl. Acad. Sci.
USA, 71:2268~2272, 1974.

7) BE@ME: T7FvOEERRSEEE. 18
205~213, 1981.

8) Sanger, J.W.: Changing patterns of actin
localization during cell division. Proc. Natl.
Acad. Sci. USA. 72:1913~1916, 1975.

9) Namihisa, T., Tamura, K. and Saifuku, K.:
Fluorescent staining of microfilaments with
heavy meromyosin labeled with N-(7-dime-
thylamino-4-methylcoumarinyl) maleimide.
J. Histochem. Cytochem. 28: 335~338, 1980.

10) Jahn, W.:

experimental congestion of the isolated per-

Similarity between the effect of

fused rat liver and actin of cytochalasin B.
Naunyn-Schiederberg’s Arch. Pharmachol.
278: 431~434, 1973.

11) Phillips, M.dJ., Oda, M., Mak, E. and Fisher,
M.M.:
possible cause of intrahepatic cholestasis.
Gastroenterology 69: 48~53, 1975.

12) Dubin, M., Maurice, M. and Feldman, G.:
Phalloidin-induced cholestasis in the rat,

Microfilaments dysfunction as a

Relation to changes in microfilaments.
Gastroenterology 75: 450~455, 1978.

13) Watanabe, S. and Phillips, M.J.: Ca?* ca-
uses active contraction of bile canaliculi:
Direct evidence from microinjection studies.
Proc. Natl. Acad. Sci. USA 81: 6164~ 6168,

1984.

14) EJ#EX, Phillips, M.J.: EHIEERIEL D4
foRBH- O HEtEEHE. BTRERE, 9:21~27, 1984.

15) Phillips, M.J. and Oshio, C.: What is actin
doing in the liver cell. Hepatology 3: 433~
436, 1983.

16) Watanabe, S., Miyairi, M. et al.: Phalloidin
alters bile canalicular contractility in pri-
mary monolayer cultures of rat liver. Gas-
troenterology 85: 245~253, 1983.

17) Ak, THEBA, 3n: DREERFHERCE
33 Actin filament D #ER#ZEL. TR, 26:
107, 1985.

18) Phillips, M.J., Oshio, C. et al.: Intrahepatic
cholestasis as a canalicular motility dis-
order. Lab Invest 48:205~211, 1983.

19) B EE, Ba#k: Na-fluorescein ¥ AL 7
MRS BT IBH i O T, ATRE, 26:
397, 1985.

20) Oshio, C. and Phillips, M.J.: Contractility
of bile canaliculi: Implications for liver
function. Science 212: 1041~1042, 1981.

21) Oda, M. and Price, V.M.: Ultrastructure of
bile canaliculi with special reference to the
surface coat and the pericanalicular web.
Lab Invest 31:314~323, 1974.

22) Song, C.S., Rubin, W, et al.:
branes of the rat liver. Isolation and en-

Plasma mem-

zymatic characterization of a fraction rich
in bile canaliculi. J. Cell Biol. 41:124~132,
1969.

23) Fisher, M.M. and Bloxam, D.L.:
terization of rat liver cell plasma mem-
branes. Proc. Soc. Exper. Biol. Med. 150:
177~184, 1975.

24) Boyer, J.L. and Reno, D.:
(Na*-K*)-activated ATPase
membranes enriched with bile canaliculi.
Biochim Biophys Acta 401:59~72, 1975.

25) Wachstein, M. and Meisel, E.: Histoche-
mistry of hepatic phosphatases at a physi-

Charac-

Properties of

in rat liver

ological pH. With special reference to the
demonstration of bile canaliculi. Am J

Clin Pathol. 27:13~23. 1957.
26) Ishikawa, H.: Identification and distribution



2%6 FEEYLME $101% F45 MHDe2E4 P

of intracellular filaments. Cell Motility: mo-
lecules and organization.
Press., pp. 417~444, 1979.
27) Mooseker, M.S. and Tilney, L.G.:
zation of an actin filament-membrane com-
plex. J. Cell Biol., 67: 725~743, 1975.
28) French, S.W, and Davies, P.L.:

ctural localization of actin-like filaments in

Univ of Tokyo

Organi-

Ultrastru-

rat hepatocytes. Gastroenterology, 68: 765~
774, 1975.
29) French, S.W., Kondo, L, et al.: Morpholo-

gic study of intermediate filaments in rat .

hepatocytes. Hepatology, 2:29~38, 1982.

30) RAFIE, RAEZ, 3H: EXRAHMEEHLS -
MR OFHEREA microfilaments &2V T,
HiE4&sk, 75:180~186, 1978,

31

~

Okanoue, T., Ohta, M,, et al.:
tron microscopy of the liver cell cytoskeleton.
Hepatology., 5:1~6, 1985.

32) AIFEH, EMX: EHSWEEC R T 5 EH
IEREM~A 707 454 v bEIUOEMBPER
OBEEES. TR, 21: 1716~1721, 1980.

33) Kawamura, T., Kamimura, T., Ichida, F.,

Scanning elec-

et al: Electron microscopic study of acute
intrahepatic cholestasis in human induced by
drugs—with special reference to alterations
of hepatocytes immediately after challenge
test. J. Clin. Electron Microscopy, 15: 428,

1982.

34) BOwEk, BHEBX, 30 AT LA F-HF
HNIRH > - FEDREH 5 - #RF (lymphokines)
©OWT, HIEAE, 74: 548~566, 1977.

35) BEOHEKL, BHBX: EH 7T Lo - HFREH
5 S OREMF BT AR, TR, 20: 673~
687, 1979.

36) HEMIEH, FHmEEK, 3H: FHHBHEFAEH
5 - DFELEMF —lymphokines & microfila-
ments B & DOBARIC DWT, — HILBF & B,

4:217~227, 1980.

37) MEIED, HEAMSE: BT VHEEAH D -8
RF RSO AFNEH 5> > #OFKEBF — in
vivo ¥ & U in vitro &K+ % lymphokines @
Weat—. HAL3E LR, 6:63~71, 1961

38) Wrenn, J.T. and Wessels, N.K.: Cytochalasin,
B: Effects upon microfilaments involved in
morphogenesis of estrogen-induced glands of
oviduct. Proc. Natl. Acad. Sci. USA, 66:
904~908, 1970.

39) Gabbiani, G. and Montesano, R.: Phalloidin-
induced hyperplasia of actin filaments in rat
hepatocytes. Lab. Invest., 33: 562~569, 1975.

40) Lengsfeld, A.M., Low, L, et al.: Interaction
of phalloidin with actin. Proc. Natl. Acad.
Sci. USA, 71:2803~2807, 1974.

41) Oshio, C. and Phillips, M.J.:

of bile canaliculi as evidenced by time lapse

Contraction

cinemicrophotography. 31st Annual Meeting
of the American Association for the Study
of Liver diseases, November, 1980, Chicago.
Phillips, M.J. and Oshio, C.:

dysfunction as a mechanism in intrahepatic

42

~

Microfilament

cholestasis: Evidence from time lapse cine-
microphotography. International Association
for the Study of the liver. November, 1980,
Chicago.

43) Brandon, D.L.: The identification of myosin
in rabbit hepatocytes. Eur. J. Biochem, 65:
136~146, 1976.

44) BOMR, THBBA: EEFMECK T 3 EME
BINFEEE L Cav—Calmodulin %. AT, 26:
1346~1350, 1985.

45) #MAEMH, FBIEM, Edh: FREH> -BRE
BHEC KT 2EMBEE T 7 F Vv RORE— VY
L, #ANVEFaY VY, Ca*—Mg™—ATPase D&
WRAEENRE OBl D —. TR, 27:1497~
1501, 1986.

(B RIiEHER) (BEfNe24F 5 A 208 %41)




WX (1)

N




A G X K®OCID







Explanation of figures

Fig. 1~Fig. 3; Acute intrahepatic cholestasis in men.

Fig.1 5days after the initiation of jaundice;
la. Two bile canaliculi, one with loss of microvilli and the other with well preserved
microvilli, are observed. Pericanalicular ectoplasm around them are already promi-
nent. Ur—Lead stain, X 15,000.
1b. Microfilaments around the bile canaliculus with intact microvilli are shortened or
granular. Ur—Lead stain, X 30,000.

Fig. 2 30 days after the initiation of jaundice;

2a. Pericanalicular microfilaments increase markedly and shape into filamentous stru-
cture. Ur—Lead stain, X 45,000.

2b. In pericanalicular ectoplasm with markedly increased microfilaments, pinocytic vesi-
cles also increase. Ur—Lead stain, X 25,000.

2c¢. Increased filamentous pericanalicular microfilaments and lateral cell surfaces of he-
patocytes outlined by RR are observed, but RRSC is not detected on the luminal
surface of dilated bile canaliculus. RR-Ur—Lead stain, X 45,000.

Fig.3 391 days after the initiation of jaundice;
Pericanalicular ectoplasm is still prominent, but pericanalicular microfilaments alter
shortenedly or granularly in part. Ur-—-Lead stain, X 30,000.

Fig. 4~Fig. 6; Na—taurolithocholate (Na—TLCA) induced intrahepatic cholestasis in rats.

4a. Type—I bile canaliculus is characterized by a dilated canalicular lumen with total or
partial loss of microvilli and with shortened or granular pericanalicular microfila-
ments. Ur—Lead stain, X 12,000.

4b. Bile canaliculi isolated from the Na—TLCA infused rat liver homoginate; Pericana-
licular microfilaments detach completely from the dilated bile canaliculi. BC—fraction,
Ur—Lead stain, X 15,000.

5a. Type—II bile canaliculus is characterized by the lamellar transformed canalicular
membranes with increased pericanalicular microfilaments. RR-Ur—Lead stain,
X 13,000.

5b. Bile canaliculus isolated from the Na—TLCA infused rat liver homoginate; Markedly
increased pericanalicular microfilaments around the irregularly distorted bile cana-
liculus. BC—fraction, Ur—Lead stain, X 12,000.

6a. Bile canaliculi isolated from the control rat liver homoginate; Pericanalicular mi-
crofilaments distribute as meshworks around bile canaliculi. BC—fraction, Ur—Lead
stain, X 10,000.

6b. In the bile canaliculus isolated from the control rat liver homoginate Mg —ATPase
activity is present in the luminal leaflet of canalicular membrane. BC—fraction, Lead
stain after the cytochemical reaction for Mg™—ATPase, X 20,000.

6c. Decrease of Mg**—ATPase activity is observed in canalicular membrane isolated from
the Na—TLCA infused rat liver homoginate. BC—fraction, Lead stain after the cyto-
chemical reaction for Mg*”—ATPase, X 7,500.

BC: bile canaliculus, BCMF': pericanalicular microfilaments, Tj: tight junction, Ect: peri-
canalicular ectoplasm, LCS: lateral cell surface, RRSC: ruthenium red-positive surface
coat.



