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The Protective Effect of Hepatocyte Growth-Promoting Factor pHGFO
Against Carbon Tetrachloride-Induced Acute Liver Injury in Rats

1. Protective Effects on Cell Membrane Injury

Wei Dai', Shigeru Sato’ and Goro Asano*

'Department of Pathology and *Central Institute for Electron Microscopic Researches, Nippon Medical School

Abstract

To examine the protective effects of hepatocyte growth-promoting factord pHGFO against
carbon tetrachloride CCl.3induced acute liver injury in rats, the pathological changes were ob-
served by light and electron microcopy, and the serum GOT and GPT levels were measured.
Acute liver injury was produced by the injection of CCLO 2 ml /kg BWOin two groups of animals,
of which one received pHGFO 300 ug/kg BWI via the tail vein after 4 hrs. In the group treated
with CCl. alone, serum GOT and GPT were significantly elevated] 1280+ 228 and 187+ 73 1U/I,
respectively 6 hrs after injection, indicating the induction of liver injury by CCL.They reached a
peakl 3836+ 654 and 1022+ 230 1U/I, respectively[] at 48 hrs and declined thereafter, but did not
completely recover after 72 hrs. PAS-negative cells were observed around the central veins after
6 hrs and most of the hepatocytes were PAS-negative at 12 hrs. PAS-positive cells began to ap-
pear and increased in number after 24 hrs. There were scarcely any PAS-negative cells remain-
ing in the lobules after 72 hrs. In the group treated with CCl, followed by pHGF, serum GOT and
GPT levels were significantly lower than in the CCl.-treated group, and abundant PAS-positive
hepatocytes were observed. Also, all hepatocytes were PAS-positive as in normal liver( after 72
hrs. Administration of pHGF resulted in a decrease in the ultrastructural changes in rats with
CClr~induced liver injury such as vacuolation, cisternae formation and dilatation of the rough en-
doplasmic reticulum. These results suggest that pHGF acts to stabilize cell membranes, thereby
providing protection against CCl-induced hepatic injury] J Nippon Med Sch 2001; 68: 154—1640]

Key words: acute liver injury, carbon tetrachloride, ultrastructure, pHGF, liver function

Correspondence to Wei Dai, Department of Pathology,
Nippon Medical School, 1-1-5 Sendagi, Bunkyo-ku,
Tokyo 113-8603, Japan.

Journal WebsiteO http: //www.nms.ac.jp/jnms/O]



J Nippon Med Sch 2001; 68 20

oo*®019910000000000000000
JO0dbdbobO0dbOobOdlddHepatocyte
Growth-promoting FactorOpHGFI 0O O O O OpHGF
dddooooooooooobobobobobobobon
goobbobooougpHGFOOODOOOODOODO
000000000 0U00U00o pHGFOO OO
gobooobboooboobooooboobobooo
gooooooogd

0000000000 0OHGFOOOOOOOO*0
HGFOOOOOOOOhooooooobooboooo
000000000 o0O0O00o0ooooo®oooo
ooooopooccL,oooooooonno pHGFDO
HGFOOODODOOOOOooooboboooooooo
O000°0000pHGFOOOOOOOOOOOOO
o00o0obO0oOoO0oboODoODbbOOoooo cc,Loooon
00000ooooobooooonndpHGE O HGF
O000oo0oooooOo*?o0000oooog
0000000 000000000 HGFOOOOO
gobobowyoboooooobobbobobobobbo
O®0pHGFO Con ADUD0OOO0O0OOOOOOOO
0000000000000 O0*000000 pHGF
OHGFOODOODDODODOOOOooooooooo
000000000 OpHGFO OO OO 107kDa' 00
0 O HGFO 82 kDal3™0 hepatic stimulates substance
0124 kD O 17.5 kDa¥*0 O 0O O O HGF-activator( 34
kDa' D000 U0OO0OO0OUOOoUoooogoo

idbOpHGFODOODODOODOUODOOOOO
ooo0oobooobobodpHGFOOOOOOOOOO
gobooobboobobooboboooboobobooo
dddoooooooooooboboboboboboobon
000000000 pHGFOOOOOOOOOOO
dddooooooooooboboboboboboobobon
o000000O0o0O0obOobobooooocecL,boon
0o0o0o0boOoboob0o0obOooooDd pHGF
gooboobbooboboobooooboobobooo
dddodoooooooooboboboboboobooboo
gooboobbooboboobooooboobobooo
goocc,Ooonooooooooooooooad
sO0002000boooboboobobbbooooooo
O*000UucCcLO02000000000000
O000ooo*oooOoOocCLOD 40000 pHGF
goooaogo

155

ooooogo

00000000000000 180020090850 0
CCLOOO2500pHGFO O O 250 0 O O pHGF
000250000000000000000 1000
00000000000000000 500 cClOd2ml
/kgBWID OOOO0 10000000CCLOO 400
00 pHGREI 300 ug/kg BWO OO DO 00O O0O00O0
OMO000001000000CCLO0 62240480
720 000000300000000500000
000000000000000000000000
000000000000000000000000
0020000000000 00000000000
000000000000000000000000
O00015umO00000000PASOOOO0O0O0OO
00000000000 250 0000000000
000000010 0000000000000000
0000000000000000000000EpokK
812000000000000 MT5000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000003000 rpmO5 0000000000
000000000000000000000000
GOT O MDH-UVOOGPTO LDH-UVOOOOOO
ooo

10000 GOTODOO GPTODOO
O0DOOpHGFOODOOCCLOODODO pHGFO O O
00000000000 GOTOOOGPTOOOD
000000000 pHGFOOOODODODOOOOD
000000 GOTODO 130+ 451U/10GPT O O 45
+36IU/ID0D00pHGFOOOOO 6000000
0 GOTO O 132+ 811IU/IDGPT O O 46+ 47 1U/I
OD0O000Fig. 100CCLOODDO0OD 600000
000 GOT O 1249+ 229 1U/I10 GPT O 180+ 73 1U/I
0000 000000000000 00 M pd0.01M
00000 GOTOGPTOOOOOOOCCLODOD
4800000000000GOT 3836+ 654[GPT 1022
+2301U/1M07200000000000000pHGF
0000060 0O000OGOTODODOGPTOD
PHGFO OO OODOOOODOOODOODOODOpO



156 J Nippon Med Sch 2001; 68 20

GOT

LU/ |
X
o
o
O

24 h 48 h 72h

A normal [l pHGF  EH cal, C+H

14000
GPT
12000
10000

8000

LU/ |

6000

4000

2000

24 h 72h

B normal [l pHGF ccl, C+H

Fig.1 Effect of pHGF treatment on serum levels of GOT and GPT after CCl.-induced liver injury in
rats. A There is significant difference between the groups treated with CCl, alone and
treated with CCl, followed by pHGFO pO 0.0100 and between the groups treated with pHGF
alone and group treated with CCl, followed by pHGFO pO 0.050 at each time point in the level
of serum GOT. Data is expressed as meant SD. B: There is significant difference between
the groups treated with CCl, alone and treated with CCl. followed by pHGFJ p 0.010] and be-
tween the groups treated with pHGF alone and group treated with CCl, followed by pHGFO p
00 0.050 at each time point in the level of serum GPT. Data is expressed as mean+ SD.
normal: normal group, [l pHGF: group treated with pHGF alone, =] CCL: group treated
with CCl, alone, Ny CO H: group treated with CCl. followed by pHGF.

Fig.2 Light micrographs show signs of liver damage by PAS staining. x 40. A: In normal group, all hepatocytes
are PAS-positive. B-E: Light micrographs show signs of liver injury in the group treated with CCl, alone, by PAS
staining. B: Six hours post-administration, PAS negative cells are observed over a large area around the central
veins. C. Twelve hours post-administration, most hepatocytes are PAS-negative. D: Twenty-four hours post-
administration, a few PAS-positive cells are observed around the portal tract. E: Seventy-two hours post-
administration, most hepatocytes are PAS-positive the same as in normal liver, and PAS-negative cells are
scarcely seen in the lobules. F: In the group treated with pHGF alone, all hepatocytes are PAS-positive similar to
those in normal liver. G-J: Light micrographs show signs of liver injury in the group treated with CCl, followed
by pHGF by PAS staining. G: Six hours, a few PAS-negative hepatocytes are seen around the central veins. H:
Twelve hours, PAS-positive cells are seen around the portal tract. I.: Twenty-four hours, PAS-negative cells are
seen around the central veins. J. Seventy-two hours, all hepatocytes are PAS-positive the same as in normal
liver.



J Nippon Med Sch 2001; 68! 200 157

oosoccLOO0O0OOOOOOoOoOoOoooOooOOon 20PASOOOO0ODOOOOODOOOO

Opdo00SMpHGFO OO O CCLOOOODODODO 48 ooooooopPASOO0000O0O0O0MOIOOOO
0000000GOT 731+ 106[GPT 230+ 30 1U/100 OO0 PASOOOOOOOPASOOOOOODOOO
OO00Fig.1M72000000000000000 000000000000 0000FRig. 2A0CCL
GOoTO GPTOOO CCLOOOOOOOOOODOOO coooooobobooebbOOoOoboOoOoOoOooOOoOn

PASO0OO0OOOODODODOOOOOOOOOOO
OFig.2BM12000000000000000 PAS




Fig.3 Electron micrographs show liver damage in
the group treated with CCl, alone at 6 hrs.
A: The Councilman body arrow( in Kupffer
cells and many lymphocytes are seen in the si-
nusoid. B: Not only vacuolated hepatocytes
and dilated rough endoplasmic reticulum but
also normal hepatocytes are seen.
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Fig. 4 Six hours, damages of the rough endoplasmic reticulum in hepatocytes are observed in the
group treated with CCl, alone. A: Vacuolation of the rough endoplasmic reticulum and swol-
len Golgi complexO arrow( are observed in hepatocytes. B: Cisternae of the rough endoplas-
mic reticulum are seen. C. Granules of protein in the rough endoplasmic reticulum are ob-
served.

Fig.5 Twelve hours, lytic necrosis of hepatocytes, infiltration of monocytes and neutrophils, hemor-
rhage are observed around the central veins in the group treated with CCl. alone.
Fig.6 Forty-eight hours, vacuolated hepatocytes are seen in the group treated with CCl, alone.
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Fig. 7 Electron micrographs show liver damage at 6 hrs in the group treated with CCl, followed by
pHGF. A: Vacuolation and cisternae of rough endoplasmic reticulum are seen in the same he-
patocyte. B: Granules from Golgi complex and glycogen granules are observed. C: Many glyc-
ogen granules and aggregated smooth endoplasmic reticula are observed. D: Degranulation of

the rough endoplasmic reticulum is observed.
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Fig.8 Twelve hours, the Councilman bodyO arrow] and vacuolated hepatocytes are seen in the

group treated with CCl. followed by pHGF

Fig.9 Twenty-four hours, lytie necrosis of hepatocytes are observed in the group treated with CCl,

followed by pHGF

Fig. 10 Forty-eight hours, many mitotic hepatocytes are evident in the group treated with CCl. fol-

lowed by pHGF
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Table 10 Pathological changes of hepatocytes in the groups treated with CCl, alone and treated

with CCl, followed by pHGF

CCls groups t-reatment of pHGF groups
glycogen Vacuola- lytic glycogen Vacuola- lytic
granule tion necrosis granule tion necrosis
6h O m O m + O
12h + O m O O O
24h ad ad m m O O
48h m ad m m + ad
72h m ad ad I ad +

glycogen granule: 0 afewld I severald 00 normdl a mount of glycogen granule in hepatocytes(]
vacuolation of hepatocytes: [1 afew I severdll 5—10% of the total hepatocytes[Tllytic necrosis of
hepatocytes: O a few( I severdll 10—20% of the total hepatocytes
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