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INTRODUCTION

The search for treatments that favor hepatic hyperplasia and 
promote a better outcome for some surgical procedures and chronic 
diseases has led scientists to test a wide variety of drugs. Rutin is a 
flavonol glycoside that can be found in a wide variety of vegetables 
and has activity, anti-cancer, anti-inflammatory and anti-diabetic 
properties(1,2). Regarding the liver, there are reports of  potent 
hepatoprotective activity on the toxicity induced by paracetamol 
in albino Wistar rats(3) and on the hepatotoxicity induced by hy-
percholesterolemia in rats(4). Li et al.(5) demonstrated that rutin 
administration could intervene in inflammation, lipid accumula-
tion, mitochondrial dysfunction and oxidative stress, that is to say, 
improving aging-related metabolic dysfunction.

Curcumin, hesperidin and rutin, studied in association by 
Parmar et al.(6), significantly improved apoptotic signalling in rats 
with chemically induced diabetes and reduced hepatic oxidative 
stress resulting from hyperglycemia.

Chuffa et al.(7) studied the serums, cardiac and hepatic effects of 
rutin treatment “in rats subjected to a combination of a high calorie 
diet and chronic ethanol consumption, with rutin being effective 
in reducing risk factors for heart and liver disease”. 

Partial hepatectomy is an experimental model that has been 
used to evaluate the action of  different phytochemicals. We did 
not find any research that studied the effects of  rutin treatment 
at a dose of 40 mg/kg/day on hepatic hyperplastic activity and is 
commonly sold as a herbal supplement.

The aim of  our study was to evaluate the effect of  rutin on 
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hepatic hyperplasia in rats after 70% partial hepatectomy (PH). 
To achieve this, the analysis of  hepatic hyperplastic activity and 
plasma biochemistry was considered.

METHODS

Wistar rats (seven-week-old) male (body weight 175.3±21 g) 
were kept in a climate-controlled room (21°C±2°C) with a 12-hour 
artificial light cycle. Three animals remained in each box with 
free access to tap water. All animals were allowed to acclimatize 
for a week, followed by randomization and allocation(8-12). There 
were two groups (n=12): rutin group (G1) received suspension 40 
mg rutin /kg/day for 10 days, prior to the performance of partial 
hepatectomy, administered orally (gastric gavage). Control group 
(G2) received saline. Committee of Ethics on the Use of Animals 
(CEUA) of Pontifical Catholic University of Campinas approved 
the experiments, protocol 020/2017.

Partial hepatectomy, sample collection,  
euthanasia and histology

The removal of almost 70% of the liver tissue was performed 
after a 12-hour fast and administering anesthesia with high dose of 
xylazine and ketamine solution via intraperitoneal(8-12). A sensitivity 
test was performed on the lower and upper limbs before the start of 
the surgical procedure. 24 and 72 hours after PH, six animals from 
each group were submitted to the procedures of tissue collection 
and blood samples and then euthanized, as described below. Post-
operative analgesia of animals until euthanasia was maintained. 
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G1 was separated into G1-24 and G1-48, and G2 into G2-24 
and G2-48 as a function of  time between PH and euthanasia 
(n=6). To paralyze the mitosis figures, an intraperitoneal injec-
tion of  vincristine sulfate 1 mg/kg was used two hours before 
the commencement of  the anesthetic procedure, which was fol-
lowed by the containment of  the animals, opening of  the chest 
and puncture of  the left ventricle for blood collection. Parts of 
the hepatic lobes were immediately collected, which were kept in 
10% formaldehyde, buffered for histological and histochemical 
procedures (obtaining seven-micron thick stained sections with 
hematoxylin and eosin, in addition to Feulgen reaction. Eutha-
nasia was performed by deepening anesthesia. All the histological 
analyses were performed in an optic microscope by counting the 
number of  mitoses and apoptosis and observing the general ap-
pearance of  the liver tissue(8-11).

Biochemical analysis 
The measurements of  aspartate-aminotransferase, alkaline 

phosphatase and alanine-aminotransferase were performed on 
blood serum samples using specific Laborlab® kits and spectro-
photometric analysis(10).

Statistical analysis
All results were examined for significance using Mann Whitney 

test, and significance was set at P<0.05.

RESULTS

There were no morphological changes in the hepatic histology 
of the analyzed samples. The statistical analysis showed significant 
changes from the group treated with rutin to the control group (TA-
BLES 1, 2 and FIGURE 1). There was an increase in the number 
of mitoses after 24 hours and 48 hours of PH in the group that 
received rutin, as well as an increase in serum levels of aspartate 
aminotransferase (AST) 24-hour and 48-h of PH, and of alkaline 
phosphatase after 24 hours in this group. 

DISCUSSION

The occurrence of  liver diseases is high and due to the impor-
tance of  this organ for the maintenance of  human life, many stud-
ies have been conducted to identify new hepatoprotective drugs. 
Herbal compounds have long been proposed for liver treatment. 
We focus on knowing more about the effects of rutin supplementa-
tion could exert on liver hyperplasia when administered prior to 
surgery, in rats. Justifying those studies with liver resection have 
been carried out in rats.

Considering the survival rate of the animals, the removal of 
70% of the liver tissue is an aggressive procedure that can lead to 
the death of the rats in a few hours. In this study, the selected rats 
were young (only seven-week-old) and there were no deaths cor-
roborating the data by Enkhbold et al.(13) who observed the survival 
of young animals and only 60% of older rats after PH. 

TABLE 2. General results after 48h-treatment period.

Number of mitosis Number of Apoptosis AST (U/L) ALT (U/L) Alkaline phosphatase (U/L)

Rutin treated group (G1-48)

387.67±202.6a 74.83±83.5 135.95±14.0b 35.70±15.8 735.80±197.0

Control group (G2-48)

175.00±94.3 38.50±52.7 71.25±7.0 19.52±16.6 489.35±178.5

Results are expressed as mean ± SEM. aMitoses were significantly elevated at 48h in Rutin treated group (P=0.0152). bSerum level of Aspartate aminotransferase (AST) was significantly elevated 
at 48h in Rutin treated group (P=0.0159). Mann Whitney test (n=6).

TABLE 1. General results after 24h-treament period. 

Number of mitosis Number of Apoptosis AST (U/L) ALT (U/L) Alkaline phosphatase (U/L)

Rutin treated group (G1-24)

252.67±74.3a 1.00 ±0.9 358.43±119.1b 38.73±9.2 692.86±250.5c

Control group (G2-24)

152.50±29.7 2.83±3.3 168.67±3.3 29.63±7.1 345.56±51.3

Results are expressed as mean ± SEM. aMitoses were significantly elevated at 24h in Rutin treated group (P=0.0022). bSerum level of Aspartate aminotransferase (AST) was significantly elevated 
at 24h in Rutin treated group (P=0.0159). cSerum level of alkaline phosphatase was significantly elevated at 24h in Rutin treated group (P=0.0159). Mann Whitney test (n=6).

FIGURE 1. Number of mitoses, number of apoptosis, serum levels (U/L) 
of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and 
alkaline phosphatase (ALP) of rats treated with rutin (G1-24 and G1-48) 
or saline (G2-24 and G2-48) and subjected to partial hepatectomy. Mann 
Whitney test (n=6).
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Mitosis and apoptosis
By means of the numbers of mitoses found, it was observed that 

hepatic hyperplasia was ongoing in G1 and G2, as this number was 
significantly high when compared with data from the literature(14). 
However, in the groups that received treatment with rutin (G1) there 
was a significant increase in the number of mitoses after 24 hours 
(P=0.0022) and 48 hours (P=0.0152), indicating that the treatment 
contributed to the stimulation of hyperplasia.

These results are consistent with expectations, as in acute 
events such as PH, a complete process of  hepatic hyperplasia 
begins with a view to restore the organ’s weight to its original size 
and restore homeostasis. This process is exclusive to the liver and 
involves complex mechanisms with a variety of specific regenera-
tive pathways for different types of  injury(15,16). According some 
authors “mitochondrial DNA, oxidative phosphorylation capacity, 
mitochondrial enzyme activity and subunits of energy transmitting 
complexes increase” within 48 hours after PH(16,17).

As for the number of apoptosis, the statistical analysis showed 
no significant difference between the experimental groups. After 24 
hours of PH the number of apoptosis found was lower (about 1 to 
2 per observed field, on average) whereas after 48 hours of PH this 
number increased significantly (about 38 to 48 per observed field, 
on average). According to some authors(15) chronic liver damage 
results in random and continuous death of  hepatocytes, which 
trigger signals that lead to compensatory proliferation of viable 
residual hepatocytes. The type of  liver injury produced by PH 
generates a regeneration process similar to that of wound healing, 
although hyperplasia occurs in this organ, reorganization of the 
lobes occurs and the liver returns to normal size(16). According to 
other authors(18) in the process of wound healing, there is a decrease 
in apoptosis, and supplementation with some antioxidants increase 
cell viability in hypoxia situations.

Liver enzymes
In this study, with regard to liver enzymes, there was only a 

significant increase in AST serum levels in the group treated with 
rutin, in relation to the control group after 24 hours (P=0.0159) 
and after 48 hours (P=0.0158) of PH, in addition to the increase 
in alkaline phosphatase levels in the group treated with rutin, in 
relation to the control group after 24 hours (P=0.015). Analyzing 
these results and considering the ongoing hyperplasia process, the 
increase in AST and alkaline phosphatase serums, without alter-
ing the number of  apoptosis, indicates that the origin of  these 
enzymes are viable cells that underwent both the rutin and the 
surgical procedure. Knowing that AST may come from hepatocyte 
mitochondria, its concentration increases after serious injuries(19). 
This result corroborates with Enkhbold et al.(13) when studying the 
association of aging and other factors during hepatic regeneration 
after hepatectomy, and finding serum levels of alanine aminotrans-
ferase (ALT), AST, total bilirubin and elevated HDL-cholesterol 
in the older group reflecting liver damage. Therefore, analyzing the 
result obtained for AST in isolation, it can be suggested that the 
rutin treatment did not exert a hepatoprotective effect and seems 
to have aggravated the hepatic medical condition.

In our study, ALT levels had not a significant change in at the 
time of our research or in alkaline phosphatase after 48 hours in 
the group treated with rutin in relation to the control group, in-
dicating that the treatment did not intervene in these parameters. 
In contrast to what occurred in our study and using a different 
mechanism of liver damage, Shenbagam and Nalini(20) performed 

rutin administration at a dose of 100 mg/kg of body weight in rats 
treated with ethanol and found a significant reduction in serum 
levels of ALT and AST, concluding that rutin has a protective effect 
against ethanol-induced hepatotoxicity. It should be noted that the 
treatment time employed by these authors was longer, totaling 60 
days of ethanol administration and 30 days of rutin suspensions. 
They used a higher dose and there may be a dose-dependent effect, 
which could be investigated in the future.

Hepatic hyperplasia
The term liver regeneration has been used by many authors 

cited throughout this work, however, it must be considered that the 
removal of 2/3 of the liver tissue does not result in the formation 
of  new lobes. There is an increase in size due to hyperplasia, in 
response to the complex intracellular mechanisms triggered by the 
imbalance of homeostasis generated by extensive tissue removal. 
Due to this compensatory activity that initially impacts the increase 
in mitosis, liver functionality can be maintained(21).

Some authors(22) studied plant extracts rich in rutin and verified 
agonist action on the receptor “involved in the regulation of bile 
acid homeostasis in liver”, which could be “a promising hepato-
protective agent and a new strategy approach for cholestatic liver 
diseases by modulating the NF-κB, and FXR signaling pathways”.

In this study, we evaluated the variation of the results obtained 
after 24 hours and 48 hours of the PH to compare what occurred 
in this period, and the statistical analysis indicated that the control 
group only showed variation in the AST serum dosage when the 
results obtained after 24 hours and 48 hours were compared to PH, 
while the group treated with rutin showed variation in AST and in 
the number of mitoses and apoptosis (TABLE 3). There was no 
variation in serum levels of alkaline phosphatase and ALT. This 
data suggests that treatment with rutin also influenced the progres-
sion of hepatic hyperplasia, increasing the number of apoptosis 
and mitoses after 48 hours of PH. As the increase in mitoses was 
higher after 48 hours, this is an indication that treatment with rutin 
may have accelerated the process of hepatic hyperplasia, and the 
increase in the number of apoptosis may suggest that cell death is 
occurring as a mechanism for controlling this process. Therefore, 
the increase in the number of mitoses observed in the treated group 
indicates that rutin by a mechanism yet to be elucidated, potenti-
ated hepatic hyperplasia.

TABLE 3. Statistical results (Mann Whitney test) comparing the data 
obtained after 24h and after 48h.

Mitosis Apoptosis AST ALT Alkaline 
phosphatase

Treated group (24h versus 48h results)

P=0.0260 P=0.0022 P=0.0079 P>0.05 P>0.05

Control group (24h versus 48h results)

P>0.05 P>0.05 P=0.0286 P>0.05 P>0.05

CONCLUSION

Oral treatment for ten days with rutin at a dose of 40 mg/kg/day 
in rats intervened in hepatic hyperplastic and plasma biochemical 
activity, demonstrated by the increase in the number of mitoses and 
elevation of AST after 24 hours and 48 hours of PH.
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