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The liver is almost unique in its capacity for regeneration after hepatectomy but the
exact mechanisms are not yet fully clarified. Antioxidants have been shown to promote liver
regeneration after major hepatectomy. The present study evaluated the ameliorative effect of
vitamin E administration on the liver regeneration after different periods of partial hepatectomy
(PH) in rats. Fifty-six adult male albino rats were divided into three groups: Control sham
operated group; partially hepatectomized group which were divided into three subgroups
sacrificed at 1day, 3 days and 7days after the operation respectively; Partially Hepatectomized
group with vitamin E pretreatment before PH where the rats were given a daily oral dose of
vitamin E until the time of sacrifice of the rats. Inmunohistochemical detection of proliferating
cell nuclear antigen (PCNA) and labeling index were demonstrated. After PH, the PCNA positive
hepatocytes and the PCNA labeling indices were significantly high after the 1 day and then
much decreased after the 3" day, to be followed by a slight increase at the 7" day. Vitamin E
pretreatment in PH rats resulted in a decrease in PCNA positive cells and its labeling indices in
the 1* day with a gradual increase in the 3 and 7" days. Vitamin E has an inhibitory effect in
the first 24 hours on liver regeneration followed by stimulatory effect at the third and seventh
days after PH. These data indicated that vitamin E pretreatment has an important role in
regulation and enhancement of liver regeneration after PH.
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The mammalian liver is the only organ
that exhibits an amazing potential to regenerate
after surgical resection '. Liver regeneration is
the organized and controlled response of the liver
toward tissue damage induced by trauma, infections,
toxic agents, or post-surgery resection %*. Surgical
resection or partial hepatectomy (PH) is performed
for the treatment of mass lesions in the liver like
primary tumors, metastases and hemangioma or
for living donor liver transplantation “.

It is well known that remnant liver after
70% PH can regenerate and restore its original
mass within seven to twelve days in rats > In the
human liver, regeneration period may be six to
twelve months 7. Liver regeneration is carried out
by proliferation of all adult liver cells including
hepatocytes, sinusoidal endothelial cells, biliary
epithelial, Kupffer and hepatic stellate cells ®.
Also, it has been firmly established that mature
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hepatocytes have an almost unlimited capacity
to proliferate, so that the liver can be entirely
repopulated by intact hepatocytes that represent
1% of the hepatocyte population *'!.

In humans, when the liver regeneration
is impaired, it results in the pathogenesis of liver
failure or development of Gibrosis ' which remains
poorly understood. The fundamental parameters for
liver failure following PH were explained on the
basis of functional mass of the remnant liver, the
age of the patient and the presence of pre-existing
liver disease such as cirrhosis, chronic hepatitis
or fatty liver disease. These situations interfere
with the normal regenerative pathways or initiate
apoptotic pathways, resulting in a functional loss of
remaining hepatocytes . Also; another mechanism
has suggested an increased production of reactive
oxygen species (ROS) in liver mitochondria
following PH, which can alter the function of the
enzymes involved in oxidative phosphorylation
14-17

ROS modulate a variety of signaling
pathways that may affect liver regeneration where
they are known to mediate cell growth arrest and
activate proteins that inhibit the cell cycle '* ',

Therefore, ROS production in the liver
remnant is likely to have a role in the negative
control of regeneration, where it has been suggested
that increased ROS-production affects the early-
phase of hepatic regeneration *-2'.

Accordingly, the antioxidant activity or
the inhibition of the generation of ROS is important
in providing protection against hepatic damage in
cases of liver regeneration *. Vitamin E (alpha-
tocopherol) is the most important antioxidant in
tissues, red cells and plasma #-2, It has lipid radical
scavenging action and had been shown to protect
animal tissues against oxidative damage such as
lipid peroxidation (LP) both in vitro # and in vivo
26

It was suggested that the preoperative
administration of vitamin E modulated the cellular
immune response and restored impaired liver
function following PH, presumably through its
antioxidant capacity ?’. Previous reports have
demonstrated the beneficial effects of vitamin
E, which has two important functions in the
membrane: as a liposoluble antioxidant that
prevents ROS damage in polyunsaturated fatty

acids, and also as a membrane stabilizer agent
acting against damage caused to phospholipids .
Vitamin E acts by means of breaking the antioxidant
chain that prevents ROS-produced cell membrane
damage . Recently, it was reported that short-term
(7-day) antioxidant supplementation attenuates
lipid peroxidation and protects against liver injury
and dysfunction in an ethanol intoxication model
during PH-induced liver regeneration *°.

In view of that, a novel pharmacological
strategy is needed for protection against liver
dysfunction and enhancement of regenerative
capacity following major hepatic resection. In the
present study, 70% PH model in rats was selected to
investigate the immunohistchemical identification
of PCNA expression and its labeling indices in
proliferating liver cells with the potential benefit
of vitamin E to enhance liver regenerative capacity.

MATERIALS AND METHODS

Animals and Experimental Design

Fifty six adult male Sprague-Dawley
albino rats, weighing 190- 240 grams, were
used in this study. They were obtained from the
Animal House of King Fahd Center for Medical
Research, KSA. At the beginning of the experiment
the animals were kept in separate metallic cages
under controlled conditions including temperature
of 28 °C, light (12/12 h light/dark) and humidity
50%-55%. The animals were fed with standard
rat chow and tap water ad libitum. This study
was approved and registered by the Committee of
Animal Investigations in Department of Anatomy,
Faculty of Medicine, King Abdulaziz University.
During all the steps of the study, the animals were
cared at King Fahd Center for Medical Research.
After one week of acclimatization, the rats were
randomly divided into 3 groups:

Control sham-operated group: was
formed of 8 rats, which were subjected to the same
surgical procedure without excision of any liver
lobes.

Partially Hepatectomized group: was
formed of 24 rats to which PH was done (day 0).
These hepatectomized rats were divided to three
subgroups of 8 rats each, and were sacrificed at
lday (PH1), 3 days (PH3) and 7days (PH7) after
the operation.
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Partially Hepatectomized group with
vitamin E pretreatment: was formed of 24 rats to
which PH was done (day 0). Three days before the
operation, the rats were given a daily oral dose of
vitamin E (500 mg/Kg body weight) by oral gavage
until the time of sacrifice of the rats (Horvath et
al.,2001). These hepatectomized rats were divided
to three subgroups of 8 rats each, which were
sacrificed at (PHEL), 3 days (PHE3) and 7days
(PHE?7) after the operation.

Partial hepatectomy

Two thirds partial hepatectomy (PH) was
performed according to the standard technique of
Greene and Flecknell *' and Ramirez-Farias *.
Briefly, the surgery was performed under light
ether anesthesia, where the rat was placed in the
full supine position with the four limbs fixed
to the operating table. Through a 3 cm midline
laparotomy incision, the liver was exposed after
retraction of the abdominal wall. A silk thread of
caliber 3-0 was passed around the left lateral and
median lobes and was drawn up as far as possible
to their origin where they were excised below the
ligation. This is corresponding to a resection of
approximately 70% of the whole liver *2. The right
and caudate lobes of the liver were left in place in
all rats. After closure of the abdominal wall, the
rats were left till they became fully conscious and
oral feeding was allowed after about three hours.
Tissue processing for immunohistochemistry

The rats of each group were sacrificed by
an over dose of ether anesthesia 1day, 3days and
7days after partial hepatectomy. Liver samples
were taken immediately from the remnant lobes
of the liver. The specimens were fixed in 10%
formol saline for 48 hours followed by dehydration,
clearance and embedding in paraffin. Liver
sections (4-6 um thick) were cut and subjected
to immunohistochemical staining to assess the
proliferative activity and DNA synthesis of
liver cells by detecting the proliferating cell
nuclear antigen (PCNA). Sections were dewaxed,
rehydrated and treated with 3% hydrogen peroxide
in methanol to block endogenous peroxidase.
Before incubation with the primary antibody, the
sections were immersed in 10 mM citric acid buffer
(pH 6.0) for 12 minutes. Immunostaining for PCNA
was done using a primary anti serum to PCNA
(clone PC10, DAKO Corp. Denmark) followed
by biotinylated horse antimouse antiserum, avidin-

biotin complex and DAB as the chromogen.
The sections were finally counterstained with
hematoxylin solution before being dehydrated
and mounted in Canada balsam. Tonsil and small
intestines were used as positive control specimens.
On the other hand, one of the liver specimens was
used as negative control by omitting the primary
antibody. A positive reaction was expressed as a
dark brown color in the nuclei of liver cells.
Immunohistochemical assessment

The data were obtained using Leica Qwin
500 image analyzer computer system (England).
The patterns of PCNA immunostaining were
evaluated without knowledge of the studied animal
group. PCNA labeling index (LI) was estimated
for each specimen as the percentage of positively
stained liver cells out of all cells for each field. The
average PCNA index (LI) in each group was then
obtained in 10 fields in each slide. Three slides
were taken from each specimen.
Statistical Methods

The mean of PCNA labeling indices
was calculated at the end of the estimations.
The statistical analysis was performed using
analysis of variance (ANOVA). Results were
considered significant when probability P was <
0.5. Comparisons between the groups were done
using the post-hoc Newman-Keuls test to know
which groups are particularly different from each
other.

RESULTS

Liver expression of PCNA

The liver regeneration in rats subjected
to PH alone or with vitamin E pretreatment
was investigated by immunohistochemical
identification of PCNA expression in proliferating
liver cells. The nuclei of the hepatocytes labeled
with anti PCNA showed a positive reaction
expressed as a granular or diffuse brown colour
indicating the presence of normal cell proliferation.
Also, this reaction appeared in the nuclei of cells
lining the bile ducts, the endothelial cells and the
von-kupffer cells.
Liver expression of PCNA in control rats

The sections showed very few positive
liver cells in the hepatic lobules especially around
the portal spaces (Fig. 1-A).
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Effect of partial hepatectomy (PH) on liver
expression of PCNA

In the liver specimens taken from the rats
of PH1 subgroup, almost all nuclei of hepatocytes
showed a positive reaction (Fig. 1-B). While those
taken from the rats of PH3 subgroup showed a
decrease in the number of the PCNA stained nuclei
(Fig. 1-C). Again, in the rats of PH7 subgroup, the
picture was more or less similar to the PH3 group
(Fig. 1-D).
Effect of pretreatment with vitamin E on partial
hepatectomy (PHE) on liver expression of PCNA

In the liver specimens taken from the rats
of PHE1 subgroup, many hepatocytes showed a
positive PCNA immuno-staining, however, the
number of positive hepatocytes was decreased
when compared to PH1 group (Fig. 1-E). While,
in the PHE3 subgroup, many hepatocytes with
positive PCNA reaction were increased when
compared with the PH3 subgroup (Fig. 1-F). There
was an increase in the nuclei of the hepatocytes
with positive PCNA reaction in the liver specimens
taken from the rats of PHE7 subgroup, when

Control

PH

PHE

compared to the PH7 subgroup (Fig. 1-G). These
results indicated that vitamin E has an inhibitory
effect in the first 24 hours followed by stimulatory
effect at the third and seventh days on the liver
regeneration after PH.

PCNA labeling index (LI)

The PCNA labelling index (LI) of
the control group was very minimal, being 7+
1.2. However, in the rats subjected to partial
hepatectomy, it was significantly elevated as
compared to the control group to reach a maximal
peak (90 + 3.5) in the PH1 subgroup. In the PH3
subgroup, the LI decreased to be 60 + 4.2 and then
it slightly elevated in the PH7 subgroup to be 65
+ 3.7. In the partial hepatectomy with vitamin E
pretreatment subgroups, the PCNA LI was notably
decreased after 1 day (75 + 1.5) when compared
to the partial hepatectomy subgroup at the same
period (65 + 3.7). However, at 3 and 7 days after
the surgery, the LI was significantly increased
when compared to the corresponding partially
hepatectomized subgroups to be 86.6 + 3.3 and 78
+ 4.1 respectively.

Fig. 1. Hepatocyte proliferative activity (PCNA immunostaining) (A) in the control group, immunostained hepatocytes
are seen mainly around PS; (B) in PH1, strong immunostaining in almost all nuclei of hepatocytes; (C) in PH3;
and (D) in PH7, a slight decrease in number of the immunostained hepatocytes compared to PH1; (E) in PHEI,
decreased number of the immunostained hepatocytes compared to PH1; (F) in PHE3 and in (G) PHE7 increased
number of the immunostained hepatocytes compared to PH3 and PH7 respectively. Note the presence of positively
immunostained nuclei of the endothelial cells and von-kupffer cells lining the blood sinusoids (arrow). CV: central

vein; PS: portal spaces. (Original mag. x400)
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DISCUSSION

Major liver resection sometimes causes
fatal hepatic failure and hepatobiliary surgeons are
still concerned about the risk of post-resectional
liver failure 33-*%, The incidence of post-resectional
liver failure ranges anywhere, between 0 and 32%.
In the past decade, mortality after partial hepatic
resection ranged from 0 to 5% and although the
cause of death after partial hepatic resection is
multifactorial, post-hepatectomy liver failure
seems to be the main cause (18-75%) 3638,
Therefore, the rationale of this work was to study
the time course events of liver regeneration at
different periods after major resection using PCNA
immune-staining in a rat model of PH and to find
improved therapeutic strategies for the regulation
of this regenerative process.

The hepatic regenerative capacity is
most clearly seen after surgical removal of liver
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mass; this model which is referred to as PH, was
introduced by authors * and it is unquestionably
the best studied liver regeneration model due to its
simplicity of design and reproducibility. After 70%
PH is performed, the removed lobes do not re-grow;
instead there is compensatory, hyperplastic growth
of all residual cells until the size of the liver retains
its size %, Also, it was mentioned that the different
liver cell types do not divide simultaneously but
show different kinetics in DNA synthesis **!.
Moreover, liver regeneration after PH in
rats is a useful experimental model to investigate
the regulatory mechanisms of cellular proliferation
in response to the resection. This process starts
within a few minutes and leads to an increased
synthesis of DNA followed by a first wave of
mitosis, after a “latent phase” of about 16 hours
424, The studies about PH have shown that
initiation of the regenerative response depends
on many growth and transcription factors * .

Table 1. Comparison of PCNA labeling index (LI) in all studied groups

Group Control PH1 PH3

PH7 PHE1 PHE3 PHE7

PCNA LI 7+1.2 90+3.5%  60+4.2*

65+3.7*  75+£1.5% 86.6+3.3* 78+4.1*

The * indicates significant when compared to control (P < 0.05).
The # indicates significant when PHE subgroup compared to corresponding PH subgroup (P < 0.05)
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Fig. 2. The proliferating cell nuclear antigen (PCNA) labeling index in all studied groups
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Under normal conditions, the hepatocytes have a
very low regeneration rate; however, PH triggers
a rapid proliferation of the hepatocytesthat tends
to compensate the parenchymal loss and restoring
the original hepatic mass “.

In this study, it was found that after 70%
PH of arat’s liver, the PCNA positive hepatocytes
and the PCNA labeling index were very high in
the first day and then decreased in the third day,
to be followed by slight increase at the seventh
day after the operation. These results of PCNA
expression were consistent with the observations
of Lai and Chen ¥ who mentioned that the DNA
synthesis increased abruptly to peak at 24 h, the
mitotic index reached a maximum at 48 h, and
the remaining lobes doubled in size by 48 h,
attaining weight around 90% of the normal liver
by 72 h after the surgical procedure. On the other
hand, the rate of DNA synthesis correlates with
cell proliferation ®. Therefore, monitoring DNA
synthesis also indirectly indicates the ability of the
liver to regenerate °.

In the present study, vitamin E pretreatment
signilicantly decreased liver regenerative capacity
during the 1% day as indicated by decreased PCNA
labeling indices, which was followed by increase
in these parameters at the 3™ and 7* days of PH
when compared with corresponding groups of
PH without vitamin E. At 24 hours after PH, the
proliferating liver represented a wide immune-
positivity for the nuclear presence of PCNA protein,
which was observed in most of the liver cells.
However, animals subjected to PH and pretreated
with vitamin E clearly showed a decreased PCNA
expression at 24 hours after surgery. In accord,
it was reported that high concentrations of ROS
inhibit proliferation and even encourage apoptosis
or necrosis 8. In the regenerating liver an increased
antioxidant capability leads to a low level of
oxidative stress occurs during liver regeneration,
correlating with the magnitude of hepatic loss
and hepatocellular proliferation *. Antioxidant
treatment with vitamin E has been shown to inhibit
liver regeneration after partial hepatectomy *. In
this study by Trejo-Solis et al., a similar delay of
hepatocellular proliferation was observed as in the
present study and vitamin E application entailed a
striking reduction of liver mass recovery.

Also, other investigators reported that the
nuclear amount of PCNA, quantified by Western

blot assays, showed the same profiles with either
PH or vitamin E administration *** 3" 52, They
added that PH induced a progressive enhanced
PCNA expression starting at 6 hours and reaching
a maximal peak at 24 hours after surgery, being
practically normalized at 48 hours after PH. Based
on the observation that vitamin E may contribute
toward the maintenance of a critical balance
between possible positive and negative effects of
ROS in active proliferating cells *.

On the basis of the findings from this
work, it could be concluded that vitamin E has an
inhibitory effect in the early stages (24 h) of the
liver regeneration after PH followed by stimulatory
effect at the third and seventh days after PH.
Furthermore, these data indicated that vitamin
E pretreatment in cases of major liver resection
is more efficient in liver regeneration protection
against PH. This effect is probably caused by
stabilization of biological membranes produced
by this vitamin, which is in agreement with recent

reports of Kirimlioglu ef al. and Ramirez-Farias et
al. 305354
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