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EXPERIMENTAL  STUDY

The comparison of the effects of hepatic regeneration 
after partial hepatectomy, silybum marinaum, propofol, 
N-acetylcysteine and vitamin E on liver
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Abstract: Aim: We investigated the comparison of the effects  of N-acetylcysteine, silybum marinaum, propofol, 
and vitamin E on liver hepatic regeneration after partial hepatectomy.
Method: Forty-eight rats were randomized into 6 different groups of the same age and weight. After partial hepa-
tectomy, all animals were resuscitated with 5 ml of isotonic sodium chloride solution administered subcutaneously 
while group 1 (sham) did not receive any injection, group 2 (control) received serum physiologic intraperitone-
ally, group 3 received 25 mg /kg of propofol intraperitoneally, group 4 received 20 mg/kg of N-acetylcysteine 
intraperitoneally, group 5 received 400 mg/kg of vitamin E intraperitoneally, and group 6 received 10 mg/kg of 
silybum intraperitoneally. None of these groups were given antibitotics. On the third day, a half of the rats, and 
on the seventh day, the other half of rats were reoperated and sacrifi ced. 
Results: Blood samples were used for biochemical parameters (AST, ALT). Ki-67 proliferation index was used 
for histopathologic parameters. A statistically meaningful difference was detected in silybum, vitamin E, N-acet-
ylcysteine, and propofol groups for AST, ALT levels when compared to control and sham groups (p<0.05). Ki-67 
regeneration proliferation index of all groups, which were given agents on the third and seventh days were statisti-
cally higher than the control and sham groups (p<0.05). During the evaluation, AST, ALT, Ki-67, Ro (regeneration 
value) levels of silybum group displayed a statistically signifi cant difference according to other groups (p<0.05).
Conclusion: Our experimental study indicates that hepatic regeneration after partial hepatectomy  was meaningful 
and signifi cant in groups with intraperitoneal administration of silybum marinaum,vitamin E, N-acetylcysteine and 
propofol. Hepatic regeneration rate was particularly higher in silybum group compared to other groups (Fig. 16, 
Ref. 26). Full Text in PDF www.elis.sk.
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The liver is the largest internal organ of the human body. It 
has important roles in regulating the metabolic functions, and in 
the immune system. After resection or traumatic injury, the liv-
er is a single organ capable of fast tissue regeneration. In order to 
maintain the existing liver functions after liver resection, the pe-
riod and effect of hepatic ischemia before and during the resection 
should be reduced to minimum,. Besides, after the resection, the 
increase in hepatic blood fl ow and the reduction of infl ammatory 
events are currently getting increasingly important.

The postoperative mortality rate in liver resection depends di-
rectly on preoperative liver functions and liver resection volume. 

After tissue injuries and hepatocellular necrosis, regeneration of 
the liver tissue remaining in normal parenchyma to replace the 
functional hepatic mass in a short time is a very important sup-
portive mechanism. In hepatocytes, mitosis is very rare, yet with-
in 24 hours after partial hepatectomy, active cell replication be-
gins and continues until it reaches the initial weight of the organ. 
Regeneration occurs rather in a way of growth of residual lob-
ules and formation of new lobules. Although the regeneration mech-
anism has become better understood based on studies conducted in 
21st century, none of various chemical, physical or biological agents 
studied in association with liver regeneration have been brought to 
common clinical use.  Propofol is an intravenous anesthetic agent 
in animal model of partial hepatectomy to reduce lipid peroxida-
tion during liver regeneration, tissue antioxidant defense systems 
to strengthen the protective effect against oxidative damage.

After partial hepatectomy, an abnormal increase in free oxy-
gen radicals revealed during liver regeneration is met by mitochon-
drial antioxidant enzymes, which become reduced depending on 
their use (1, 2). By bestowing cysteine, N-acetylcysteine enhances 
the glutathione synthesis in the lung and liver. However, it binds 
free oxygen radicals and thus prevents the cell damage (3, 4).
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The type of tocopherol that is most widely distributed in nature 
as a vitamin and found to have the greatest biological activity is α- 
tocopherol. α- Tocopherol (vitamin E) is a potent antioxidant, and 
especially affects the membrane lipid peroxidation. In monocytes 
and / or kupfer cells, tumor necrosis suppresses the production of 
factor-α, interleukin-1, interleukin-6, interleukin -8, and inhibits 
the gene expression of α1, collagen in the liver (5). Silymarin 
consisting of fl avonolignans found in the composition of silybum 
marinaum plant, toxophylin, quercetin, albumin, substances such 
as mucilages demonstrate liver protecting features. Also, because 
this plant contains 70–80 % of silymarin, by showing an antioxi-
dant effect it protects the liver from damage caused by free radi-
cals. At the same time it is responsible for detoxifi cation of liver 
hormones, drugs and chemicals (6).

Today, there is still a need of new treatment strategies for re-
generation; therefore we aim to investigate the comparative ef-
fects of N-acetylcysteine, propofol, vitamin E (α-tocopherol) and 
silybum marianum we consider to be effective in liver regen-
eration after experimental partial hepatectomy due to its effects 
on the liver. 

Materials and methods

We used 48 wistar albino male rats weighing 200–250 g in 
this study. Animals were housed at 24.5 °C and given standard rat 
chow diet and water ad libitum. The study protocol was approved 
by the animal ethic review committee of the Faculty of Medicine 
University of Kahramanmaras Sütcü Imam. 

All rats were kept in standard cages in 6 groups for 7 days 
creating 12-hour light/dark cycles (on the seventh day after partial 
hepatectomy that’s why regeneration was completed by 75 % that 
day was chosen). The rats chosen by randomization were divided 
into 6 groups consisting of 8 rats in each group. Operations were 
performed in the morning between 08:00 and 12:00. In this way 
the results were obtained without being affected by diurnal chang-
es. The rats were left hungry 12 hours before the operation. Rats 
to be used in our study were divided into 6 groups of 8 animals in 
each group. No rat was given antibiotics.

Groups: Group 1 (sham): After partial hepatectomy had been 
applied on animals, hemorrhage control was done and the abdo-
men was closed. Group 2 (control): After partial hepatectomy had 
been applied on animals, hemorrhage control was done; 5 ml in-
traperitoneal injection of saline was applied, the abdomen was 
closed. Group 3: After partial hepatectomy had been applied on 
animals, hemorrhage control was done; 25 mg / kg intraperitoneal 
injection of propofol was applied, the abdomen was closed. Group 
4: After partial hepatectomy had been applied on animals, hem-
orrhage control was done; 20 mg / kg intraperitoneal injection of 
N-acetylcysteine was applied, the abdomen was closed. Group 5: 
After partial hepatectomy had been applied on animals, hemor-
rhage control was done; after 400 mg / kg intraperitoneal injec-
tion of vitamin E was applied, the abdomen was closed. Group 6: 
After partial hepatectomy had been applied on animals, hemor-
rhage control was done; 10 mg / kg intraperitoneal injection of 
silybum was applied, the abdomen was closed. 

Surgical procedures 
All rats were anesthetized with 50 mg/kg ketamin hydrochlo-

ride (Ketalar, Eczacibasi.Türkiye) The abdomen was shaved and 
swabbed with a povidone iodine solution preoperatively. A 4-cm 
midline incision was made and the abdomen was opened under 
clean surgical conditions, after laparatomy as described, the left lat-
eral and median lobe peduncles of the liver (consisting approxi-
mately 75 % of liver in rat) was resected from the vena cava con-
junction, peduncles were tied with a 3/0 silk, the extracted 
liver tissues were weighed and recorded (7). Abdominal lapa-
rotomy incision lines of all subjects were closed with 4/0 silk and 
continuous double row sutures, and cleaned with baticon (mean op-
eration time was approximately 15 minutes), all animals were re-
suscitated with 5 ml of isotonic sodium chloride solution admin-
istered subcutaneously. Postoperative needs of all rats were met 
with normal rat chow diet and water. Because 50 % and 75 % of the 
liver regeneration after partial hepatectomy occur on 3rd and 7th 
postoperative days, respectively, on these days 4 subjects from each 
group were sacrifi ced by forming hypovolemia from vena cava in-
ferior, ensuring the sterile conditions. Then the liver tissue re-
maining for regeneration was removed completely and weighed 
on a sensitive scale, the extracted tissues were retained for patho-
logical examination, saved in 10 % neutral buffered and formu-
lated Petri containers. Blood drawn while subjects were sacrifi ced 
was taken to the Eppendorf tubes, centrifuged for 10 minutes 
at 1500 rpm and stored at –80 °C until the day of study. On the 
day of study, plasma in dissolved serum samples was separated 
and AST and ALT parameters were measured.

Morphological parameters were calculated by subtracting 
the remaining liver weight after resection from the liver weight 
at autopsy (estimated 30 %), then by dividing the liver weight re-
moved in the resection (8). The rate of regeneration was found by 
multiplying 100 to the value obtained. The whole weight of the 
liver was considered to be 3.4 % of the rat weight (9).

Biochemical assay: Liver Function tests: Blood samples were 
centrifuged at 1500 rpm for 10 minutes for taking plasma. Plasma 
was measured by Cobas Integra 800 model biochemistry autoana-
lyzer. Biochemistry parameters of AST and ALT (IU / LT) were 
ROCHE brand animal kits.

Histopathological parameters: Immunohistochemical applica-
tions: Histopathological assessment was performed at University 
Faculty of Medicine Department of Pathology, University Hos-
pital Laboratory. Tissue samples were identifi ed in 10 % buffered 
formalin for histopathologic examination. We used 5-microm-
eter thick sections prepared from paraffi n blocks for slides with 
poly-L-Lysine for determining the Ki-67 expression. Ki-67 (SP6) 
(Neomarkers, USA), ready to use immunohistochemical staining 
procedure was performed with rabbit-rat monoclonal antibody. 
We used Wintzer et al technique for ki-67 staining pattern. The 
number of cells showing nuclear staining with Ki-67 % of the total 
cell number was calculated (10–14). 

Statistical analysis
All variables were expressed as mean and standard error. 

Differences between groups were evaluated by Kruskal–Wallis 
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Results

The results obtained in this study in which the effects of N-
acetylcysteine, propofol, vitamin E, Silybum marianum on liver 

Fig. 1. 3rd day: Control Group, the percentage of nuclear stained cells 
slightly increased.

Fig. 2. 7th day: Control Group, the percentage of nuclear stained cells 
slightly increased.

Fig. 3. 3rd day: Sham Group, the percentage of nuclear stained cells 
slightly increased.

variance analysis followed by a post hoc Mann Whitney U test. 
p values <0.05 were considered statistically signifi cant. All data 
were entered into and processed by SPSS Inc 18.00 for Windows 
statistical package.

Fig. 4. 7th day: Sham Group, the percentage of nuclear stained cells 
slightly increased.

Fig. 5. 3rd day: NAC Group, the percentage of nuclear stained cells 
slightly increased.

Fig. 6. 7th day: NAC Group, the percentage of nuclear stained cells 
increased middle degree.
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regeneration in the experimental partial hepatectomy were inves-
tigated are as follows (Figs 1–12):

1) Serum AST and ALT levels representing the liver function-
al biochemical reserve in the study and control groups were inves-
tigated. To summarize AST and ALT values on the third and sev-

enth days, whereas the difference between the control group and 
the sham group is not statistically signifi cant within this time 
period (p>0.05), the difference between the control group and 
each of vitamin E, propofol and NAC groups was found to be 
statistically signifi cant (p<0.05). The difference between vitamin 

Fig. 7. 3rd day: Propofol Group, the percentage of nuclear stained 
cells slightly increased.

Fig. 8. 7th day: Propofol Group, the percentage of nuclear stained 
cells increased middle degree.

Fig. 9. 3rd day: Silybum Group, the percentage of nuclear stained cells 
increased middle degree.

Fig. 10. 7th day: Silybum Group, the percentage of nuclear stained 
cells increased high degree.

Fig. 11. 3rd day: Vitamin E Group, the percentage of nuclear stained 
cells slightly increased.

Fig. 12. 7th day: Vitamin E Group, the percentage of nuclear stained 
cells increased middle degree.
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E, propofol and N-acetylcysteine groups were not found to be sta-
tistically signifi cant (p>0.05). In addition, the difference between 
the control, sham, vitamin E, propofol and NAC groups and the 
group in which we applied silybum was found to be statistically 
signifi cant (p<0.05). If we compare the values on the third and sev-
enth days with each other, although there is a numerical differ-
ence between each AST value of the control and sham groups, on 
the 3rd and 7th days, this difference is not statistically signifi -
cant (p>0.05). It is confi rmed that there is a numerical differ-
ence between the measured values of each group of vitamin E, 
propofol, Nac on the 3rd and 7th days, and this difference is sta-
tistically signifi cant (p<0.05). It is determined that AST values of 
the silybum group decrease by 43 % from the 3rd day to the 7th 
day and this difference is statistically signifi cant (p<0.05). It has 
been observed that agents used in line with the biochemical re-
sults in varying proportions have positive effects on the protec-
tion and regeneration of the existing liver reserve.

2) In this study where the rates of liver regeneration of each 
group are compared with each other for the 3rd and 7th days, even 
though there is numerical difference among RO values of each 
control and sham groups for the 3rd and 7th days, this difference is 

not statistically signifi cant (p>0.05). Numerical values for the 3rd 
and 7th days of each vitamin E, NAC, propofol groups are differ-
ent, this difference is not statistically signifi cant (p>0.05). Howev-
er, the 3rd and 7th day values of the silybum group are numerically 
different and this difference is statistically signifi cant (p<0.05). At 
the same time the highest RO value has been observed in the sily-
bum group again. If we compare the 3rd and 7th day values with 
each other, there is numerical difference between the 3rd and 7th 
day RO values of each control and sham groups, but this differ-
ence is not statistically signifi cant (p>0.05). While the 3rd and 7th 
day value of each vitamin E, NAC, propofol groups are numerically 
different, this difference is statistically signifi cant (p<0.05). How-
ever, the 3rd and 7th day values of the silybum group are numerical-
ly different and this difference is statistically signifi cant, also the 
highest RO value has been observed in this group (p<0.05).

3) In this study where rates of the Ki-67 staining pattern as his-
topathological indicators of liver regeneration are compared with 
that of marking pattern, if we look at the third and seventh day 
values among groups, no statistically signifi cant difference be-
tween control and sham groups for both days has been observed 
(p>0.05). When the third day and seventh day values of vitamin 

Figures 13–16. Comparison of  regeneration rates and Ki-67 percentages of the groups on the 3rd and 7th days. Our results showed that the 
highest regeneration rate and Ki-67 % group is the silybum marinaum group. Silybum group is the best group compared to other groups (K: 
Controlgroup, Sh: Sham group, E: Vitamin E group, P: Propofol group, Si: Silybum Marinaum group, A: N-acetylcysteine (NAC) group).
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E, N-acetylcysteine, propofol groups from these groups, other 
working groups are evaluated separately, the difference is statisti-
cally signifi cant (p<0.05). Both the 3rd and 7th day values of the 
silybum group are different from all the other groups, this dif-
ference is statistically signifi cant (p<0.05). If we compare the 
third and seventh day values with each other, although Ki-67 in-
dex values of the control and sham groups on the 3rd and 7th 
days are numerically different, they are not statistically signifi -
cant (p>0.05). The 3rd and the 7th day values of each NAC, pro-
pofol, vitamin E groups are numerically different. This differ-
ence is statistically signifi cant. The difference between the 3rd and 
the 7th day values of the silybum group is 87.25 %, while this dif-
ference is statistically signifi cant. The highest index value among 
the groups has been found in the silybum group again.

In line with these results, silybum marinaum, N-acetylcys-
teine, propofol and vitamin E seem to increase the regenera-
tion of the liver after partial hepatectomy. In our study, especially 
silybum marinaum among the agents we use, compared to oth-
er agents we use have been determined to be more effective in 
liver regeneration (Figs 13–16).

Discussion

The main purpose of liver regeneration is to repair and re-
generate tissues that have suffered a loss after resection as soon 
as possible and to restore the hepatic functions (15, 16). In ex-
perimental studies it is pointed out that partial hepatectomy is an 
ideal model for liver regeneration because tissue damage in meth-
ods using hepatic toxins or viruses might not always start enough 
infl ammation (17).

The fi rst scientifi c studies on liver regeneration were conducted 
by Higgins and Anderson in 1900s. Higgins and Anderson removed 
the middle and left lobes of liver in rats (70–80 %) and explained 
the model used in partial hepatectomy studies (18). Easy imple-
mentation and undamaged remaining liver tissue are among sig-
nifi cant advantages of this model (19). Further studies were done 
by taking the example of this model.

In studies on effects of olive oil, fi sh oil and vitamin E on cellu-
lar proliferation after partial hepatectomy conducted by Kirımlioglu 
and his colleagues, vitamin E and fi sh oil were reported to be more 
effective on regeneration. This is in compliance with our study in 
terms of positive effects of vitamin E on regeneration (20). In a 
study on damaged rat liver with acetaminophen conducted by 
Kostopanagiotou and his colleagues, the triggering effect of pro-
pofol on the rate of regeneration was found statistically insignifi -
cant (21). In our experimental study, after hepatectomy, propofol’s 
positive contribution to the regeneration has been confi rmed. This 
outcome is in contrast with the Kostopanagiotou’s study. In the 
study of Uzun and his colleagues after partial hepatectomy in non-
alcoholic fatty liver, the effects of N-acetylcysteine on regenera-
tion were investigated and a positive effect on regeneration was 
reported (22). In studies conducted by Das and his colleagues, 
the comparative effects of silybum and ascorbic acid on regen-
eration in the liver damaged by ethanol and ascorbic acid were 
investigated, while the regeneration in rats given ascorbic acid was 

higher than that of the group given silybum, and this difference was 
reported as statistically signifi cant (23). Since our views differ from 
the above-mentioned studies, the difference between the results 
of silybum on regeneration in liver damaged by ethanol in the 
study of Das and the results of propofol on regeneration in rat liver 
damaged by acetaminophen considered to be statistically insignifi -
cant in the study of Kostopanagiotou and his colleagues would be 
referred to the degree of toxicity applied to the liver.

In the study of Yildiz and his colleagues, in rats subjected to 
partial hepatectomy, no statistically signifi cant difference was con-
fi rmed in terms of AST and ALT values on days 0 and 7  in a relevant 
study of different forms of enteral and parenteral nutrition on liver 
function and regeneration in all subject groups, (p>0.05). When 
regeneration rates were evaluated on the 7th day of the study, they 
reported that statistically signifi cant difference was confi rmed be-
tween the subjects fed by either enteral or parenteral nutrition 
(p<0.05) (24).The results of study conducted by Yildiz and his 
colleagues about the impact of different forms of enteral and par-
enteral nutrition on AST, ALT, and regeneration in rats subjected 
to partial hepatectomy support the results of AST and ALT values 
in our study. We refer this signifi cant outcome to the proximity of 
their fi nishing time of the studies. After 70 % partial hepatectomy 
applied to rats, the impact of pentagastrin on liver regeneration was 
investigated by Berberoglu et al. At the end of the study, regenera-
tion rates of the group given pentagastrin and control group had 
no difference on postoperative day 2, but had a statistically sig-
nifi cant difference on the 4th day and they suggested that the re-
generation increased in proportion to the process (p<0.05) (25).

Ozalpan and Altun have found that as a result of partial hepa-
tectomy by 35 % in rats, regeneration was rapidly increasing until 
the third day, reached 40 %, while after the third day it slowly con-
tinued (26). The increase in regeneration rates after partial hepa-
tectomy on the 3rd day in our study is supported by the result of 
regeneration on the 4th day at a 70 % rate after partial hepatectomy 
in the study of Berberoglu and by the result of regeneration on the 
3rd day at a 35 % rate after partial hepatectomy in the study of Al-
tun and Ozalpan. Only one among these studies that lasted to the 
7th day is the Sasanuma’s study. But he reviewed only the rates of 
regeneration on the 7th day; he could not evaluate the clear dif-
ference of regeneration rates between the 3rd and 7th days. Based 
on information we have obtained, we conclude that regeneration 
after partial hepatectomy increases on the 3rd day and continues 
to increase by 75 % in the same way as described in literature.

When we compared all our fi ndings after partial hepa-
tectomy, the vitamin E, propofol, N-acetylcysteine and sily-
bum marinaum were confi rmed to increase liver regeneration, while 
silybum marinaum was found to have the greatest triggering effect 
on regeneration. It is concluded that vitamin E and propofol and 
N-acetylcysteine groups are not as effective as silybum in liver 
regeneration. After serious operations with high mortality and mor-
bidity such as liver resection, the use of silybum marinaum may 
be preferred to ensure the integrity of tissue in regeneration. How-
ever, extensive clinical and experimental studies are needed for 
this. Our study shows that this plant is worth to be researched and 
developed from experimental aspect.
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