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1. Introduction

   Ischemia and reperfusion consist of two stages. While hypoxia and 
cell damage occur during ischemia, oxygen is provided again during 
reperfusion1. For example, it occurs during liver transplantation 
(cold ischemia period after resection until reanastomosis is perfor- 
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med) and liver resection, after which many mechanisms are 
activated2. Numerous cellular components and mediators are 
involved in its mechanism. These include reactive oxygen species 
(ROS), neutrophil infiltration and microcirculatory failure3,4. The 
resulting toxic products cause damage in distant organs such as the 
lung, heart, brain and kidneys and may lead to multiple organ failure 
that may require long-term intensive care follow-up5,6. Liver 
ischemia and reperfusion (I/R) may cause irreversible serious 
health problems in clinical practice7. Flavonoids are widely used 
plant-based agents due to their wide distribution and strong 
antioxidant properties8. Dihydroflavonols, which are among 
flavonoids, are effective in the elimination of ROS. Taxifolin is one of 
the dihydroflavonols9. Taxifolin (Tax) is an easy-to-obtain and easy-
to-use agent found in maritime pine bark, Douglas fir bark, Siberian 
larch bark, citrus fruits, grapes, olive oil and onions10. In this study, 
we investigated the protective efficacy of Taxifolin in the correction 
of cardiac tissue damage that may develop in liver I/R injury. 

Aim: Liver ischemia and reperfusion (I/R) is a serious, irreversible health problem in clinical practice. Taxifolin 

(Tax) is an easy to obtain and use agent found in maritime pine bark, Douglas fir bark and Siberian larch wood. 

In this study, we examined the protective efficacy of Taxifolin in the correction of cardiac tissue damage that may 

develop in liver I/R damage. 

Methods: In our study, a total of 28 Wistar Albino rats, 8-10 weeks old, weighing 250-300 grams, were used. 

Group 1 (n=7): control group, Group 2 (n=7): Tax group with 50 mg/kg dose orally for 3 weeks, Group 3 (n=7): 

Liver I/R group for 30 minutes ischemia and 120 minutes of reperfusion were performed. Group 4 (n=7): Tax+Liver 

I/R group. 

Results: In our study, MDA analysis was performed to evaluate oxidative stress. In the statistical analysis of MDA 

values, we observed that there was a statistically significant difference between the serum MDA values of the Tax 

group and the Tax+Liver I/R group, and the MDA level of the Tax group was lower (p<0.05). In myocyte damage 

scoring, we observed that the liver I/R group had the highest damage score, while the damage score of the 

Tax+Liver I/R group was significantly lower than the I/R group (p<0.05). 

Conclusion: As a result of our study, we observed that there was an increase in serum MDA levels as a result of 

liver I/R and histopathological changes occurred in the heart tissue.  However, Taxifolin has been successful in 

ameliorating this situation. 
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2. Materials and methods 

 
For this study, ethics committee approval was obtained from 

Dicle University Animal Experiments Local Ethics Committee 
(DÜHADEK) with protocol number 2023/03. 

2.1. Liver I/R Surgery Protocol 

The rats were anesthetized with 90 mg/kg intramuscular 
Ketamine hydrochloride (Ketalar; Pfizer, Istanbul, Turkey) and 10 
mg/kg Xylazine (Rompun; Bayer, Istanbul, Turkey) under aseptic 
conditions before surgical procedures in the liver I/R group. The 
abdominal hair of the rats was shaved and whisked with iodine 
solution. After midline laparotomy, the portal triad (hepatic artery, 
portal vein and common bile duct) was clamped with a 
microvascular clamp. Complete hepatic ischemia was maintained 
for 30 minutes and then the lamps were removed and 120 minutes 
of reoxygenation (reperfusion) was ensured11-13. 
   2.2. Preparation of Taxifolin 

Taxifolin (Evalar, Russia) was obtained and administered orally 
with a dose of 50 mg/kg in 1 cc saline for 21 days14. 
   2.3. Setting of Experimental Groups 

A total of 28 Wistar Albino rats with an average age of 8-10 weeks 
and weighing 250-300 grams were used in our study. The rats were 
housed in steel cages with 12 hours of light and 12 hours of daylight 
and were fed freely without feed and water restriction15.  

Group 1 (n=7): Control group; rats were given saline orally by 1 
cc gavage for 3 weeks.  

Group 2 (n=7): Tax group; 50 mg/kg dose in 1 cc saline was 
administered orally by gavage for 3 weeks, 

Group 3 (n=7): Liver I/R group; On the first day of the experiment, 
liver tissues were subjected to 30 minutes of ischemia followed by 
120 minutes of reperfusion by applying the appropriate surgical 
protocol. 
    Grup 4 (n=7): Tax+Liver I/R group; Taxifolin was administered 
orally by gavage with a dose of 50 mg/kg in 1 cc saline for 3 weeks. 
   At the end of the 3rd week, liver tissues were practiced to 30 
minutes of ischemia followed by 120 minutes of reperfusion by 
applying the appropriate surgical protocol. 

At the last of the 3rd week, all experimental animals were 
sacrificed by exsanguination of the heart. The heart tissues were 
placed in 10% formaldehyde solution and sent to the Histology 
laboratory. Blood samples were centrifuged at 4500 rpm for 5 
minutes, separated into serum and sent to the biochemistry 
laboratory for biochemical analysis. 
    2.4. Measurement of Serum Malondialdehyde (MDA) Values 

Serum MDA analysis was performed as shown in the study by Kei 
S16. MDA consequence was defined as nmol/mg protein. 
   2.5. Histopathological examinations 

Heart tissues were fixed in 10% Formaldehyde, washed in tap 
water for 12 hours after fixation and the tissue samples were passed 
through increasing series of alcohol (50-70-80-96% alcohol) for 
dehydration. After embedding in paraffin blocks, 5 µm thick sections 
were taken, stained with Hematoxylin & Eosin (H&E) and visualized 
with a rotary micro-tome (Leica Biosystems, USA). 

Detected myocardial degeneration was evaluated between 0 and 
3 points17. The severity of damage was graded as follows: 0 
(normal): no degeneration of myocytes, 1 (mild): few degenerated 
myocytes, 2 (moderate): around 50% myocyte degeneration, 3 
(severe): more than 50% myocyte degeneration. 
   2.6. Statistical Analysis 

Statistical analysis of the data was performed using SPSS for 
Windows version 20 (SPSS Inc., Chicago, IL, USA) statistical 
program.. Kruskal Wallis-H test was used to the scoring values that 
did not show normal distribution, and Mann Whitney-U test was 
maked between paired groups for the discriminations between the 
significant variables. A value of p<0.05 was considered significant. 

 

3. Results 
 

   3.1. MDA Analysis 

In our study, MDA analysis was performed to evaluate oxidative 
stress. The graphical change obtained as a result of this is given in 
Figure 1. 

In the statistical analysis of MDA values, we examined that there 
was a markedly significant difference between the serum MDA 
values of the Tax group and the Tax+Liver I/R group, and the MDA 
level of the Tax group was lower (p<0.05). We observed that 
administration of Tax for 21 days before liver I/R positively affected 
the serum MDA levels of rats (Figure 1). 

 

 

 
Graphical distribution of the mean MDA analysis of the groups. 

 
 

   3.2. Histologic Evaluation 

Mean±standard deviation values of myocyte damage detected by 
light microscopic examination of heart tissues are given in Table 1. 

In myocyte damage scoring, the highest damage scoring was 
observed in the liver I/R group, while the damage scoring of the 
Tax+Liver I/R group was markedly lower than the I/R group 
(p<0.05).  

 
 

 
Statistical difference of myocyte damage between groups and 
Mean±Standard deviation values of damage scoring. 

 

 

Groups Myocyte Injury Scoring 

Control 0.28±0.48c,d 

Tax 0.42±0.53c,d 

Liver I/R 2.71±0.48a,b,d 

Tax+Liver I/R 1.57±0.53a,b,c 

Tax; Taxifolin group, I/R; Ischemia and Reperfusion group, a; different from control 

group, b; different from Taxifolin group, c; different from liver I/R group, d; different from 

Taxifolin+ Liver I/R group (p<0.05). 

 

 

 

Nevertheless, there was no significant difference between the 
damage scoring of the control group and the Tax group (p>0.05) 
(Table 1). 

When we researched the histopathologic changes in the heart 

Figure 1 

Table 1 
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tissue, the light microscopic images of the control group and Tax 
group were found to be normal. In the heart tissues of the liver I/R 
group, hemorrhage, congestion, damage to myocytes and pyknotic 
appearance were observed. However, in the Tax+Liver I/R group, 
these histopathologic changes decreased but did not completely 
disappear. In terms of statistical scoring, it had a lower score than 
the Liver I/R group (Figure 2). 

 
 

 
 

 
C; Control, I/R; Liver ischemia and reperfusion, Tax; Taxifolin 

group. Heart tissues of the control group and Taxifolin group appear 
normal. Mononuclear cell infiltration (orange arrow), congestion 
(black arrow), hemorrhage (yellow arrow) and pyknosis and 
degeneration of myocytes in the tissues of the liver I/R group (H&E, 
100µm). 

 

 

4. Discussion 
 
Since there is no substance with a proven effect in reducing 

oxidative stress due to liver I/R injury, studies on this subject have 
been ongoing for a long time18. Free radicals released due to 
increased oxidative stress cause various diseases19. The pathologic 
conditions that occur induce the electron transport chain of 
mitochondria and lead to the formation of large amounts of 
superoxides, which in turn cause cardiomyocyte damage and 
increase the likelihood of developing acute myocardial 
infarction20,21. 

Seker U et al. showed that MDA levels in the testicular I/R group 
were higher than the other study groups in their study22. Similarly, 
Hüseyin O et al. observed that the MDA levels of the group in which 
brain trauma was induced were higher than the other study 
groups23. In our study, serum MDA levels in the group that 
underwent liver I/R were higher than the other study groups. 

Taxifolin is a flavonoid found in milk thistle plant and onion and 
is an antioxidant and anti-inflammatory agent with protective effect 
against liver I/R injury24,25. In one of the studies on Tax, cerebral I/R 
was induced and it was examined that it inhibited the free radicals 
released during the apoptosis phase26. It is also known to have 
anticancer and neuroprotective effects27. Zhou et al. reported that 
Taxifolin has high antioxidant capacity in their study28. In another 
study, Eken H. et al.  It was shown that there was an improvement 
in serum MDA levels in the taxifolin-treated group against liver I/R 
injury and that there was a difference between the taxifolin group 
and the sham group29. In our study, Taxifolin showed efficacy in 

successfully correcting MDA levels, which is a free radical marker 
released due to liver I/R injury. Moreover, our findings were 
consistent with the histopathologic results. Taxifolin showed 
protective activity in the successful recovery of liver I/R-induced 
myocyte injury in cardiac tissue. 

 

5. Conclusions 
 

In this study, it was examined that serum MDA levels increased 
and histopathologic changes occurred in the heart tissue as a result 
of liver I/R. However, Taxifolin has successfully shown efficacy in 
correcting this condition. 
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