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Experimental 70% Hepatectomy Model: Apoptotic Index, Proliferative 

Index and Mitotic Index 

 

Şamil ÖZTÜRK *1 Latife Ceyda İRKİN2 

 

Abstract 

Liver regeneration is known to begin after experimentally induced liver resection. At first 24-

48 hours, DNA synthesis reaches the maximum level after resection and significantly 

regeneration known to occur on the first 10 days. In this study, we were examined the 

regeneration of liver on the 1st and 14th days after the resection.   

In experiment 21 Wistar albino male rats were used. The rats were randomly divided into three 

groups. The first group was the control, the second group was sacrificed one day after 

hepatectomy, and the third group was sacrificed 14 days after hepatectomy. All experimentally 

groups realized midline incision with laparotomy for resection of liver. Pedicles of the left 

lateral and median lobes of the liver were applied 70% hepatectomy by 4/0 silk binding. At the 

end of 1st and 14th days, liver tissue removed for light misroscobic analysis. 

No histopathological findings were found in the control group. The tissue of all experimentally 

groups were showed some histopatological changes such as sinuzoidal dilatation, vacuolization 

in the hepatocytes. This histopatological findings were seem to increase at grup II more than 

group III and group I with routin H&E staining. 

Mitotic index, apoptotic index and proliferation index of values at group II was reached the 

maximum level. Group III dramatically reduced the value of these index and were seem to reach 

near to values of the control group. Relative liver weight that determined each of experimentally 

groups were statistically significant differences compared to the control group.  

As a result, in this study, liver regeneration was shown in liver transplants without any agent 

that would contribute to the clinic. 

Keywords: Partial hepatectomy, TUNEL, apoptosis, immunohistochemistry, PCNA. 

 

 

1. INTRODUCTION 

The liver is the largest organ of the body that 

secretes both endocrine and exocrine, plays a 
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major role in regulating metabolic functions, 

and also weighs approximately 1,5 kg and has 

the largest gland feature in the body [1]. It has 

a central role in many fundamental 
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physiological events such as bile acid synthesis 

and secretion, blood-glucose balance and 

lipoprotein synthesis, storage of vitamins (A, 

D, E, K, and B12), biotransformation, 

detoxification and expression of endogenous 

and exogenous compounds [2]. A disfunction 

that may occur in the liver affects all systems 

of the body. Many factors such as drugs, 

chemicals, accidents, alcohol, liver tumors, 

liver diseases of viral origin and surgical 

interventions (partial hepatectomy) can cause 

damage in the liver tissue. When the liver is 

damaged due to various reasons, replication 

and proliferation may begin to complete its 

functional mass [3,4]. This feature is extremely 

important for hepatocytes that normally divide 

rarely. This proliferative capacity and 

adaptation ability is maintained against 

different metabolic conditions. These events 

reveal the loss and increase of liver tissue [3]. 

The liver has a tremendous interaction between 

cells and a complex mediator network that can 

repair itself in a few weeks in situations such 

as significant tissue loss, and is the only organ 

that goes to tissue regeneration quickly after 

resection or injury [5]. 

It is one of the most important stages in modern 

surgery that liver regeneration has become 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 [6]. Today, in 

studies conducted with methods such as 

computed tomography, angiography and 

scintigraphy, it has been shown that the liver 

reaches its original 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 [7,8]. It has 

been reported that the human liver can tolerate 

even resections up to 80-85% [9]. 

Regeneration occurs even if the resection is 

less than 10% [10]. It has been shown that 

regeneration in the remaining liver tissue after 

partial hepatectomy starts from the first day 

and DNA synthesis reaches its maximum in the 

first 24-48 hours after hepatectomy [11]. 

Hepatocytes normally show very rare mitosis 

activity. However, active cell replication 

begins within 24 hours after partial 

hepatectomy and continues until the organ 

reaches its normal weight. Significant 

regeneration occurs within the first 10 days and 

this event is completed in 4-5 weeks. The 

excised lobes do not take the same shape. 

Regeneration mostly occurs in the form of new 

lobules and the growth of residual lobules 

[12,13]. Endocrine, paracrine and autocrine 

interactions are required for regeneration and 

liver restructuring after experimental partial 

hepatectomy in humans and animals [14,15]. 

Necessary stimuli for hepatic regeneration are 

the pancreas, other extrahepatic organs and 

humoral factors originating from the 

regenerating liver itself [12,13]. 

It has been observed that hepatocyte 

proliferation increases in cases such as surgical 

removal of a part of the liver lobes or damage 

of hepatocytes from viruses or chemicals. 

However, studies have shown that after liver 

resection, the regenerative activity is increased 

as a result of giving a more stimulus. In 

addition, various drug applications are used to 

heal the medically damaged liver more 

quickly. However, as with many chemical drug 

treatments, side effects are inevitable in these 

studies. Therefore, we conducted this study in 

order to reveal the regeneration occurring as a 

result of hepatectomy in the liver tissue 

without any stimulus or chemical medication 

on the days of 1 and 14 with 

immunohistochemical staining and TUNEL 

method. 

2. MATERIAL AND METHOD 

This study, 21 adult male Wistar Albino rats in 

Trakya University Experimental Animal 

Research Unit, weighing between 250-300 g 

and having the same biological and 

physiological characteristics were used. 

During the duration of the experiment, all our 

subjects were fed daily drinking water and 

pelleted feeds (Purina) containing 21% crude 

protein under optimum laboratory conditions 

(22 ± 10C, 12 hours light/dark cycle). Cage 

maintenance was done regularly. A total of 3 

groups were created in the experiment. 
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Approval for the study was obtained from 

Trakya University Ethics Committee on 

09.06.2011. 

2.1. Hepatic resection method  

Ketamine (Ketalar®, 10ml, 50mg/ml, Pfizer, 

USA) (25mg/kg, intramuscular) 50mg/ kg/ip, 

xylazine (Rompun® 50ml, 23,32mg / ml, 

Bayer, Germany) 5mg/kg/General anesthesia 

was applied with a rope. Before laparotomy in 

order to prevent bacterial translocation 

intramuscularly at 25 mg/kg of cefazolin vial 

(MN Pharmaceutical Inc., Istanbul, Turkey) 

were performed [16]. 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 defined by Higgins and 

Anderson [17]. After the surgical procedure, 

the fascia was closed with 3/0 vicryl and the 

skin with 4/0 silk and cleaned with povidone 

iodine. Oral intake of water and diet was 

allowed from the 24th post-operative hour 

[18]. 

2.2. Experimental design 

The rats were divided into 3 groups, one 

control and two experiment groups, with 7 

animals in each group. 

Group I: Control group (n=7): The rats were 

not applied to the hepatectomy. 

Group II: Study group (1 day) (n=7): The rats 

in this group were sacrificed 1 day after 

hepatectomy. 

Group III: Study group (14 days) (n=7): The 

rats in this group were sacrificed 14 days after 

hepatectomy. 

After resection, the subjects of each group 

were sacrificed as planned and the livers of the 

rats were completely removed. Liver samples 

taken were detected in Bouin fixative (75 cc 

picric acid + 25 cc formalin + 5 cc Acetic acid) 

for light microscope and 

immunohistochemical examination. 

2.3. Relative liver weight 

The remaining liver weight after partial 

hepatectomy was subtracted from the liver 

weight at autopsy and the ratio of this value to 

the whole liver weight was calculated. The 

liver regeneration rate was found by 

multiplying the obtained value by 100 [19]. 

Whole liver weight was accepted as 3-4% of 

the rat weight [20]. Results are expressed as 

per.  

Relative liver weight = [liver weight at 

autopsy- (whole liver weight-resected liver 

weight)/whole liver weight]×10 

2.4. Histopathological parameters 

2.4.1. Mitotic index 

After fixing in Bouin fixative for 4 days, liver 

tissue was blocked in paraffin after routine 

tissue follow-up and stained with 

Hematoxylin-Eosin (H&E) 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 [21]. 

Mitotic index = (number of mitotic cells)/(total 

number of cells)×100 

2.4.2. Proliferation index 

After fixing in Bouin fixator for 4 days, liver 

tissue was blocked in paraffin after routine 

tissue follow-up and stained with proliferated 

cell nuclear antigen (PCNA) from 

immunohistochemical stains. Proliferation 

index; PCNA stained cell number and total 

hepatocyte count at 30 high power fields were 

calculated. It was then defined as the ratio per 

1000 cells [21]. 

Proliferation index= (number of PCNA stained 

cells) / (total number of cells)×100 

2.4.3. Apoptotic index 

After fixing in Bouin fixator for 4 days, liver 

tissue was blocked in paraffin after routine 

tissue follow-up and stained with TUNEL kit, 
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which is an apoptosis marker. Apoptotic index; 

TUNEL stained cell count and total hepatocyte 

count were calculated in 30 large 

magnification fields. It was then defined as the 

ratio of every 1000 cells (114) [21]. 

Apoptotic index= (apoptotic cell number) / 

(total cell number) × 100 

2.5. Light microscopic inspection  

For this purpose, the liver tissues were fixed in 

Bouin fixator for 4 days, and then the washing 

process was started. The tissues were washed 

in 70% alcohol for 2 days and the dehydration 

process was started. Tissues were kept for 1 

hour in increasing alcohol series (70, 90, 96, 

100%). After the dehydration stage, the tissues 

were treated with toluol for 3 series 15 minutes 

for the transparency step. Before embedding, 

the tissues were kept in soft paraffin for 1 

night. The next day, liver tissues were removed 

from soft paraffin and kept in liquid hard 

paraffin for 1 hour and blocked. 5 μm thick 

sections were taken from these blocks using a 

Leica RM-2245 cylinder microtome. The 

sections taken were stained with H&E (Sigma-

Aldrich). in order to reveal the histological 

structural changes in the liver. Photographs 

were taken by a light microscope (Olympus 

CX31-Japan). 

2.6. Immunohistochemical analysis  

The sections lowered into water were boiled 

for 20 minutes in the microwave oven in 

antigen retrival. After allowing to cool for 20 

minutes at room temperature, the sections were 

washed with PBS. After this step, it was treated 

with 3% hydrogen peroxide (H2O2) prepared in 

methanol (Riedel-de Häen 24229) for 20 

minutes to remove the hydrogen peroxidase 

activity. Sections were washed with phosphate 

buffer solution (PBS; pH 7.6) by rinsing in 

distilled water. 1% Preimmune rabbit serum 

(Ultra V Block, LabVision, TA-015-UB) was 

applied to sections to block non-specific 

antibody binding. The sections were then 

incubated with primary antibody diluted 1/100 

in the moist chamber for 1 hour. The antibody 

used was mouse monoclonal anti-PCNA 

antibody (MS-106-B, Thermo LabVision, 

USA). Sections were kept in secondary 

antibody solution (Biotinylated Goat Anti-

Mouse, LabVision, TM-015-BN) for 20 

minutes after washing with PBS 3 times. 

Streptavidin peroxidase solution (Streptavidin 

Peroxidase, LabVision, TS-015-HR) was 

applied to the sections washed 3 times in PBS 

for 20 minutes. After washing the sections 3 

times with PBS, 3-amino 9 ethyl carbazole 

(AEC) chromogen solution (LabVision, TA-

002-HAC) was applied for 10 minutes.  

Proliferation index; the number of PCNA 

stained cells in 30 high-power fields and the 

total number of hepatocytes was calculated and 

defined as the ratio per 1000 cells (μm2), and 

the average number of PCNA positive cells 

was determined. 

2.7. Statistical analysis  

All data are expressed as mean (±) standard 

deviation (SD). The differences in the results 

between the groups were evaluated by 

Kruskal-Wallis analysis of variance. For 

comparisons between groups with significant 

differences, Mann-Whitney U test was used. If 

p <0.05, the difference was considered 

statistically significant. In addition, hepatocyte 

vacuolization and sinusoidal dilatation 

numbers were determined semiquantitatively 

in all groups. Semi-quantitative evaluation was 

done as follows; none (-), rare (±), low (+), 

medium (++), too much (+++), too much 

(++++). 

2.8. TUNEL staining 

The 5 μm sections taken from the paraffin 

blocks on the slide were kept in an oven at 

37°C for a night, then kept in toluol for 3x5 

minutes and then passed through the 

decreasing alcohol series (100%, 95%, 70%) 

for 3 minutes and lowered into distilled water. 

Proteinase K (20 μg/ml, Chemicon, 21627) 

was applied to the sections kept in distilled 

water for 5 minutes at room temperature for 15 

minutes for antigen recovery. Sections washed 

with distilled water were kept in 3% H2O2 

prepared in methanol for 5 minutes to block 
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endogenous peroxidase. After shaking with 

distilled water and PBS, the pool around the 

sections was drawn with hydrophobic pen 

(Zymed, 00-8899) and a pool was created for 5 

minutes at room temperature with equilibration 

buffer. Then the sections were kept at 37°C in 

terminal deoxynucleotidyl transferase (TdT) 

enzyme for a hour, then rinsed with stop/wash 

buffer for 15 seconds and kept at room 

temperature for 10 minutes. Conjugate of 

antidigoxigenin was applied to sections 

washed in PBS 3 times and kept at room 

temperature for 30 minutes. After washing the 

sections 3 times with PBS, diamino benzidine 

(DAB) chromogen solution (LabVision, TA-

002-HAC) was applied for 10 minutes. After 

washing the sections with distilled water, 

contrast staining was done by applying methyl 

green for 10 minutes. Sections rapidly passed 

through distilled water were also rapidly 

passed through 100% N-Butanol. After 

dehydrated sections were kept in toluol for 3x2 

minutes, the closure solution was placed and 

closed with coverslip and evaluated under a 

light microscope. 

3. RESULTS AND DISCUSSION 

3.1. Relative liver weight results  

The remaining liver weight after partial 

hepatectomy was subtracted from the liver 

weight at autopsy and the ratio of this value to 

the whole liver weight was calculated. The 

liver regeneration rate was found by 

multiplying the obtained value by 100. Whole 

liver weight was accepted as 3.4% of the rat 

weight. 

When the relative liver weights determined in 

the all groups were compared, a statistically 

significant difference according to p <0.05. 

When the groups II and III were compared 

(11.46±2.21, 38.45 ± 7.11), a statistically 

significant difference was found as p<0.001 

(Figure 1). 

 

Figure 1 Relative liver weight values of 

experimental groups 

Groups Group I 

(control) 

Group 

II (1st 

day) 

Group 

III (14th 

day) 

Hepatocyte 

vacuolization 

- ++++ + 

Sinusoidal 

dilatation 

- +++ ± 

Table 1 Semi-quantitative evaluation of 

hepatocyte vacuolization and sinusoidal dilatation 

in experimental groups  

PV: Portal ven, long arrow: hepatocyte 

vacuolization, short arrow: sinusoidal dilatation 

3.2. Light microscopic results  

When the H&E stained liver sections of the 

rats in the control group were examined under 

a light microscope. It was observed that the 

liver sections were in normal histological 

appearance. It was observed that hepatocytes, 

which are liver parenchymal cells, were placed 

regularly around the central veins to form 

hepatocyte cords. Branch of the portal vein, 

hepatic arteriole and bile duct were observed in 

the portal areas around the hepatic lobules. In 

the sinusoid wall, endothelial cells were 

distinguished by the flat-shaped and dark 

staining of their nuclei, while Kupffer cells 

were distinguished by their nuclei larger than 

the endothelial cell nuclei, oval or triangular 

shapes. Hepatocyte nuclei were one or two 

large and round in shape, and their cytoplasm 

showed eosinophilia. 

In all groups, hepatocyte vacuolization and 

sinusoidal dilatation counts were determined 

semiquantitatively. It was observed that the 

hepatocytes in the liver sections of animals 
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belonging to groups II, and III had common 

mitosis at various stages and was noticeable in 

hepatocytes vacuolization and sinusoidal 

dilatation. In group II hepatocyte vacuolization 

and sinusoidal dilatation were noticeable too 

much (++++) (Figure 2b-c, Table 1). In the 

sections belonging to the group III, it was 

observed that hepatocyte vacuolization 

decreased very much and became similar to the 

control group, decreasing in less (+) and 

sinusoidal dilatation as rare (±) (Table 1). 

When the sections belonging to all groups were 

evaluated, it was observed that the classical 

liver lobule structure was preserved (Figure 2). 

MI value of the group I, group II and group III 

were evaluated. The statistically significant 

difference between the groups were evaluated 

according to p<0.05.  Statistically significant 

difference was observed between the control 

group and the other experimental groups. 

When the group I and II were compared, a 

statistically significant difference was found at 

the p<0.001 level. When the group I and III 

were compared, a statistically significant 

difference was found in p<0.01 (Figure 5). 

 

Figure 2 a) Normal histological appearance of the 

liver (group I), b) the liver section after 1 day of 

resection-intense vacuolization is seen around the 

portal areas (group II), c) the liver section after 14 

day of resection-vacuolization is seen around the 

portal areas (group III) (X400), H&E staining. 

3.3. Immunohistochemical results  

PCNA immunostaining of group I liver section 

was weak, group II (1 day after resection) 

PCNA positive cell density was strong, group 

III PCNA positive cell was weak 

immunoreactivity (Figure 3). When the PCNA 

values detected into all groups were compared, 

a statistically significant difference was found 

between the group I and in all study groups 

(Figure 5). PI value of group I, group II and 

group III were evaluated. When the group II 

and group I were compared, statistically 

significant differences was found (p<0.0001). 

When the control and group III were 

compared, the statistically significant 

difference was low (p<0.05) (Figure 5). 

 

SV: Central ven, arrow: PCNA positive cells 

Figure 3 a) PCNA immunostaining of (group I) 

liver section, b) PCNA immunostaining of the (1 

day after resection)-PCNA positive cell density is 

seen (group II), c) PCNA immunostaining of the 

(14 days after resection)-PCNA positive cell 

density is seen (group III). 
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3.4. TUNEL results  

A statistically significant difference was found 

between group I and experimental groups 

(group II, III) when the apoptotic index (AI) 

values obtained as a result of the evaluation of 

cells whose apoptotic nuclei were stained as a 

result of TUNEL staining performed into all 

groups (Figure 4). AI value of the group I, 

group II and group III were evaluated. The 

statistically significant difference between the 

groups were evaluated according to p<0.05. 

When the group II and group I were compared, 

a statistically significant difference was found 

(p<0.001). When the group I and group III 

were compared, the statistically significant 

difference was found low (p<0.05, Figure 5). 

 

SV: Central ven, arrow: TUNEL positive cells 

Figure 4 a) The liver section of group I, b) 

TUNEL positive cell high density was seen in 

group II, c) TUNEL positive cell low density was 

seen in group III (X400), TUNEL staining 

 

 

Figure 5 Mitotic, proliferative and apoptotic index 

values of control and experimental groups 

3.5. Discussion 

The liver exhibits a distinct feature from other 

organs with its regeneration capacity. The liver 

regulates many basic mechanisms such as 

biotransformation, regulation of metabolic 

functions and immunological events. 

However, it has many functions that have not 

been fully illuminated yet [22,23]. 

The existence of the ability to replenish the 

tissue mass after the loss or damage of an organ 

is defined as regeneration [3]. Regeneration is 

a complex process in which cytokines, 

hormones, transcription factors and oxidative 

stress products play a role [5]. 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 [24, 25]. 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 [26]. 

Palmes and Spiegel [26] described 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 is 30%, the tail lobe is 8%, and the quadrat 

(quadrilateral) lobe, which is two-part, 

contains 10%. It has been stated that the most 

suitable model for partial hepatectomy studies 

in rats is resection of 68-70% of the liver [24]. 

Partial hepatectomy is one of the most 

frequently used surgical procedures today and 
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is an inevitable surgical treatment option in 

primary liver tumors, trauma, liver metastases 

of gastrointestinal tumors and liver 

transplantations [5, 25]. Liver resection has 

become safer with the development of 

diagnostic methods, improvement and 

improvement in surgical techniques, and 

improvement in postoperative care, especially 

in the last 25 years [27]. Postoperative 

mortality and morbidity in liver resection are 

directly related to preoperative liver function 

and the functional and regenerative capacity of 

the remaining liver after postoperative 

resection. It is a very important support 

mechanism for replacing the functional hepatic 

mass in a short time after regeneration of liver 

tissue with normal parenchyma, tissue injuries 

and hepatocellular necrosis. Active cell 

replication starts within 24 hours after partial 

hepatectomy and this replication continues 

until the organ reaches its first weight [8]. 

We do not know exactly the regulatory 

mechanisms, changes that occur in liver 

regeneration and their interrelationships. What 

we know for sure is that the liver knows when 

to start regeneration and when to stop [3]. Loss 

of liver tissue initiates regeneration [10]. The 

sensitive point that allows regeneration to stop 

is the relationship between body mass and liver 

mass. When the liver reaches the size to meet 

the functional needs of the body and carry out 

metabolism, regeneration stops [28-30]. 

Interestingly, when a large liver tissue 

transplant is performed after transplantation 

relative to the recipient, liver mass decreases 

until the optimal liver to body mass ratio is 

achieved [23]. 

Liver regeneration rates can be calculated by 

evaluating the liver mass taken in damages 

caused by partial hepatectomy and the masses 

of the whole liver taken after a certain time 

after hepatectomy. They reported that the 

remaining liver weight doubled 48 hours after 

2/3 partial hepatectomy in rats and reached full 

weight within 7-10 days. In our study, it was 

found that the liver weights regenerated after 

72 hours after partial hepatectomy nearly 

doubled in the partial hepatectomy groups [14, 

31]. 

In some studies, liver age weights and their 

amounts of 68% and 32% were used to 

determine the regeneration rate by placing it in 

the Child's formula [14, 31]. In our study, the 

relative liver weight defined by Fishback [19]. 

The remaining liver weight after partial 

hepatectomy was subtracted from the liver 

weight at autopsy and the ratio of this value to 

the whole liver weight was calculated. The 

liver regeneration rate was found by 

multiplying the obtained value by 100 [20]. In 

the values we obtained, after 70% partial 

hepatectomy, relative liver weight increased 

significantly in all study groups starting from 

the group II. 

Partial hepatectomy was performed in this 

study. Determination of mitotic index and 

more importantly PCNA index has been used 

frequently in studies on liver regeneration and 

played an important role in interpretation of 

regeneration [32, 33-35]. Hou et al. [25] 

Mitotic index and PCNA index data were also 

used to determine the effects of an organic 

compound named FR167653 on liver 

regeneration in rats with 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 

and PCNA index data were in parallel with 

each other. According to the mitotic index and 

PCNA index results, group II and group III was 

high. Both mitotic index and PCNA indexes 

were found to be higher on 1st day compared 

to 14th day. By decreasing mitotic and PCNA 

index values in the group III approached to the 

control group. When the PCNA index results 

were evaluated in this study, results was in 

parallel with the previous studies. Proliferation 

index values between the groups were found to 

be statistically significant. Studies have shown 

that the mitotic activity peaks in the resected 

liver tissue and the tissue has an intense 

proliferating activity. It was determined in this 

study and previous studies that the 
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proliferation activity depends on the time after 

resection. 

Akcan [36] reported that one of the opposite 

mechanisms seen after hepatectomy is 

apoptosis and that cell apoptosis begins when 

regeneration reaches its peak. In addition, it 

showed that apoptosis accompanies cell 

proliferation, overgrown cells are eliminated 

and new tissue formation is successfully 

completed. Sowa et al. [37] showed that the 

TUNEL index increased significantly after 

resection. Although apoptosis decreased over 

time, the TUNEL index continued to increase 

compared to control groups. Thus, these data 

showed that in 70% hepatectomy first 

apoptosis and correspondingly regeneration 

occurs. In addition, it has been shown that 

more tissue damage in the early postoperative 

phase increases the number of apoptotic cells. 

In contrast, a slight increase in the TUNEL 

index was observed at the beginning of 90% 

hepatectomy. However, 1 day after the 

operation, apoptosis was observed to increase 

strongly, which means that the regeneration in 

tissue damage was highest after 14 days. The 

TUNEL index supports the results.  In this 

study, it was observed that apoptosis was at the 

maximum level in the group II, and apoptosis 

gradually decreased in the group III in the 

following days. 

4. CONCLUSION 

In this study, we planned the histological 

examination of liver regeneration after liver 

resection. It was observed that regeneration 

due to the relative weight of the liver increased 

significantly over time. In histopathological 

examination performed with light microscopy, 

it was observed that vacuolization of 

hepatocytes and dilatation in sinusoids 

occurred first after partial hepatectomy, and 

increased mitotic activity, which is an indicator 

of regeneration increase, in the following days. 

Vacuolization, sinusoidal dilatation, apoptosis 

and mitosis activities were at the highest levels 

in hepatocytes in group II. In Group III, it was 

observed that these values reached values close 

to Group I. It was observed that the mitotic 

index reached the highest value in group II, and 

decreased in time in group III. In 

immunohistochemical staining of liver tissue, 

it was observed that PCNA positive cells were 

concentrated in group II and the number of 

positive cells in group III decreased. It was 

observed that the time spent in resection 

directly affected the proliferative process. 

Apoptotic cells were observed as positive in 

staining with the TUNEL method. It was 

observed that the apoptotic index values 

reached the maximum level after 24 hours 

(group II). It was observed that TUNEL 

positive cells decreased in group III and 

positivity close to group I. 

We think that the data obtained from our study 

will constitute a very important reference for 

liver transplantation. Because transplants are 

inevitable in organ failure and transplant 

failures pose an important problem. The data 

we have obtained is of a nature to shed light on 

the clinic, and transplants can be made 

according to the course of both mitotic activity 

and apoptotic activity. 
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