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ABSTRACT 

The liver is the largest gland of the body that secretes 

both endocrine and exocrine secretions and plays a 

major role in the regulation of metabolic functions. 

Numerous factors such as drugs, chemicals, accidents, 

alcohol, surgical procedures can cause damage to the 

liver tissue. In this study, we aimed to determine the 

regeneration capacity of liver tissue in order to recover 

the mass loss after hepatic resection. 

In our experiment 21 Wistar albino male rats were 

used. All experimental groups applied midline 

incision with laparotomy for resection of liver. At the 

end of 1 and 7th days, liver tissue removed for light 

microscopic analysis. The rats were divided three 

groups: Control, group 1: hepatectomy one day after 

liver resection, group 2: hepatectomy seven days after 

liver resection.  

The tissue of all experimental groups were showed 

some histopatological changes such as sinuzoidal 

dilatation, vacuolization in the hepatocytes. These 

histopathological differentiation was found to be 

severe in group II compared to other groups.  At the 

end of the 7th day, it was observed that the 

regeneration increased significantly, and the mitotic 

index value reached almost the maximum level in the 

second group. It was observed that the mitotic index 

value gradually decreased in group I and reached 

values close to the control group. 
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1. INTRODUCTION 

The largest organ of the body is skin. Liver is 

the largest gland of the body, with both endocrine and 

exocrine secretion properties, plays a major role in 

regulating metabolic functions, weighs approximately 

1,5 kg and has the largest gland feature in the body [1]. 

It has a central role in many basic physiological events 

such as bile acid synthesis and secretion, blood-

glucose balance and lipoprotein synthesis, storage of 

vitamins, biotransformation, detoxification and 

expression of endogenous and exogenous compounds 

[2]. Any dysfunction that may occur in the liver affects 

all systems in the body. The liver is the only organ that 

has a complex mediator network that can repair itself 

within a few weeks in cases of significant tissue loss 

and post-resection, and tissue regeneration with an 

enormous intercellular interaction after injury [3]. 

It is one of the most important steps in modern 

surgery that liver regeneration becomes a common and 

controllable procedure. For cancer treatment or 

transplantation, 60-70% of the liver volume can be 

safely removed to be used as a liver donor graft [4]. 

Today, in studies conducted with methods such as 

computed tomography, angiography and scintigraphy, 

it has been shown that the liver reaches its former size 

in 3-6 months in adults and less than 3 months in 

children after liver resection. In the presence of 

cirrhosis, this period can be up to 9-15 months [5,6]. It 

has been reported that the human liver can tolerate 

even resections up to 80-85% [7]. Regeneration occurs 

even if the resection is less than 10% [8]. It has been 

shown that regeneration of the liver tissue starts from 

the first day after partial hepatectomy and DNA 

synthesis reaches its maximum level in the first 24-48 

hours [9]. 

It has been observed that hepatocyte 

proliferation is increased in cases such as surgical 

removal of a part of the liver lobes or hepatocyte 

damage from viruses or chemicals. However, studies 

have shown that following liver resection, the 

regenerative activity is increased as a result of giving 

more stimuli. 
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In our experimental hepatectomy model, we 

aimed to show liver regeneration on the 1st and 7th days 

after resection and contribute to the emergence of the 

most appropriate resection model as a surgical model, 

without giving liver drugs or alternative chemicals that 

stimulate regeneration. 

2. MATERIAL AND METHOD 

In our study, 21 adult male Wistar albino rats 

produced in Trakya University Experimental Animal 

Research Unit, weighing 250-300 g and having the 

same biological and physiological characteristics were 

used. During the experimental period, all our 

specimens were fed with pelleted feeds [Purina] 

containing 21% crude protein under optimum 

laboratory conditions [22 ± 1˚C, 12 hours light/dark 

cycle]. Cage maintenance was done regularly. A total 

of 3 groups were formed in the experiment. 

Group I (n=7): (Control group) No treatment was 

applied to the rats in this group.Group II (n=7): The 

group whose liver tissues were taken for examination 

1 day after liver resection. Group III (n=7): The group 

whose liver tissues were taken for examination 7 days 

after liver resection. 

2.1. Hepatic Resection Method 

General anesthesia with ketamine/xylazine 

was applied to the rats. Before laparotomy in order to 

prevent bacterial translocation intramuscularly at 25 

mg/kg of cefazolin vial (MN Pharmaceutical Inc., 

Istanbul, Turkey) were performed [10]. Laparotomy 

was performed with an upper midline incision. The left 

lateral and median lobe pedicles of the liver were tied 

with 4/0 silk and 70% hepatectomy was performed as 

described by Higgins and Anderson [11]. 

2.2. Histopathological Evaluation 

Tissues were taken for histological follow-up 

for histopathological evaluation. After fixing in 

Bouin’s solution for 12 hours the washing process was 

started. The tissues were washed in Ethyl alcohol 

(%70, 90, 96, 100) series and the dehydration process 

was initiated. After the dehydration step, tissues were 

cleared in xylene. Tissues were kept in soft paraffin 

overnight before embedding. The next day, liver 

tissues were removed from soft paraffin (50˚C) and 

kept in liquid hard paraffin (58˚C) for 1 hour and 

blocked. 4-5 μm thick sections were taken from these 

blocks. The sections were stained with Hematoxylin-

Eosin (H&E) to observed the histological changes in 

the liver. Microphotographs were taken with a light 

microscope [Olympus CX31-Japan]. Semiquantitative 

evaluation was performed by taking 10 sections from 

different subjects from each group. 

2.3. Mitotic Index 

H&E stained sections were examined for 

mitotic index. Mitotic index; The number of 

hepatocytes and total hepatocytes showing mitotic 

activity at 30 high-power fields was calculated and 

expressed as their ratio per 1000 cells [12]. All data 

are expressed as mean [±] standard deviation (SD). 

The differences between the groups were evaluated by 

Kruskal-Wallis analysis of variance. Mann-Whitney U 

test was used for comparisons between groups with 

significant differences. The difference was considered 

statistically significant in the results with p <0.05. 

3. RESULTS 

3.1. Light Microscopic Findings 

The control samples showed normal 

histology. It was observed that hepatocytes, which are 

liver parenchymal cells, were placed regularly around 

the central veins to form hepatocyte cords (Figure 1a). 

Hepatocyte vacuolization and sinusoidal dilatation 

counts were determined semi-quantitatively in all 

experimental groups. In group II and III, mitosis at 

various stages was common and it was showed in the 

vacuolization and sinusoidal dilatation in hepatocytes. 

In group II, hepatocyte vacuolization and sinusoidal 

dilatation were severe (Figure 1b). In sections 

belonging to the in group III, it was observed that 

hepatocyte vacuolization were moderate and 

sinusoidal dilatation were mild (Figure 2).  

3.2. Mitotic Index Results 

When the sections belonging to all groups 

were evaluated generally, it was observed that the 

classical liver lobule structure was preserved. The 

statistically significant difference between the groups 
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was evaluated according to p<0.05. When the control 

group and experimental groups were compared, a 

statistically significant difference in mitotic index was 

observed. When the Group II was compared to group 

I, a statistically significant difference was found at the 

p<0.00001. When the group III was compared to 

group I, a statistically significant difference was found 

p<0.0001 (Figure 3). 

  

Figure 1. a. H&E staining of the control group, normal 

histological appearance of the liver, X40.  

b. H&E staining of the liver section 1 day after resection. Intense 

vacuolization is seen around the portal areas, X40 (PV: Portal vein, 

long arrow: hepatocyte vacuolization, short arrow: sinusoidal 

dilatation). 

 

Figure 2. H&E staining of the liver section 7 days after 

resection. Hepatocyte vacuolization is seen around the 

portal areas, X40 (PV: Portal vein, long arrow: hepatocyte 

vacuolization, short arrow: sinusoidal dilatation). 

 

 

Table 1. Semi-quantitative evaluation of hepatocyte 

vacuolization and sinusoidal dilatation in control and study 

groups. 

 

Groups 
Group I 

[control] 

Group II 

[1st day] 

Group III 

[7th day] 

Hepatocyte 

vacuolization 
- ++++ ++ 

Sinusoidal 

dilatation 
- +++ + 

 

Figure 3. Mitotic index values of control and study groups. 

(*p<0.00001 with the control group, **p<0.0001 with the 

control group, a statistically significant difference was 

determined) 

 

4. DISCUSSION 

The liver exhibits a distinct feature from other 

organs with its regeneration capacity. Under today's 

conditions, the liver is still an organ that has important 

and vital functions that are not fully resolved, 

including the mystery of many basic mechanisms such 

as biotransformation, regulation of metabolic 

functions, and immunological events, and that concern 

all systems of the human body [13,14]. Most studies 

on liver regeneration have been studied on the pre-

existing damaged liver in experimental animals, or 

liver damage has been caused by using chemicals or a 

partial hepatectomy. 

The existence of the ability to replenish the 

tissue mass after the loss or damage of a part of an 

organ has been defined as regeneration [15]. 

Regeneration is a complex process in which cytokines, 

hormones, transcription factors and oxidative stress 

products play a role [3]. Studies have shown that the 

liver has the ability to repair itself in significant tissue 

losses, thanks to intercellular interaction and a 

complex mediator network [16,17]. In most of the 
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studies on liver regeneration, pre-existing damaged 

liver in experimental animals was studied or liver 

damage was caused by using chemicals or by 

performing partial hepatectomy [18]. Palmes and 

Spiegel [18] explained the model used in partial 

hepatectomy studies by stating the ratio of each liver 

lobe to the total mass of all liver lobes in rats. 

According to the total liver mass, the right lobe 

contains 38%, the left lobe 30%, the tail lobe 8% and 

the two-piece quadrat [quadrilateral] lobe contains 

10% of the mass. It has been stated that the most 

suitable model for partial hepatectomy studies in rats 

is resection of 68-70% of the liver [16]. 

In liver regeneration, it has been reported that 

hepatocyte proliferation begins in the periportal zone 

and reaches the pericentral zone within 36-48 hours 

[19,20]. In another study, it was stated that mitosis 

reached the highest level at the 32nd hour after partial 

hepatectomy [20,21]. Groups II and III in which we 

performed partial hepatectomy, the abundance of 

hepatocytes showing various stages of mitosis around 

the vena centralis in the liver sections of the group is 

consistent with the results stated in studies on liver 

regeneration. Determination of mitotic index has been 

used frequently in studies on liver regeneration and 

played an important role in interpretation of 

regeneration [22]. 

In studies on liver regeneration, the 

determination of the mitotic index and more 

importantly the PCNA index has been used frequently 

and played an important role in the interpretation of 

regeneration [23-27]. Hou et al. [16] Mitotic index 

data were also used to determine the effects of an 

organic compound named FR167653 on liver 

regeneration in rats who underwent partial 

hepatectomy. In their study, they determined that the 

mitotic index that they determined simultaneously 

from the liver sections of the control group rats they 

underwent partial hepatectomy was higher than the 

PCNA index. The mitotic index data we put forward 

in our study are in parallel with each other and with 

the results of the research. In the findings of our study, 

mitotic index results were found to be higher in the 

second group and the third group compared to the 

control group. Both mitotic index was found to be 

higher on the first day compared to te 7th day. In the 

study where we applied a partial hepatectomy model, 

the mitotic index value we determined in the liver 

tissue of the second group was found to be higher than 

the mitotic index values of the first and third groups. 

We believe that this study, which aims to demonstrate 

liver regeneration after hepatic resection and uses an 

experimental model of partial hepatectomy, will shed 

light on future research. 

5. CONCLUSION 

In the study we planned to examine the 

histological examination of liver regeneration after 

hepatic resection, we observed that regeneration due 

to the relative weight of the liver increased 

significantly over time. In histopathological 

examination under light microscopy, it was observed 

that vacuolization of hepatocytes and dilatation in 

sinusoids first occurred after partial hepatectomy, and 

mitotic activity increased in the following days, which 

is an indicator of increased regeneration. 

Vacuolization, sinusoidal dilatation and mitosis 

activity were the highest in the group II. In the group 

III, In Group III, these values were observed to be 

close to the group I. We believe that the data obtained 

from our study will contribute to the literature. 

 

ÇIKAR ÇATIŞMASI BEYANI 

Yazarlar tarafından herhangi bir potansiyel 

çıkar çatışması bildirilmemiştir. 

 

ARAŞTIRMA VE YAYIN ETİĞİ BEYANI 

Bu çalışmanın yazım sürecinde uluslararası 

bilimsel, etik ve atıf kurallarına uyulmuş ve toplanan 

veriler üzerinde herhangi bir tahrifat yapılmamıştır. 

Environmental Toxicology and Ecology Dergisi ve 

derginin editörleri etik ihlallerden sorumlu değillerdir. 

Tüm sorumluluk sorumlu yazara aittir ve bu çalışma 

ETOXEC dışında herhangi bir akademik yayın 

ortamında değerlendirilmemiştir. 
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