
Summary. Liver disease is characterized by fatty liver,
hepatitis, fibrosis and cirrhosis and is a major cause of
illness and death worldwide. The prevalence of liver
diseases highlights the need for animal models for
research on the mechanism of disease pathogenesis and
efficient and cost-effective treatments. Here we show
that a senescence-accelerated mouse strain (SAMP8
mice), displays severe liver pathology, which is not seen
in senescence-resistant mice (SAMR1). The livers of
SAMP8 mice show fatty degeneration, hepatocyte death,
fibrosis, cirrhotic changes, inflammatory mononuclear
cell infiltration and sporadic neoplastic changes. SAMP8
mice also show abnormal liver function tests:
significantly increased levels of alanine amino-
transferase (ALT) and aspartate aminotransferase (AST).
Furthermore, titers of murine leukemia virus are higher
in livers of SAMP8 than in those of SAMR1 mice. Our
observations suggest that SAMP8 mouse strain is a
valuable animal model for the study of liver diseases.
The possible mechanisms of liver damage in SAMP8
mice are also discussed.
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Introduction

The senescence accelerated mouse (SAM) strains
were developed by Dr. Toshio Takeda and colleagues
(Takeda et al., 1991; Takeda, 1999). These mice provide
an excellent model system to study the processes of
aging. A number of lines of senescence prone (P-series;
SAMP) mice have been developed. Of the senescence
prone strains, the SAMP8 strain has a life span of
approximately 50% of the life span of another line
developed by the Takeda group, termed senescence
resistant (R-series; SAMR1). In addition to the shorter
life span, mice of the SAMP8 strain have a reduced

capacity to learn and poor memory retention (Miyamoto
et al., 1986). At an early age these mice show many of
the histopathological signs associated with mice affected
with neurodegenerative diseases or with aged normal
mice, e.g., 2-year-old SAMR1 mice; in comparison to
normal aging, the changes seen in SAMP8 are more
intense.

We found that SAMP8 mice displayed extensive
liver degeneration. Our findings were reproducible in
SAMP8 mice harvested in different years (1995, 2001
and 2002) and liver degeneration was found in different
age groups (10 months and 16 months). This is the first
description of liver degeneration in SAMP8 mice. These
findings have been confirmed by Dr. Y.S. Kim’s group in
Korea (personal communication). The plasma levels of
alanine aminotransferase (ALT) and aspartase
aminotransferase (AST) were significantly increased in
SAMP8 mice compared to the values in SAMR1 mice.
Testing of SAMP8 and SAMR1 livers for ecotropic
murine leukemia virus (MuLV) showed a striking
difference in virus titers: SAMP8 mice exhibited very
high virus levels in liver compared to the levels in
SAMR1. At this time, we are not sure if MuLV viruses
in the liver of SAMP8 mice cause liver degeneration.
Our findings provide a valuable animal model to study
the mechanisms of liver disease and to test the efficiency
of various treatment modalities.
Materials and methods

Animals

SAMR1/Ta and SAMP8/Ta strains were originally
obtained from Dr. T. Takeda (Takeda et al., 1991;
Takeda, 1999) and have been maintained as inbred
strains in the Institute for Basic Research (IBR) animal
colony since 1992. Pathogen-free SAMR1 and SAMP8
animals were obtained subsequently from Drs. J.F. Flood
and J.E. Morley (Flood and Morley, 1994) and have
been housed in Thoren cages in a clean facility separate
from the main animal colony. The pathogen-free mice
have been bled and checked serologically for common
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murine pathogens by the serological testing service of
Charles River Laboratories. These mice have remained
pathogen free. All mice were on a 12-hr light, dark cycle
and fed and watered ad libitum. 

At the time of harvest, more than seven animals in
each group were anesthetized with 5 mg Nembutal i.p.
Blood was taken before perfusion (between 10:00 am
and 1:00 pm) from the heart and collected in labeled
polyethylene tubes. Plasma was stored at 4 °C for later
plasma assays. Mice were perfused transcardially with
cold phosphate-buffered saline (PBS) followed by cold
4% paraformaldehyde in PBS. The livers were
immediately removed, cut into blocks, postfixed
overnight in the same fixative at 4 °C, then processed as
described for electron microscopy studies or rinsed with
PBS, dehydrated with ethanol and embedded in
polyester wax (Polyscience, USA) for light microscopy
studies. Some mice were perfused with ice-cold
physiological saline (PS); unfixed livers were
immediately removed from these mice. Parts of each
liver were cut into 20 µm-thick sections in a cryostat for
frozen sections and the remaining portions were
homogenized with 10 mM HEPES buffer (pH 7.4) for
later use. 
Histological staining

Tissue blocks were processed into paraffin blocks
and sectioned into 7 µm-thick histological sections. The
sections of liver and other organs were stained with
haematoxylin and eosin (HE). Frozen liver sections, 20
µm thick, were stained with Sudan black or oil red for
examination of fat distribution. Necrosis and other
abnormalities detectable by light microscopy were
assessed in histological preparations previously coded in
order at avoid bias. Tissue necrosis was scored as
follows: 0, no necrosis; 1+, focal necrosis of few cells
per section; 2+, focal necrosis of many cells per section;
3+, areas of massive confluent necrosis; 4+, zonal
massive necrosis. 
Transmission electron microscope (TEM)

After immersion-fixation in 2% glutaraldehyde and
2% paraformaldehyde in cacodylate buffer overnight at 4
°C, the livers were rinsed four times 5 min each in 0.1 M
cacodylate buffer. The livers were trimmed so that the
size of the tissue was about 1mm3. The tissue was post-
fixed in 1% osmic acid in cacodylate buffer for 30
minutes, and then it was rinsed twice in 0.1 M
cacodylate buffer and once in 1% tannic acid for 1 hour.
The specimens were rinsed twice in the buffers and were
dehydrated in increasing concentrations of alcohol, from
30% up to 100%. The specimens were then infiltrated
with Epon embedding medium and were polymerized in
an oven at 60 °C for several days before sectioning.
Ultra-thin sections were stained with uranyl acetate and
lead citrate. The specimens were observed with a
transmission electron microscope (Hitachi 7000).

Liver function tests

The levels of ALT (EC 2.6.1.2), AST (EC 2.6.1.1), and
alkaline phosphatase (AP) (EC 3.1.3.1) in the plasma
were measured by use of kits purchased from Sigma
(USA); the manufacturer’s instructions have been
modified to use small volumes in a 96-well Corning
plate (Fisher), and we have shown that this modified
procedure is effective in obtaining the expected standard
curves.
MuLV assay

Perfusion of mice and liver homogenates preparation
Four mice in each group were anesthetized with 5

mg sodium pentobarbital (Nembutal) i.p. and sprayed
liberally with 70% ethanol. When mice were
unconscious but had an active heartbeat, mice were
perfused with sterile PBS through the left ventricle for
10 min. After perfusion, livers were removed aseptically
and processed by homogenization in DMEM (10% w/v),
using 20 strokes in a hand-operated, ground-glass tissue
homogenizer. Serial dilutions of liver homogenates were
prepared in DMEM + 10% FBS + 100u/ml penicillin-
100mg/ml streptomycin + 25 µg/mL DEAE-dextran
(DMEM10A-DEAE). 

Culture of cell lines
SC-1 cells (ATCC CRL-1404) were grown in

Dulbecco’s modified eagle medium (DMEM) + 10%
fetal bovine serum (FBS) + 100 µg/mL penicillin + 100
µg/mL streptomycin (DMEM10A). The XC cell line
(ATCC CCL-165) was grown in DMEM + 10% FBS
without antibiotics (DMEM10). SC-1 and XC cells were
harvested for use in plaque assays by trypsin-EDTA
(0.05% trypsin, 0.53 mM EDTA; 1 ml of this trypsin-
EDTA solution/25cm2 flask), washed once with DMEM,
and resuspended in the appropriate medium for assay.
All cell-growth and plaque assays were done at 37 °C in
a humidified, 5% CO2 incubator (Carp et al., 1999).

SC-1 UV plaque assay
Ecotropic MuLV was quantitated using the SC-1/UV

plaque assay (Rowe et al., 1970; Meeker and Carp,
1997). SC-1 cells were plated onto 60 mm plastic Petri
dishes at 105 cells per dish in 4 ml DMEM10A. The next
day, approximately 1 h before addition of liver
homogenates, medium in the dishes was discarded and
replaced with 3 ml DMEM + 10% FBS + 100u/ml
penicillin-100mg/ml streptomycin + 25 µg/mL DEAE-
dextran (DMEM10A-DEAE). One ml volume of liver
homogenate diluted in the same medium was then added
to plates. One to two days after addition of liver
homogenate, medium was removed and replaced with 4
ml per dish DMEM10A. Five days after addition of liver
homogenate, medium was removed and cultures were
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exposed to 30 s of UV irradiation. Immediately after UV
irradiation, 4 ml of a suspension containing 2.5x105 XC
cells/ml in DMEM10A was pipetted into each dish.
After 24 h incubation, medium was discarded. Cultures
were washed once with PBS, fixed with 100% methanol
for 5 min and stained with haematoxylin for 10 min.
Haematoxylin was discarded, the cultures washed twice
with tap water, and the plaques counted under a
dissecting microscope. Concentrations of liver
homogenates higher than 1 ml of 1% (w/v) in 4 ml
culture medium were found to be toxic to SC-1 cells.
Therefore, liver homogenates were diluted in serial
tenfold dilutions with 1% the highest concentration used.
MuLV titres were expressed as log10 PFU/mg liver.
Statistical analysis

All the data were processed and stored in computer
(Dell, Dimension L866r). Statistical differences between
groups were assessed by Student’s t-test or analysis of
variance using the Instat statistical program (GraphPAD
Software, San Diego, CA). Acceptable statistical
significance was set at p<0.05. 
Results

SAMP8 and SAMR1 mice used in this study were
shown in Figure 1A. The SAMP8 mouse exhibited
generalized signs of aging, which included ruffled and
dull coat, loss of hair, abnormal curvature of the spine
and inflammation in the periorbital areas. Hematoxylin
and eosin (HE)-stained sections of livers in SAMR1
mice were essentially normal (Fig. 1B). Only minor liver
vacuolation was found in less than 10% of SAMR1
mice. These changes could be considered non-
pathological. However, there was extensive fatty
degeneration in the livers of SAMP8 mice (Fig. 1C). The
characteristic feature of liver injury in SAMP8 mice was
the predominance of steatosis and other lesions in the
perivenular area (also called centrilobular zone or zone
3) of the hepatic acinus. Portal and periportal regions
were normal (Fig. 1C). Steatosis was present
predominantly as macrovesicular fat; some hepatocytes
had an admixture of microvesicular steatosis (Fig. 1D).
The nuclei were centrally located and of normal size. In
HE stained slides and Sudan black stained slides, lipid
droplets were found in the livers of SAMP8 mice (Figs.
1F and 1G), but not in the livers of SAMR1 mice (Fig.
1H).

Higher power magnification of the centrilobular
region of SAMP8 livers showed hepatocellular
degeneration, with enlarged or pyknotic liver cell nuclei,
swelling cell bodies and necrosis with deposition of cell
debris. Activation of cells of the reticular endoplasmic
system plus infiltration of lymphocytes and leukocytes
could also be seen. Under high power (magnification see
Figure Captions), livers showed fatty change, hepatocyte
ballooning characterized by swollen cells, focal necrosis,
fibrosis and focal inflammatory infiltrates in midzonal

and centrilobular regions. Necrosis was limited to the
centrilobular zone, and was accompanied by
centrilobular swelling of cells, polymorphonuclear
leukocytic infiltration, fibrosis and cell degeneration
(Figs. 2A-G). The possibility existed that (1) there was a
gradient of decreasing oxygen tension from the portal to
the central venous end of the sinusoid, and/or (2) there
was a gradient of increased aging of hepatocytes from
the portal areas to the central areas due to hepatocytic
proliferation which starting in portal areas. Therefore,
the cells around the centrilobular zone were more
vulnerable to the damage. Sporadically, SAMP8 mice
developed hepatic neoplasm-like proliferation with
fibrosis and leukocytic infiltration (Fig. 2D,G).

In SAMP8 mice, the lipid droplets in the liver cells
ranged in size up to 8 to 10 µm in diameter, but most of
the droplets averaged 1.5 to 3.5 µm under electron
microscopic examination. There was a general tendency
for the droplets to be distributed near the sinusoidal
borders of the liver cells (Fig. 3A), but they could be
found in all portions of the cytoplasm (Fig. 3B). Smooth
endoplasmic reticulum, the granular endoplasmic
reticulum and mitochondria were normal in some areas,
but showed changes such as degeneration in the areas of
necrosis. The smooth endoplasmic reticulum was widely
distributed in the centrilobular cells, scattered among the
vesicles (Fig. 3A,B, see arrows). Groups of activated
macrophages and lymphocytes were found between liver
cells (Fig. 3C); sometimes they were found near the
Kupffer cells (Fig. 3D). Connective tissue was found in
Disse space near the stellate cells in the damaged areas.
The connective tissue was found laid down in the
perivascular space around the central vein and in the
perisinusoidal region (Fig. 3E). The fatty degeneration
was found in both young (10 months old) and old (16
months old) SAMP8 mice (Fig. 4). The vacuolation
scores were significantly higher in SAMP8 mice than
those in SAMR1 mice. In young SAMR1 mice, the
vacuolation score was 0.83±0.54 (n=6) and in old
SAMR1 mice it was 0.22±0.16 (n=27), while the
vacuolation score in young SAMP8 mice was 3.00±0.33
(n=10) and in old SAMP8 mice it was 1.74±0.32 (n=23).

SAMP8 mice also showed abnormal liver function
tests in two different age groups (10 months and 16
months). The plasma ALT levels (Sigma units/ml) in
SAMP8 mice were significantly increased compared to
those in SAMR1 mice. In young SAMR1 mice, the
plasma ALT level was 33.3±3.6 (n=17) and in old
SAMR1 mice it was 41.8±11.3 (n=18), while the plasma
ALT level in young SAMP8 mice was 127.0±28.7
(n=27) and in old SAMP8 mice it was 129.7±29.1
(n=22). 

The plasma AST levels (Sigma units/ml) in SAMP8
mice were also significantly increased more than those
in SAMR1 mice. In young SAMR1 mice, the plasma
AST level was 81.8±14.6 (n=15) and in old SAMR1
mice was 87.4±5.8 (n=18), while the plasma AST level
in young SAMP8 mice was 128.1±14.4 (n=27) and in
old SAMP8 mice it was 148.7±26.8 (n=22).
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Fig. 1. A. Photo
of SAMP8 and
SAMR1 mice,
both are 12
months old. B.
Liver of SAMR1
mouse, HE stain.
C-F. Fatty
degeneration
changes in the
livers of SAMP8
mice, HE stain,
arrows show fatty
degeneration. G.
Fatty droplets
(arrows) in the
liver of SAMP8
mouse, Sudan
black stain. H.
The liver of
SAMR1 mouse,
Sudan black
stain. CV: central
vein. Scale Bars:
A, 2 cm; B, C, E,
G, H, 220 µm; D,
F, 110 µm.
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Fig 2. Histopathological changes in the livers of SAMP8 mice, HE stain.
A-B. Liver cells swelling, fatty changes, necrosis, focal inflammatory cell
infiltration (arrows). C-G. Sporadic hepatic neoplasm-like proliferation with
fibrosis and leukocytic infiltration (arrows) are found. CV: central vein.
Scale bar: A, 55 µm; B, C, E and G, 110 µm; D, 220 µm; F, 440 µm.
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Fig. 3. A-E. Ultrastructure of pathological changes in the livers of SAMP8
mice. BC: bile canaliculi; Cd: cellular degeneration; HC: hepatocytes; IC:
inflammatory cells; KC: Kupffer cells; Lipid: lipid droplets; M: mitochondria;
Ser: smooth endoplasmic reticulum. Scale bars: A, B, D, F, 6 µm; C, 3 µm.



The plasma AP levels (Sigma units/ml) in SAMP8
mice were slightly increased compared to those in
SAMR1 mice. In young SAMR1 mice, the plasma AP

level was 2.9±0.2 (n=17) and in old SAMR1 mice it was
2.9±0.1 (n=17), while the plasma AP level in young
SAMP8 mice was 3.1±0.2 (n=26) and in old SAMP8
mice was 3.3±0.2 (n=22).

Figures 5, 6 showed that ALT and AST were
increased significantly, while alkaline phosphatase (AP)
(Fig. 7) was slightly increased in SAMP8 mice
compared to the values in SAMR1 mice.

There were higher MuLV titers in the livers of
SAMP8 mice. SAMR1 exhibited very low virus levels in
livers (0.9±0.1 log10 PFU/1 mg liver tissue) as compared
to much higher levels in SAMP8 (2.7±0.2, log10 PFU/1
mg liver tissue) (p<0.0001) (Fig. 8).
Discussion

This is the first report that demonstrates that a short-
lived inbred mouse strain termed senescence-accelerated
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Fig. 8. Comparison of MuLV levels in the livers of SAMP8 and SAMR1
mice. *: p<0.0001.

Fig. 7. Comparison of Plasma AP Levels (Sigma units/ml) in SAMR1
and SAMP8.

Fig. 6. Comparison of Plasma AST Levels (Sigma units/ml) in SAMR1
and SAMP8.

Fig. 5. Comparison of Plasma ALT Levels (Sigma units/ml) in SAMR1
and SAMP8. 

Fig. 4. Comparison of vacuolation (Fatty Liver) scores in SAMR1 and
SAMP8 mice.



mice (SAMP8) displays liver disease. In contrast,
another strain with a normal aging process, referred to as
senescence-resistant strain (SAMR1), did not display
liver damage. The characteristic features of liver damage
in SAMP8 mice are found predominantly in the
perivenular area (also called centrilobular zone or zone
3) of the hepatic acinus. In this area, the livers show
vacuolation, cell swelling and in some cases,
lymphocytic infiltration. Higher power magnification of
the centrilobular regions shows hepatocellular necrosis,
and pyknotic liver cell nuclei. The pathological changes
in the liver of SAMP8 mice are very similar to the
ethanol-induced pathological changes seen in rat liver.
Viral infection, alcoholic or drug toxicity, and many
other factors that cause damage to hepatocytes elicit an
inflammatory reaction in the liver (Wu and Zern, 2000).

Furthermore, SAMP8 mice also show abnormal liver
function tests: the activity of ALT, AST and AP are
increased in SAMP8 mice compared to the values in
SAMR1 mice. The levels of AST and ALT are increased
in conditions where the liver has been inflamed or liver
cells are dying. As the cells are damaged, the AST and
ALT leak into the bloodstream leading to a rise in serum
levels. Plasma levels of ALT and AST rise rapidly
during the early stages of liver disease. Our study shows
significant increases in AST and ALT levels in SAMP8
mice compared to SAMR1 mice. These results suggest
that the liver cells of SAMP8 mice have undergone cell
damage and cell necrosis.

AP is actually a group of enzymes that hydrolyze
monophosphate esters at an alkaline pH. AP is
associated with the biliary tract. Liver disease resulting
in parenchymal cell necrosis does not elevate plasma
alkaline phosphatase unless the liver disease is
associated with damage to the canaliculi or with biliary
stasis.

The mechanism of liver degeneration in SAMP8
mice is still not known. One possibility is the higher
MuLV titers in the livers of SAMP8 mice. SAMP8 mice
had approximately 50 times as much MuLV in livers
compared to SAMR1 mice (Fig. 8). It has been reported
that the titers of MuLV are higher in brains of SAMP8
than SAMR strains (Meeker and Carp, 1997; Carp et al.,
2002). MuLVs are retroviruses, RNA tumor viruses that
use reverse transcriptase to produce a DNA copy of the
viral genome. This DNA can become integrated into the
host genome as a provirus (Rowe et al., 1970; Rowe,
1972) and can replicate with the host chromosomal
DNA. This provirus, referred to as endogenous, can be
either replication-competent or replication-defective
(Temin, 1992). A number of MuLVs are known to
replicate and cause disease in the central nervous system
(Sharpe et al., 1990; Wong, 1990; Kay et al., 1991; Czub
et al., 1992; Hoffman et al., 1992). Although there is no
evidence that MuLV causes liver degeneration in
SAMP8 mice, viruses such as hepatitis A, B, and C do
cause liver degeneration in humans (Beard and Lemon,
1999; Robinson, 1999; Purcell, 1999).

It has been found that there are age-related changes

in liver function, including adverse drug reactions (Le
Couteur and McLean, 1998), increased susceptibility to
neurotoxins (Le Couteur et al., 2002a,b, Yang et al.,
2002), and the appearance of atherosclerosis (Le Couteur
et al., 2002a). Furthermore, it has been found that ageing
in the liver is associated with reductions in mass and
blood flow in the order of 30-50% (Le Couteur and
McLean, 1998; Schmucker, 1998). In old rats, non-
human primates and humans, marked changes were
found in the hepatic sinusoidal endothelium and
extracellular space of Disse, a condition that is termed
pseudocapillarization (Le Couteur et al., 2001; Cogger et
al., 2003; McLean et al., 2003). 

It has been suggested that microvascular
abnormalities are found in ageing liver (McLean et al.,
2003). By electron microscopic analysis, ageing was
shown to be associated with a 50% increase in thickness
of the endothelium and a 50% reduction in the number
of fenestrations in the sinusoidal endothelium (Le
Couteur et al., 2002a). Immunocytochemistry studies
showed strong expression of collagen IV, moderate
expression of factor VIII-related antigen, and weak
expression of collagen I along the sinusoids of livers
from old rats (Le Couteur et al., 2001). Thickening of
the endothelium and deposition of extravascular collagen
might impair the transfer by diffusion of substrates such
as oxygen (Le Couteur et al., 2001) and drugs (Fenvyes
et al., 1993). In the current study, the sinusoidal ageing
phenomenon might be linked to the centri-lobular
pattern of the lesions via the mechanism of hypoxia. It
would be interesting to determine if there were similar
sinusoidal ageing changes in the livers of SAMP8 mice.

Another possible cause of liver degeneration in
SAMP8 mice is oxidative stress, which has been
reported to play a key role in pathogenesis of liver
disease. There is evidence for intrahepatocytic hypoxia
in aged rats (Le Couteur et al., 2001). In the study of
oxidative stress in the brain and peripheral organs in
both SAMP8 and SAMR1 mice, it has been found that
the level of lipid peroxides in the brain did not show an
age-dependent change, but at each age the brain level of
lipid peroxides was significantly higher in SAMP8 than
in SAMR1. In contrast, the lipid peroxide levels in heart;
liver, lung and kidney showed increases with aging in
both SAMP8 and SAMR1 mice (Matsugo et al., 2000).
Furthermore, this study showed lipid peroxide levels
significantly higher in SAMP8 than in SAMR1. These
results suggest that increased oxidative stress in the brain
and peripheral organs may be a cause of the senescence-
related degeneration and impairment seen in the brain
and liver of SAMP8. 

Free radicals produced by metabolic pathways
promote progression from steatosis to steatohepatitis and
fibrosis by three main mechanisms: lipid peroxidation,
cytokine induction, and Fas ligand induction (Angulo,
2002). It has been reported that aldehydes generated
endogenously during the process of lipid peroxidation
are causally involved in most of the pathophysiological
effects associated with oxidative stress in cells and
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tissues (Esterbauer et al., 1991). Among the lipid
peroxidation-derived aldehydes, 4-hydroxy-2-nonenal
(HNE) is believed to be largely responsible for the
cytopathological effects observed during oxidative stress
in vivo (Esterbauer et al., 1991; Fazio et al., 1992; Parola
et al., 1993; Barrera et al., 1996; Rao et al., 1996;
Spycher et al., 1996; Fukuda et al., 1997; Leonarduzzi et
al., 1997; Uchida et al., 1999). HNE plays a role in
inhibition of protein and DNA synthesis, inactivation of
enzymes, stimulation of phospholipase C and reduction
of gap-junction communication. Preliminary results
suggest that HNE is increased in the livers of SAMP8
mice compared to SAMR1 mice and might play an
important role in liver oxidative stress and liver
pathology seen in this strain (unpublished). 

The numbers 1-15 in the next 3 paragraphs list the
possible mechanisms involved in liver degeneration
induced by oxidative stress in SAMP8 mice. (1) It is
possible that the genetic deficits and/or mutations in
SAMP8 mice causes imbalance of oxidation-reduction
reactions in the body; some nonalcoholic fatty livers
might be caused by genetic deficits. (2) Reactive oxygen
species (ROS) accumulate and trigger lipid peroxidation,
which causes cell death and releases malondialdehyde
(MDA) and HNE (Curzio et al., 1985; Esterbauer et al.,
1991). (3) MDA and HNE might activate p38 and c-Jun
N-terminal kinase (JNK) pathways. Therefore, (4) MDA
and HNE stimulate stellate cells, promoting collagen
synthesis (Leonarduzzi et al., 1997). (5) HNE has
chemotactic activity for neutrophils, promoting tissue
inflammation (Curzio et al., 1985). (6) ROS derived
from parenchymal cells may signal nonparenchymal cell
activation, including Kupffer and stellate cells, which
can release inflammatory cytokines such as TNFα,
transforming growth factor ß (TGFß), interleukin-8 (IL-
8) and free radicals. TNFα inhibits mitochondrial
electron transfer in target cells and induces oxidative
stress in isolated mouse hepatocytes (Lancaster et al.,
1989; Adamson and Billings, 1992). (7) It has been
suggested that TNFα can increase circulating fatty acids
and cause hyperinsulinemia (Angulo, 2002). (8) TNFα

stimulates uptake of fatty acids by hepatocytes and leads
to mitochondrial ß-oxidation overload. Lipid
peroxidation also causes oxidation of low-density
lipoprotein (LDL) and subsequent formation of lipid
droplets, and fatty acid accumulation that cause fatty
liver (Angulo, 2002). (9) ROS produced from
mitochondria and cytosol can stimulate NFκB and
increase TNFα formation, which causes a ˝snow-ball
effect˝. (10) All of the above may cause cell
degeneration and impair liver function (including
abnormal changes of ALT and AST). (11) ROS can
influence the flow of electrons along the respiratory
chain in mitochondria (Lancaster et al., 1989); this
inhibits ATP synthesis, causing necrosis. (12) TNFα and
TGFß have been reported to cause activation of caspases
and liver cell death (apoptosis or necrosis) (Inayat-
Husain et al., 1997). (13) MDA and HNE in liver cells
can cause depletion of GSH, increase peroxynitrite and

lead to more ROS formation. Peroxynitrite is a strong
oxidant and nitrating agent, which can promote lipid
peroxidation and nitration of tyrosine residues on
proteins (Beckman et al., 1990). (14) ROS in
mitochondria can cause expression of the Fas ligand
(Fas-L) in hepatocytes (Hug et al., 1997), which can then
interact with Fas receptors on the membranes either by
autocrine effect, which damages the cell itself or by
paracrine processes, causing another cell’s death. On the
other hand, TGFß activates type II receptor on stellate
cells and stimulates the synthesis of collagen type I,
leading to fibrosis (Leonarduzzi et al., 1997; Wu and
Zern, 2000). (15) ROS can also cause damage to DNA
(Ames et al., 1993). Oxidative damage to DNA is
postulated to be an important contributor to aging and
cancer. It is estimated that the number of oxidative hits
to DNA per cell per day is about 100,000 in the rat and
about 10,000 in the human. DNA-repair enzymes such
as glycosylase, cannot efficiently remove all of the
lesions formed (Guyton and Kensler, 1993). The form of
DNA damage produced by ROS includes modification
of all bases as well as the production of base-free sites,
deletions, frame shifts, strand breaks, DNA-protein cross
links and chromosomal rearrangements. A common site
for point mutation is G-C base pairs. 8-Oxo-2’-
deoxyguanosine and its corresponding base, 8-hydroxy-
2’-deoxyguanosine (8-OHdG) are particularly useful
markers of oxidative DNA damage because they
represent approximately 5% of the total oxidized bases
that are known to occur in DNA. Oxidation at C8
position of G changes the electronic properties of this
DNA base, which results in structural and
conformational alterations in G and mispairing of G with
A (Guyton and Kensler, 1993). The sporadic hepatic
cancer found in SAMP8 mice might be the result of
increased oxidative stress on DNA. 

At present, we do not know what kind of genetic
deficits and/or mutations exist in SAMP8 mice. In future
experiments, we will measure the enzyme activities
related to oxidative stress. We will also test the
relationship of MuLV viruses, TNFα, lipid peroxidation,
cytokine induction and Fas ligand induction to the liver
degeneration process in SAMP8 mice.
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