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ABSTRACT

An experimental immunological liver injury model was caused by the intravenous
injection of an anti-basic liver protein (BLP) antibody in the mice which had been previously
immunized with normal rabbit IgG (RGG) and complete Freund’s adjuvant. C57BL/6]J strain
mice indicated the highest susceptability to the immunological liver injury. Typical his-
topathological changes in the liver were submassive hepatocellular necrosis and infiltration
of lymphocytes into the portal tract and sinusoid in necrotic lesion. The liver injury in this
model was markedly inhibited by the administration of prednisolone (20mg/kg, p.o.),
cyclophosphamide (15mg/kg, i.p.), levamisole (10 mg/kg, p.o.), glycyrrhizin (50 mg/kg, i.p.)
and cepharanthine (10mg/kg, i.p.), which act on the immune system. These results suggest
that the experimental liver injury model in C57BL/6] mice is useful for unphysiologically
conditioned animals model or immunopharmacological research of liver diseases.

INTRODUCTION

The pharmacological effects and toxicity of drugs administered to the human are known
to be altered in various unphysiologic or pathologic states. @A number of reports have
suggested chages in the pharmacokinetis, pharmacological effects, or toxicity of drugs
especially in animals and human with liver injury produced by administration of toxic
chemicals'~*.

Since pathologic changes resembling those in human hepatitis are not considered to be
reproducible in experimental liver injury models using small animals, there have been no
report of evaluation of pharmacological effects or toxicity of drugs in immunological liver
injury corresponding to human hepatitis. Moreover, immunological mechanisms are known
to be involved in the pathogenesis and progression of hepatitis!!~'?.
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In this study, mouse liver injury produced by an immunological mechanism resembling
that in human hepatitis was prepared by the use of mouse liver-specific antigen, and whether
or not this liver injury can be prevented by drugs currently used for the treatment of hepatitis
was examined.

MATERIALS AND METHODS

Animals Inbred male C57BL/6] mice, DBA/2 male mice and ddY male mice, 5 week
of age obtained from the Japan SLC in Hamamatsu (Japan) were used for liver injury
experiments. The animals had free access to a commercial diet (CE-2, Japan Clea, Tokyo,
Japan) and tap water and were kept on a 12 hr light/dark cycle in a temperature controlled
room. Male JW rabbits weighing 1.5 to 2.0 kg were used for the preparation of antiserum.

Drugs Prednisolone acetate (Nihon Merk Banyu Pharmaceutical Co. Ltd., Tokyo,
Japan), cyclophosphamide (Shionogi pharmaceutical Co. Ltd, Tokyo, Japan), levamisole
(Aldrich Chemical Co. Inc., Milwaukee, USA), glycyrrhizin (Minophagen Pharmaceutical
Co. Ltd,, Tokyo, Japan), cepharanthine (Kaken Shoyaku Pharmaceutical Co. Ltd., Tokyo,
Japan) and complete Freund’s adjuvant (Nacalai Tesque. Inc., Kyoto, Japan) were pur-
chased. All other chemicals used were analytical grade.

Separation of antigen Basic liver protein (BLP;, purified by the method of Mafune
et al.' and Nagai et al.'® and previous our report'®, was used as the antigen. The liver of
C57BL/6J mice was perfused with physiological saline to remove blood. Physiological saline
was added, and 50% homogenates was prepared in a Potter type homogenizer. After
centrifugation (4°C, 8,000 rpm, 30 min), the supernate was adjusted to pH 4.8 with acetic
acid, resultant insoluble materials were eliminated by centrifugation, and fraction that
precipitated by the addition of saturated ammonium sulfate (35—609%) was recovered. This
precipitate was dissolved in physiologicl saline and dialyzed against running water for 24
hours and against 0.1 M Tris-HCI buffer (pH8.0) and 0.005M Tris-HCI buffer (pH8.0). It
was then chromatographed using a diethylaminoethyl (DEAE) cellulose column equilibrated
with 0.005M Tris- HCI buffer (pH8.0), and the eluted fraction was collected as BLP.

Preparation of antisera  Rabbits were immunized by injecting anti-BLP antibody
(protein content 300 zg/ml) from C57BL/6] mice and the same volume (2.0ml) of emulsion
of complete Freund’s adjuvant (CFA) in the gluteal muscle and subcutaneously in the back
and the planta 4 times at 1-week intervals. Elevation in the antibody titer was confired 10
days after the last injection, and antisera were obtained from the blood drawn from the
auricular vein. Antisera was absorbed with homologous erythrocytes and kidney
homogenate after inactivation of complement at 56°C 30 min, and then precipitated with 309
saturated ammonia sulfate, and precipitated y-globulin fraction containing IgG and IgM was
dissolved in saline and dialyzed against 0.005M Tris-HCI buffer (pH8.0). The solution was
applied on a DEAE cellulose column equilibrated with 0.005 M Tris-HCI buffer (pH8.0). The
IgG fraction was obtained by collecting passed effluent. It was dialyzed against PBS and
stored at —80°C until use. :
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Preparation of rabbit y-globulin (RGG) RGG was purified by a routine procedure
using the ammonium sulfate fraction and DEAE cellulose column chromatography.

BLP antibody-induced liver injury Lesions were produced according to the method
of Nagai et al.!”, which was used to produce RGG-accelerated nephrotoxic serum nephritis.
CFA emulsion (0.5ml) containing RGG at 4 mg/ml was injected intraperitoneally to the mice,
and BLP antibody (0.6ml) was injected into the tail vein after 5 days.

Biochemical analysis and histopathological examination In order to evaluate the
severity of the symptoms, blood was collected and the liver was removed and processed for
biochemical and histological analysis at 24 hours after injection of anti-BLP antibody and
measured mainly for serum glutamic-oxaloacetic transaminase (GOT), glutamic-pyruvic
transaminase (GPT) using a diagnostic kit from Wako Pure Chemical Co. Ltd., (Tokyo). In
some experiments, activities of alkaline phosphatase, y-glutamyltranspeptidase, leucine
aminopeptidase, choline esterase and lactic dehydrogenase and amounts of total bililubin,
total protein, total cholesterol, triglyceride, lipophosphatide, blood urea nitrogen, creatinine
and uric acid were also measured by an automatic serum analyzer. For the histopathological
examination of liver, a portion of the median lobe of the liver was fixed in 109 neutralized
formalin solution, embedded in paraffin, sectioned, and stained with hematoxylin-eosin.

Statistics Results were assessed by the Student’s t-test.

RESULTS

Liver injuries in C57BL/6J, DBA/2, and ddY mice = The RGG-accelerated BLP
antibody-induced liver injury was compared among the three mouse strains, namely C57BL/
6], DBA/2, and ddY. BLP antibody collected from C57BL/6] and purified in rabbits was
injected to the mice of these three strains, and the blood GOT and GPT activities and the
cytochrome P-450 content of liver microsomes were determined after 12 hours and 1, 2, 3, 4,
5, and 6 days (Fig.1).

The blood levels of GOT and GPT showed peak levels, and the cytochrome P-450
content of liver microsomes was the lowest, 1 day after the antibody administration in mice
of all three strains. The increases in the blood GOT and GPT levels and the decrease in the
cytochrome P-450 content in liver microsomes were the most remarkable in C57BL/6] mice
among the three strains. Histological findings in the liver were consistent with the changes
in the blood GOT and GPT levels and the cytochrome P-450 contents of liver microsomes.

Liver injury in C57BL/6J mice
1) Effects of RGG immunization
The blood levels of GOT and GPT and the cytochrome P-450 content of liver mi-
crosomes were studies in an untreated group, a group administered normal rabbit IgG i.v., a
group administered BLP antibody i.v., a group immunized with RGG, a group immunized with
RGG and then administered normal rabbit IgG i.v., and a group immunized with RGG and
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Fig. 1 Strain difference in mice with liver injury induced by RGG-accelerated anti-
basic liver protein antibody

Basic liver protein (BLP) from C57BL/6] mice were prepared according to the
method of N. Mafune (1982) and Nagai et al. (1988). Anti-BLP antibody was
obtained from rabbits which had been immunized by injection of 2.0 ml of an emulsion
containing BLP (300 ug protein/ml) and complete Freund’s adjuvant intramuscularly
or subcutaneously 4 times weekly. C57BL/6] (@), DBA/2 (O), and ddY (A) mice
were immunized by an intraperitoneal injection of 4.0 mg rabbit IgG (RGG) emulsified
with 0.5 ml of complete Freund’ adjuvant. Five days later, anti-BLP antibody (0.6 ml/
animal) was injected intravenously. In order to evaluate the severity of the liver
injury, blood sample was collected at 12 hr, 1, 2, 3, 4, 5, and 6 days after the injection
of anti-BLP antibody and measured for the activity of GOT and GPT. Values are the
means of 6-8 mice ; S.E.s were less than 209% of the respective means.

then administered BLP antibody i.v.

In the normal rabbit IgG group, RGG group, and RGG-+normal rabbit IgG group, the
blood GOT and GPT levels and the cytochrome P-450 content of liver microsomes were
similar to those in the untreated group. An increase in GPT was observed in the BLP
antibody group and increases in GOT and GPT and a decrease in the cytochrome P-450 of
liver microsomes were noted in the RGG+BLP antibody group. The results of histological
examination of the liver were consistent with the increases in GOT and GPT and the decrease
in the cytochrome P-450 content of liver microsomes (Fig. 2).

2) Specificity of BLP antibody ,

Changes in the liver injuries were studied by increasing the dose of BLP antibody injected
after RGG immunization. When BLP antibody was administered at 0.1, 0.3, 0.6, and 1.0 ml
to mice immunized with RGG, the degrees of increases in the blood GOT and GPT levels and
the decrease in the cytochrome P-450 content of liver microsomes 24 hours after antibody
injection were dependent on the dose of the antibody (data not shown).

‘3) Serum biochemical examinations and histological examinations
Various serologic parameters and histological changes were examined 24 hours after
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Parameters (mg/kg) GOT (Karmen unit) GPT (Karmen unit)
0 100 200 300 o 100 200 390 400

Normal

Control
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Cyclophosphamide 15
Levamisole 10
Glycyrrhizin 50

Cepharanthine 10

Fig. 2  Effect of various compounds on serum GOT and GPT activities in C57BL/6J
mice with liver injury induced by RGG-accelerated anti-basic liver protein
antibody

Each experiment consists of 7 mice. The experimental condition and analysis are the
same as in Fig. 1. Blood sample was collected 1 day after the injection of anti-BLP
antibody and measured for the activity of GOT and GPT. Control mice were
administered with saline (0.1 ml/10g mouse, i.p.). Prednisolone (20 mg/kg, p.o.),
cyclophosphamide (15mg/kg, i.p.), levamisole (10 mg/kg, p.o.), glycyrrhizin (50 mg/
kg, i.p.), or cepharanthine (10 mg/kg, i.p.) was administered for 10 days before the
injection of anti-BLP antibody. Significant differences from the control is indicated
as * (p<0.05).

injection of BLP antibody (0.6ml) to mice 5 days after immunization with RGG and CFA.
After intravenous injection of anti-BLP antibody, GOT, GPT, and LDH showed clear
increases, and ALP and T-bil decreased. Biochemical examinations were also performed in
the serum obtained 24 hours after administration of acetaminophen (800mg/kg, i.p.).
Increases in T-bil, GOT, GPT, LAP, and LDH and decreases in ALP, T-ch, PL and TG were
observed (Table1).

Although the increases in GOT and GPT were more notable in mice with BLP antibody-
induced liver injury than in those with acetaminophen-induced liver injury, there were no
changes in T-bil, T-cho, TG or PL in the former mice unlike the latter mice. These results
suggest that BLP antibody-induced liver injury is limited to a particular portion of the liver.
No changes in the results of biochemical examinations of the blood suggestive of kidney
injury were observed in either mice.

Photo 1-a shows the histological profile of the liver of an untreated mouse. However,
in the liver of mice administered BLP antibody, punctate necrotic areas were grossly
observed in all lobes with occasional adhesion of hepatocytes with the peritoneum. In
necrotic areas, inflammatory cells, which were predominantly neutrophils, were found to
infiltrate into portal spaces around necrotic areas (photo 1-b). However, no concomitant
histological changes were observed in the kidney, lung, or spleen, where histologic profiles
were similar to those in untreated animals.
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Table 1 Changes of serum biochemical parameters in C57BL/6] mice with liver
injury induced by RGG-accelerated anti-basic liver protein antibody.

Parameters Control Hepatitis Afgégr;lg/olfg)en
T-bil (mg/dl) 0.75 0.60 1.40*
GOT (1U/dD 181.5 3487.0 * 15156.0 *
GPT  (IU/dD 46.0 3146.0 * 18663.5 *
ALP  (IU/ad1) 110.5 45.5 * 50.0 *
y-GTP (IU/L) 5.5 5.0 5.5
LAP  (IU/L) 33.0 79.0 * 162.0 *
CHE (mg/dl) 1425.5 1368.5 1306.5
TP (mg/dl) 5.40 4.60 4.35
T-cho (mg/dl) 87.0 80.5 51.5 *
TG (mg/dl) 126.0 92.0 69.0 *
LDH (IU/L) 1111.0 11539.0 * 40755.0 *
PL (mg/dl) 186.5 141.5 114.0 *
BUN  (mg/dl) 29.9 23.3 27.0
CRE  (mg/dl) 0.50 0.45 0.60
UA (mg/dl) 2.75 1.70 2.0

The experimental condition for the immunological liver injury is the same as
in Fig. 1. Mice were sacrificed 24 hr after intravenous injection of anti-BLP
antibody (0.6 ml/mouse), or after intraperitoneal administration of acetamino-
phen (800 mg/kg), and serum parameters were determined. Values are the
means of 6 mice ; S.E.s were less than 209 of the respective means. Significant
differences from the control is indicated as* (p<0.05). Abbreviations see the
“MATERIALS AND METHODS".

Effects of drugs

Effects of prednisolone, cyclophosphamide and levamisole, which are used clinically for
the treatment of hepatitis, were examined in this liver injury model. Prednisolone (20 mg/
kg) and levamisole (10 mg/kg) were administered orally, and cyclophosphamide (15mg/kg)
was administered intraperitoneally for 10 days before BLP antibody injection. All drugs
inhibited increases in the GOT and GPT activities, particularly GOT, in this liver injury
model (Fig.2). Prevention of liver injury by the drugs was evident also by histological -
examinations.

DISCUSSION

Antigens localized in specific tissues are called tissue-specific antigens and have long been
studied in connection with the problems of tissue differentiation, tumor-specific antigens, and
gene expression. In addition, as these antigens appear in the blood in particular diseases,
they have been regarded as clinical markers. Recently, there have been a number of reports
that antibodies to tissue-specific antigens are involved in injuries of particular tissues in
autoimmune diseases.

There have also been many reports concerning tissue-specific antigens of the liver, such
as F-antigen, LSP(LP-1), LP II, and LM-Ag, y-EST, and BLP '#!*~?2_  F-antigen is an
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Photo. 1 Histopathological picture of injurious liver induced by RGG-accelerated
anti-basic liver protein antibody in C57BL/6] mice

Mice were sacrificed 24 hr after intravenous injection of anti-BLP antibody (A) or
intravenous injection of saline (B) (H.E.-stain, X100). Submassive hepato-cellular
necrosis and infiltration of granulocytes into necrotic lesion were found compared to
normal mice (saline-treated mice).

alloantigen produced by immunizing mice with liver homogenate of inbred mice and, along
with H-2 antigen, is of great interest in the field of immunogenetics. LSP and LM-Ag are
antigens present in the hepatocellular membrane and have attracted paritcular attention as
antigens related to autoimmune hepatocyte injury in liver diseases such as chronic active
hepatitis. y-EST is a basic protein separated from the rat yolk sac tumor and is present
widely in hepatoma, carcinoembryonic tissues such as the embryo and placenta, and the
serum and ascites of cancer-bearing rats.

BLP discovered by Mafune et al.'* is a basic protein specific to and rich in the liver
compared with other organs. This BLP is reported to be differenct from known liver-specific
antigens in the physical properties and immunological responsiveness. — However, it is

— 9] —



considered to be most suitable as a material for liver-specific antigen, because it is abundant
in the liver and has previously reported characteristics of liver-specific antigens such as the
commonness within species and the appearance of autoantibodies. The fact that rat BLP
antiserum obtained by immunizing a rabbit with rat BLP reacts with the liver of the rabbit
suggests production of antibody to BLP of the self. Proliferation of rat fetal hepatocytes in
culture is inhibited by the addition of rat BLP antibody. In this process, a large number of
dead hepatocytes are suspended in the culture medium, presumably because of the cytotoxic
effect of rat BLP antibody on rat fetal hepatocytes. Therefore, BLP anti-body appears likely
to be involved as an autoantibody in immunological liver injury.

In the present study, we attempted to produce a model mouse with liver injury resulting
from an immunological mechanism using BLP as the antigen.

Liver injury was produced in mice by intravenous injection of BLP antibody derived from
C57BL/6J mice 5 days after intraperitoneal administration of RGG obtained from normal
rabbits with CFA emulsion. When BLP antibody was administered to C57BL/6J, DBA/2,
and ddY mice, liver injury was severest in C57BL/6] mice. In this strain, the severity of liver
injury was dependent on the dose of BLP antibody. ~Serum biochemical studies showed
abnormalities only in parameters of liver functions, and histological lesions were demonstrat-
ed only in the liver with no abnormalities in the kidney, spleen, or lung. The liver injury in
this model was markedly inhibited by the administration of prednisolone, cyclophosphamide,
and levamisole, which act on the immune system. From these results, liver injury in this
model was considered to be caused by immunological mechanism unlike liver injuries induced
by the administration of chemicals such as carbon tetrachloride and acetaminophen.

The total bilirubin level including direct-reacting and indirect-reacting bilirubin is known
to increase in humam hepatitis, but the serum total bilirubin level tended to decrease in this
mouse liver injury model induced by BLP antibody. Furthermore, in an early stage of
humans hepatitis, the structure of hepatic cords appears normal, a few hepatocytes are
swollen, degenerated, or necrosed, and mild infiltration of migrating cells such as macro-
phages, lymphocytes, and neutrophils is observed. In advanced stages, marked hepatocel-
lular necrosis is oberved in the entire liver, and a very small number of hepatocytes are left,
exhibiting features of acute hepatic atrophy, and the limiting lamina that demarcates a
hepatic cord from Glisson’s capsule is destroyed due to disintegration of hepatic cords and
infiltration of inflammatory cells. In the present liver injury model, however, the histopath-
ologic profile of the liver differed slightly from that in human hepatitis. Pathologic changes
in human hepatitis are generally considered not to be reproducible in small animals, and this
point needs improvements.

No drug specifically effective for hepatitis has been developed, and the disease is usually
treated with anti-inflammatory agents and immunomodulators. In the present experimental
model, the anti-inflammatory steroid prednisolone and cyclophosphamide with an im-
munosuppressive effect markedly reduced the liver injury. The development of liver injury
was also inhibited by levamisole with immunomodulator effects.

These findings suggest that this mouse liver injury model is useful for clarification of the
immunological mechanism of liver injury or as a model of a particular pathologic state.
Moreover, considering the fact that drugs acting on the immune system have little effect on
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hepatitis induced by chemicals such as carbon tetrachloride and galactosamine, the present
model developed by an immunological process is considered to be useful also for screening of
drugs for the treatment of immunoreactive liver injuries.

References

1) Kato, R.: Drug metabolism under pathological and abnormal physiological states in animals and man.
Xenobiotica, 7, 25-92 (1977).

2) Farrell, G.C,, Cooksley, W.G.E. and L. W. Powell. : Drug metabolism in liver disease : Activity of
hepatic microsomal metabolizing enzymes. Clin. Pharmacol. Ther., 26, 483-492 (1979).

3) Willson, R. A., Hart, F.E and Hew, J. T. : Comparison of in vivo and in vitro drug metabolism in
experimental hepatic injury in the rat. Gastroenterology, 76, 697-703 (1979).

4) Rauckman, E. J,, Rosen, G. M., Post, S. E and Gillogy, S. D. : Effect of model traumatic injury on hapatic
drug-metabolizing enzymes, J. Trauma, 20, 884-886 (1980).

5) Sasaki, K., Ishikawa, M., Matsumoto, S and Takayanagi, G. : Pharmacological Activity of Antitumor
Drugs in Unphysiologically Conditioned Animals. I. Antitumor Activity of Various Antitumor Drugs in
Alloxan-diabetic Mice. Ann. Rep. Tohoku Coll. Pharm., 31, 299-313 (1984).

6) Ramzan, I. M., Yasuhara, M and Levy, G. : Kinetics of drug action in disease states. XIX. Effect of
experimental liver disease on the neurotoxicity of theophylline in rats. J. Pharmacol. Exp. Ther., 241,
236-238 (1987).

7) Kurosawa, S., Kurosawa, N., Owada, E., Soeda, H and Ito, K. : Pharmacokinetics of diltiazem in
patients with liver cirrhosis. Jpn. J. Clin. Pharmacol. Ther., 20, 565-572 (1989).

8) Ishikawa, M., Sasaki, K., Ozaki, M., Watanabe, K., Takayanagi, Y. and Sasaki, K. : Hepatic drug
metabolizing activity in rats with carrageenan-induced inflammation, J ."Pharmacobio-Dyn., 14, 132-138
(1991).

9) Ishikawa, M., Sasaki, K., Takayanagi, Y. and Sasaki, K. : Effect of carrageenan-induced inflammation
on the induction of hepatic microsomal enzymes by phenobarbital and benzo (a) pyrene in male rats. J.
Pharmacolbio-Dyn., 15, 139-146 (1992).

10) Ishikawa, M., Sasaki, K., Ozaki, M., Takayanagi, Y. and Sasaki, K. : Inhibition of hepatic drug
biotransformation by carrageenan-induced inflammation in the rat : Effect of sex hormone alterations. J.
Pharmacobio-Dyn., 15, 367-375 (1992).

11) Almeida, J.D. and Waterson, A. P. : Immune complex in hepatitis, Lancet 2, 983-984 (1969).

12) Duddely, F.]J., Fox, R. A. and Sherlock, S. : Cellular immunity and hepatitis associated, Australian
antigen liver disease. Lancet 1, 723 (1972).

13) Eddelstone, A. L. W. F. and Williams, R. : Inadequate antibody response to HBAg of suppressor T-cell
defect in development of active chronic hepatitis. Lancet 2, 1543 (1974).

14) Mafune, N. : Purification, characterization and clinical aspects of a liver specific antigen. Hokkaido
Med. J., 57, 491-501 (1982).

15) Nagai, H., Yakuo, 1., Yamada, H., Shimazawa, T., Koda, A., Niu, K., Asano, K., Shimizu, T. and
Kasahara, M. : Liver injury model in mice for immunophamacological study. Japan. J. Pharmacol., 46,
247-254 (1988).

16) Ishikawa, M., Suemori, E., Takayanagi, G. and Sasaki, K. : Pharmacological activity of antitumor
drugs in unphysiologically conditioned animals. II. Preparation of a model mouse bearing immunological
liver injury. Ann. Rep. Tohoku Coll. Pharm., 34, 225-233 (1987).

17) Nagai, H., Takizawa, T., Nishiyori, T. and Koda, A. : Experimental glomerulonephritis in mice as a
model for immunopharmacological studies, Japan. J. Pharmacol., 32, 1117-1124 (1982).

18) Sakashita, S., Tsukada, Y., Kobayashi, K., Tsuji, I. and Hirata, H. : A tumor associated basic protein
isolated from yolk sac tumor cells and normal liver of rats. In Carcio-embryonic proteins. Vol. II. Edited
by Lehmann, F. G., p. 493-498, Elsevier/North-Holland Biomedical Press. Amsterdam (1979).

19) Fravi, G. and Lindenmann, J. : Induction of allogeneic extracts of liver-specific precipitaing
autoantibodies in the mouse. Nature, 218, 141-143 (1968).

20) Meyer zum Buschenfelder, K. H. and Miescher, P. A. : Liver specific antigens. Clin. Exp. Immunol., 10,
89-102 (1972).

— 93 —



21) Meyer zum Buschenfelder, K. H., Manns. M., Hutteroth, T. H., Hopf, U. and Arnold, W. : LM-Ag and
LPS-two different target antigens involved in the immunopathogenesis of chronic active hepatitis. Clin.
Exp. Immunol., 37, 205-212 (1979).

22) Mori, Y., Iwama, S., Mori, T., Ueda, S., Iesato, K., Yoshida, H., Wakashin, Y., Wakashin, M. and
Okuda, K. : Liver-specific F antigen in the serum of patients with liver diseases and the detection early
stage hepatocellular carcinoma, Clin. Chim. Acta., 164, 127-137 (1987).

— 04 —



