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ABSTRACT 

The protective effects of quercetin on colonic anastomosis in rats were investigated by mechanical, biochemical and 
histopathological parameters. Twenty-one male, Sprague–Dawley rats (240–250 g) were used in this study. Group 1, 
(Sham-control): The abdominal cavity was entered and after the cecum and colon were exposed, they were reinserted 
into the abdomen without any procedure. Group 2 (Colon anastomosis+untreated): The abdominal cavity was entered 
and, 2 cm colon was resected from the distal cecum and the colon was anastomosised end-to-end. Group 3 (Colon 
anastomosis + Quercetin treatment): In addition to the procedure applied in group 2 rats, after colon anastomosis, 
quercetin was administered at a dose of 50mg/kg by oral gavage for 7 days. The results were evaluated with mechanical, 
biochemical and histopathological parameters. In the group 2, anastomotic burst pressures on the eighth postoperative 
day were decreased compared to the group 1. The burst pressure measurements were significantly higher in the group 3 
compared to the group 2. MPO and MDA values in the group 2 showed a significant increase when compared to the 
group 1. However, these values were significantly decreased in group 3 rats compared to group 2 rats, and SOD values 
were increased. When the histopathological parameters in the group 2 were compared with the groups 1 and 3, 
significant changes were found on Colonic anastomosis, anastomotic healing, breaking strength, reactive oxygen species, 
quercetin, rat the negative side. On the other hand, when quercetin treatment group was compared with group 2, a 
statistically decrease in inflammatory parameters and mucosal and muscular damage and increased angiogenesis were 
detected. The results of our study showed that quercetin treatment has positive effects on the healing of colon 
anastomosis and these effects are based on its antioxidant and anti-inflammatory properties. 
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INTRODUCTION 

 Especially colorectal cancers, ischemic and 
ulcerative colitis, Crohn's disease, mechanical bowel 
obstructions, trauma, recurrent diverticulitis are the 
diseases in which colorectal surgical operations are 
frequently applied (Vasiliu et al., 2015). Anastomotic 
leakage, with an incidence of 1-19%, continues to be a 
fatal complication of colorectal surgery (Vasiliu et al., 
2015). In addition, anastomotic leakage also causes 
prolonged hospital stay and high healthcare costs 
(Snijders et al., 2012, Bakket et al., 2014, Nachiappan et 

al. 2014). Therefore, there are many studies aimed at 
preventing and improving anastomotic leakage (Morks et 

al., 2011, Vasiliu et al., 2015).  Colonic anastomosis 
leaks may develop due to various causes such as 
ischemia, inappropriate surgical technique, tension in the 

anastomotic line, composition and function of the gut 
microbiome, local infection, and obstruction at the distal 
anastomosis (Bielecki and Gajda, 1999, Gaines et al., 
2018). 
 One of the important reasons that play a role in 
the pathogenesis of ischemia-reperfusion injury is the 
formation of increased reactive oxygen species (ROS) 
(McCue and Phillips, 1991). ROS can react with cellular 
membrane components such as phospholipids leading to 
lipid peroxidation (Bonventre, 1993). On the other hand, 
glutathione peroxidase (GPX), catalase (CAT) and 
superoxide dismutase (SOD) enzymes form some cellular 
defense systems against ROS damage (Greene and Paller, 
1992, Bhattacharya, 2015). An increase in ROS 
production causes an overproduction of malondialdehyde 
(MDA), one of the end products of polyunsaturated fatty 
acids peroxidation in cells. Therefore, MDA is known as 
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a marker of oxidative stress and antioxidant status 
(McCue and Phillips, 1991, Greene and Paller, 1992, 
Bonventre, 1993, Bhattacharya, 2015). In addition, one of 
the important markers of oxidative stress and 
inflammation is myeloperoxidase (MPO), which is 
characterized by strong pro-oxidative and pro-
inflammatory properties, mainly released by activated 
neutrophils (McCue and Phillips, 1991, Greene and 
Paller, 1992, Bonventre, 1993, Bhattacharya, 2015). 
 Quercetin (3,3',4',5,7-pentahydroxyflavone), a 
flavonol, is widely found in a variety of fruits and 
vegetables (Lee at al., 2003). It is characterized by two 
benzene rings linked through a heterocyclic pyrone ring 
in chemical structure (Suganthy et al., 2016). Quercetin 
has been suggested to have protective effects in various 
pathological conditions such as cardiovascular diseases, 
metabolic and neurodegenerative disorders, diabetes, 
cancer and obesity due to its antioxidant and anti-
inflammatory properties (Dok-Go et al., 2003, Cho et al., 
2006, Comalada et al., 2005). However, to our 
knowledge, there is no published report on the protective 
effect of quercetin on the healing process of colonic 
anastomosis. Therefore, in this study, we aimed, for the 
first time, to investigate the protective effects of quercetin 
on colon anastomosis by mechanical, biochemical and 
histopatological parameters in an experimental model. 

MATERIALS AND METHODS 

Animals: Twenty-one male, Sprague–Dawley rats (240–
250 g) were used in this study, which were obtained from 
the Bolu Abant Izzet Baysal University (BAIBU) (Bolu, 
Turkey) Animal Care and Research Laboratories. The 
Institutional Animal Care and Use Committee of BAIBU 
approved all procedures to be performed on the 
experimental animals (Number/ID of the approval(s): 
2019/36). Routine animal care guidelines and the Guide 
to the Care and Use of Laboratory Animals (1996) were 
essential in the practice of this study's procedures. Free 
access to water and food for the rats along with a 12-h 
dark/light cycle in a temperature-controlled room were 
also provided. All of the rats were first placed on a 
homeothermic table to maintain a 37 °C body 
temperature. Anesthesia was administered with an 
intraperitoneal injection of xylazine (10 mg/kg) and 
ketamine hydrochloride (100 mg/kg of Ketalar). 
Following a right femoral venous catheterization, fluid 
replacement was performed during the process with 
3 mL kg 1 h 1 of Lactated Ringer solution by using an 
infusion pump. 

Surgical procedure and study design: Briefly, the rats 
were anesthetized and then fixed in a supine position. 
After disinfection of the abdomen area with iodine cotton 
ball, to acquire access to the abdominal cavity, a 5-cm 
craniocaudal midline incision of the skin and abdominal 

musculature was made in all experiments. The cecum 
was then identified and moved outside of the peritoneal 
cavity and onto sterile gauzes that were hydrated with 
sterile saline solution to prevent dehydration. For 
proximal anastomosis, the colon was transected two 
centimetres distal from the cecum and an end-to-end 
anastomosis was created using 6/0 vicryl sutures (Vicryl 
6/0, Ethicon, Inc). After performing the anastomosis, the 
intestines were repositioned and the abdomen was closed 
in two layers, a running suture for the muscle layer 
(Vicryl 4/0, Ethicon, Inc) and interrupted sutures for the 
skin (Monocryl 4-0, Ethicon, Inc). 

Group 1, (Sham-control) (n=7): The abdominal cavity 
was entered with a midline incision, and after the cecum 
and colon were exposed, they were reinserted into the 
abdomen without any procedure. The abdominal wall was 
closed with 4/0 vicryl. 

Group 2 (Colon anastomosis+untreated) (n=7): The 
abdominal cavity was entered as described in the surgical 
procedure above. After the cecum was found, 2 cm colon 
was resected from the distal cecum and the colon was 
anastomosised end-to-end with 6/0 vicryl. After the 
anastomosis, the intestines were placed in the abdomen. 
The abdominal wall was closed with 4/0 vicryl. 

Group 3 (Colon anastomosis + Quercetin treatment) 

(n=7): In addition to the procedure applied in group 2 
rats, after colon anastomosis, quercetin (Sigma-Aldrich) 
was administered at a dose of 50mg/kg of quercetin 
dissolved in 1 ml of normal saline by gavage for 7 days. 
Quercetin dissolving and doses were selected according 
to previous studies (Naghizadeh et al., 2021, Dong et al., 
2018, Uylaş et al. 2018, Tóth et al, 2017). 

Tissue preparation: In anesthetized rats on the eighth 
post-anastomosis day, the anastomotic site was dissected 
with a 2-cm margin at each site of the anastomosis. After 
the ex vivo measurement of bursting pressure (Bosmans 
et al., 2017), tissue samples were divided in two equal 
pieces: they were either submersed in 4% 
paraformaldehyde or measurements of the tissue 
antioxidant enzyme activities and lipid peroxidation or 
stored at −80 °C until needed (3 months). 

Bursting pressure: Burst pressure was measured by a 
method previously described (Bosmans et al., 2017). 
First, a 5 cm intestinal segment covering the anastomosis 
line was resected and the distal part of the anastomosis 
was clamped. A catheter was placed at the proximal end 
and circumferentially ligated with a single polyglactin 4/0 
suture (Vicryl, Ethicon). The intestine was dipped in 
phosphate buffered saline. Air was infused with a 
manometer (Medex Inc.) and pressure was manually 
increased by inflating the colon. Burst pressure was 
defined as the intraluminal pressure (mBar) at which air 
leakage was first observed from the anastomosis. 
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Histological assessment: The tissue samples were placed 
in 4% formaldehyde solution for histopathological 
examination and stained with haematoxylin and eosin. 
The tissue specimens, taken into paraffin blocks, were 
sectioned at 5 µm and stained with hematoxylene and 
eosine (H&E). The sections were blindly examined under 
light microscope (Olympus BH-2, Olympus Corporation, 
Tokyo, Japan) by two investigators, using a 0-4 Ehrlich 
and Hunt numerical scale as modified by Phillips et al 

(Phillips et al., 1992), The evaluated parameters were 
inflammatory cell infiltration, fibroblast activity, fibrosis, 
neoangiogenesis, necrosis, mucosal and muscular damage 
(Shomaf, 2003)). Each studied parameter was evaluated 
individually using a numerical scale from 0 to 4 as 
follows: 0 (-) = no evidence; 1 (+) = occasional evidence; 
2 (++) = light scattering; 3 (+++) = abundant evidence; 
and 4 (++++) = confluent fibres or cells. 

Measurements of myeloperoxidase, malondialdehyde 

and superoxide dismutase activities: The colon tissue 
samples were washed with phosphate buffered saline and 
were stored at -80°C until the day of biochemical 
analysis. When analysis began, the homogenate was 
centrifuged at 4°C and 1,600 g for 10 m, and the 
supernatant was removed. Myeloperoxidase (MPO) and 
superoxide dismutase (SOD) were measured using 
commercially available, enzyme-linked, immunosorbent 
assay kits, according to the manufacturer’s instructions 
(ELISA Kit for MPO: Wuhan USCN Business CO., Ltd., 
Hubei, PRC, and ELISA Kit for SOD: Cayman Chemical 
Co., Ann Arbor, MI.USA). Malondialdehyde (MDA) was 

measured using commercially available, colorimetric 
assay kits, according to the manufacturer’s instructions 
(Thiobarbituric Acid Reactive Substances (TBARS, TCA 
Method) (Cayman Chemical Co., Ann Arbor, MI.USA). 
Bicinchoninic acid (BCA) protein assay was used for the 

quantitation of tissue total protein (Thermo Fisher 
Scientific Inc., Rockford, IL, USA). 

Statistical analyses: All values were expressed as mean ± 
standard deviation. The significance of the data obtained 
from oxidative stress-associated parameters was 
evaluated using analysis of variance (ANOVA). 
Differences between means were analyzed via post-
analysis test after ANOVA (Tukey’s b test). The Mann-
Whitney U test and Kruskal-Wallis test were also used to 
compare statistical analysis of the histologic data. P 
values of < .05 were considered significant. 

RESULTS 

 One rat each in the control and treatment groups 
died on the fourth day and were excluded from the study. 

New rats were added to replace the dead rats. In the 
remaining subjects of the total study group, there was no 
evidence of anastomotic leak or wound infection and no 
further deaths.  

Bodyweight change: The changes in body weight in 
grams in the groups 1, 2 and 3 were 9, 15, and 12, 
respectively. In all the experimental groups, body weight 
decreased from the day of the experiment to the day of 
sacrifice, but there were no other differences between the 
group 2 and 3. 

Anastomosis bursting pressure: Burst pressure values 
measured on the eighth postoperative day were 
significantly different between the three groups (p < 

0.001). In the group 2, anastomotic burst pressures were 
decreased compared to the sham-control group (p < 

0.001). On the other hand, burst pressure measurements 
on the eighth postoperative day were significantly higher 
in the group 3 compared to the group 2 (p < 0.001) 
(Figure 1).  

Measurements of MPO, MDA and SOD: The mean 
MPO, MDA and SOD values of the groups are given in 
figure 2. The MPO and MDA values were significantly 
different between the groups (for all p<0.001). MPO and 
MDA values in the group 2 show a significant increase 
when compared to the group 1 (p < 0.001, p < 0.001 and 

p < 0.001, respectively). However, these values were 
significantly decreased in the group 3 rats when 
compared to the group 2 rats (p < 0.045, p < 0.001 and p 

< 0.001, respectively). Tissue SOD value in the group 2 
show a significant decrease when compared to sham-
control group (p < 0.001). However, these values were 
significantly increased in the group 3 rats when compared 
to the group 2 rats (p < 0.007)(Figure 2). 

Histopathological assessment: Histopathological 
parameters of the all groups are shown in Table 1. 
Statistical analysis revealed significant changes on the 
negative side in group 2 compared with groups 1 and 3 in 
all histopathological parameters: neutrophil (p < 0.001), 
lymphocyte (p < 0.001), macrophage (p < 0.001), 
fibroblast (p < 0.001), fibrosis (p < 0.001), 
neoangiogenesis (p < 0.001), necrosis (p < 0.001), 
mucosal damage (p < 0.001) and muscular damage (p < 
0.001). On the other hand, when quercetin treatment 
group was compared with group 2, a statistically decrease 
in inflammatory parameters (neutrophil, lymphocyte, 
macrophage, and fibroblast) fibrosis and mucosal and 
muscular damage and increased angiogenesis were 
detected (for all p<0.05) (Figure 3A-E). 
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Figure 1. The bursting pressure values of the groups. ▲† In group 2, anastomotic burst pressures were decreased 

compared to the group 1 and 3. On the other hand, burst pressure measurements on the eighth 

postoperative day were significantly higher in group 3 compared to group 2. Group 1: Sham-control. 

Group 2: Colon anastomosis+untreated. Group 3: Colon anastomosis + Quercetin treatment. 

 

 
Figure 2. The mean MPO, MDA and SOD values of the groups. ▲† MPO and MDA values in the group 2 show a 

significant increase when compared to the group 1 and 3. § Tissue SOD value in the group 2 shows a 

significant decrease when compared to the group 1 and 3. † However, these values were significantly 

improved in group 3 rats compared to group 2 rats. Group 1: Sham-control. Group 2: Colon 

anastomosis+untreated. Group 3: Colon anastomosis + Quercetin treatment. 
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Figure 3. Histopathological representative light microphotographs of the colon belonging to the groups were 

presented. A: Group 1 (sham-control), regular appearance of tunica mucosa, tunica submucosa, 

muscularis propria in the colonic mucosa (H&E x100). B: Group 2 (colon anastomosis+untreated), 

epithelial loss in the colon mucosa (arrow) and intense inflammation in the colon wall (arrowhead) (H&E 

x40). C: Group 2 (colon anastomosis+untreated), neutrophils (arrow), macrophages (arrowhead) in the 

colon wall (H&E x100). D: Group 3 (colon anastomosis + quercetin treatment), reepithelialization is 

completed in the colonic mucosa (arrow), macrophage-like multinuclear giant cells (arrowhead) are 

present in the adipose tissue (H&E x100). E: Group 3 (colon anastomosis + quercetin treatment), 

underlying reepithelialization with fibroblast proliferation (arrow) and diffuse neovascularization 

(arrowhead) consisting of congested vessels (H&E x100). 

 
Table 1. Histopathological parameters of the groups. 

 
Grou

ps  

Neutroph

il 

Lymphocy

te 

Macropha

ge 

Fibroblas

t 

Fibrosis Neoangiogene

sis 

Necrosis Mucosal 

damage 

Muscula

r 

damage 

1 0,14±0,37 0,42±0,53 0,14±0,37 0,14±0,37 0,14±0,3
7 

0,14±0,37 0,14±0,37 0,14±0,37 1,0±,14 

2 2,85±0,89
▲ 

3,71±0,48
▲ 

3,14±0,89
▲ 

3,28±0,95
▲ 

1,85±0,8
9⁋ 

1,85±0,89⁋ 1,71±0,75
▲ 

2,85±0,89
▲ 

1,85±1,2
1⁋ 

3 1,14±0,3† 1,42±0,53† 1,71±0,48† 1,0±0,81† 1,28±1,1
1 

3,14±0,69§ 0,57±0,97 0,42±0,53
† 

1,0±0,81 

▲, ⁋: When the histopathological parameters in the group 2 were compared with the groups 1 and 3, significant changes were found 
on the negative side. †, §: On the other hand, when quercetin treatment group was compared with the group 2, a statistically decrease 
in inflammatory parameters fibrosis and mucosal and muscular damage and increased angiogenesis were detected. 
 

DISCUSSION 

 Despite the new tools used for intestinal 
anastomosis, technological developments in surgery, 
advances in the treatment of surgical infections, and 
improvements in pre- and postoperative care conditions, 
anastomotic leakage that develops after resection and 
anastomosis is still an important and serious complication 
of colorectal surgery with high mortality and morbidity 
rates (Bakker et al., 2014, Vasiliu et al., 2015, Barlas et 

al., 2018, Sciuto et al., 2018). It is known that some 
factors such as male gender, obesity, preoperative steroid 
and nonsteroidal anti-inflammatory drug use and 
radiochemotherapy treatment, long operation time, 
surgical experience and preoperative blood transfusion 
are risk factors for anastomotic leakage (Vasiliu et al., 
2015). We investigated the effect of quercetin on the 
healing of colon anastomoses in an animal model. Our 
main findings revealed that quercetin treatment had 
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positive effects on histopathological values and burst 
pressure compared to untreated rats. 
 Quercetin is a plant polyphenolic flavonoid, 
found in many fruits and vegetables such as apples, 
onions, berries, broccoli, and black and green tea (Pandey 
and Rizvi, 2009, Singh P et al., 2021). It was previously 
shown that quercetin has a protective effect on ischemia 
and reperfusion (I/R) injury in various organs (Chen et 

al., 2014, Ali et al., 2015, Miltonprabu et al., 2017), 
including liver. Quercetin has been proven to possess 
anti-inflammatory, (Orsolic et al., 2004, Hosseini A et 

al., 2021), antioxidant, (Alrawaiq and Abdullah, 2014, 
Singh P et al., 2021), and oxygen radicalescavenging 
(Hanasaki et al., 1994) activities. Quercetin is an 
antioxidant, which has been reported to have protective 
effect on several organs (Renugadevi and Prabu, 2010, 
Gonza´lez-Esquivel et al., 2015, Hosseini A et al., 2021).  
Quercetin can protect cells against apoptosis and necrosis 
by inhibiting oxidative stress (Liu et al., 2010). Quercetin 
has been shown to have protective effects against 
myocardial injury through inhibition of the high mobility 
group protein 1 (HMG-1) pathway in a myocardial 
ischemia-reperfusion injury (I/R) model (Dong et al., 
2018)). Jin et al suggested that quercetin may alleviate 
blood-brain barrier dysfunction after global cerebral I/R 
in rats and that the mechanism may be related to the 
activation of canonical Wnt/β-catenin signaling pathway 
(Jin et al., 2019). In a hepatic ischemia/reperfusion study 
in rats, it was suggested that 50 or 100 mg/kg of quercetin 
significantly decreased serum and tissue MDA levels, and 
that quercetin was effective in preventing hepatic injury 
with its antioxidant properties (Uylas et al., 2018). In 
addition, Tóth et al concluded that quercetin application 
attenuated mucosal damage from IR injury by inhibiting 
neutrophil infiltration which was demonstrated by a 
lower number of myeloperoxidase positive cells in the 
lamina propria (Tóth et al., 2017). In our experimental 
study, oxidative stress parameters were evaluated to 
determine the possible mechanism responsible for the 
beneficial effects of quercetin on wound healing. MDA 
and MPO levels were lower and SOD levels were higher 
in the quercetin administered group compared to the 
control group. These results showed that quercetin has 
important antioxidant properties, and this may be one of 
the possible mechanisms responsible for the beneficial 
effects. 
 Quercetin caused the fastest wound closure and 
markedly improved the oxidative stress. Quercetin 
treatment increased the expressions of IL-10, VEGF, 
TGF-β1, CD31, α-SMA, PCNA, and GAP-43, and 
decreased the expressions of TNF-α. Early infiltration of 
inflammatory cells and formation of good quality 
granulation tissue dominated by fibroblast proliferation, 
angiogenesis, and collagen deposition in quercetin treated 
groups was also evident (Kant V et al., 2020).  Beken et 

al (2020) suggested that pretreatment of the cells with 

quercetin significantly reduced the expression of AD-
induced IL-1β, IL-6, IL-8, and thymic stromal 
lymphopoietin, while it strongly enhanced the expression 
of superoxide dismutase-1 (SOD1), SOD2, catalase, 
glutathione peroxidase, and IL-10. They demonstrated 
that quercetin promoted wound healing by inducing 
epithelial-mesenchymal transition, which was supported 
by the upregulation of Twist and Snail mRNA 
expression. Burst pressure indicates the mechanical 
strength of the anastomosis and is a useful parameter to 
measure the healing process in the first week after 
anastomosis formation (Kiyama et al., 2001, Månsson et 

al., 2002). In our study, burst pressures were found to be 
significantly higher in the quercetin treatment group on 
the eighth postoperative day compared to the untreated 
group. In addition, when compared with the 
histopathological findings of the untreated group, wound 
healing was found to be better with decrease in 
inflammatory cell infiltration, fibroblast activity, fibrosis, 
necrosis, mucosal and muscular damage, and increase in 
neoangiogenesis or vascularity in the quercetin treatment 
group. As a contribution to the literature (Polerà N et al., 
2019) these findings show that quercetin has important 
biological activities related to the improvement of the 
wound healing process. 
 In conclusion, the results of our study show that 
quercetin treatment has positive effects on colon 
anastomosis healing. Thus, in the experimental colorectal 
anastomosis model we present here, oral treatment of 
quercetin by gavage improved burst pressures, 
biochemical and histopathological parameters. It can be 
argued that the positive effects of quercetin on 
anastomotic healing are based on its antioxidant and anti-
inflammatory properties. 

REFERENCES 

Ali, F.E.M., A.M. Abo-Youssef, B.A.S. Messiha, and 
R.A.M. Hemeda (2015). Protective effects of 
quercetin and ursodeoxycholic acid on hepatic 
ischemia-reperfusion injury in rats. Clin 
Pharmacol Biopharm 3:128. 
http://dx.doi.org/10.4172/2167-065X.1000128 

Alrawaiq, N.S., and A. Abdullah (2014). A review of 
flavonoid quercetin: metabolism, bioactivity and 
antioxidant properties. Int J Pharmtech Res 
6:933e941. 

Bakker, I.S., I. Grossmann, D. Henneman, K. Havenga, 
and T. Wiggers (2014). Risk factors for 
anastomotic leakage and leak-related mortality 
after colonic cancer surgery in a nationwide 
audit. Br J Surg 101:424–432. 
https://doi.org/10.1002/bjs.9395 

Barlas, A.M., S. Kuru, K. Kismet, T. Cavusoglu, Y.M. 
Bag, M. Senes, N. Cihan, P. Celepli, Y. Unal, 
and S. Hucumenoglu (2018). Rectal application 



Duzcu et al.,                               J. Anim. Plant Sci., 33 (4) 2023 

 891 

of argan oil improves healing of colorectal 
anastomosis in rats. Acta Cir. Bras Jul;33 
(7):565-576. https://doi.org/10.1590/s0102-
865020180070000002 

Beken, B., R. Serttas, M. Yazicioglu, K. Turkekul and S. 
Erdogan. (2020). Quercetin Improves 
Inflammation, Oxidative Stress, and Impaired 
Wound Healing in Atopic Dermatitis Model of 
Human Keratinocytes. Pediatr Allergy Immunol 
Pulmonol. Jun;33(2):69-79. 
https://doi.org/10.1089/ped.2019.1137 

Bielecki, K. and A. Gajda (1999). The causes and 
prevention of anastomotic leak after colorectal 
surgery. Klin Onkol 12:25e30. 

Bonventre, J.V. (1993). Mechanisms of ischemic acute 
renal failure. Kidney Int 43:1160e1178.  doi: 
10.1038/ki.1993.163. 

Bhattacharya, S. (2015). Reactive oxygen species and 
cellular defense system. In: Rani V, Yadav UCS, 
eds. Free Radicals in Human Health and 
Disease. India: Springer; 17-29. 
Doi:10.1007/978-81-322-2035-0_2 

Bosmans, J.W., A.C. Jongen, B.T. Boonen, S. van Rijn, 
F. Scognamiglio, L. Stucchi et al (2017). 
Comparison of three different application routes 
of butyrate to improve colonic anastomotic 
strength in rats. Int. J. Colorectal Dis. 
Mar;32(3):305-313. doi: 10.1007/s00384-016-
2718-z. 

Chen, B.L., L.T. Wang, K.H. Huang, C.C. Wang, C.K. 
Chiang and S.H. Liu (2014). Quercetin 
attenuates renal ischemia/reperfusion injury via 
an activation of AMP-activated protein kinase-
regulated autophagy pathway. J Nutr Biochem 
25(11):1226-1234. doi: 
10.1016/j.jnutbio.2014.05.013 

Cho, J.Y., I.S. Kim, Y.H. Jang, A.R. Kim and S.R. Lee 
(2006). Protective effect of quercetin, a natural 
flavonoid against neuronal damage after 
transient global cerebral ischemia. Neurosci Lett 
404: 330-335. doi: 10.1016/j.neulet.2006.06.010 

Comalada, M., D. Camuesco, S. Sierra, I. Ballester, J. 
Xaus, J. Galvez and et al (2005). In vivo quer-
citrin anti-inflammatory effect involves release 
of quercetin, which inhibits inflammation 
through down-regulation of the NF-kappaB 
pathway. Eur. J. Immunol. 35: 584-592. doi: 
10.1002/eji.200425778 

Dok-Go, H., K.H. Lee, H.J. Kim, E.H. Lee, J. Lee, Y.S. 
Song, et al (2003). Neuroprotective effects of 
antioxidative flavonoids, quercetin, (+)-
dihydroquercetin and quercetin 3-methyl ether, 
isolated from Opuntia ficus-indica var. saboten. 
Brain Res 965: 130-136. doi: 10.1016/s0006-
8993(02)04150-1 

Dong, L.Y., F. Chen, M. Xu, L.P. Yao, Y.J. Zhang and 
Y. Zhuang (2018). Quercetin attenuates 
myocardial ischemia-reperfusion injury via 
downregulation of the HMGB1-TLR4-NF-κB 
signaling pathway. Am J Transl Res 10(5):1273-
1283. 

Gaines, S., C. Shao, N. Hyman and J.C. Alverdy (2018). 
Gut microbiome influences on anastomotic leak 
and recurrence rates following colorectal cancer 
surgery. Br J Surg 105:e131ee141. doi: 
10.1002/bjs.10760 

Greene, E. and M.S. Paller (1992). Xanthine oxidase 
produces O2- in post hypoxic injury of renal 
epithelial cells. Am J Physiol 263:251e255. doi: 
10.1152/ajprenal.1992.263.2.F251 

Gonza´lez-Esquivel, A.E., C.L. Charles-Nin˜ o, F.P. 
Pacheco-Moise´s, G.G. Ortiz, F. Jaramillo-
Jua´rez and A.R. Rinco´n-Sa´nchez (2015). 
Beneficial effects of quercetin on oxidative 
stress in liver and kidney induced by titanium 
dioxide (Tio2) nanoparticles in rats. Toxicol 
Mech Methods 25:166e175. doi: 
10.3109/15376516.2015.1006491 

Hanasaki, Y., S. Ogawa and S. Fukui (1994). The 
correlation between active oxygens scavenging 
and antioxidative effects of flavonoids. Free 
Radic Biol Med 16:845e850. doi: 10.1016/0891-
5849(94)90202-x 

Hosseini, A., B.M. Razavi, M. Banach, and H. 
Hosseinzadeh (2021). Quercetin and metabolic 
syndrome: A review. Phytother Res. 
Oct;35(10):5352-5364.  doi: 10.1002/ptr.7144 

Jin, Z., J. Ke, P. Guo, Y. Wang and H. Wu (2019). 
Quercetin improves blood-brain barrier 
dysfunction in rats with cerebral ischemia 
reperfusion via Wnt signaling pathway. Am J 
Transl Res. 11(8):4683-4695. 

Kant, V., B.L. Jangir, V. Kumar, A. Nigam and V. 
Sharma (2020). Quercetin accelerated cutaneous 
wound healing in rats by modulation of different 
cytokines and growth factors. Growth Factors. 
Feb;38(2):105-119. doi: 
10.1080/08977194.2020.1822830 

Kiyama, T., M. Onda, A. Tokunaga, D.T. Efron and A. 
Barbul (2011). Effect of matrix 
metalloproteinase inhibition on colonic 
anastomotic healing in rats. J Gastrointest Surg 
5:303-311. doi: 10.1016/s1091-255x(01)80052-4 

Lee, J.C., J. Kim, J.K. Park, G.H. Chung and Y.S. Jang 
(2003). The antioxidant, rather than prooxidant, 
activities of quercetin on normal cells: quercetin 
protects mouse thymocytes from glucose oxi-
dase-mediated apoptosis. Exp Cell Res 291: 
386-397. doi: 10.1016/s0014-4827(03)00410-5 

Liu, C.M., J.Q. Ma and Y.Z. Sun (2010). Quercetin 
protects the rat kidney against oxidative stress-



Duzcu et al.,                               J. Anim. Plant Sci., 33 (4) 2023 

 892 

mediated dna damage and apoptosis induced by 
lead. Environ Toxicol Pharmacol 30:264e271. 
doi: 10.1016/j.etap.2010.07.002 

Månsson, P., X.W. Zhang, B. Jeppsson and H. Thorlacius 
(2002). Anastomotic healing in the rat colon: 
comparison between a radiological method, 
breaking strength and bursting pressure. Int J 
Colorectal Dis 17:420-425. doi: 
10.1007/s00384-002-0392-9 

McCue, J. and R. Phillips (1991). Sutureless intestinal 
anastomoses. Br J Surg 78:1291e1296. doi: 
10.1002/bjs.1800781105 

Miltonprabu, S., M. Tomczyk, K. Skalicka-Woźniak, 
Rastrelli L, Daglia M, Nabavi SF et al (2017). 
Hepatoprotective effect of quercetin: From 
chemistry to medicine. Food Chem Toxicol 
108:365-374. doi: 10.1016/j.fct.2016.08.034 

Morks, A.N., K. Havenga and R.J. Ploeg (2011). Can 
intraluminal devices prevent or reduce colorectal 
anastomotic leakage: a review. World J 
Gastroenterol 17:4461–4469. doi: 
10.3748/wjg.v17.i40.4461 

Nachiappan, S., A. Askari, G. Malietzis, M. Giacometti, 
I. White and J.T. Jenkins et al (2014). The 
impact of anastomotic leak and its treatment on 
cancer recurrence and survival following 
elective colorectal cancer resection. World J 
Surg 1–7. doi: 10.1007/s00268-014-2887-2 

Naghizadeh, M., M.A. Mirshekar, F. Montazerifar, S. 
Saadat, A. Shamsi Koushki, S. Jafari Maskouni, 
M. Afsharfar and S. Arabmoazzen (2021). 
Effects of quercetin on spatial memory, 
hippocampal antioxidant defense and BDNF 
concentration in a rat model of Parkinson's 
disease: An electrophysiological study. 
Avicenna J Phytomed. Nov-Dec;11(6):599-609. 
doi: 10.22038/AJP.2021.18526 

Orsolic, N., A.H. Knezevic, L. Sver, S. Terzic and I. 
Basic (2004). Immunomodulatory 
andantimetastatic action of propolis and related 
polyphenolic compounds. J Ethnopharmacol 
94:307e315. doi: 10.1016/j.jep.2004.06.006 

Pandey, K.B. and S.I. Rizvi (2009). Plant polyphenols as 
dietary antioxidants in human health and 
disease. Oxid Med Cell Longev 2:270e278. doi: 
10.4161/oxim.2.5.9498 

Phillips, J.D., C.S. Kim, E.W. Fonkalsrud, H. Zeng and 
H. Dindar (1992). Effects of chronic 
corticosteroids and vitamin A on the healing of 
intestinal anastomoses. Am J Surg 163: 71-77. 
doi: 10.1016/0002-9610(92)90255-p 

Polerà, N., M. Badolato, F. Perri, G. Carullo and F. 
Aiello (2019). Quercetin and its Natural Sources 
in Wound Healing Management. Curr Med 

Chem.;26(31):5825-5848. doi: 
10.2174/0929867325666180713150626 

Renugadevi, J. and S.M. Prabu (2010). Quercetin protects 
against oxidative stress-related renal dysfunction 
by cadmium in rats. Exp Toxicol Pathol 
62:471e481. doi: 10.1016/j.etp.2009.06.006 

Sciuto, A., G. Merola, G.D. De Palma, M. Sodo, F. 
Pirozzi, U.M. Bracale and U. Bracale (2018). 
Predictive factors for anastomotic leakage after 
laparoscopic colorectal surgery. World J 
Gastroenterol Jun 7;24(21):2247-2260. doi: 
10.3748/wjg.v24.i21.2247 

Shomaf, M. (2003). Histopathology of human intestinal 
anastomosis. East Mediterr Health J 9: 413-421. 

Singh, P., Y. Arif, A. Bajguz and S. Hayat (2021).  The 
role of quercetin in plants. Plant Physiol 
Biochem. Sep;166:10-19. doi: 10.1016/j.plaphy. 
2021.05.023 

Snijders, H.S., M.W.J.M. Wouters, N.J. van Leersum, N. 
E. Kolfschoten, D. Henneman, A.C. de Vries et 

al. (2012). Meta-analysis of the risk for 
anastomotic leakage, the postoperative mortality 
caused by leakage in relation to the overall 
postoperative mortality. Eur J Surg Oncol 
38:1013–1019. doi: 10.1016/j.ejso.2012.07.111 

Suganthy, N., K.P. Devi, S.F. Nabavi, N. Braidy and 
S.M. Nabavi (2016). Bioactive effects of 
quercetin in the central nervous system: focusing 
on the mechanisms of actions. Biomed 
Pharmacother 84: 892-908. doi: 
10.1016/j.biopha.2016.10.011 

Tóth, Š., Z. Jonecová, K. Čurgali, M. Maretta, J. Šoltés, 
M. Švaňa et al (2017). Quercetin attenuates the 
ischemia reperfusion induced COX-2 and MPO 
expression in the small intestine mucosa. 
Biomed Pharmacother 95:346-354. doi: 
10.1016/j.biopha.2017.08.038 

Uylas, M.U., A. Sahin, V. Sahintürk and I.O. Alatas 
(2018). Quercetin dose affects the fate of hepatic 
ischemia and reperfusion injury in rats:An 
experimental research. Int J Surg 53:117-
121. doi: 10.1016/j.ijsu.2018.03.043 

Vasiliu, E.C., N.O. Zarnescu, R. Costea and S. Neagu 
(2015). Review of risk factors for anastomotic 
leakage in colorectal surgery. Chirurgia (Bucur) 
110:319e326. 

Wu, L., Q. Zhang, W. Dai, S. Li, J. Feng, J. Li, T. Liu, S. 
Xu, W. Wang, X. Lu, Q. Yu, K. Chen, Y. Xia, J. 
Lu, Y. Zhou, X. Fan and  C. Guo (2017). 
Quercetin Pretreatment Attenuates Hepatic 
Ischemia Reperfusion-Induced Apoptosis and 
Autophagy by Inhibiting ERK/NF-κB Pathway. 
Gastroenterol Res Pract 9724217. doi: 
10.1155/2017/9724217. 

 


