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Abstract

AIM: To investigate if iron deposition and fat accumulation
in the liver play a pathogenetic role in dimethylnitrosamine
(DMN)-induced liver fibrosis in rat.

METHODS: Thirty rats were treated with DMN at does
consecutive days of 10 uL/kg daily, i.p., for 3 consecutive
day each week for 4 wk. Rats (7 = 30) were sacrificed
on the first day (model group A) and 21* d (model group
B) after cessation of DMN injection. The control group
(7 = 10) received an equivalent amount of saline. Liver
tissues were stained with hematoxylin & eosin (HE) and
Masson and Prussian blue assay and oberserved under
electron microscopy. Serum alanine aminotransferase (ALT)
and liver tissue hydroxyproline (Hyp) content were tested.

RESULTS: The liver fibrosis did not automatically
reverse, which was similar to previous reports, the
perilobular deposition of iron accompanied with collagen
showed marked characteristics at both the first and
21* d after cessation of DMN injection. However, fat
accumulation in hepatocytes occurred only at the 21% d
after cessation of DMN injection.

CONCLUSION: Iron deposition and fat accumulation
may play important roles in pathological changes in
DMN-induced rat liver fibrosis. The detailed mechanisms
of these characteristics need further research.
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INTRODUCTION

Iron deposition and liver steatosis are important
pathological changes in chronic liver diseases like
viral hepatitis and alcoholic liver diseases!®. The two
pathological changes have also been demonstrated to occur
in CCLs-induced liver damage ot fibrosis!®”
in the liver may damage hepatocyte and stimulate reactive
oxygen species and lipid peroxidation, eventually resulting
in liver fibrosis, cirrhosis, or other liver diseases/®!%.
Additionally, liver steatosis is also closely related to fibrosis
and can increase the severity of fibrosis!"'l. It was reported
that hepatic inflammation may mediate fibrogenesis in

1. Tron overload

patients with liver steatosis!'?.

Rat liver fibrosis induced by dimethylnitrosamine
(DMN) is a good reproducible model and has been widely
used in screening drugs and researching mechanisms
associated with liver fibrosis or cirrhosis''®. However,
it is currently unknown whether iron deposition and fat
accumulation also occur in DMN-induced rat liver fibrosis.

The pathogenesis of this model includes fibrillar
septa formation, focal nodule formation, biochemical
abnormalities and the development of ascites" ' After
cessation of DMN, the death of rats continued and liver
function continues to deteriorate over time' . Anti-fibrotic
drugs usually need to be administered for as long as
about 3 wk to evaluate their effects. Therefore, this study
determined the characteristics of the time points at the
first day and 21" d after cessation of DMN.

MATERIALS AND METHODS

Animals

Male and female Sprague-Dawley rats of 120-150 g body
weight were used. They were fed with standard rat diet
and water according to guidelines approved by the China
Association of Laboratory Animal Care. They were
settled in plastic cages in an SPF-grade animal room in the
Experimental Animal Center of Guangzhou University of
Chinese Medicine.

Treatment protocol
The rats were randomly divided into the control group
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Figure 1 Schematic representation of the DMN treatment protocol.

and the model group. The animals in the model group (#
= 30) received DMN (Tianjin Chemical Reagent Research
Institute) dissolved in saline at does of 10 uL. DMN/kg,
L.p., for 3 consecutive d each wk for 4 wk. The control
group (7 = 10) received an equivalent amount of saline.
On the last day of DMN administration, the rats in model
group were randomly divided into 2 groups as group
model A and group model B. Group model A (» = 10)
rats were sacrificed on the first d after cessation of DMN
and group B and the control group were sacrificed in
21 d after cessation of DMN. The treatment protocol is
presented in Figure 1.

Histopathology

The liver tissue was observed under light microscopy after
fixation with Bouin fluid for 24-36 h. Paraffin sections
were stained with hematoxylin & eosin (HE) for routine
examination, followed by Masson staining for collagen,
and Prussian blue for iron. Processing for electron
microscopy included fixation with glutaraldehyde in 0.2
mol/L phosphate buffer and embedding in epon/araldite.

Quantitative determination of the deposition of collagen,
fat and iron

Quantitative determination of collagen was done by
analyzing the Masson-stained paraffin sections under an
optical microscope by a grading method. The degree of
fibrosis of liver sections was graded numerically based on
the following criteria: 0, no fibrosis; + 1, slight fibrosis,
fibrosis located in the central liver lobule; + 2, moderate
fibrosis, widened central fibrosis; + 3, severe fibrosis,
fibrosis extended to the edge of liver lobule; + 4, liver
cirrhosis.

A grading method through analyzing the sections under
electron microscopy was used for quantitative evaluation
of fat accumulation according to previous methods"”. The
four-point scale was: 0-4 or none, normal, slight, moderate
and severe. Scores 1-4 are considered to correspond to fat
deposition in 5%-10% 10%-33%, 33%-66% and > 66%
of the hepatocytes, respectively; O represents < 5% of the
hepatocytes.

The semiquantitative measurement of iron deposition
was done using the following criteria: the blue-colored
iron particles were divided into 4 sizes as small (graded as
1), middle (2), large (3), or larger (4). Three closely linked
lobules and their perilobular spaces of each Prussian
blue-stained section were randomly chosen to count the
iron particles and analyze the size for calculating iron
deposition scores.

Biochemical measurements

The serum alanine aminotransferase (ALT) levels were
measured using an ultraviolet method. The liver tissue
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Table 1 Changes of serum ALT and tissue Hyp means + SD

Group n ALT (U/mL) Hyp (ng/g)
Control 10 20.8+4.96 109.14 + 29.06
Model A 10 60.2 +8.01° 351.46 + 65.86°
Model B 12 58 +10.32"° 367.37 + 42.06™°

Statistical method: Nemenyi method. “P > 0.05 vs model A; "pP < 0.01 vs
Control.

hydroxyproline (Hyp) content was determined according
to the method of Sakaida ez a/'.

Statistical analysis

Results are expressed as means = SD. Nemenyi’s method
or Student’s 7 test were used to determine comparisons
between two groups. BiomedCalc software was used for
statistical analysis.

RESULTS

Grossly observed changes

Throughout the experiments, the body weight of most
treated animals increased regularly but remained 30%
lower than the weight of controls, except for 3 treated
animals, who did not show an increase in weight. The
animals started to die from the 4th wk of treatment and
continued to the last d of cessation of observation. In
total, 8 rats died during the whole observation period, 1
died before the cessation of DMN and 7 died after the
cessation of DMN. Upon opening of the abdomen, the
liver of all treated animals showed diffuse hyperemia and
granularity in the liver surface. Ascites were visible in all
treated rats. Three bloody ascites were found in treated
rats sacrificed at the first day after cessation of DMN. The
other treated rats had bloody acites when sacrificed at the
last d of observation.

Serum ALT levels and liver tissue Hyp

Both the serum ALT and liver tissue Hyp were markedly
increased at the first day after cessation of DMN (model
A). By the 21* d (model B) after cessation of DMN,
the serum ALT and liver tissue Hyp were also markedly
increased and were not significantly different compared
with the 1% d after cessation of DMN. The level of serum
ALT and liver tissue Hyp are shown in Table 1.

Histopathological manifestatiion

The liver lobules of the control group showed no
pathological changes and the liver cells were normal
(Figure 2A). There were pseudo-lobules in 8 samples at the
first d after cessation of DMN). Large numbers of black
and brown particles were deposited and accompanied with
fibrosis tissue (Figure 2B). A similar pattern was evident
in model B, with pseudo-lobules present in 9 samples.
Hemorrhagic necrosis and mononuclear infiltration was
slight but there was still evidence of new bleeding in all the
samples with HE staining. Compared with model A, liver
cell steatosis was apparent in 7 of 12 samples in model
B (Figure 2C). Each sample of models A and B showed
enlarged portal tracts and severe fibrosis deposition (Figure
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Figure 2 Liver histopathology of DMN-treated rats (HE). A: Control group, no
marked pathological changes (x 400); B: Group model A, hemorrhagic necrosis
with foci of lymphomonocytic infiltration around fibrosis tissue can be seen (x
400); C: Group model B, fat accumulated in numerous liver cells (x 400); D: Group
model B, quantities of fiber deposited and linked with each other (x 400).

Figure 3 Rat liver fibrosis induced by DMN (Masson). A: Group model A,
the green fiber distributed between liver cells and accompanied with necrotic
hemorrhage; B: Group model B, similar to group model A in fibrosis (x 400).

2D). Hemorrhagic necrosis with foci of lymphomonocytic
infiltration around fibrosis tissue can be seen.

The collagen was shown to be green-colored in the
Masson-stained section. The collagen was mainly deposited
perilobularly without marked differences in location or
severity of collagen deposition between the first (Figure
3A) and 21" d (Figuire 3B) after cessation of DMN.

Electron microscopy showed that in the first day after
cessation of DMN, there were alterations of sinusoidal
walls accompanied with numerous erythrocytes in the
space of Disse and some of the erythrocytes nearly
touched the liver cell membrane (Figure 4A). Other
structural alterations of liver cells included altered
mitochondrial configuration and evidence of intracellular
bile retention with a distorted canalicular membrane.
Numerous transitional cells showing the features of lipid-
containing myofibroblases were observed although there
was no fat accumulation in liver cells in all the samples
of the group. However, on the 21" d after cessation of
DMN, numerous liver cells containing small or large fat
droplets were found in all the samples of the group (Figure
4B). Extended segments of the sinusoidal wall were still
deprived of endothelium. Myofibroblasts and typical
fibroblasts were numerous in fibrotic septa. Occasional
plasma cells were also observed together with lymphoid

Figure 4 Ultrastructural changes of the liver in DMN-treated rats. A: model group
A, no marked lipid drops deposited in the liver cells and from which we also can
see an erythrocyte pass through extracellular matrix and closely stick to the liver
cell membrane; B: model group B, numerous lipid drops deposited in liver cell
(electron microscopy, x 6000).

Figure 5 Iron deposition in rat liver induced by DMN (Prussian blue). A: model
group A, the iron is mainly accompanied by fiber (x 100); B: model group B,
similar to the model A in iron deposition, iron nodules are deep blue in color and
mainly located extracellularly or in the Kupffer cells (x 400).

Table 2 Histopathological semiquantitative scores of collagen

deposition in the liver

Groups n 0 +1 +2 +3 +4 Staging scores (mean + SD)

Control 10 10 0 0 0 0 0
Model A 10 0 0 1 1 8 3.70%0.67
Model B 12 0 0 1 2 9  3.67+0.65

Statistic method: Student’s t test. °P > 0.05 vs model B.

cells in close contact with hepatocytes.

Prussian blue-stained sections showed that the black
and brown particles in the HE-stained sections were iron
particles (Figure 5A and B). The iron was mainly deposited
around liver lobules. Few hepatocytes showed invasion by
iron and most of the iron was extracellularly deposited or
in the kupffer cells.

Semiquantitative measurement of collagen, fat and iron

The results showed that the collagen deposition scores
(Table 2) are markedly increased on both the first and
21 d after cessation of DMN compared with the control
group, although there were no marked differences between
the two time points (P > 0.05). However, fat accumulation
(Table 3) was significantly increased on the 21 d (P <
0.01) after cessation of DMN, but not on the first day (P
> 0.05). Similar to the collagen deposition, iron deposition
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Table 3 Histopathological semiquantitative scores of fat deposition

in the liver

Table 4 Histopathological semiquantitative scores of iron deposition
in the liver

Groups n 0 +1 +2 +3 +4 Staging scores (mean + SD) Groups n Iron deposition scores (mean + SD)
Control 3 1 2 0 0 0 067+058 Control 10 0

Model A 3 1 2 0 0 0 0.67+£058 Model A 10 396.10 + 32.83

Model B 8] 0 0 0 2 1 333+058 Model B 12 389.92 +49.42°

Statistic method: Student’s t test. °P < 0.01 vs control group; °P > 0.05 vs
control group.

(Table 4) was markedly increased in both of the model
groups compared with control group, but there were no
differences between the two model groups.

DISCUSSION

In the present study special attention was paid to the time
points of the first and 21* d after cessation of DMN
injection, which is closely associated with liver fibrosis
reversal during drug screening. DMN was injected for 3
consecutive days each week for 4 wk, which is a similar
modeling method for drug screening. The results showed
that serum ALT, liver tissue Hyp and liver collagen
staging scores showed no significant differences between
the first d and 21 d after cessation of DMN. These
results revealed that the severity of liver fibrosis was not
significantly reversed after cessation of DMN for 3 wk.
Additionally, this model has the following merits: (1) as
a good reproducible model, fewer rats died during the
whole observation stage and a shorter time was spent for
modeling compared with CCLs-induced rat liver fibrosis,
(2) the mechanism of DMN-induced liver fibrosis has
been shown to be associated with immune function, which
is similar to the mechanism of human liver fibrosis!"”.
Thus, DMN-induced rat liver fibrosis may be a useful
model for determination of liver fibrosis during drug
screening,

The tissue pathological changes of DMN-induced
rat liver fibrosis are reported to include fibrillar
septa formation, focal nodule formation and severe
hemorrhage. A three-week treatment with a low dose
of DMN produces micronodular cirrhosis following
diffuse hemorrhagic necrosis without steatosis (35" d of
observation, 19 d after cessation of treatment)™. In a
longer duration study™, liver steatosis was not found after
cessation of DMN for 24 wk. However, in the present
study, liver cell steatosis was observed in 7 of 12 samples
of Model B with HE stain on the 45" d of observation
(4 wk DMN administration and 21 d of treatment
cessation). Under electron microscope, numerous liver
cells containing small or large fat droplets were found in
all the samples at the 21" d after cessation of DMN. But
in the model group A, there was no marked deposition of
fat drops, which was similar to the control group in liver
cells in all of the samples both with HE staining and under
the electron microscope. This experiment was repeated
twice and similar results were obtained. This phenomenon
revealed that treatment with DMN for 3 consecutive days
each weak for 4 wk can result in significantly different liver
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Statistic method: Student’s t test. °P > 0.05 vs model B.

tissue pathological changes compared with 3 wk or other
time spans of DMN treatment.

According to recent studies, steatosis is involved
in liver pathological changes“”, and it has also been
demonstrated that steatosis is a cofactor of other liver
diseases”. Steatosis of both alcohol and nonalcoholic-
related etiologies is associated with the development of
more advanced diseases, including necroinflammation
(steatohepatitis), fibrosis, and cirrhosis™!. There is
also direct evidence showing a correlation between
the severity of steatosis and the degree of hepatic
stellate cell activation™. Steatosis of most nonalcoholic
etiologies is also associated with the development of
necroinflammation (so-called non-alcoholic steatohepatitis
or NASH)?. There are also studies demonstrating that
steatosis is a direct contributor to inflammation and/or
fibrosis®*. In the present study, the accumulation of fat
drops in liver cells occurred only in model group B (21"
d after cessation of DMN treatment), suggesting that
although DMN treatment was stopped, lipid metabolism
had been perturbed by necroinflammation or fibrosis. On
the contrary, the lipid deposition may exacerbate fibrosis
and/or inflammation.

Previous studies have not discussed the role of iron
deposition in DMN-induced rat liver fibrosis. In this study,
we showed that the iron deposition accompanied with
fibrosis and increased numbers of erythrocytes in the liver
tissue is a marked phenomenon in both models A and
B. This may indicate that the deposited iron may play a
role in the maintenance and progression of pathological
changes in the liver after cessation of DMN treatment.
Additionally, the iron is mainly extracellularly deposited or
in Kupfter cells and is accompanied with fiber, which may
block the nutrition and information transfer between cells
or lobes. The hemorrhage in liver fibrosis is severe and the
iron in the erythrocytes situated near the normal liver cells
can be metabolized. However, when the cell function of
fibrotic tissue is attenuated, the Kupffer cells and liver cells
are not capable of processing the iron in the erythrocytes
located close to the fiber and, consequently, the iron is
deposited. Adversely, the deposited iron can accelerate the
advancement of liver fibrosis and may even facilitate hep
atocarcinogenesis[25’261. Is this a general principle of liver
diseases typified with chronic hemorrhager? This may need
further research. Actually, Iron deposition is characteristics
of many forms of liver diseases including viral hepatitis
B® €™ alcoholic™ and nonalcoholic™" hepatitis. In
the experimental animal model, Iron overload can enhance
the development of CClLs-induced liver cirrhosis of

. 32 - .
mice™. Iron toxicity may thus be due to promotion of
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oxidant stress. It has been reported that free radicals and
membrane oxidation by-products can cause hepatocellular
death by triggering organelle dysfunction, or by activating
cells involved in hepatic inflammation and fibrogenesis,
such as Kupffer cells and hepatic stellate cells”™. Actually,
iron deposition characterizes many forms of DMN-
induced rat liver fibrosis.
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