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ABSTRACT

Liver regeneration is a result of highly coordinated proliferation of hepatocytes and non-parenchymal liver cells. At
this process, induction of metallothionein (MT), which is low molecular and cysteine rich, has been reported. The present
study was carried to find the ultrastructure of hepatocytes and determine the expression of MT in regenerating rat liver
after partial hepatectomy. As a result, the remnant liver after PH grew fast from 1 day until 7 days. Various changes were
morphologically observed. Disintegration of cell plates and liver lobule appeared shortly after PH. And hepatocytes
showed the rapid proliferation, characterized by high nuclear cytoplasmic ratio, weak intercellular junctional complexes,
chromatin condensation, increase of ribosomes and mitochondria, and temporary increase of lipid droplets. Finally, remod-
eling of the liver lobule was completed through the rearrangement of blood vessels and cell plates by 7 days after PH. On
histochemistry, immunoreactivity indicating the presence of MT appeared moderately throughout the cytoplasm of con-
trol rat hepatocyte. After PH, positive reactions for MT increased at the cytoplasm and the nucleus. These resuits suggest
that the remnant liver cells immediately entered cell proliferation and increase of MT expression after PH. It is thought
that MT protein might be associated with transfer of some factors needed to cell division from the cytoplasm to the nucle-
us for regeneration of the liver after PH.
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o] Hellol] o]z of 747 7t A o] ghrF, Yol
Me 1 Azl o] AQFE Aoz oA gl (Tarletal,
2006). o]2gt 7HH| 2] MEEdols w2 ol Ra
A (protease)Eo] HedtA Hau M2t FzA=3} A3}
g Fdted w2 A7 el o] $4& ot A 29
Az RAol A3l AAEZAE A E A1 (hepato-
cyte growth factor, HGF), I M . A A¢1z} (epidermal grow-
th factor, EGF), 3= A £ AJAFe) A} (vascular endothelial
growth factor, VEGF), 2k3]AF¢lA} (tumor necrosis factor,
TNF), 3 A4 3142} e) A} - (transforming growth factor, TGF
-a) £0] 9o} (Mohammed & Khokha, 2005).

E Mz 2o sl AARIAE F9 sz
otz 2l metallothionein (MT)2 2] A4} Tzl Befa] T4
3} Agsla ole wiAg Ao 2 IR A Hod
{Margoshe & Valle, 1957). MTx ¢F 607]9] olmjAlER
o] Fo17 M EAF (6~7kDa)o] hildz F=z 71, H|A,
A, A% Bl Fxsle Az o ofd (zinc)elt 72, 7}
ol 72 3234 o] 23} 31317 % (sulphide-sulphide bond)
€ 3AJsta 9lch(Banerjee et al., 1982; Powell, 2000). o] =
WMAo] 7R3 Sl AA ofu] Al FollA oF 30%7t Al
E]]ql(cysteine)OIttl, ulEZ olm| e AkF) 8] 2| (histidine)

2 A2 &R s}A] o=} Clough et al., 1986; Duna et al.,
1987) o]# 3t MT: Z4-=A], A-9-7] (free radical), AL
ol 2Jgt DNA &4}, AP ~E g A Fol] B wholzhg-9
Q&g 3= Aoz A=A den, Alx 717] (interphase)
2] G1 ¥ S7]e] FEut ofd o]g MM ¥ Y=
o]FAIZ] o2 DNA T4 I MZE Yo Fo3l= Aoz
el A 9Joh(Klaassen et al., 1999; Oliver et al., 2005).

2 A7 e 7 A 5Ho] B FEE s He
@ Aoz 2 okeal AHE AYPrE: 3o oY UYPE
%, oF 0% Fale TR A9 AT & AAE
frEshe FAAAM Jehdl= Az A& dopr Al
ok & 2 A F A4 Fd 2 5 AER 3E
3t3 FEn| g o] 43l $A4F M E F
Aol gt ety EAE AAsH N EZEG] ¥
Az gelzl MTe] dist gdzA3ehy fag 59
o] iAol 2tk A A o]wd EAE viepl Al s
ofotr 317} 3wt

Mz o 2y

1. 48 2

APEEAE 44 249 AW A6 34zt
7| 2AHE8E A% 200 g 9] 9] Sprague-Dawley 52| €4
245 AHLaT A2 2H AR 22 Jute

A AP Sutele Al A3kt

279 BE 7+ HAlE dHzz A uFHE AR I,
ANE 2299 HE AAsIT 70% ERL2 A58t A2
ok A S99 F99 JdE 2AAHA AAY
. £eg B3Pta AFstn 2HE sk ool 2
3 NEE 2Pty A5 APLesA BE 7
AAZE 1A78 347L 64178, 124171, 14, 34, 79, 1044
HANA xAE HAEstd FAE A3y, A 14
9 Hu)d 2EA| 2} ARSI g 27 oY 4T
A ok IH (ALY NERETe ATt AF
A z=H) 2 A st vl

3. Hematoxylin-esosin (H-E) 2|5

221& 10% neutral buffered formalinel| A} 21#
23 Bell $AFR, 60% osb&el M RE T4
Nekg7tA] B A% €0z A7 1A Yestlch 1

L 1%4 SJerest ALl (xylene) A 1412,
121744 23] =3t 1 sebd (paraffing 35
717‘1 4 etor zrfjsle B5L Azsigich
gty 22L& 3A3 ubA 7] (microtome, Leica
A3l 4~5um FAR A21, FeHRE A3
é‘ FulEAl ) o 94l 02 o] F4 M3} canada bal-
samg o] g38ted F-Y3t ¥, F3v|F oz {ARHS.

ot

N
PR i
of PN,

o
i
lo
n:

M
L A
r&

oxux

m[o i r}g, o

>

¢

AEEGel Fejdhs Aoz defil MT s I
Pe 2 G5ed ezt 2e Qs
getdle] zoi® 7+ 244 microtomed ©]-23ted 5ume
A2 AL T Add) 2} 584 23) Helslel e
A AL, TS MEE 60% AetE7tA] 74 284
4 Ak 48 24 ALN 3% H0,0 587
288t Immunotech kit (Immunotech Co.)& o] 2-3}¢]
blocking £-¢§ %l MTel ©igt 100w 34" 13} 34 (mono-
clonal mouse anti-horse MT, DAKO Co.)& 1024 z]lsh
gt $7)AAF ekollA 231 314 (biotinylated secondary anti-
body)$} streptavidin peroxidaseE 1084 *z]st ¥ DAB

2 A3, FutEAdH e g qaga sl Fakgu)go
= Bzt
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paraformaldehyde & 0.1 M sucrose &§g-lell 3A]7F E4b
TA? 2AL vibratome-d A3l 500um AR AE
=, 0.1 M ¢lAkgh3g-of (phosphate buffer, pH 7.2)0.2 24
¥ 4% glutaraldehyde TA R} A stgdct a3} =
AL 0.1 M QAHZ-8-4S o]g3le] 2034 33]¢ ZA
A F 1% 0s0, 1Y o2 1A 59 F1338t3 npzt
72 0.1M dAatstEg oz A8 60% oekgR
B FpolelerbA] wE A o2 7F 2084 @4t &

propylene oxide S o}-£-3}ed 1084 23} 33t NMA
(nadiac methy! anhydride), DDSA (dodecenyl succinic anhyd-
ride), Poly/Bed 812 Resin {Epon)3} DMP-30 (dimethyl amino-
methy) 2 ZAIE Epon E£39 & o]88le xufslz 60°C
dry ovenel| A 72417k Fgstolvt. 2olgl 7b 232 29bd
B 7] (Reichert supernova ultramicrotome, Leica Co. )& o] &
3le] 80 nm FA 2 Z2uFAHE T uranyl acetate$} lead cit-
rate2 o] ARGAA T =z e A (JEM-1010, JEOL
Co)2.2 80kValolA AAsID, Azlded & Al A5l

oA #ZAH EAAINEE A% 7t
F 12AZA = W37t
ksrort, 1 g g e F2ig
e Hel Aoz Jvepgel & BE 7 HA F 1A
FA F71E-2 0.1%0H Bls) 149 3

d A3 AFZME 1% AR Fol7} U= 7oz 2
A= 9o} (Data not shown). 2|4 41 7+& 48rain] A slel
A A AR 2 AA & 147 A AT
AMEE M Z el AulukL(lipid droplet) 2.2 o] AX
Eol WA Azbsioied o AXEE AlZtel ARES,

r_a

A

5 G2k F7kke FdE vehfo] 124]7ke] Agt AY
Zol A el o]z Aoz HFEHYT o] AL
b AA & 3] AT AYPLoMEE A AR}t

o 7¥Ael e ol HA EolE AE AFFE + Ui o
3 A ko] ZAElEA A Ee] o} E¥ot 24 7
AFE Aoz vepdoh w7 dal & 12470 AF Tl
AMBE 7 A EDo] BFFe] 3, 4749 AEEo] ZHE o
= Bgg B 4 lgleh 3Ye] Ade Aol RE e
A ZEo) 7 AEe AYAehs 2o A on 7

el ?Jr A2 A= FA1E =7 83

> o

EP

I’J*B’“ 7F 2A 9 HAEu AL o] g3l w|HF2A
=xg BAT A% pd Fd BT WMz v
(nuclear cytoplasmic ratio)7} =7 vielydch dxe] A=
Eol Azgs AT TR sinusoid)Eol M x A

olof &A1t MEIg FASE 7 AAME (hepatic pa-
renchymal cell) Atolol| = mlAl-g-27} SAIF o] 9lar, Mxy
A B Eo] ¥t e A FH(bile canaliculus)o] #
At 7 A F 3A7be] AT AP TME LT
Po] Fadhe AI¥E Jepld =3 Az o g4
{nucleolus)8] F&o] oIejgomn] o] - M A (heterochroma-
tin) o] o] ﬂ%ﬂ“‘jr 12417 Ao A g5
A F71E BE5E £ 4 gl Axge] BIFHT ]
EZ=go}e] —1-71' Z7¥ee 2ol HAHSY 199

A3t A LME Hzate] BF e iz, A=} ‘E;‘d
3l BE9}(desmosome)S FAISHE A4 Al (tonofilament)
59 Ryrb wislshs EAR SEE e, A 27 3o
FAHE 24 ek 7F A § 7] A AY
ZolME F7HEAR AAH Aol HaEE ZEH
ZGAA o] T} 7oz AFAHYew ANz F
A Az Q34AY 22 9 w432y EAES B
4 slsleh(Fig. 2).

PH ¥ MT®| 228 F<l3}7] 9]3lef Wz 3ehA] v}
HE o] 83lgich WA Wzt Ay Az ofsid
AH dzFoez 13 FAF HsA] 4T T
MTol gt oFAukS-o] defuix] dgfom. 13} A& A
g3 T8 AT ME MTER-o] dolydel. AAle) 27
A8 MTE #<13t 25 o}F wlefelA] p¥doz M=d
°“*1 WhS-o] BIFGICE £ A¥e 3 5344l 7 HA|

F MT 29 9X& ol 2 A7 2 HA F 34]700]
75‘43& AP FNME F2 HZ2A-dA g0 dojubs A
& B 5 odlom 6417 AFFMREE A} oAl
uk-S-o] vlehtr] Al#sted 12417 W 1Y A#g Ag 2ol
A el MY F D3le] AAF o3t L 1
Aol A= 39 APFolMe Bz vt
HEZAAA HqEgo] ezl 7de] AR AdFME
AN 2T 22 Y ihgo] RAH AT (Fig. 3).
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< gFHA o7 Az AYHA Fo Yepl= 7 24
A AEE PeigAos BRI A ELEG Foddh= A
o2 o2}a metallothionein (MT) thi el 3t ¥4& £
shog 7b Aol R A xEA BEAL detn A} Fich
B A &ekF I EHAPER HE% 7 2
AL FA A3 B8 7 BA F 19 AA3T AFLAA
FE e A FoEEe] Ax ZUkslEY), o] A
DNA2] gAlo] Hdol o]z [YRRE] 7HH E2] EHo]
s] Asgxe] 7 AAHo] ZA F71e A Aol 9l
T Aoz A4y, o8 d1AEe] L—Q}ri fAHEE A
2 Jepdeh(Xu et al,, 2005). A F A AE o
of g (lipid droplet) 52 Heole ﬂ%f’] #HEAH7
AAste] Azbe] ARFSE AR F718He FAAE HER
o] 12X|7te] A8t AgZA Hllo] o2 Aoz
FE ek o] F2E FARY ARE AT Aoz o
vHog M zEgo] s FHE FoAE AHE
Aoz deA ¢l o (Cheeseman et al., 1988; Masotti et al.,
1988), 4 7t Aol ¥ AEzFAMe 18 Wz
2715 ofAFS el (Carnovale et al., 20003, o] & A
7ol ZFstA AvhkEEe] v F2t 34 HaEe
Aoz FE%oH, ofe Hat o] A A7t Badt
Aoz A7EC wdh BE 7 AA] T A E3(cell plate)
o] 2 H ¥, 3do] AFT APFAMEEE T EE]
7+ AEFE AP Aol FFEAeH Tde] AHsl
Ag7e Az FAEE Fel7b #AE0E, olE
g A 3 A ke TP A AAE F A
FAlo] o] Fo)R 31, o]ofA] HYAQ Y] F2= A
e EAoZ g
A Tholl A MO wlA|F2A EAE AT A
94 F9d THEEAMNE 7] o HZE vl d/A]
A v7h vlad & Zlez I 7 A & 34
Zhel AFg A TN FLIAR o] Ay, g4
{(nucleolus)= & 3= °L°L—’ ]3] &3 B 4] (heterochro-
matin)e] Be] FAE oz Hel HEEY A7 |HA ] 3l
E AEEe] g2 ez y4En 17"]7} ALl A =
AuhkeEo] ZA VI Egd £ 4 ddled HMza
o] $AH I v|EEEE o} STt FUles ol FRH
REd oA A Q] A EAAM Hast oA Wit
o} d#5l Aoz Al (o] AH3 AYFAM = u}
A2 A x| BAE e Bée] FAHYeH
Aol AMA R AP Ao 9l Az Wel &
g Aoz Hol NERGS 45 Aty AEd =
g A Z7k dA4el BAk (desmosome)o] ¢kElE o] 9l =
4= BARe o} AT 3] BN wow BAY
Aot o)A AEEIS 43 33 v 2 A3y
A 55 g A olgt AR 2F A F 7] AHst

&
>

f

Agode FHEA" AAdH g3 0] Fase =
% AgA-e] ¥ Aoz ARG en YYdEL
3 T Az dAAe 2 g edTed SAE
& £ 4 s

PH 3, MT¢] B2 24l5}7] 9J3ts] o z2ssh] o}
WS ol gl WA ddzAsle Ay Axe osid
AA drLoz 12 dAF A3 g LolAle MT
of Wk FAu-S-o] Yoju}x] gigkew, 13} A A3t
BE AgFME MTHRSo] dojyich AAddzLoA
MTE #eldt A3} o} vlefsidl £8H02 A 2AA
ukg-o] FelEglent o2 MTY 7|54 SdeM B3
& 9 SAEA B3 5o 9 7] 3 L8k MT=
A 2 Ao 35 B9 7k A F MT a9
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Alatste] 12A412F 2 1o A A3t "éfﬂ—l—ﬂl/‘i & fefriel
o o] FFEIH. oA HE 7F AA= A% MT
il o] FA o] HEAANN oz o]Fsh= AL &l
T 4 o 2 ¥ 4 dow, MT @A F dake
2A5le AAv|F o2 FET ol dFe} fAKE A

o]t} (Kim & Shin, 2001; Ahn et al., 2005; Michalopoulos,
2007). vk F9] M xS A9 GOt Gl7]oAM &= Al 24
Fxalert §7]) 2716 el HAst 122174 74 7
A 2x3lh= B 77} g)oh(Tsujikawa et al., 1991).

A9 AFAES S £ o, 2FHE AYEL=R 3l
70% =] & 7 BAEE ANEHAE Ay 72 F 71
4Rk st E_}J-Z_},Q._i VA 50} ANEA Bdx
ﬁﬂl Aoz A4EY, 2k qAFAEL 7H4ae Xﬂ
7t BAHE M A% oo 228 AFAAALE
5 Ak o] HAA MT 2]
Wo| Z71sed], 2o dg NEAERH VA oz
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217 7ke] o T0% HET FH o AAT F, A7t 7T
w2} 22 $A3 2A Y AFA FAA e 4
35 FAst I A2 diEe e e g8A e
metallothionein (MT)2} WalokAl 2 Az 2x 9X 2 oolr
27k spsdek

7 BA F e #F A, 27)2E 299 24 Ay
FH Azge] BT F3lo] PAFHE Bl TEEH oA
7t AA F 194 ou] MEEL] Z2o] F3o] Zvlsle Y=
25E AT 4 slde ol F s Az RYe] AL A
Aol o) FoAA = Fo} ¥l T2AE& o 7do] Asba
QL Ao fEoz IEFT AT gdaEE Hoz 2AF
ot FHARDN A S o)8dte] FAFel A EEY wAHT
Z W3e WA 2 2 A F 347 AR 87 724
25N A EA W7h v B FA debda v 22 se] ol
271 Fokeldler. fejE|nde EEEE] Exv 2
A FAY 5 ook 2 A F 2447 A A TelMe
HzA Aupahge] SFH oz Zrbgl Hlo] FelsEgien 7t
A ZE Atole] MEAH o] AR AY 3t 245& vebhg
o 74R AgLolMs M2 ARG A2y 85 a7
o £2, GHRY TR ol ANz fAHA el
Boh MTe] #8 9 $AE doluy] $8 wHzAsetds)
AN DA ZAME MTel| gt ofadub-se] Azl ¢
A kst HEE e, 2 "R F 37| A Aol
MEE MTel| gt oFAuk-gol Z7tsly] Alzbslgion, 1 4
ZEAANE o= S Flslgn Azt A el gl gelA
o] ok A&ETy) 3de] Aupgt AgLo AR #}
A xANMe] ubgo] ofsiA vehded, Tde] gt gzl
M A 23 22 v)okat w2 Vel

Agx oz, B8 7 AA F AL kg AAS B
=32 AE Z2) o] o]Fo]RH, 229 AFAAAL AXE A
o2 20pd 4 Qlvy 3 MT shij A2 7h| £59] M| ZHYo|
Ake] 9l Aoz wgmEch

A
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FIGURE LEGENDS

Fig. 1. Light micrographs of rat liver tissues of intact and regenerating process after PH. The normal (1a) and sham control {1b) rat liver lobule
showing a large central vein and radial sunusoids between cell plates. The liver plates are partially disintegrated at | hr(I¢) and mitotic feature of
hepatocytes is obviously observed at 12 hrs (1d) after PH. Reconstruction of the lobule appears at 1 day (le) and typical lobules are present at 7
days (1) after PH. Hematoxylin-eosin stain. x 400

Fig. 2. Electron micrographs of hepatic parenchymal cells in regenerating rat liver. Typical hepatocytes showing oval nucleus (Nu), numerous
mitochondria (Mi) and developed rough endoplasmic reticulum (RER) are observed in normal control group (2a). At 12 hrs (2b) after PH, many
lipid droplets (Li) are distributed throughout the cytoplasm. The liptd droplets are still present at 1 day (2¢) and the hepatocyte shows normal shape
at 7 days (2d) after PH. BC: bile canaliculus, No: nucleolus. Scale bar on each figure represents 2 um.

Fig. 3. Immunohistochemical reaction of metallothionein in regenerating rat liver tissues. Immunoreactivity indicating the presence of MT appe-
ars moderately throughout the cytoplasm of normal control (3a). At 3 hrs (3b) after PH, positive reactions for MT are prominent and increase at 6
hrs (3¢) and 12 hrs (3d). The peak of immunoreactivity reaches by 1 day (3e) and then become similar with control at 7 days {3f). x 400
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