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Abstract

AIM: To examine the ultrastructural changes after
ursodeoxycholic acid (UDCA) treatment in hepatocytes
from experimentally induced fibrotic livers.

METHODS: Liver fibrosis was induced in male Sprague-
Dawley rats with CCls for 12 wk, and the rats were
divided into two groups. Group I was treated with
saline and group I with UDCA (25 mg/kg per day) for
4 wk. All the rats were killed at wk 16. Mitochondria,
nuclei, rough endoplasmic reticulum (RER) and smooth
endoplasmic reticulum (SER) of hepatocytes were
evaluated according to a scoring system.

RESULTS: Mitochondria, nuclei, RER and SER injury
scores in group II were significantly lower than those
in group I (P < 0.001).

CONCLUSION: UDCA alleviates hepatocyte organelle
injury in CCls-induced liver fibrosis.
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INTRODUCTION

Liver fibrosis is characterized by an increase in extracellular
matrix (ECM) components and occurs as a common
sequel of various chronic inflammatory diseases. Certain
collagen types deposit around the sinusoidal cell layer
in the space of Disse and a molecular re-organization
of various ECM molecules results in alterations in the
composition of the fibrotic matrix, with deterioration
of hepatic functions'!. Parenchymal cell damage of
varying etiology is central to the initiation of fibrogenesis
in the liver. Although experimental and clinical trials to
establish effective options for prevention or regression of
fibrogenesis in the liver are being conducted, it is still an
untreatable condition. Some agents that are currently used
for other diseases, and several herbal drugs, have recently
been reported to have antifibrotic efficacy with different
potency in the liver™”.,

Ursodeoxycholic acid (UDCA) is the mainstay of
therapy of primary biliary cirrhosis (PBC) in humans.
UDCA has been reported to have antifibrotic activity in
bile duct ligation and CCls-induced experimental liver
fibrosis™¥. Clinically, long-term UDCA therapy improves
liver function tests” and delays the development and
progression of cirrhosis in PBC!" which leads to
prolongation of the time needed for liver transplantation.
It has been reported to have antiapoptotic activity on
cholangiocytes and hepatocytes™ and an inhibitory effect
on generation of reactive oxygen speciesm]. In the present
study, we examined the ultrastructural changes after UDCA
treatment in hepatocytes from experimentally induced
liver fibrosis in the rat. This should show us alterations in
hepatocyte structure after treatment of established fibrosis
and the possibility of regression of organelle injury.

MATERIALS AND METHODS

The Institutional Animal Use and Care Committee of
the Gulhane Medical Academy, Ankara, Turkey approved
the study, which was also performed in accordance with
the National Institute of Health's guidelines for the care
and handling of animals. The animals were fed standard
rat chow and kept in metabolic cages with controlled
temperature and a 12-h light/dark cycle before and during
the experiment.

Twenty male Sprague-Dawley rats weighing 250-350 g
were injected subcutaneously with 0.2 mL./100 g CCls
twice weekly for 12 wk to induce liver fibrosis. Then, the
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rats were randomly divided into two groups. Group I
(n = 10) was treated with saline and group II (» = 10) with
UDCA (25 mg/kg per day) for 4 wk. At the end of wk 16,
all the rats were killed under anesthesia and the livers were
excised under sterile conditions. The specimens were fixed
in 2.5% glutaraldehyde for 24 h and consequently washed
in phosphate buffer (pH 7.4), post-fixed in 1% osmium
tetroxide in phosphate buffer (pH 7.4), and dehydrated
in increasing concentrations of alcohol. The tissues were
washed with propylene oxide and embedded in epoxy-resin
embedding medium. Semi-thin sections approximately
60-90 nm in thickness were cut with a glass knife on
an LKB Nova (Sweden) ultramicrotome. Sections were
stained with methylene blue and examined by a Nikon
Optiphot (Japan) light microscope. Ultrathin 60-90 nm
sections were collected on copper grids, stained with
uranyl acetate and lead citrate, and examined with a Jeol
JEM 1200 Ex (Japan) transmission electron microscope.
Twenty cells from each specimen were examined.
Mitochondria, nuclei, rough endoplasmic reticulum (RER)
and smooth endoplasmic reticulum (SER) of hepatocytes
were examined according to a previously described scoring
system *'? (Table 1).

Results were expressed as means = SEM. The
significance of differences in histopathological and
ultrastructural fibrosis scores and serum amylase activity
were assessed by the Kruskal-Wallis test. P < 0.05 was
considered significant.

RESULTS
After 4 wk UDCA treatment (by the end of wk 10), the

most remarkable finding under electron microscopic
examination of tissues from saline-treated animals (group
) was irregular lamellar organizations of the RER. Large
dilatations and focal breaks in the RER were also found
in many areas (Figure 1A). Vacuolization in the SER and

presence of myelin figures were the other prominent
findings in saline-treated animals (Figure 1B). Many of the
nuclei had irregular chromatin distribution and margination
with clumping. An increase in heterochromatin was seen
in some of the nuclei. Almost all of the mitochondria had
prominent swelling that was much more severe than that
in the UDCA-treated group. Another important finding
was the collection of active fibroblasts in some focal areas
of the liver.

Ultrastructural findings in the UDCA-treated group
(group II) were margination and clumping of the
chromatin and a marked increase in the amount of
heterochromatin (Figure 1C). Mild swelling of mitochondria
was observed (Figure 1D). There were mild dilations in
the SER and Golgi apparatus. However, vacuole formation
in the SER was seen in only a few areas. There were also
some breaks in the RER (Figure 1D and E).

When these findings were scored and evaluated
according to the system shown in (Table 1), we found that
mitochondria (44 £ 0.5 »s 61 £ 2, # = 7.38, P < 0.001),
nuclei (29 £ 0.8 »s 46 + 1.5, # = 9.3, P < 0.001), RER
(30 £ 0.7 »s 56 £ 1, = 21.7, P < 0.001), and SER (22
T 05 w42 1.2, 7= 153, P < 0.001), and injury scores
in group I were significantly improved. Total electron
microscopy score in group I was also significantly lower
when compared to that in group I (125 * 2.3 5205 * 3.7,
+=18.2, P < 0.001) (Figure 2).

DISCUSSION

The hepatocytes are the parenchyma cells of the liver,
whose main function is synthesis of vital substances and
removal of various kinds of molecules from the blood
and their excretion into bile. Liver fibrosis is the result
of deterioration of function of these cells, which results
in initiation of many pathogenic events in the liver. As a
result of parenchymal cell damage, activation of hepatic
stellate cells occurs, which results in excessive production
of collagen, and ultimately pathological and clinical
features of cirrhosis developmj.

UDCA has been shown to reduce hepatocellular
damage in PBC. Treatment of patients with PBC with
UDCA prevents deposition of perisinusoidal collagenm].
It prevents hepatocyte apoptosis 7z vitro by inhibiting
mitochondrial membrane permeability transition'”. We
performed this work to identify the ultrastructural changes
in individual organelles of hepatocytes from UDCA-
treated fibrotic livers. Histological changes in hepatic
structure after CCls treatment have been well documented.
Indeed, most studies addressing antifibrotic efficacy
of newly tested agents have been supported by direct
evidence of histological changes, despite clear biochemical
findings. However, electron microscopically supported
morphological results are not frequent. Although there
have been some ultrastructural studies of the effects of
UDCA on the canalicular system, organelle-based activity
of this antifibrotic agent may be helpful.

Although the liver has a high regeneration capacity,
which can be linked to the phenomenon of spontaneous
recovery, we still found severe hepatocyte organelle injury
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Figure 1 A: Electron micrograph showing irregular lamelar organizations and dilation of the RER (E) and swollen mitochondria (M) in the CCls group (% 15000); B: Electron
micrograph showing myelin figures in the SER (a) and breaks in the RER (arrow) in group I (x 20000); C: Electron micrograph showing the margination and clumping
of the chromatin in the nucleus (N), mild swelling in a mitochondrion (M), mild dilation in the SER (b) and breaks in RER in group I (X 15000); D: Electron micrograph
showing mild swelling in the mitochondria (M) and breaks in the RER (arrow) in group I (x 20000); E: Electron micrograph showing normal RER (arrow) in group II

(x 20000).
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Figure 2 Ultrastructural injury scores in hepatocytes. Individual and total organelle
injury scores decreased significantly in UDCA-treated compared with saline-
treated animals. °P < 0.001.

after 4 wk of saline administration in CCls-treated animals.
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Disrupted organization of the RER, vacuolization of
the SER, and disorganization of nuclear content were
indicative of severe organelle damage and established
fibrosis. Munoz et a/ have reported a similar organization
of ER with CCls treatment in their study which examined
the protective effect of adenosine on hepatotoxin-induced
liver fibrosis'"”. They have also reported mitochondrial
swelling and breaks in the ER after CCls treatment.

Altered chromatin distribution in the nuclei was another
noticeable finding in the hepatocytes following hepatotoxin
exposure, which is suggestive of nuclear events taking
place during necrosis and/or apoptosis. Heterochromatin
is the condensed form of chromatin, with specific
molecular characteristics and nuclear functions. It occurs
around the centromeres and is involved in controlling the
transcriptional state of the genome by gene silencing and
nuclear organization. It lies next to the inner side of the
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nuclear envelope and is broken up at the sites of nuclear
pores. Abundant heterochromatin is seen in resting cells,
whereas euchromatin is mostly found in transcriptionally
active cells. We found a significant decrease in
heterochromatin after 4 wk of UDCA treatment. This
may be intranuclear morphological evidence of improving
regular cell functions. Mitochondrial swelling, which is
characteristic of deteriorated function of this organelle,
decreased significantly with UDCA. Taken together
with parallel changes seen in the nucleus, we could not
conclude any association of this finding with apoptosis,
although, antiapoptotic activity of UDCA on hepatocytes
has previously been demonstrated”. Structural reversal of
disrupted ER may also result from a beneficial effect of
treatment with UDCA.

In conclusion, structural reversal of injured hepatocyte
organelles is possible, and administration of UDCA
greatly alleviates CCls-induced alterations of hepatocyte
organelles. Nonetheless, these changes should be inspected
at different time points during antifibrotic therapy, to
identify the association of such structural recovery of
different organelles.

COMMENTS

Background

Liver fibrosis and cirrhosis are mostly the results of chronic hepatocyte injury. A
drug approved for the management of PBC (UDCA) is the mainstay of therapy of
primary biliary cirrhosis (PBC) and has been reported to have antifibrotic activity
in the liver. We investigated the ultrastructural changes after UDCA treatment in
hepatocytes from experimentally induced liver fibrosis in rats.

Research frontiers
Understanding the changes in hepatocyte organelles during injury and recovery
may be advantageous in developing new diagnostic and therapeutic tools.

Innovations and breakthroughs
An ultrastructural scoring system based on the specific findings of individual
organelles is to be used for the first time on animal hepatocytes.

Applications
Transmission electron microscopy may be another tool to follow structural
alterations in hepatocytes in the disease state.

Terminology
UDCA: A drug approved for the management of PBC.

Peer review

Significant alterations occur in hepatocyte organelles during CCl« administration
and UDCA improves those changes to a great extent. Transmission electron
microscopy may be used to follow morphological changes in the liver during injury
and healing.
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