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Abstract
AIM: To investigate the dynamic changes of capillarization
and peri-sinusoid fibrosis in an alcoholic liver disease model
induced by a new method.

METHODS: Male SD rats were randomly divided into 6
groups, namely normal, 4 d, 2 w, 4 w, 9 w and 11 w groups.
The animals were fed with a mixture of alcohol for designated
days and then decollated, and their livers were harvested
to examine the pathological changes of hepatocytes, hepatic
stellate cells, sinusoidal endothelial cells, sinusoid, peri-
sinusoid. The generation of three kinds of extra cellular matrix
was also observed.

RESULTS: The injury of hepatocytes became severer as
modeling going on. Under electronic microscope, fatty
vesicles and swollen mitochondria in hepatocytes, activated
hepatic stellate cells with fibrils could been seen near or
around it. Fenestrae of sinusoidal endothelial cells were
decreased or disappeared, sinusoidal basement was formed.
Under light microscopy typical peri-sinusoid fibrosis, gridding-
like fibrosis, broaden portal areas, hepatocyte’s fatty and
balloon denaturation, iron sediment, dot necrosis,
congregated lymphatic cells and leukocytes were observed.
Type I collagen showed an increasing trend as modeling
going on, slightly recovered when modeling stopped for 2
weeks. Meanwhile, type IV collagen decreased rapidly when
modeling began and recovered after modeling stopped for
2 weeks. Laminin increased as soon as modeling began and
did not recover when modeling stopped for 2 weeks.

CONCLUSION: The pathological changes of the model
were similar to that of human ALD, but mild in degree. It
had typical peri-sinusoid fibrosis, however, capillarization
seemed to be instable. It may be related with the reduction
of type IV collagen in the basement of sinusoid during
modeling.
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INTRODUCTION
In China alcoholic liver disease patients have been on the rise.
Acetaldehyde and hydroxy free radicals oxidized from alcohol
can injure hepatocytes and activate lipid peroxidation. Hydroxy
free radicals are able to activate phagocytes to secrete cytokines
and activate hepatic stellate cells (HSC). The activation of HSC
leads to the production of various components of extracelluar
matrix (ECM). Researchers have reported that peri-sinusoid
fibrosis, capilllarization, gridding-like fibrosis, bridging fibrosis
and even cirrhosis are most typical morphological changes in
alcoholic consumers for more than 10 or even 20 years. But
mild and/or moderate drinkers may not experience such severe
damages of the liver. Among the ECM produced during
fibrosis, types I and IV collagen and laminin are closely related
to the formation of capillarization and peri-sinusoid fibrosis.
The Tsukamoto-French model has been used to investigate
ALD, but it is expensive and complicated. Many researchers
like to make use of the gavage model because of its simplicity
and convenience, but there are many inconsistent reports about
the content of alcohol ingested, the time of modeling, etc. In
order to probe into the mechanism of ALD and find a more
suitable model, we investigated the dynamic changes of
capillarization and peri-sinusoid fibrosis, the contents of types
I and IV collagen and laminin, etc. in male SD rats during
modeling so as to explore whether it was acceptable.

MATERIALS AND METHODS
Materials
Male SD rats, weighing 150±5g, were purchased from Beijing
Vital River Company. Corn oil was from Carafour Supermarket.
Xanthan gum and maltose were from Beijing Chemical Agent
Company. Edible alcohol was from Beijing General Alcohol
Brewing Company. Carbonyl iron and pirazole were from
Sigma, USA. First antibody to type I collagen, type IV collagen
and laminin were from Antibody Diagnostic Inc, ADI, USA.
PV-6001 Kits were from Power Vision, USA. ZLI-9030 and
ZLI9001 were from Beijing Zhongshan Company.

Methods
Fifty-six rats were divided into normal(6), 4 d(8), 2 w(8), 4 w
(10), 9 w(12), 11 w(12) groups.
     ALD model was induced by intragastric infusion of a
mixture made of alcohol (5 g/d·kg), pirazole (30 mg/d·kg),
corn oil (3 ml/d·kg), carbonyl iron (35 mg/d·kg, which was
decreased to 15 mg after 4 w), a little xanthan gum and maltose
once a day for 5 days consecutively, with 2 days off per week,
until 9 w. The rats were fed with normal diet and water ad libitum.
      The rats were executed at the end of 4 d, 2 w, 4 w, 9 w and
11 w, respectively. Harvested livers were split and fixed for
electron microscopy, hematoxylin and eosin, and Masson
complex staining. A portion was snap frozen for biochemical
and molecular analysis. Histological analysis of each liver was
undertaken. Further sections were cut from each liver,
deparaffinized and subjected to amylopsin antigen retrieval
before being immunostained  with primary antigen and second
envision agents for types I and IV collagen and laminin. Semi-
quantitive computation of types I and IV collagen and laminin



was done by the image analyzing system MIS-2000, which was
from 3Y Company, USA. The slides for electron microscopic
examination were made according to routine protocol, sub-
cellular morphology was investigated and photographed under
JEM-1200EX (80KV).

Statistics
SPSS Version 10.0 was used. All values were expressed as
mean ±SD. One-way ANOVA was used to determine the

significance of differences among the six groups. P<0.05 was
considered statistically significant.

RESULTS

HE staining
Normal hepatocytes in neat plates, had big and round nuclei,
with a clear profile. Hepatocytes in Four d group became
swollen and turbid, or balloon denatured. Sinus stricture was

Figure 1  Changes of hepatocytes after HE staining. A: normal HE, B: 4 d HE, C: 4 w HE.

Figure 2  Changes of hepatocytes after Masson staining. A: normal Masson, B: 4 w Masson, C: 11 w Masson

Figure 3  Changes of hepatocytes observed by electron microscopy. A: fatty vesicle in hepatocytes, B: activated HSC and fibril, C:
sinusoidal endothelium and basement, D: endothelium,less fenestrae.
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Figure 4  Changes of type I collagen after immunohistochemical staining. A: col-I Normal group, B: Col-I in 4 w group, C: Col-I in 9 w group.

Figure 5  Changes of type IV collagen after immunohistochemical staining. A: col-IV Normal group, B: Col-IV in 4 d group, C: Col-
IV in 2 w group, D: Col-IV in 4 w group, E: Col-IV in 9 w group, F: Col-IV in 11 w group.

Figure 6  Changes of laminin after immunohistochemical staining. A: laminin Normal group, B: Laminin in 4 d group, C: Laminin
in 4 w group, D: Laminin in 9 w group, E: Laminin in 11 w group.
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evident. Hepatocytes in 2 w group showed bridging balloon
denaturation at around-lobules and portal area, dot necrosis
and congregating inflammatory cells could be seen. Four w
group exhibited evident hepatocytes coagulation necrosis,
mesenchymal cells hyperplasia, broadened portal area with
fibrosis. In the Nine w group Mallory body and widespread
fatty vesicle denaturation in hepatocytes, piecemeal necrosis,
congregating inflammatory cells and fibrosis could be seen.
Eleven w group had denatured hepatocytes and a little necrosis,
hepatic stellate cells showed dark nuclei (Figure 1. A, B, C)

HE-masson staining
Normal group showed very light stain of the basement of
central veins of lobules, Which was mildly evident in blood
vessels at the portal area. Four d group showed more evident
stain of central vein basement, parts of the hepatocytes were
surrounded by gridding-like stains. Two w group showed more
gridding-like stains. In 4 w group almost all hepatocytes were
surrounded by gridding-like fibrosis and thicker basements of
central veins were seen. Thick fibers in portal area bridged
with those in hepatic lobules. The fibrotic changes in 9 w group
deteriorated. In 11 w group the gridding-like fibrosis slightly
ameliorated, but no evident changes were seen in central veins
and portal areas (Figure 2. A, B, C).

Electron microscopic examination
Normal hepatocytes had round and clear nuclei, many
microvilli extended to touch sinusoidal endothelial cells, or
encircle hepatic stellate cells. Its mitochondria presented oval
profiles and clear crests. Sinusoidal endothelial cells had many
fenestrae and flat nuclei, without obvious basement and fibril
underneath. HSC showed tight nuclear chromatin, few in
number, and without fibril surrounded by. As modeling going
on, the microvilli of hepatocytes became swollen and broken,
rough endoplasmic reticulum showed turbulence, mitochondria
became swollen and crest broken. The nuclei of sinusoidal
endothelial cells became darker and thicker, nuclei chromatin
grew crassitude. Fewer fenestrae and basement could be seen
under which a large amount of fibrils was found. HSC proliferated
actively, with nuclear chromatin turned into crassitude, and
lots of fibril surrounded lay (Figure 3. A, B, C, D).

Table 1  Dynamic changes of types I and IV collagen and
laminin (x±s)

Group        Type I Collagen       Type IV Collagen         Laminin

Normal         0.2874±0.0224     0.3421±.0217          0.2263±0.0010

4 d          0.2811±0.0151     0.2907±0.0109a       0.2975±0.0034a

2 w          0.2912±0.0122     0.2463±0.0062a       0.2962±0.0048a

4 w          0.3853±0.0401a     0.3165±0.0049a        0.3336±0.0091a

9 w          0.4262±0.0992a     0.3202±0.0039a         0.3523±0.0108a

11 w          0.3734±0.1239a     0.3249±0.0119         0.3549±0.0120a

aP<0.05 vs normal.

Immunohistochemical staining
The content of type I collagen grew gradually from Two w
and reached the peak in Nine w. After 2 week recovery, it
dropped a little in 11 week but was still higher than that of
normal rats (Figure 4. A, B, C).
      The content of type IV collagen in normal rats was moderate,
but it rapidly decreased after the infusion of alcohol mixture,
and was sustained at a low level during the course of modeling.
However, it recovered in Eleven w (Figure 5. A, B, C, D, E, F).
     There were few positive stains of laminin in normal rats,
but as soon as the modeling began, its content increased rapidly,

maintaining at high levels during the course, and did not return
to normal in 11 w group, but much higher than that of normal
rats (Figure 6. A, B, C, D, E, Table 1).

DISCUSSION
The viewpoints[1-3] that moderate drinking might be beneficial
to heart and vascular system or might improve the ability of
senior citizens to cognize imply that the disadvantages of
alcohol have not been sufficiently recognized. Investigations
on pathological changes of mild and moderate drinkers in the
liver, especially capillarization and peri-sinusoid fibrosis are
not so profound.
      Alcohol abuse has become a severe problem in China. The
modeling method for the purpose of ALD research is one of
the key factors. ALD may be formed in more than 10 or even
20 years, meanwhile have been found many differences due
to their various genotypes[4,5]. As to modeling, pure alcohol
intake was difficult in inducing a successful model in a relative
short period of time[6]. Tsukamoto-French model can do so by
means of consecutive infusion of alcohol into stomach through
a gastric fistula and does not need quite a long time, but it is
complicated and expensive. At present the most widely used
method of modeling is “gavage” of alcohol[7,8]. In order to make
a model in a relative short period of time, other assisting
materials besides alcohol must be added to promote the
pathological progress. But the materials added should be of
or about the same mechanism as that of alcohol, and the
contents of them have to be restrained in order not to overcome
alcohol. The core is whether the model has similar pathological
changes to ALD and suitable for drug researches, whether it
can illustrate the mechanism of treatment so to serve clinic
investigation reliably.
     The mechanism of ALD has been thought to have a close
relation to many factors such as lipid peroxidation[9],
endotoxin[10-13], acetaldehyde and immunological injuries it
induced[14-16], gender[17], sediment of iron[18-25], free radicals[26],
etc. Analysis[27] of alcohol-responsive genes showed that
alcohol might injure the liver omnidirectionally, causing not
only fatty liver, necrosis and inflammation, hepatocyte
apoptosis and hyperhomocysteinemia, but also turbulence in
glucose metabolism and DNA damages, etc. It has been
recognized that the occurrence of fibrosis induced by alcohol or
other factors is due to the activation of hepatic stellate cells[28-41].
All materials added besides alcohol such as iron, polyunsaturated
fatty acid and endotoxin during modeling should be designed
to strengthen the common mechanism. Our model accepted
iron as an additive to promote the course of lipid peroxidation.
Corn oil had similar functions. Pirazole could delay the course
of alcohol to be cleared from plasmid. Meanwhile we used
pirazole to cause or promote blood stasis and flatulence of the
intestinal tract, this might be due to its stimulating effect on
local mucosa. It needs more evidences to say that pirazole can
promote endotoxin absorption. But whether the fibrosis model
induced by alcohol and CCI4 is suitable for ALD research
should be under further observation[42].
    Some researchers reported[43] that capillarization, peri-
sinusoid fibrosis and gridding-like fibrosis were typical
morphological changes in alcoholic cirrhosis of human beings
which are rather different from that of fibrosis or cirrhosis
induced by virus infection, yet we do not know whether it
would happen in average moderate drinkers, and how the
extracellular matrix was involved in changes of types I and IV
collagen and laminin. Since there was no unification about the
species of rats, the dosage of alcohol and additives used during
modeling, we introduced a model established by intragastric
infusion of a new mixture of alcohol for 9 weeks consecutively
and studied the dynamic changes of types I and IV collagen as
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well as laminin, in order to find out whether this model was
suitable or not for ALD research[44,45].
      The end products of alcohol in the liver include acetaldehyde
and hydroxy free radicals which can injure hepatocytes and
activate lipid peroxidation. Phagocytes are susceptible to the
course, and would excrete many cytokines such as TNF-α,
TGF-β1, which in turn activate hepatic stellate cells. Activation
of HSC is the key event of various kinds of fibrosis. We found
in this model, however, as modeling going on, the pathological
changes of hepatocytes and fibrosis were gradually
deteriorated, The rats in 2 w group were low in spirit with hair
standing and diarrhea, the rats in 4 w group became worse and
even died. However, because of sustained alcohol intake, after
4 w the rats seemed to get better in spirits and activities,
implying that they might develop some mechanisms to adapt
to alcohol intake.
     In this model we found that the pathological changes of
hepatocytes, HSC, endothelia under electronic microscopy, HE
stain, HE-masson complex stain were consistent with that of
ALD in human beings. Histological analysis showed that the
degree of fibrosis was stages I-II[46,47]. This model may be a
good representative of average moderate drinkers who have
extensive mild pathological injuries of the liver. Our study
may provide some clues for investigation about mild and
moderate drinkers in clinic.
     Capillarization was a process in which the liver sinusoid
became consecutive capillaries with evident basement around.
The morphological changes mainly included decreased
fenestrae in number or even disappearance in endothelia, and
the formation of evident basement[48-51]. The progression of
fibrosis was directly linked to the activation of HSC, and always
companied by the activation of matrix metalloprotenase2
(MMP-2), without strong expression of the family of tissue
inhibitor of matrix metalloprotinases(TIMPS) which was
usually observed at the primary stages of fibrosis. Capillarization
might not be always stably formed. Our observation demonstrated
this might be true, because the content of type IV collagen
was low and changed during the modeling, the basement might
be mainly composed of laminin. Some of the basements of the
liver sinusoid in the rats of 4 w and 9 w groups were not so
typical but indeed existed.
      The laminin content showed a consecutive high level during
the modeling, and did not return to normal even after 2 week
recovery. It implied that decomposition of laminin in this model
was slightly tough. It deserves further investigation in human
ALD. Thus MMP-2’s activity alone may not be able to promote
the reverse of capillarization.
     The content of type I collagen is less than that of type III
collagen in normal rats’ liver, but it is not so when fibrosis
occurs. In normal rats we saw few fibrils near the sinusoid, as
modeling going on, many fibrils appeared around sinusoidal
endothelial cells. We postulate that type I collagen may take
part in this course. Because most researchers believed that type
I collagen was not involved in the formation of basement
during capillarization. We conclude that the peri-sinusoid
fibrosis may be mainly composed of fibrils consisting of type
I collagen. Electron microscopic observation showed that peri-
sinusoid fibrils were not prone to decomposition after modeling
stopped. Immunohistochemical staining observation was
consistent with this.
      This model had stable alcohol intake during modeling, this
ensured less deaths but resulted in moderate pathological
changes. If we increase the content of alcohol intake after 4 w
and last it for a longer time, or do not reduce the content of
iron intake, there may be more severe injuries of the liver such
as cirrhosis, but also more dead animals would come forth
which may lead to modeling ending in failure. However, the
model still needs further improvements.
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