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ABSTRACT

Objective: Liver regeneration is necessary to restore hepatic mass and functional capacity after partial hepatectomy (PH). Cynara scolymus 
(CS) is a pharmacologically important plant that contains phenolic acids and flavonoids, and experimental studies have indicated that it has 
antioxidant and hepatoprotective effects. The aim of this study was to investigate the role of CS in liver regeneration after PH in rats.

Methods:  A total of 36 Wistar albino rats weighing 280.5 ± 18.6 g were used. CS leaf extract was administered after partial hepatectomy. The 
rats were sacrificed at postoperative day 14, and the histological changes were assessed. The mitotic index (MI), nucleus size, hepatocyte size, 
and binucleation rate (BR) of hepatocytes were assessed using hematoxylin-eosin (H&E) staining.

Results: The rats that received CS extract had significant differences in liver regeneration markers, including the hepatocyte size, mitotic index, 
and Ki-67 proliferation index (p<0.05). The average increase in liver mass in 14 days was higher in the CS group, but the differences between the 
groups were not significant (1.70±0.2 g in sham group versus 2±0.8 g in CS group, p=0.75).

Conclusions: The results indicate that CS leaf extract promoted hepatocellular proliferation and hypertrophy, which resulted in accelerated liver 
regeneration.
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Cynara Scolymus (Artichoke) Improves Liver Regeneration 
after Partial Liver Resection in Ratsß

1. INTRODUCTION

The liver can regenerate, which allows it to withstand 
extended hepatectomy. Nevertheless, insufficient remnant 
liver is one of the most common causes of death after 
hepatectomy (1). It is well known that insufficient remnant 
liver size after liver resection or a living donor liver transplant 
(LDLT) may result in an inability to meet the metabolic 
demand of the body and can cause liver failure (2).

 Liver regeneration is necessary to restore hepatic mass and 
functional capacity after partial hepatectomy (3). To increase 
liver regeneration, it is crucial to obtain enough liver mass 
in order to prevent complications related to liver failure. It 
has been shown that hepatocyte proliferation is the main 
factor in liver regeneration (4). It has been reported that 
intracellular reactions which play role in kinetics of cell 
proliferation have influences in the liver regeneration (5). 
Moreover, studies showed that liver regeneration after 
hepatectomy is regulated by the immune system (6), and 
the inhibition of lipid peroxidation and increased glutathione 

peroxidase activation are reported to increase during liver 
regeneration.

Commonly known as artichoke, Cynara scolymus (CS) is a 
pharmacologically important plant that contains phenolic 
acids and flavonoids, and experimental studies have indicated 
that it has antioxidant activity (7). Many studies have 
shown that CS has liver-protective effects by inhibiting lipid 
peroxidation and increasing glutathione peroxidase activity 
(8, 9). Nevertheless, no study has explained the effects of 
CS on liver regeneration after hepatectomy. The goal of this 
study was to investigate the effect of CS in liver regeneration 
after hepatectomy.

2. METHODS

The study was performed using 6-month-old Wistar 
albino female rats weighing 280.5 ± 18.6 g, which were 
obtained from Zonguldak Bulent Ecevit University Animal 
Laboratory. All experimental work related to the study was 
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carried out according to the standards of national guidelines 
(28914/February 15, 2014). The study was approved by the 
Ethical Review Board at Zonguldak Bulent Ecevit University, 
Zonguldak, Turkey (protocol number 2018-12-07/06). The 
animals were kept in a cage and had free access to food and 
water. The animals were kept in a day/night cycle at room 
temperature.

The study was designed using three groups of n=8 rats 
each, but 36 rats were obtained in case any rat died during 
hepatectomy or right after. In total, 12 rats died during or 
right after the procedure. Thus, the study was started with 
three groups of 8 rats each.

In the control group, rats did not have surgery and received 
regular standard food and water. In the sham group, rats 
underwent hepatectomy but received standard regular food 
and water. In the CS Group, rats underwent hepatectomy and 
received CS extracts (by oral gavage) in addition to standard 
food and water.

Partial hepatectomy was performed by the removal of a part 
of the middle and left lateral lobes of the liver. CS leaf extract 
was administered at a dose of 0.16 mg/kg/day two times 
orally to rats in the CS group. At postoperative day 14, the 
rats were sacrificed. By the end of the study, one rat in the 
control group and two rats in both the sham and CS groups 
died.

The average liver weight was calculated for each group. 
The mitotic index (MI), nucleus size, hepatocyte size, and 
binucleation rate (BR) of hepatocytes were assessed using 
hematoxylin-eosin (H&E) staining. For morphological 
evaluation Olympus CX43 model microscope was used. 
The mitotic activity was determined using a microscope at 
10 high-power fields (HPFs) (X40). The sizes of the nuclei 
and hepatocytes were determined using 3 HPFs. In this 
study a photograph of each area belonging to a HPF was 
taken by the camera attachment of confocal microscope. 
As we know in every HPF nearly 500 cell can be obtained. 
The microscopic image of each HPF was transferred to the 
image J analysis program. In this program, the nucleus and 
cell size were measured individually for each hepatocyte. All 
values were summed numerically and divided by the total 
number of cells within the area to calculate the mean value. 
This calculation was done separately for both nucleus and 
cell size. Proliferation index for hepatocytes were evaluated 
by Ki67 immunohistochemistry. Immunohistochemistry was 
performed with monoclonal ready-to-use antibody against 
human Ki-67 antigen (Clone 30-9; Ventana, Tucson, AZ, 
USA). Rabbit Monoclonal Primary antibody. Staining was 
performed using a Roche Ventana Automatic Device. The 
proliferation index was calculated based on the evaluation of 
100 hepatocytes with positive stained nuclei. We accepted 
brown staining of nucleus of tumor cells as positive for Ki67. 
The intensity was varying cell to cell. We considered any 
degree of intensity as positive staining. The negative tumor 
cells were blue. In this evaluation detecting tumor cells are 
important. Because tumor cells are mixed with stromal and 
lymphoid cells. We evaluated the areas with the most intense 

staining by scanning the areas. These areas were assessed 
and minimum 500 cells were counted. In these areas positive 
staining cells were deterimined. Finally Ki67 proliferation 
indeks was calculated like this; number of positive staining 
cells/ number of tumor cells x100 (10)

2.1. Statistical Analyses

The Number Cruncher Statistical System (NCSS) 2007 
(Kaysville, Utah, USA) was used for the statistical analyses. 
Data are expressed as the mean ± standard deviation. A one-
way analysis of variance (ANOVA) was applied to test the 
differences between groups. Significant differences between 
two groups were determined using a post-hoc Tukey test, 
and p <0.05 was considered significant.

3. RESULTS

The average size of livers in the control group was 9.92 ±1.3 
g, which is considered as an average weight in all groups. The 
liver index was calculated as a percentage (%) of the rats’ 
liver weight (g) with respect to the body weight (g), which 
was 3.54%. The average hepatectomy liver weight in the 
sham and CS groups was 2.2 ±0.7 g, which is 22.2% of the 
total liver weight. The average size of livers at the end of the 
study in sham group was 9.41±0.8g (94.9% of the original 
liver), while that of the CS group was 9.71± g (97.8%). The 
average increase of liver mass in 14 days was higher in the 
CS group than the sham group, but the difference was not 
significant (1.70±0.2 g in sham group versus 2±0.8 g in CS 
group, p=0.75). No significant difference was found in the 
liver index in the sham group versus the CS group (3.36% 
versus 3.46%, p=0.67).

The effect of CS on the histological morphology after 
hepatectomy was analyzed. The rates of steatosis, 
inflammation, sinusoidal dilatation, congestion, and hydropic 
degeneration in liver cells between three groups were 
compared (Table 1). These findings were assigned grades of 
1 of 4 based on the literature (11). H&E staining indicated 
that steatosis did not occur in any group, but inflammation 
was slightly higher in both the sham and CS groups. Although 
there was no differences in sinusoidal dilatation between 
groups, congestion and the degree of hydropic degeneration 
were higher in both the sham and CS groups (Table 1).

Table 1. The histological liver changes in groups

Groups Steatosis Inflammation
Sinusoidal 
dilatation

Congestion
Hydropic 

dejeneration
C 0 0 + + 0
S 0 + + ++ +
CS 0 + + ++ +

None: 0    Minimal: + Mild: ++        Moderate: +++       High: ++++

In further comparisons between experimental groups, the 
changes were significantly different between all three of 
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them (Table 2). Histological alterations are shown in Figure 
1. H&E staining revealed that the mean size of nuclei was 
significantly higher in the CS group than both the control 
group (10.4±0.6 vs. 7.75 ±0.2 µm, p<0.0001) and the sham 
group (10.4±0.6 vs. 8.33±0.75 µm, p=0.0068). The mean size 
of nuclei was significantly higher in the sham group than the 
control group (8.33±0.75 vs. 7.75 ±0.2 µm, p=0.18). The mean 
size of hepatocytes was significantly higher in the CS group 
than in both the control group (480.6 ±38 µm vs. 315.9±80, 
p=0.0021) and sham group (480.6 ±38 µm vs. 265.8± 18.9 
µm, p=0.0003). However, no significant difference was found 
between the sham group and control group (315.87±80.4 vs. 
265.8± 19 µm, p=0.456).

The mean MI was significantly higher in the CS group than 
both the control group (4.7±1.2 vs. 2.25±1.3, p=0.015) and 
sham group (4.7±1.2 vs. 1.5±0.7, p= 0.348)). However, no 

statistically difference was found between the sham group 
and the control group (2.25±1.3 vs. 1.5±0.7, p= 0.348). 
Statistically significant differences were found in the BR in the 
CS group versus the sham group (29.2±6 vs. 12±5%, p= 0.003) 
and versus the control group (29.2±6 vs. 6.5 ±2, p=0.0001), as 
well as between the control group and sham group (12±5% 
vs. 6.5 ±2.1, p= 0.042)

The Ki-67 proliferation index rate was compared between 
groups, and the differences were significant (Table 2, Figure 
2). The mean rate of the Ki-67 proliferation index was 2% in 
the control group, while it was 3% in the sham group, but the 
differences were not significant (2% and 3%, p=0.114). The 
mean rate of the Ki-67 proliferation index was 8% in the CS 
group, and there was a significant difference between the CS 
group and sham group (8 % vs. 3% p=0.043).

Figure 1. Histomorphological findings of each group and also their comparison with each other (HEx400). Figures 1a-c show binucleation rates 
for group C, S and CS, respectively. Figures d-f show the mitotic figure for each groups in the same order. Group CS have the most mitotic figure 
among the groups as we see in figure f. Figures g-ı demonstrate the nuclear and hepatocyte size.
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4. DISCUSSION

Currently, the main obstacle in liver transplantation is organ 
shortage. In order to overcome this obstacle, LDLT has been 
accepted as an option, particularly in Eastern countries, 
but the rate has slightly increased in Western countries 
as well. The main concern in LDLT is providing enough 
functional liver mass to maintain liver function in both the 
donors and recipients. The main success behind LDLT is 
liver regeneration. Liver regeneration not only makes LDLT 
available to those who need it, it also provides an option 
to surgeons to perform liver resection for advanced liver 
cancers that require extensive liver regeneration. However, 
it carries the risk of the remnant liver mass not being enough 
to maintain liver function. Both LDLT and liver resection for 
liver cancer rely upon liver regeneration to get enough liver 
mass (12).

Various strategies have been developed in models of 
hepatectomy to increase liver regeneration after hepatectomy 
in both humans and rats (13, 14). This study was performed 
to evaluate the role of CS in liver regeneration. It has been 
reported that CS has many health benefits (15), such as 
antioxidant activity. For example, one study reported that 

CS has liver-protective effects and downregulates oxidative 
stress in acute DZN-induced liver injury in rats (16). Another 
study showed liver-protective effects in liver damage 
induced by paracetamol (17). Nevertheless, research has still 
been needed to fully understand the effects of CS on liver 
regeneration after partial hepatectomy.

Although the normal liver is dormant with only a little 
hepatocyte proliferation, after partial hepatectomy, it was 
shown that the remaining liver undergoes a series of rapid 
endothelial, inflammatory, and epithelial changes (18). 
Multiple important mechanisms and factors control normal 
liver regeneration, such as IL-6, TNF, hepatocyte growth 
factor (HGF), epidermal growth factor (EGF), and thyroid 
hormone, which have been previously reported in detail and 
are not discussed here in depth (18, 19). The novel findings in 
this study are the CS-related histological changes of the liver 
after hepatectomy in rats. The changes were found to involve 
significant increases in the mean nucleus size, hepatocyte 
size, MI, BR, and Ki 67 proliferation index. Although changes 
were noted in all rats after partial hepatectomy compared 
to the control group, they were significantly higher in the CS 
group.

Figure 2. a-c Ki67 proliferation index in groups C, S and CS, respectively (Ki67 immunohistochemistry x400).

Table 2. The comparison of histological changes in liver regeneration between groups (stained with H&E).

Histological parameters
(mean±SD)

C Group S Group CS Group P

Size of nucleus (µm) 7.75 ±0.2 8.33±0.75 10.4±0.6 <0.001
Size of hepatocyte (µm) 315.9±80 265.8± 19 480.6 ±38 <0.001
Mitotic index (MI)% 2.25±1.3 1.5±0.7 4.7±1.2 <0.001
Binucleation rate (BR)% 6.5 ±2.1 12±5 29.2±6 <0.001
Ki 67 proliferation index (%) 2% 3 (% 8 % <0.001
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A previous study reported that by 7–10 days after 
hepatectomy, a rat’s liver largely regrows to about normal 
size (93%) through hyperplasia of the remnant lobes (18). In 
this study, by 14 days, the average size of the liver at the end 
of the study in the sham group was 94.9% of the native liver 
size, but the recovery was higher (97.8%) in the CS group. The 
reason why there was not a significant difference between 
groups could be that the time needed to complete all 
regeneration is reported to be about 20 days (18). A second 
reason could be that we did not do 70% liver resection, as 
was done in a previous study; instead, we performed 22.2% 
resection (18).

It has been reported that the proliferation of hepatocytes 
induces regeneration of the liver (20). Proliferation and 
hypertrophy almost equally contribute to regeneration (21). 
The sizes of hepatocytes and nuclei are reported to increase 
significantly in regeneration (21, 22). This is consistent with 
our study, which showed increased hepatocyte size and 
nuclear size, and the changes were significantly higher in 
rats receiving CS. The number of binuclear hepatocytes and 
binuclear-to-total hepatocyte ratio are considered as signs of 
liver regeneration in other studies (22). However, the present 
study was not consistent with earlier studies, and we found 
that even the BR was higher in both the sham group and CS 
groups, but it was significantly higher in rats receiving CS.

A wide range of markers are used to describe hepatic 
regeneration criteria (18, 23). MI, which is used in the 
present study, is the ratio between the number of cells in 
mitosis and the total number of cells. Our study showed 
that MI was significantly higher in rats receiving CS. Previous 
studies reported using immunofluorescence staining of Ki-67 
as a proliferation marker (21, 24). Ki-67 is expressed from the 
G1 to the M phase. Its expression was found to be higher in 
both the sham and CS groups compared to the control group. 
However, the expression of Ki-67 was significantly increased 
in rats that received CS compared with rats that did not.

CS is cultivated in many parts of the world because of its 
nutritional benefits and medicinal properties (25). It has 
shown beneficial effects in diseases of the biliary tract, 
digestive action, scurvy, anemia, and atherosclerosis (26, 
27). However, this study is the first to our knowledge 
to demonstrate experimentally that CS increases liver 
regeneration after liver resection in rats.

There are some limitations in this study. We found out that 
CS increases liver regeneration by changing hepatocyte 
histology, but we did not investigate the exact mechanism 
of CS that creates the histological changes. Thus, studies are 
needed for further investigation. In conclusion, the present 
study showed that CS increases liver regeneration after 
partial liver resection with increases in both proliferation and 
hypertrophy in the remnant liver.

Acknowledgment

We would like to thank Veterinary Surgeon Osman Cengil 
for his great assistance in laboratory. This study was not 
financially supported by any institution or company

All authors declared no conflict of interest and funding.

REFERENCES

[1] Chapelle T, Op de Beeck B, Driessen A, Roeyen G, Bracke B, 
Hartman V, Huyghe I, Morrison S, Ysebaert D, Francque S. 
Estimation of the future remnant liver function is a better tool 
to predict post-hepatectomy liver failure than platelet-based 
liver scores. Eur J Surg Oncol. 2017;43(12):2277-2284.

[2] Asencio J.M, Vaquero J, Olmedilla L, Garcia Sabrido JL: “Small-
for-flow” syndrome: shifting the “size” paradigm. Med 
Hypotheses 2013;80(5):573-537.

[3] Clavien PA. Liver regeneration: A spotlight on the novel role 
of platelets and serotonin. Swiss Med Wkly. 2008; 138(25-
26): 361-370.

[4] Thorgeirsson SS: Hepatic stem cells in liver regeneration. 
FASEB J. 1996; September 10(11):1249-56.

[5] Michalopoulos GK. Liver regeneration after partial 
hepatectomy: Critical analysis of mechanistic dilemmas. The 
American Journal of Pathology 2010; 176 (1): 2-13

[6] Naseem S, Hussain T, Manzoor S. Interleukin-6: A promising 
cytokine to support liver regeneration and adaptive immunity 
in liverpathologies. Cytokine Growth Factor Rev. 2018;39:36-
45.

[7]  Salekzamani S, Mameghani ME, Rezazadeh K. The antioxidant 
activity of artichoke (Cynara scolymus): A systematic 
review and meta-analysis of animal studies. Phytother 
Res. 2019;33(1):55-71.

[8] Colak E, Ustuner MC, Tekin N, Colak E, Burukoglu D, Degirmenci 
I, Guney HV. The hepatocurative effects of Cynara scolymus. 
Leaf extract on carbon tetrachloride-
inducedoxidative stress and hepatic injury in rats. 
Springerplus. 2016;5:216.

[9] Pérez-García F, Adzet T, Cañigueral S. Activity of artichoke leaf 
extract on reactive oxygen species in human leukocytes. Free 
Radic Res. 2000;33(5):661–665.

[10] Kinra P, Malik A. Ki 67: Are we counting it right?. Indian J Pathol 
Microbiol 2020;63:98-99

[11] Matsuo K, Murakami 
T, Kawaguchi D, Hiroshima Y, Koda K, Yamazaki K, Ishida Y, 
Tanaka K. Histologic features after surgery associating liver 
partition and portal vein ligation for staged hepatectomy 
versus those after hepatectomy with portal vein embolization. 
Surgery. 2016;159(5):1289-1298.

[12] Lauterio, A. , Di Sandro S, Concone G, De Carlis R, Giacomoni 
A, De Carlis L. Current status and perspectives in split liver 
transplantation. World J. Gastroenterol. 2015; 21: 11003–
11015.

[13] Ren, W. Wang X, Zhang A, Li C, Chen G, Ge X, Pan K, Dong JH. 
Selective bowel decontamination improves the survival of 
90% hepatectomy in rats. J. Surg. Res. 2015,195: 454–464.

[14] M Ninomiya, K Shirabe, T Terashi, H Ijichi, Y Yonemura, N Harada, 
Soejima Y, Taketomi A, Shimada M, Maehara Y. Deceleration 
of regenerative response improves the outcome of rat with 
massive hepatectomy. Am. J. Transplant.2010; 10:1580–1587.



658Clin Exp Health Sci 2022; 12: 653-658 DOI: 10.33808/clinexphealthsci.1008534

Cynara Scolymus and Liver Regeneration Original Article

How to cite this article: Gunay Y, Kaymaz E. Cynara Scolymus (Artichoke) Improves Liver Regeneration after Partial Liver Resection in 
Rats. Clin Exp Health Sci 2022; 12: 653-658. DOI: 10.33808/clinexphealthsci.1008534

[15] Ben Salem M, Affes H, Ksouda K, Dhouibi R, Sahnoun Z, 
Hammami S, Zeghal KM. Pharmacological Studies of artichoke 
leaf extract and their health benefits. Plant Foods Hum Nutr. 
2015;70(4):441-453.

[16] Ahmadi A, Heidarian E, Ghatreh-Samani K. Modulatory effects 
of artichoke (Cynara scolymus L.) leaf extract against oxidative 
stress and hepatic TNF-α gene expression in acute diazinon-
induced liver injury in rats. J Basic Clin Physiol Pharmacol. 
2019;30(5):/j/jbcpp.2019.30.

[17] Sümer E, Senturk GE, Demirel ÖU, Yesilada E. Comparative 
biochemical and histopathological evaluations 
proved that receptacle is the most effective part 
of Cynara scolymus against liver and kidney damages. J 
Ethnopharmacol. 2020;249:112458.

[18] Michalopoulos, G. K. & DeFrances, M. C. Liver 
regeneration. Science 1997; 276: 60–66.

[19] Michalopoulos, G. K. Liver regeneration. J. Cell. Physiol. 2007; 
213: 286–300.

[20] Dusabineza AC, Van Hul NK, Quinones JA, Starkel P, Najimi 
M, Leclercq IA. Participation of liver progenitor cells in liver 
regeneration: lack of evidence in the AAF/PH rat model. Lab. 
Invest. 2012; 92: 72–81.

[21] Miyaoka Y, Ebato K, Kato H, Arakawa S, Shimizu S, Miyajima A . 
Hypertrophy and unconventional cell division of hepatocytes 
underlie liver regeneration. Curr Biol. 2012;22(13):1166-1175.

[22] Miyaoka Y, Miyajima A. To divide or not to divide: revisiting 
liver regeneration. Cell Div. 2013;8(1):8.

[23] Akçan A, Kucuk C, Ok E, Canoz O, Muhtaroglu S, Yilmaz N, Yilmaz 
Z. The effect of amrinone on liver regeneration in experimental 
hepatic resection model. J Surg Res. 2006;130:66–72.

[24] Wan HF, Li JX, Liao HT, Liao MH, Luo L, Xu L, Yuan KF, Zeng 
Y. Nicotinamide induces liver regeneration and improves liver 
function by activating SIRT1. Mol Med Rep. 2019;19(1):555-
562.

[25] Lattanzio V, Paul AK, Lansalta V, Cardinali A. Globe artichoke: 
a functional food and source of nutraceutical ingredients. J 
Funct Foods. 2009; 1:131–144.

[26] Gebhardt, Fausel M. Antioxydant and hepatoprotective 
effects of artichoke extracts and constituents in cultured rat 
hepatocytes. Toxicol In Vitro. 1997; 144:279–286.

[27] Kraft K. Artichoke leaf extract–recent findings reflecting 
effects on lipid metabolism, liver, and gastrointestinal tracts. 
Phytomedicine. 1997; 43:69–78.


