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INTRODUCTION

The nature and origin of the regeneration
promoting substances remain in dispute. Portal
blood factors have a specific effect on hepatic
regeneration following partial hepatectomy. St-
arzl et al(1973, 1979) proposed the multifactorial
hypothesis. The pancreatic control was the most
important, but the other nonhepatic splachnic
organs did also some role in regeneration after
partial hepatectomy in their experiment using
the evisceration procedures.

An additional question is whether they initi-
ate regeneration or merely permit the process
to proceed. While portal blood factors clearly
influence hepatic regeneration, they may not
initiate this process but merely play a permiss-
ive role(Bucher et al., 1978; Price, 1976). The
actual genesis may start in the liver itself (Levi
et al., 1971). The interaction of factors that
originate within the liver can contribute, regul-
ate, or even initiate the actual development of
liver regeneration after liver cell necrosis or
partial hepatectomy. Labreque and Pesch(1975)
demonstrated regenerative stimulator in the su-
pernatant of an extract of rat liver mash. The

regenerative stimulator was present not only in
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the liver mash of very young rat, but in the
active regenerating remnant liver after partial
hepatectomy in adult rat(LaBreque, 1979; Mak-
owka, 1983).

Liver cytosol fractions not only stimulate the
rate of liver regeneration after partial hepatec-
tomy in rats and dogs or after portacaval shunts
in dogs(Starzl et al., 1979), but also after toxin-
induced hepatic necrosis(Makowka et al., 1981)
and in a model of acute ethanol-induced inhib-
ition of hepatic regeneration (Makowka, 1983).

In acute hepatic failure this regenerating liver
cytosol{RLC) dose the deliverate enhancement
or stimulation of regeneration in surviving or
uninjured liver cells and the promotion of rep-
air in the acutely damaged liver which has not
respond with suitable or spontaneous regenera-
tion.

Starzl{1979) demonstrated that RLC promoted
liver regeneration after partial hepatectomy in
dogs and when it was injected into the portal
vein in the presence of Eck fistula.

Makowka et al (1981, 1983) demonstrated that
the intraperitoneal administration of a heat-
stable non-insulin or glucagon-containing liver
cytosol preparation could significantly improve
survival in a rat model of D-galactosamine-
induced suppression of post-hepatectomy regen-

eration.
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But in cases of liver cirrhosis liver regenera-
tion has been known to be meager in the rem-
nant liver after its partial removal.

We studied the effect of RLC in the rat with
liver cirrhosis to see if RLC could stimulate the
rate of liver regeneration after partial resection

of the liver with chronic hepatic necrosis.

METERIALS AND METHODS

I. Animals

The inbred male Wistar strain rats weighing
about 160 gm were purchased from Charles River
Laboratories.

All animals were housed in a central animal
facility of room temperature with 74+2° F(23+
1.1° C) on a 12-hour light/dark cycle.

The rats were divided into liver cirrhosis and
normal group. Above each group contained ex-
perimental (Regenerating Liver Cytosol) and co-
ntrol (Saline) group respectively.

I1. Liver Cirrhosis

Crystalline phenobarbitone which “sensitize”
the liver to the toxie action of CCl,, was made
up in tap water to a concentration of 35mg/dl
and given for 14 days.

Thereafter 0.1 ml of carbon tetrachloride
(CCl,) mixed with same amount of oclieve oil
was given by intragastric cannula twice a week
for 12 weeks. Liver biopsy was performed to
see the pathologic changes of the liver, and
checked the body weight periodically.

1I1. Preparation of regenerating liver
cytosol(R.L.C.)

Healthy inbred adult male Wistar strain rats
weighing between 400 and 450 gm were used.
Anesthesia was induced by ether and maintai-
ned with intra-peritoneal injection of 0.1 cc Ke-
talar (Ketamine HCL 20 mg/ml),

The 68 per cent hepatectomy was performed
by removal of the median and left lateral lobes
of the liver between 9 and 11 AM.

The remnant regenerating liver was removed
24 hours later. The cytosol extracts from the
regenerating livers were prepared by the method
of LaBreque and Pesch(1975).

A 35%(w/v) homogenate in (.0 per cent
NaCl solution was prepared from the excised
livers with a motor driven Wheaton overhead
stirrer Chomogenizer).

The homogenate was centrifuged at 145, 000
gm and 4°C for 2 hours in a Servall RC2 ultr-
acentrifuge.

The upper most white lipid layer was caref-
ully sucked out, then clear reddish-yellow sup-
ernatant were used.

IV. Preparation of recipient rats

The 34 per cent or 68 per cent hepatectomy
were performed between 11 AM and 2 PM on
ether anesthesia with intraperitoneal injection
of 0.1 cc Ketalar,

The 34 per cent hepatectomy was underwent
by removal of the left lateral lobe of the liver
and the 68 per cent hepatectomy was performed
by the same as the those of the donor rats.

The experimental group was injected by 5ml
aliquots(150 mg protein) of the fraction 4-6
hours following hepatectomy intraperitoneally,
whereas the control group was received 5 ml
0.9 per cent saline solution by same route at
the same time with the experimental group
after hepatectomy.

Hepatectomies were performed from 11 AM
to 2 PM to minimize fluctuations due to diurnal
rhythm.

V. Determination of incorporation of
3SH-thymidine into hepatic D.N.A.

Ninety minutes before sacrificing 100 g Ci
3H-thymidine CH-TdR, 6.7 Ci/mmol, New En-
gland Nuclear, Boston, M.A.) was injected into
the intra-peritoneal cavity of the rats.

Exactly 24 hour after hepatectomy all rats
were sacrificed, then the remained livers were

removed for extraction of DNA under ether
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anesthesia.

DNA was extracted by the method of Wein-
bren and Woodward({1964), except that tric-
hloroacetic acid(TCA) was used instead of
perchloric acid. '

Samples of 600320 mg were homogenized in
10 ml 0.9 per cent saline in a Wheaton homog-
enizer and the suspension was divided approxi-
mately equally. After adding 0.4 ml 5 N-TCA
the suspension was immediately stirred and ce-
ntrifuged. The precipitate was extracted succe-
ssively at room temperature with 5ml alcohol-
ether(3:1, v/v), alcohol-chlorform (3:1, v/v) and
ether, and the residue was digested with 5ml 0.3
N-KOH at 37°C overnight in a stoppered tube.
The digest was cooled in the deep freeze for 30
min, acidified with 0. 4 ml 5 N-TCA, stirred and
spun. After washing twice with 5 ml water, the
residue was extracted with 6.5 m! 0.5 N-TCA
at 70°C for 20 minutes, cooled in the deep freeze
for 40 minutes and then centrifuged.

A portion(1 ml) of the supernatant was diluted
to 5 ml with distilled water and the extinction
at 260 mp was measured against a similar dilu-

tion of 0.5 N-TCA.

A further 2 m] of supernatant was mixed with

15 ml of Agquasol{Universal L.S.C. Cocktail,
New England Nuclear, Boston, M.A.) and the
radioactivity was measured in a liquid scintill-
ation spectrometer (Packard Troca).
Radicactive counts per minute per its optical
density in the 260mp ultraviolet length (CPM/

O.D.) were compared with each other group.
RESULTS

I. Liver Cirrhosis

During the period of ingestion of CCl,, 22 of
the 80 rats(27.5%) were died. Almost all rats
were died of hepatic failure, with symptoms and
signs of pale, diarrhea, weight loss, petechiae,
retroperitoneal hemorrhage and jaundice.

About at 8 weeks of ingestion of ccl,, jaundice
was definitely noticed in all rats. The grossly
fine nodular lesions on the livers was seen at 8
weeks by open liver biopsy, with diffuse fibrosis
and structually abnormal nodules observed mic-
roscopically.

At 12 weeks severe liver cirrhosis with ascites
was found in one-third of survival rats. Collat-
eral circulation around liver was also found in

severc cases.

Table 1. The comparative results in 34 and 68% hepatectomy of the rats with the normal and cirrhotic liver.

liver animal body magnitude of intraperitoneal excised liver remnant liver spleen

pathology number weight hepatectomy  injection of weight weight  weight CPM/OD  p value
normal 3 461.7 34% saline 4.36 11.82 0.90 368. 5+67. 6
normal 4 450.0 349 eytosol 4.17 11.05 0.78  669.74150.6
normal 3 490.0 68% saline 10. 05 6.95 0.87 4631.2+1055.7
normal 5 461.0 68% cytosol 9.94 6.76 0.71 4697.4572.7
L.C. 4 410. 8 34% saline 5.36 10. 71 1.43 302.0+154.2
L.C 5 388.0 34% cytosol 6.15 9.45 1.3%  677.9%149.5 o
L.C. 4 431.3 68% saline 13. 07 8.38 1.50 933.9£158.1
L.C. 6 461.7 68% cytosol 15.24 8.08 1.51 1582.2+1204.8

L.C.; liver cirrhosis C.P.M.; count per minute O.D.; optical density
The comparative results of intraperitoneal injection of regenerating liver cytosol(RLC) and saline by radioac-
tive counts per minute per its optical density in the 260mp ultraviolet length(C.P.M./0.D.) after 34 and 68%

hepatectomy in the rats with the normal and cirrhotic liver.
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Liverweight was heavier in the non-ascites
group compared to the ascites group in the liver
cirrhosis (Table 2).

The average spleen weight of the group with
liver cirrhosis was 1.46 gm, which meant the
increase of 85 per cent for those of normal
group (0.79 gm).

Spleen weight was lighter in the non-ascites
group than the ascites group in the liver cirr-
hosis (Table 2).

Both findings were stastistically significant.
(P<0. 0D

But the relationships between liver or spleen
weight and radioactive count were not evaluated
because of small size of animal number in this
experiment.

II. 34 per cent Hepatectomy

In the normal rat group intraperitoneal inje-
ction of RLC increased the incorporation of H-
TdR into the hepatic DNA by 2-fold.

In the rats with liver cirrhosis intraperitoneal
injection of RLC also augumented the hepatic
incorporation of *H-TdR by same magnitude.

Above augumentations in both groups were
statistically highly significant. (P<C0. 01), (Figure
1, Table 1)

The differences of the incorporations between
the normal liver group and the group of liver
cirrhosis both in cases of using saline or RLC
were not stastiscally significant.

III. 68 per cent Hepatectomy

In the 68 per cent hepatectomy of the normal
rats the hepatic incorporation of *H-TdR was
augumented more than 12 times those of 34 per
cent hepatectomy of the normal rats.

Table 2. The relationship between liver, spleen
weight and ascites

CEM/OD

Spleen weight**

Ascites Liver weight*
+ 17.1542. 68 1.64+0.40
- 21.24+4.70 1.3340. 34

* L 0.01<p<<0.05

34% Hepatectomy 68% Hepatectomy

5000 ‘i‘

4000

3000

2000

Ll sl 1!

Liver Cirrhosie

Normal Liver Cirrhosis Normal

Fig. 1. The effects of regenerating liver cytosol(RLC)
in the control normal liver group and the
experimental cirrhotic liver group in cases of
34% and 68% hepatectomy respectively. RLC
could induce augumentation of 3H-TdR up-
take into DNA of the liver cell in the 34%
hepatectomy of both normal and cirrhotic
liver groups (p<<0.01), RLC could not incr-
ease SH-TdR uptake in the 68% hepatectomy
of normal liver group, but it could increase
SH-TdR uptake in the 68% hepatectomy of
liver cirrhosis group (p>0.05).

CPM/OD
3000~

2000-

1000~

all |

Ascites(-)

Ascites(+)

Fig. 2. The effects of regenerating liver cytosol{RLC)
in the liver cirrhosis with or without ascites
in the rats. RLC could not sufficiently augu-
ment 3H-TdR uptake into DNA of the liver
cell in the liver cirrhosis with ascites, but in
the abscence of ascites RL.C could augument
liver regeneration at the same rate with that.
of the normal liver group (p<C0.01).
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But the incorporation of SH-TdR was not
augumented by RLC in the 68 per cent hepat-
ectomy of the normal rats compared to that of
saline control group.

In the rats with liver cirrhosis the incorpor-
ation of SH-TdR was decreased to the level of
20% of those of the normal rats in the 68 per
cent hepatectomy.

Intraperitoneal injection of RLC augumented
that value by almost 1.7-fold, but which was
still only one-third value of the normal rats.
(Figure 1, Table 2)

This increase in °H-TdR uptake was not
statistically significant because the cytosol group
contained severe liver cirrhosis and the augum-
entation of the incorporation by RLC was me-
ager in this severe liver cirrhosis with ascites
and the contracted liver compared to mild to
moderate cirrhosis. {Figure 2)

*H-TdR uptake into DNA were increased in
both ascites and non-ascites groups, but RLC
did not induce liver regeneration sufficiently
enough to overcome the stress of the 68 per
cent hepatectomy.

RLC could induce liver regeneration in the
non-ascites group up to more than half level of
SH-TdR uptake of the normal rats.

DISCUSSION

Anthony et al(1978) defined liver cirrhosis as
a diffuse process characterized by fibrosis and
the conversion of normal liver architecture into
structually abnormal nodules.

Cameron and Karunaratne(1936) reported that

the minimum toxic dose for the rats liver by '

the subcutaneous rout lies between 0,005 and
0.0025 cc, ie. 0.033~0.016 per kg. body
weight.

After single toxic dose of carbon tetrachloride
removal of damaged and necrotized liver cells
proceeds by the fourteenth day.

A centain, repeated dose at short intervals
over a long period is necessary for the produc-
tion of liver cirrhosis in the rat by means of
carbon tetrachlorde.

Moon(1934) considered that the cirrhosis prod-
uced by carbon tetrachloride satisfied rigid cri-
teria for Laennec’s cirrhosis.

There are two stages in the development of
carbon tetrachloride cirrhosis;

1) a pre-cirrhotic reversible stage, with hist-
ological features indistinguishable from actual
cirrhosis and 2) a cirrhotic stage with a finely
or coarsely granular liver.

Mann, Fishback, Gay and Green/1931) found
in dogs with carbon tetrachloride cirrhosis that
there was little restoration of the cirrhotic liver
after its partial removal as compared with that
of normal liver and restoration did not occur
when the cirrhosis was well developed.

Cameron and Karunaratne(1936) reported so-
me observation of partially hepatectomized rats,
that in the “precirrhotic stage” the removal of
one-half to two-thirds of the liver was followed
rapidly by complete regeneration, but very little
restoration occurred after partial hepatectomy
as the cirrhotic stage became more complete.

Chatamra and Proctor(1981) reported that
severe cirrhosis of the liver(defined as a shrun-
ken finely nodular liver with micronodular his-
tology, ascites greater than 30ml, plasma albu-
min less that 2.2g/dl, splenomegaly 2~3 times
normal, and testiular atrophy approximately half
normal weight) was increased from 25% to 569
by giving the initial “calibrating” does of CCl,
at the peak of the phenobarbitone induced enl-
argement of the liver. In our experiment one-
third had severe liver cirrhosis by using the
phenobarbitone and CCl,. They were found to
have ascites and shrunken finely nodular liver
with nicronodular histology, and splenomegaly.
Two-third had mild to moderate liver cirrhosis,
with the enlarged liver and splenomegaly, but
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without ascites. They did not recover to normal
liver architecture and gain body weight for se-
veral months after the carbon tetrachloride had
been discontinued.

In the one-third hepatectomy of normal liver
group intraperitoneal injection of RLC produced
a two fold increase in incroporation of tritiated
thymidine (*H-TdR) into hepatic DNA.

This finding was the same as those of other
reports (Cameron et al., 1936; LaBreque, 1979;
Makowka, 1983).

In the one-third hepatectomy of liver cirrho-
sis group RLC augumented the DNA uptake of
SH-TdR by almost same degree as those of the
normal liver group. In the two-third hepatecto-
my RLC revealed much different effect on liver
regeneratien for those of one-third hepatectomy.
In the normal liver group stimuli to liver reg-
eneration was appeared to be maximum, so DNA
uptake of *H-TdR was not increased even by
using RLC. But in the liver cirrhosis group
RLC exerted some augumentation effect on liver
regeneration according to the amount of funct-
ional reservoir of the sound liver cell. When
the liver cirrhosis was mild or moderate, augu-
mentation of incorporation of *H-TdR into
DNA of the liver cell was marked. But in the
cases of severe cirrhosis increase of *H-TdR
uptake into DNA in the liver cell was not
noticed.

So we could speculate that the stimuli to the
liver regeneration after partial hepatectomy may
probarbly be the amount of loss of the normal
liver cell, and also the normal liver cell itself
might be the origin of factor(s) involved in or
controlling its regeneration.

There may be upper limit in regeneration
capacity of the liver cell. Beyond this limit liver
regeneration after partial resection of the liver
could not occur even by using RLC.

RLC was effective in augumentation of liver

regeneration after partial hepatectomy in the rat

with mild and moderate cirrhosis.

But in the severe liver cirrhosis RLC was not
effective in augumentation of the liver regener-
ation after partial hepatectomy.

The ascites and the contracture of the liver
were much correlated with the amount of liver
regeneration after partial hepatectomy in the
rat with liver cirrhosis. In the process of mak-
ing the liver cirrhosis, some of them compens-
ated to the toxic injury of CCl, by liver rege-
neration, and their liver became enlarged. But
in the rats with the contracted liver compensa-
tory liver regeneration did mot occur during the
toxic injury of CCl,, so their reservoir of the
liver were thought to be inadequate to survive
the partial resection of their liver.

RLC may be helpful in the resection of the
cirrhotic liver with marginal reservoir of liver
function when severe contracture of the liver

and ascites are not found.

SUMMARY

Liver cirrhosis was tried to develop in the 80
inbred male Wistar strain rats by pretreatment
of phenobarbitone and intermittent oral ingest-
ion of carbon tetrachloride, among which one-
third of the survived (72.5%) had severe liver
cirrhosis with the ascites and the contracted
liver, and two-third had irreversible mild to
moderate liver cirrhosis.

Regenerating liver cytosol (RLC) was prepa-
red in the remnant liver 24 hours after two-
third hepatectomy in the normal rats by ultra-
centrifugation (145, 000 gm).

Five ml of RLC (150 mg protein) was intr-
aperitoneally injected 4~6 hours after partial
hepatectomy in both liver cirrhosis and normal
liver groups. Whereas control group was intra-
peritoneally injected by same amount of saline.

In one-third hepatectomy two-fcld augument-
ations of 3H-TdR uptake into DNA of the liver
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cell were noticed in both normal and liver cir-
rhosis groups by using RLC compared with
saline injection in both normal liver and liver
cirrhosis groups.

In two-third hepatectomy 3H-TdR augumen-
tation was not noticed in ncrmal liver group
even by using RLC for saline injection in nor-
mal liver group. There may be upper limit in
regeneration capacity of the liver cell. But in
liver cirrhosis group the augumentation of ¥H-
TdR was variable, i.e. RLC exerted some aug-
umentation effect on liver regeneration according
to the amount of functional reservoir of the
sound liver cell.

The ascites and the contracture of the liver
were much correlated with the amount of liver
regeneration after partial hepatectomy in the rat
with liver cirrhosis.

RLC may be helpful in the resection of the
cirrhotic liver with marginal resevoir of liver
function when severe contracture of the liver

and ascites are not found,
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LEGENDS FOR FIGURES

8th week, H-E stain 100 : Grossly jaundice and micronodular liver surface and found at the firt time.

Diffuse fatty change and increase of fibrocollagenous tissue in central to portal and portal to portal

areas are noticed. Inflammatory cell (mainly lymphocytes) in periportal areas, and neutrophils and

eosinophils in parenchyme are infiltrated.

10th week, H-E stainx 100 : Fibrosis in portal to portal and portal to central areas is increased with.

accentuated marginal nodularity. Many hyperchromatic hepatocytes are scattered in parenchyme.

Fig. 3. 13rd week, H-E stain x 100 : Small nodules in the center are surrounded by widened portal spaces and
fine septa between one central vein and another central vein are found.

Fig. 4. 13rd week, Reticulin stain> 40 : Mild liver cirrhosis, Slight reticulin condensations are found in portal to

portal spaces with disarray and decrease of reticulin fiber around the central veins.{One-third hepatect-

omy, Regenerating liver cytosol injection group, CPM/0D:1022.8)

16th week, Reticulin stain x40 : Moderate liver cirrhosis. Mere condensations of reticulin fiber are devel-

oped in portal spaces with increase of fine reticulin fiber in central to portal and central to central

areas (Two-third hepatectomy, Regenerating liver cytosol injection group, CPM/OD:2231.5;

Fig. 6. 15th week, Reticulin stain x40 : Moderate liver cirrhosis. More condensations of reticulin fiber are
noticed in portal spaces with large and small nodule formation. (Two-third hepatectomy, Saline inj-
ection group, CPM/QOD:843. 5)

Fig. 7. 16th week, Reticulin stain x40 : Severe liver cirrhosis. Marked condensations of reticulin fiber are
occurred in portal spaces with round parenchymal margins. (Two-third hepatectomy, Regenerating liver
cytosol injection group, CPM/0D:490. 3)

Fig. 8. 15th week, Masson’s Trichrome stain x40 : Severe liver cirrhosis. Variable sized newly formed nodules-
are surrounded by fibrous band. (Two-third hepatectomy, Regenerating liver cytosol injection group,
CPM/0D:545. 1)

* Above noted weeks are the day of biopsy or experiment. All of the rats were fed by 14 days of erystalline-
phenobarbitone and 12 weeks of carbon tetrachloride.

Fig. 1.

Fig. 2.

Fig. 5.
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