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ABSTRACT

BACKGROUND: Ischemia-reperfusion (I/R) injury of the lower limbs is a significant clinical challenge that can arise due to surgical 
procedures, thrombotic events, embolism, or traumatic vascular damage. This study aimed to evaluate the antioxidative and histo-
pathological protective effects of quercetin, a potent flavonoid antioxidant, on skeletal muscle subjected to I/R injury.

METHODS: Eighteen Wistar Albino rats were randomly assigned into three groups: Control (sham laparotomy), Ischemia-Reperfu-
sion (IR) group (2 hours of ischemia followed by 2 hours of reperfusion), and Ischemia-Reperfusion plus quercetin treatment (IR-Q) 
group, receiving 20 mg/kg quercetin intraperitoneally 30 minutes before ischemia induction. After the experimental protocols, skeletal 
muscle samples were collected for biochemical assays measuring malondialdehyde (MDA) levels and superoxide dismutase (SOD) 
activity, as well as for histopathological examination.

RESULTS: The IR group demonstrated a significant increase in MDA concentration compared to controls (p<0.0001), whereas 
administration of quercetin in the IR-Q group significantly attenuated MDA levels relative to the untreated IR group (p=0.012). SOD 
activity was markedly diminished in the IR group (p<0.0001) but was significantly restored in the IR-Q group compared to IR alone 
(p=0.012). Histological analyses revealed pronounced muscle atrophy, degeneration, leukocyte infiltration, and fiber fragmentation/
hyalinization in the IR group, which were significantly alleviated by quercetin treatment (p<0.05).

CONCLUSION: These findings indicate that quercetin exerts a protective effect against oxidative stress and structural damage 
induced by ischemia-reperfusion in skeletal muscle, potentially through enhancement of endogenous antioxidant defenses. Quercetin 
thus holds promise as a therapeutic agent in mitigating I/R injury; however, further studies are needed to elucidate its precise mecha-
nisms and clinical applicability.
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INTRODUCTION

Ischemia occurs when blood flow to tissues is insufficient, 
causing a lack of oxygen delivery that disrupts normal cellu-
lar activities and metabolism.[1] The subsequent restoration 
of blood flow, termed reperfusion, paradoxically may lead to 
further damage known as ischemia-reperfusion (I/R) injury. 
This injury involves complex biochemical and cellular events 
such as oxidative stress, inflammation, and tissue destruc-
tion. During ischemia, reduced ATP synthesis, accumulation of 
metabolic byproducts, and disruption of ionic balance impair 
cellular function. When oxygen supply is suddenly reinstated 
during reperfusion, excessive production of reactive oxygen 
species (ROS) is triggered, initiating oxidative damage and 
activating inflammatory pathways.[2,3] These processes cause 
oxidative modifications, including lipid membrane degradation, 
protein oxidation, and DNA strand breaks, which collectively 
contribute to cell death and exacerbate tissue injury.[4]

I/R injury of the lower extremities can be caused by a range 
of clinical conditions, including atherosclerosis, thrombotic or 
embolic arterial occlusions, traumatic vascular injuries, and 
surgical interventions. Thrombus or embolus formation leads 
to vascular blockage, while direct trauma to blood vessels 
may similarly result in ischemia. Clinically, I/R injury is often 
observed during procedures such as aortic aneurysm repair 
requiring cross-clamping, peripheral vascular surgeries, free 
flap tissue transfers, orthopedic operations, and shock states 
with compromised circulation.[5,6] Moreover, prolonged exter-
nal pressure or the use of tourniquets can also precipitate 
ischemic conditions.

Ischemia-reperfusion (I/R) injury is not confined to local tissue 
damage but can also trigger systemic effects impacting vital 
organs such as the heart, lungs, kidneys, and brain.[7] The re-
perfusion phase initiates a cascade of harmful events, including 
the overproduction of reactive oxygen species (ROS), disrup-
tion of endothelial function, infiltration of inflammatory leuko-
cytes, and secretion of proinflammatory cytokines, collectively 
intensifying tissue damage.[8] Central to these processes are 
key mediators such as tumor necrosis factor-alpha (TNF-α) 
and interleukin-1 beta (IL-1β), as well as adhesion molecules 
including intercellular adhesion molecule-1 (ICAM-1) and vas-
cular cell adhesion molecule-1 (VCAM-1). These molecules fa-
cilitate leukocyte adhesion and extravasation, elevate vascular 
permeability, promote edema development, and drive cellular 
apoptosis and necrosis in affected tissues.[9]

Antioxidants serve as crucial modulators in counteracting the 
harmful effects of I/R injury.[10] Among them, quercetin-a fla-
vonoid compound naturally found in many plants-has garnered 
attention due to its strong antioxidant and anti-inflammato-
ry effects.[11] It protects cells by reducing lipid peroxidation, 
boosting endogenous antioxidant enzyme activities, and sup-
pressing the release of proinflammatory mediators such as 
TNF-α and IL-1β.[12,13] At the cellular level, quercetin supports 
mitochondrial function, sustains energy metabolism, and in-
hibits pathways leading to apoptosis. Additionally, it impedes 

neutrophil infiltration by modulating interactions between 
neutrophils and endothelial cells.[14] Other compounds such 
as melatonin, mannitol, allopurinol, and N-acetylcysteine have 
also shown efficacy in limiting oxidative damage in various I/R 
experimental setups.[15-20]

Quercetin is widely present in numerous fruits and vegetables, 
including onion (Allium cepa), apple (Malus domestica), grape 
(Vitis vinifera), cherry (Prunus avium), green tea (Camellia si-
nensis), and broccoli (Brassica oleracea).[21]

This study aims to investigate the protective role of quercetin 
against ischemia-reperfusion injury in rat skeletal muscle by 
evaluating biochemical oxidative stress parameters, inflamma-
tory responses, and histopathological alterations.

MATERIALS AND METHODS
Ethical Approval and Experimental Animals

Approval for this research was granted by the Local Ethics 
Committee for Animal Experiments at Gazi University (Pro-
tocol No: GÜET-16.066; approved on July 13, 2016). All ex-
perimental protocols were carried out in accordance with the 
guidelines provided by the U.S. National Institutes of Health re-
garding the care and use of laboratory animals and conformed 
to the ethical standards outlined in the Declaration of Helsinki.

Eighteen adult male Wistar Albino rats weighing between 200 
and 250 grams were housed under standardized laboratory 
conditions, maintained at 20-21°C with a 12-hour light/dark 
cycle. Animals had unrestricted access to standard chow and 
water, except for a fasting period of two hours prior to anes-
thesia. The rats were randomly divided into three groups of six 
animals each. Anesthesia was induced by intramuscular admin-
istration of ketamine (100 mg/kg) before surgical procedures.

Experimental Design

The study groups were organized as follows:

• Group K (Control): Rats underwent only midline lapa-
rotomy without any additional intervention. After a 4-hour 
observation period, skeletal muscle samples were collected, 
and the animals were euthanized.

• Group IR (Ischemia-Reperfusion): Following lapa-
rotomy, ischemia was induced by clamping the infrarenal 
abdominal aorta for two hours, followed by two hours of 
reperfusion. Skeletal muscle tissues were harvested after re-
perfusion, and the animals were sacrificed.

• Group IR-Q (Ischemia-Reperfusion + Quercetin): 
This group underwent the same ischemia-reperfusion pro-
tocol as Group IR. Additionally, quercetin (20mg/kg; Sigma–
Aldrich, Q4951-10G) was administered intraperitoneally 30 
minutes before ischemia onset. Tissue collection was per-
formed after the reperfusion period.

At the conclusion of the experiments, intracardiac blood sam-
ples (up to 10mL) and skeletal muscle specimens were ob-
tained for subsequent biochemical and histological analyses.[22]
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Aortic Occlusion and Ischemia-Reperfusion Procedure

Anesthesia was induced with ketamine hydrochloride (50mg/
kg, intramuscular; Ketalar, Parke-Davis Eczacıbaşı, Istanbul, 
Türkiye) combined with xylazine hydrochloride (2%, intra-
muscular; Alfazyne, Ege Vet, Izmir, Türkiye), with supplemen-
tal doses administered as needed.

Rats were placed in a supine position beneath a warming lamp. 
After shaving and aseptic preparation of the abdominal area, 
a midline laparotomy was performed. The abdominal aorta 
was carefully exposed and occluded using a non-traumatic 
microvascular clamp. Successful occlusion was verified by the 
absence of a palpable distal arterial pulse. To preserve body 
temperature and fluid homeostasis, the incision was covered 
with sterile plastic.

Following 120 minutes of ischemia, the clamp was removed, 
allowing reperfusion for an additional 120 minutes. Animals 
were euthanized under deep anesthesia at the end of reperfu-
sion, and skeletal muscle samples were collected.

Biochemical Analyses

Skeletal muscle samples were rinsed with cold (4°C) deion-
ized water to eliminate blood residues, then homogenized 
at 1000rpm for three minutes using a Heidolph Diax 900 
homogenizer (Germany). Homogenates were centrifuged at 
10,000×g for 60 minutes, and the resulting supernatant was 
used for assays.

• Superoxide Dismutase (SOD) Activity: Evaluated by 
monitoring the inhibition of nitroblue tetrazolium (NBT) re-
duction at an absorbance of 560nm, following the method 
described in.[23] One unit of SOD activity is defined as the 
amount of enzyme that inhibits 50% of the NBT reduction. 
Results are presented as units per milligram of protein (U/
mg protein).

• Malondialdehyde (MDA) Levels: Quantified using the 
thiobarbituric acid reactive substances (TBARS) assay, ac-
cording to Van Ye et al.[24] Tissue homogenates were pre-
cipitated with 20% trichloroacetic acid and centrifuged. The 
resulting supernatant was incubated with 0.6% thiobarbituric 
acid, boiled for 30 minutes, and then cooled. Absorbance was 
measured at 532nm using a Shimadzu UV/VIS-1601 spectro-

photometer ( Japan). MDA concentrations were determined 
in nmol/mg protein, calculated against a standard curve gen-
erated from 1,1,3,3-tetramethoxypropane. Protein content 
was measured via the Lowry method, employing bovine se-
rum albumin as the standard.[25]

Histopathological Evaluation

Twenty-five skeletal muscle samples were fixed in 10% neu-
tral-buffered formalin, subjected to dehydration and clearing 
using xylene, and subsequently embedded in paraffin blocks. 
Serial sections, each 4µm thick, were prepared and stained 
with hematoxylin and eosin (H&E).

The histological assessment targeted features including mus-
cle fiber atrophy and hypertrophy, degeneration, vascular 
congestion, nuclear internalization, leukocyte infiltration, as 
well as fiber fragmentation and hyalinization. The standard 
H&E staining protocol involved hematoxylin application for 3 
minutes, rinsing with tap water, differentiation in acid-alcohol 
solution, eosin staining for 10 minutes, followed by dehydra-
tion and mounting of the slides.

Statistical Analysis

Data analysis was conducted using SPSS software version 20.0 
(SPSS Inc., Chicago, IL, USA). Statistical significance was set at 
p<0.05. Biochemical results are presented as mean±standard 
deviation (SD), whereas histopathological data are reported 
as median (25th–75th percentile). The normality of data dis-
tribution was evaluated using the Shapiro-Wilk test. Group 
comparisons were performed using the Kruskal-Wallis test, 
with post hoc pairwise comparisons conducted using Bonfer-
roni-adjusted Mann–Whitney U tests.

RESULTS
Histopathological Evaluation

The histopathological parameters-including muscle atrophy/
hypertrophy, muscle degeneration/congestion, nuclear in-
ternalization (oval or central nuclei), leukocyte infiltration, 
and fiber fragmentation/hyalinization-showed statistically sig-
nificant differences among the groups (p=0.012, p<0.0001, 
p=0.001, p=0.002, and p=0.020, respectively) (Table 1, Fig-
ures 1-6).

Table 1.	 Histopathological findings of rat skeletal muscle tissue [Mean±SD]

Histopathological	 Control Group	 Ischemia-Reperfusion	 Ischemia-Reperfusion 	 p-value
Parameters	 (K) (n=6)	 Group (IR) (n=6)	  + Quercetin Group
			   (IR-Q) (n=6)

Muscle Atrophy/Hypertrophy	 0.00±0.00 *	 1.33±0.42	 0.50±0.22 *	 0.012

Muscle Degeneration/Congestion	 0.33±0.21 *	 2.17±0.31	 0.67±0.21 *	 <0.0001

Nuclear Internalization (Oval/Central Nuclei)	 0.00±0.00 *	 1.50±0.22	 0.83±0.31 *, &	 0.001

Fragmentation/Hyalinization	 0.33±0.21 *	 1.83±0.31	 0.67±0.21 *	 0.002

Leukocyte Infiltration	 0.17±0.17 *	 1.17±0.31	 0.33±0.21 *	 0.020	

p: Statistical significance was determined using the Kruskal-Wallis test (p<0.05). *p<0.05:Compared to the IR group. & p<0.05: Compared to the Control (K) 
group.
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Figure 1. Longitudinal section of skeletal muscle in the 
Control group showing normal morphology (H&E: hema-
toxylin and eosin, magnification ×100). (→ peripheral flat 
nuclei, * muscle fibers: myofibrils, ► intercellular space).

Figure 3. Longitudinal light microscopic view of skeletal 
muscle in the IR group (H&E: hematoxylin and eosin, mag-
nification ×100).(→ peripheral flat nuclei, * muscle fibers: 
myofibrils, H: hypertrophy in muscle fibers, NF: necrotic 
fiber area, CN: central nucleus, ON: oval nucleus, f: frag-
mentation, hy: hyalinization areas, p: pyknotic nucleus).

Figure 5. Longitudinal light microscopic view of skeletal 
muscle in the IR-Quercetin group (H&E: hematoxylin and 
eosin, magnification ×100). (→ peripheral flat nuclei, * 
muscle fibers: myofibrils, ► intercellular space; H: hyper-
trophy in muscle fibers, hy: hyalinization, O: edema).

Figure 4. Transverse light microscopic view of skeletal 
muscle in the IR group (H&E: hematoxylin and eosin, mag-
nification ×100). (→ peripheral flat nuclei, * muscle fibers: 
myofibrils, ► intercellular space; H: hypertrophy in muscle 
fibers, NF: necrotic fiber area, CN: central nucleus, ON: 
oval nucleus, f: fragmentation, hy: hyalinization areas, p: 
pyknotic nucleus, dej: degeneration).

Figure 6. Transverse light microscopic view of skeletal 
muscle in the IR-Quercetin group (H&E: hematoxylin and 
eosin, magnification ×100). (→ peripheral flat nuclei, * 
muscle fibers: myofibrils, ► intercellular space).

Figure 2. Cross-sectional view of skeletal muscle in the 
Control group demonstrating normal morphology (H&E: 
hematoxylin and eosin, magnification ×100). (→ peripheral 
flat nuclei, *muscle fibers: myofibrils, ► intercellular space).
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Muscle atrophy/hypertrophy was significantly higher in the IR 
group compared to both the Control (K) and IR-Q groups 
(p=0.004 and p=0.049, respectively). Muscle degeneration/
congestion was also significantly elevated in the IR group 
compared to the K and IR-Q groups (p<0.0001 and p=0.001, 
respectively). Nuclear internalization (oval or central nuclei) 
was significantly greater in the IR group compared to the K 
and IR-Q groups (p<0.0001 and p=0.048, respectively). Fur-
thermore, the IR-Q group showed a significant increase in 
nuclear internalization compared to the K group (p=0.017). 
Leukocyte infiltration was significantly higher in the IR group 
than in the K and IR-Q groups (p=0.009 and p=0.025, re-
spectively). Fiber fragmentation/hyalinization was significantly 
more pronounced in the IR group compared to the K and 
IR-Q groups (p=0.002 and p=0.014, respectively) (Table 1, 
Figures 1-6).

Biochemical Evaluation

Table 2 presents the MDA levels and SOD enzyme activi-
ties in skeletal muscle tissue across the groups. The results 
demonstrated that the MDA level in the IR group was signifi-
cantly higher compared to the control group (p<0.0001). In 
the IR-Q group, the MDA level was significantly lower than in 
the IR group (p=0.012) (Figure 7).

SOD enzyme activity was significantly decreased in the 
IR group compared to the control group (p<0.0001 and 
p<0.001, respectively). In the IR-Q group, SOD enzyme activ-

ity was markedly higher compared to the IR group (p<0.001 
and p=0.012, respectively) (Figure 8).

Malondialdehyde; SOD: Superoxide Dismutase. *p<0.05 
compared to Group K; &p<0.05 compared to Group IR.)

DISCUSSION
Lower extremity ischemia may develop as a consequence of 
various clinical conditions, such as peripheral arterial disease, 
thromboembolism, traumatic vascular injury, and surgical in-
terventions. Although the restoration of blood flow (revas-
cularization) is vital, the reperfusion phase may exacerbate 
tissue injury, as it triggers a series of complex biochemical 
events that cause complications both in local muscle tissue 
and at the systemic level.[26,27] One of the main contributors 
to this damage is the generation of reactive oxygen species 
(ROS) and the subsequent inflammatory response, which can 
progress to multi-organ dysfunction.[28]

ROS are highly reactive molecules that initiate lipid peroxida-
tion, disrupt cell membranes, and enhance neutrophil activa-
tion, thereby intensifying inflammation.[29] Thus, controlling 
oxidative stress is critical for reducing ischemia-reperfusion 
(I/R) injury. Enzymatic antioxidants such as superoxide dis-
mutase (SOD) and glutathione peroxidase (GPx) constitute 
the first line of defense against oxidative damage in the body. 
Various pharmacological and immunological agents have been 
tested in experimental models to mitigate I/R injury. In this 

Table 2.	 Biochemical data of skeletal muscle tissue [Mean±Standard Deviation]

Parameter	 Group K	 Group IR	 Group IR-Q	 p-value **

(n=6) (n=6) (n=6)

MDA (nmol/mg protein)	 21.13± 3.00	 53.33±7.66*	 24.11±3.19&	 0.001

SOD (U/mg protein)	 11.47±1.10	 6.07±1.11*	 10.28±0.93&	 0.006

K: Control, I/R: Ischemia/Reperfusion, IR-Q: Ischemia-Reperfusion + Quercetin, MDA: Malondialdehyde, SOD: Superoxide Dismutase.

Figure 7. Malondialdehyde (MDA) levels in skeletal muscle tissue. Figure 8. Superoxide dismutase (SOD) levels in skeletal muscle 
tissue.
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study, the protective effect of quercetin-a natural flavonoid 
compound-was investigated in a rat skeletal muscle I/R model 
induced by abdominal aortic clamping.

Following ischemia, reperfusion leads to an abrupt increase 
in ROS production. In particular, superoxide anion (O₂⁻), hy-
drogen peroxide (H₂O₂), and hydroxyl radicals (OH⁻) target 
cellular structures and trigger cell death through both apop-
tosis and necrosis.[30] Lipid peroxidation disrupts phospholipid 
integrity, increases membrane permeability, and disturbs ion 
homeostasis. Protein oxidation weakens enzymatic function-
ality, while DNA damage elevates mutation risk and activates 
cellular stress responses.[31-33]

Oxidative stress not only initiates tissue damage but also 
amplifies inflammation. Lipid peroxidation products act as 
danger signals, promoting the release of pro-inflammatory 
cytokines and accelerating neutrophil migration, thereby ex-
acerbating tissue injury. Additionally, ROS-induced mitochon-
drial dysfunction impairs ATP production and increases cel-
lular vulnerability.[34-37]

Among the organism’s antioxidant defense mechanisms, SOD, 
catalase (CAT), and GPx play major roles. SOD converts su-
peroxide into hydrogen peroxide, thereby reducing oxidative 
burden. However, under I/R conditions, SOD activity de-
creases due to the inhibitory effects of ROS and disruptions 
in intracellular homeostasis.[38-39] Malondialdehyde (MDA), a 
reliable biochemical marker of lipid peroxidation, was used 
in this study to assess the degree of oxidative damage.[38,40-42]

Currently, there is no clinically effective method capable of 
completely preventing I/R-induced muscle injury.[43] While 
pharmacological treatments, hyperbaric oxygen therapy, hy-
pothermia, and pre/post-ischemic conditioning offer partial 
benefits,[32,33,44] experimental studies have demonstrated pro-
tective effects of compounds such as crocin, melatonin, lyco-
pene, and ticlopidine against lower extremity I/R injury.[45-48]

Quercetin is a polyphenolic flavonoid abundantly found in 
fruits and vegetables and is recognized for its potent antioxi-
dant, anti-inflammatory, and cytoprotective properties.[49] It 
exerts its effects through free radical scavenging, modulation 
of enzymatic activities, and suppression of pro-inflammatory 
cytokine release.[50-52] For example, Chen et al.[53] reported 
that quercetin protects cardiomyocytes against I/R injury by 
regulating kinases such as Src, FAK, p38, and STAT3. Similarly, 
Sul and colleagues demonstrated that quercetin decreases 
ROS levels and NOX2 expression in LPS-exposed pulmonary 
epithelial cells, thereby reducing oxidative stress and inflam-
mation.[54] Its antiviral, anticancer, anti-inflammatory, and 
metabolic regulatory properties are also well documented.
[55-57] Furthermore, Lin et al.[58] showed that quercetin attenu-
ates hepatic I/R injury by inhibiting GSDMD-mediated macro-
phage pyroptosis in an experimental model.

Although the protective effects of quercetin on various or-
gan systems have been reported, its specific effects on lower 

extremity skeletal muscle have not been sufficiently investi-
gated. In the present study, a significant improvement was 
observed in oxidative stress markers following I/R. The re-
duced SOD activity in the IR group increased significantly in 
the quercetin-treated IR-Q group, indicating enhanced anti-
oxidant defense. Moreover, MDA levels, which were highest 
in the IR group, were significantly reduced in the IR-Q group, 
reflecting preserved membrane integrity. These findings high-
light the crucial role of quercetin in ROS neutralization and 
the maintenance of redox balance.

Histopathological evaluations supported these biochemical 
findings. In the IR group, pronounced signs of muscle struc-
ture deterioration-including atrophy, hypertrophy, degenera-
tion, congestion, and nuclear internalization-were observed, 
whereas quercetin treatment markedly reduced these altera-
tions. In particular, the reduction in leukocyte infiltration, 
as well as decreased fiber fragmentation and hyalinization, 
demonstrates quercetin’s tissue-protective effects through 
the suppression of inflammation. Considering that nuclear in-
ternalization is regarded as a marker of muscle regeneration 
and cellular stress, its significant reduction in the IR-Q group 
indicates the restorative potential of quercetin.

CONCLUSION

One of the key strengths of this study is the use of a well-
established ischemia-reperfusion model under strictly con-
trolled laboratory settings. Additionally, the combination 
of biochemical and histopathological analyses allowed for a 
comprehensive assessment of quercetin’s protective effects. 
However, some limitations must be noted. This experimental 
setup focused solely on the acute phase of ischemia-reperfu-
sion injury without exploring potential long-term outcomes. 
Furthermore, only a single dose of quercetin was tested, leav-
ing the dose–response relationship unexamined.

In summary, our results demonstrate that quercetin provides 
significant protection against ischemia-reperfusion-induced 
skeletal muscle damage. Its antioxidant capabilities played 
an important role in reducing oxidative stress and preserv-
ing tissue structure. These findings suggest that quercetin 
holds promise as a therapeutic agent for preventing ischemic 
muscle injury. Nevertheless, further investigations involving 
various dosing regimens and long-term evaluations in preclini-
cal and clinical trials are necessary before clinical application 
can be considered.

Ethics Committee Approval: This study was approved 
by the Gazi University  Ethics Committee (Date: 13.07.2016, 
Decision No: GÜET-16.066).

Peer-review: Externally peer-reviewed.

Authorship Contributions: Concept: M.K., M.A.; Design: 
M.K., A.Ö.; Supervision: M.A., A.K.; Resource: M.K., Y.K.; Ma-
terials: Ö.E., M.Ka, A.C.B.; Data collection and/or process-
ing: M.K., A.Ö.; Analysis and/or interpretation: A.C.B., M.Ka.,
Ö.E.; Literature review: L.O., G.K.; Writing: L.O., G.K.; Criti-



Kirişci et al. Effect of quercetin on ischemia-reperfusion

Ulus Travma Acil Cerrahi Derg, January 2026, Vol. 32, No. 124

cal review: M.A., L.O., M.K.

Conflict of Interest: None declared.

Financial Disclosure: The author declared that this study 
has received no financial support.

REFERENCES
1.	 Henke PK. Contemporary management of acute limb ischemia: factors 

associated with amputation and in-hospital mortality. Semin Vasc Surg 
2009;22:34–40. [CrossRef ]

2.	 Aslan R, Kutlu R, Çivisi S, Tasyürek E. The correlation of the total an-
tioxidant status TAS, total oxidant status TOS and paraoxonase activity 
with smoking. Clin Biochem 2014;47:393–7. [CrossRef ]

3.	 Kalogeris T, Baines CP, Krenz M, Korthuis RJ. Cell biology of ischemia/
reperfusion injury. Int Rev Cell Mol Biol 2012;298:229–317. [CrossRef ]

4.	 Tappel AL. Lipid peroxidation damage to cell components. Fed Proc 
1973;32:1870–4.

5.	 Sotoudeh A, Takhtfooladi MA, Jahanshahi A, Khiabanian Asl AH, 
Ashrafzadeh Takhtfooladi H, Khansari M. Effect of N-acetylcysteine on 
lung injury induced by skeletal muscle ischemia-reperfusion: histopatho-
logical study in rat model. Acta Cir Bras 2012;27:168–71. [CrossRef ]

6.	 Takhtfooladi MA, Jahanshahi A, Jahanshahi G, Sotoudeh A, Takhtfoola-
di HA, Khansari M. Protective effect of N-acetylcysteine on kidney as a 
remote organ after skeletal muscle ischemia-reperfusion. Acta Cir Bras 
2012;27:611–5. [CrossRef ]

7.	 Earnshaw JJ. Demography and etiology of acute leg ischemia. Semin Vasc 
Surg 2001;14:86–92. [CrossRef ]

8.	 Raha S, Robinson BH. Mitochondria, oxygen free radicals, disease and 
ageing. Trends Biochem Sci 2000;25:502–8. [CrossRef ]

9.	 Coşkun G, Özgür H. Apoptoz ve nekrozun moleküler mekanizması. Ak-
tuel Tip Derg 2011;20:145–58. [Article in Turkish]

10.	 Kalın P, Gülçin İ, Gören AC. Antioxidant activity and polyphenol content 
of cranberries (Vaccinium macrocarpon). Rec Nat Prod 2015;9:496–
502.

11.	 Formica JV, Regelson W. Review of the biology of quercetin and related 
bioflavonoids. Food Chem Toxicol 1995;33:1061–80. [CrossRef ]

12.	 Gülçin I, Elmastaş M, Aboul-Enein HY. Determination of antioxidant 
and radical scavenging activity of Basil (Ocimum basilicum L. Fam-
ily Lamiaceae) assayed by different methodologies. Phytother Res 
2007;21:354–61. [CrossRef ]

13.	 Chen J, Nagayama T, Jin K, Stetler RA, Zhu RL, Graham SH, et al. 
Induction of caspase-3-like protease may mediate delayed neuronal 
death in the hippocampus after transient cerebral ischemia. J Neurosci 
1998;18:4914–28. [CrossRef ]

14.	 Hashemzaei M, Delarami Far A, Yari A, Heravi RE, Tabrizian K, Tagh-
disi SM, et al. Anticancer and apoptosis inducing effects of quercetin in 
vitro and in vivo. Oncol Rep 2017;38:819–28. [CrossRef ]

15.	 Avci G, Kadioglu H, Sehirli AO, Bozkurt S, Güçlü O, Arslan E, et al. 
Curcumin protects against ischemia/reperfusion injury in rat skeletal 
muscle. J Surg Res 2012;172:e39–46. [CrossRef ]

16.	 Huk I, Nanobashvili J, Neumayer C, Punz A, Mueller M, Afkhampour 
K, et al. L-arginine treatment alters the kinetics of nitric oxide and super-
oxide release and reduces ischemia/reperfusion injury in skeletal muscle. 
Circulation 1997;96:667–75. [CrossRef ]

17.	 Wang WZ, Fang XH, Stephenson LL, Zhang X, Khiabani KT, Zam-
boni WA. Melatonin attenuates I/R-induced mitochondrial dysfunction 
in skeletal muscle. J Surg Res 2011;171:108–13. [CrossRef ]

18.	 World Health Organization. Central Asian and European Surveillance of 
Antimicrobial Resistance (CAESAR) 2023. Available at: https://www.
who.int/europe/groups/central-asian-and-european-surveillance-of-
antimicrobial-resistance-(caesar). Accessed January 02, 2025.

19.	 Antonio LG, Evora PR, Piccinato CE. Use of alprostadil, a stable prosta-
glandin E1 analogue, for the attenuation of rat skeletal muscle ischemia 

and reperfusion injury. Minerva Chir 2009;64:559–64.
20.	 Emrecan B, Tulukoğlu E, Bozok S, Aksun M, Yağdı S, Özcan AV, et 

al. Iloprost and pentoxifylline attenuate ischemia-reperfusion injury 
in skeletal muscle in rabbit model. Ulus Travma Acil Cerrahi Derg 
2008;14:182–7.

21.	 Graefe EU, Wittig J, Mueller S, Riethling AK, Uehleke B, Drewelow B, 
et al. Pharmacokinetics and bioavailability of quercetin glycosides in hu-
mans. J Clin Pharmacol 2001;41:492–9. [CrossRef ]

22.	 Kılıç Y, Özer A, Tatar T, Zor MH, Kirişçi M, Kartal H, et al. Effect of 
picroside II on hind limb ischemia reperfusion injury in rats. Drug Des 
Devel Ther 2017;11:1917–25. [CrossRef ]

23.	 Durak I, Canbolat O, Kavutçu M, Oztürk HS, Yurtarslani Z. Activities 
of total, cytoplasmic, and mitochondrial superoxide dismutase enzymes 
in sera and pleural fluids from patients with lung cancer. J Clin Lab Anal 
1996;10:17–20. [CrossRef ]

24.	 Van Ye TM, Roza AM, Pieper GM, Henderson J Jr, Johnson CP, Adams 
MB. Inhibition of intestinal lipid peroxidation does not minimize mor-
phologic damage. J Surg Res 1993;55:553–8. [CrossRef ]

25.	 Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement 
with the Folin phenol reagent. J Biol Chem 1951;193:265–75. [CrossRef ]

26.	 Gülcan MB, Demirtaş H, Özer A, Yığman Z, Dursun AD, Arslan M, et 
al. Ozone administration reduces myocardial ischemia reperfusion injury 
in streptozotocin induced diabetes mellitus rat model. Drug Des Devel 
Ther 2024;18:4203–13. [CrossRef ]

27.	 Kılıç Y, Küçük A, Arslan M, Kirişçi M, Özer A, Mortaş T, et al. Assess-
ment of the effects of quercetin on lung injury after hind limb ischemia 
reperfusion in rats. Harran Univ Tip Fak Derg 2022;19:343–9. [Cross-
Ref ]

28.	 Demirtaş H, Özer A, Yıldırım AK, Dursun AD, Sezen ŞC, Arslan M. 
Protective effects of BPC 157 on liver, kidney, and lung distant organ 
damage in rats with experimental lower-extremity ischemia-reperfusion 
injury. Medicina 2025;61:291. [CrossRef ]

29.	 Köksal Z, Kurtipek Ö, Arslan M, Dursun AD, Yığman Z, Özer A. Pro-
tective effects of hydrogen rich saline solution in rats with experimental 
myocardial ischemia reperfusion injury. Heliyon 2023;9:e22973. [Cross-
Ref ]

30.	 Özcan O, Erdal H, Yönden Z. İskemi-reperfüzyon hasarı ve oksidatif 
stres ilişkisine biyokimyasal bakış. MKU Tip Fak Derg 2015;6:27–33. 
[In Turkish] [CrossRef ]

31.	 Erkanlı K, Kayalar N, Erkanlı G, Ercan F, Sener G, Kirali K. Melatonin 
protects against ischemia/reperfusion injury in skeletal muscle. J Pineal 
Res 2005;39:238–42. [CrossRef ]

32.	 Ozyurt H, Ozyurt B, Koca K, Ozgocmen S. Caffeic acid phenethyl ester 
protects rat skeletal muscle against ischemia-reperfusion-induced oxida-
tive stress. Vasc Pharmacol 2007;47:108–12. [CrossRef ]

33.	 Demirtaş H, Özer A, Gülcan MB, Yığman Z, Küçük A, Tekin E, et al. 
Protective effects of bosentan via endothelin receptor antagonism in ex-
perimental ischemia-reperfusion injury in the lower limb of rats. Drug 
Des Devel Ther 2025;19:1561–73. [CrossRef ]

34.	 Harkin DW, Barros D’Sa AA, McCallion K, Hoper M, Halliday MI, 
Campbell FC. Circulating neutrophil priming and systemic inflammation 
in limb ischaemia-reperfusion injury. Int Angiol 2001;20:78–89.

35.	 Bulkley GB. Reactive oxygen metabolites and reperfusion injury: aber-
rant triggering of reticuloendothelial function. Lancet 1994;344:934–6. 
[CrossRef ]

36.	 Bushell A, Klenerman L, Davies H, Grierson I, Jackson MJ. Ischemia-
reperfusion-induced muscle damage. Protective effect of corticosteroids 
and antioxidants in rabbits. Acta Orthop Scand 1996;67:393–8. [Cross-
Ref ]

37.	 Pattwell D, McArdle A, Griffiths RD, Jackson MJ. Measurement of free 
radical production by in vivo microdialysis during ischaemia-reperfusion 
injury to skeletal muscle. Free Radic Biol Med 2001;30:979–85. [Cross-
Ref ]

38.	 Aslankoç R, Demirci D, İnan Ü, Yıldız M, Öztürk A, Çetin M, et al. 
Oksidatif stres durumunda antioksidan enzimlerin rolü: süperoksit dis-

https://doi.org/10.1053/j.semvascsurg.2009.01.002
https://doi.org/10.1016/j.clinbiochem.2013.10.002
https://doi.org/10.1016/B978-0-12-394309-5.00006-7
https://doi.org/10.1590/S0102-86502012000200012
https://doi.org/10.1590/S0102-86502012000900004
https://doi.org/10.1053/svas.2001.23158
https://doi.org/10.1016/S0968-0004(00)01674-1
https://doi.org/10.1016/0278-6915(95)00077-1
https://doi.org/10.1002/ptr.2069
https://doi.org/10.1523/JNEUROSCI.18-13-04914.1998
https://doi.org/10.3892/or.2017.5766
https://doi.org/10.1016/j.jss.2011.08.021
https://doi.org/10.1161/01.CIR.96.2.667
https://doi.org/10.1016/j.jss.2010.01.019
https://doi.org/10.1177/00912700122010366
https://doi.org/10.2147/DDDT.S132401
https://doi.org/10.1002/(SICI)1098-2825(1996)10:1%3C17::AID-JCLA4%3E3.3.CO;2-6
https://doi.org/10.1006/jsre.1993.1183
https://doi.org/10.1016/S0021-9258(19)52451-6
https://doi.org/10.2147/DDDT.S482309
https://doi.org/10.35440/hutfd.1129662
https://doi.org/10.35440/hutfd.1129662
https://doi.org/10.3390/medicina61020291
https://doi.org/10.1016/j.heliyon.2023.e22973
https://doi.org/10.1016/j.heliyon.2023.e22973
https://doi.org/10.17944/mkutfd.54113
https://doi.org/10.1111/j.1600-079X.2005.00240.x
https://doi.org/10.1016/j.vph.2007.04.008
https://doi.org/10.2147/DDDT.S510885
https://doi.org/10.1016/S0140-6736(94)92276-4
https://doi.org/10.3109/17453679609002338
https://doi.org/10.3109/17453679609002338
https://doi.org/10.1016/S0891-5849(01)00485-3
https://doi.org/10.1016/S0891-5849(01)00485-3


Kirişci et al. Effect of quercetin on ischemia-reperfusion

Ulus Travma Acil Cerrahi Derg, January 2026, Vol. 32, No. 1 25

mutaz, katalaz ve glutatyon peroksidaz. Med J SDU/ SDU Tıp Fak Derg 
2019;26:362–9. [Article in Turkish]

39.	 Rao PR, Viswanath RK. Cardioprotective activity of silymarin in isch-
emia/reperfusion-induced myocardial infarction in albino rats. Exp Clin 
Cardiol 2007;12:179–87.

40.	 Tekin E, Kaya AK, Küçük A, Arslan M, Özer A, Demirtaş H, Sezen 
ŞC, et al. Effects of ellagic acid and berberine on hind limb ischemia re-
perfusion injury: pathways of apoptosis, pyroptosis, and oxidative stress. 
Medicina Kaunas 2025;61:451. [CrossRef ]

41.	 Shafee N, Kaluz S, Ru N, Stanbridge EJ. PI3K/Akt activity has variable 
cell-specific effects on expression of HIF target genes CA9 and VEGF in 
human cancer cell lines. Cancer Lett 2009;282:109–15. [CrossRef ]

42.	 Gulcin I, Buyukokuroglu ME, Oktay M, Kufrevioglu OI. On the in vi-
tro antioxidative properties of melatonin. J Pineal Res 2002;33:167–71. 
[CrossRef ]

43.	 Gillani S, Cao J, Suzuki T, Hak DJ. The effect of ischemia reperfusion 
injury on skeletal muscle. Injury 2012;43:670–5. [CrossRef ]

44.	 Haynes DR, Harkin DG, Bignold LP, Hutchens MJ, Taylor SM, Fairlie 
DP. Inhibition of C5a-induced neutrophil chemotaxis and macrophage 
cytokine production in vitro by a new C5a receptor antagonist. Biochem 
Pharmacol 2000;60:729–33. [CrossRef ]

45.	 Erdem M, Bostan B, Güneş T, Özkan F, Şen C, Özyurt H. Melatoninin 
iskelet kası iskemi-reperfüzyon yaralanması üzerine koruyucu etkisi. 
Eklem Hastalik Cerrahisi 2010;21:166–71. [Article in Turkish]

46.	 Şenkaya I, Ökten B, Saba D, Güven H, Özer Z, Dirican M, et al. Ti-
clopidin on redicing ischemia reperfusion injury in scaletal muscle. Turk J 
Thorac Cardiovasc Surg 1999;7:405–10.

47.	 Kirişçi M, Güneri B, Seyithanoğlu M, Kazancı Ü, Doğaner A, Güneş H. 
The protective effects of lycopene on ischemia/reperfusion injury in rat 
hind limb muscle model. Ulus Travma Acil Cerrahi Derg 2020;26:351–
60.

48.	 Gedikli S, Özcan AC. Investigation of protective effects of crocin in ex-
perimentally generated lower extremity Ischemia– Reperfusion injury in 
rats. J Lab Animal Sci Prac 2023;3:12–16. [Article in Turkish] [CrossRef ]

49.	 Hazafa A, Rehman KU, Jahan N, Jabeen Z. The role of polyphenol 
flavonoids compounds in the treatment of cancer cells. Nutr Cancer 
2020;72:386–97. [CrossRef ]

50.	 Laughton MJ, Evans PJ, Moroney MA, Hoult JR, Halliwell B. Inhibition 
of mammalian 5-lipoxygenase and cyclo-oxygenase by flavonoids and 
phenolic dietary additives: relationship to antioxidant activity and to iron 
ion-reducing ability. Biochem Pharmacol 1991;42:1673–81. [CrossRef ]

51.	 Liu H, Guo X, Chu Y, Lu S. Heart protective effects and mechanism of 
quercetin preconditioning on anti-myocardial ischemia reperfusion (IR) 
injuries in rats. Gene 2014;545:149–55. [CrossRef ]

52.	 Dok-Go H, Lee KH, Kim HJ, Lee EH, Lee J, Song YS, et al. Neuropro-
tective effects of antioxidative flavonoids, quercetin, (+)-dihydroquerce-
tin and quercetin 3-methyl ether, isolated from Opuntia ficus-indica var. 
saboten. Brain Res 2003;965:130–6. [CrossRef ]

53.	 Chen YW, Chou HC, Lin ST, Chen YH, Chang YJ, Chen L, et al. Car-
dioprotective effects of quercetin in cardiomyocyte under ischemia/reper-
fusion injury. Evid Based Complement Alternat Med 2013;2013:364519. 
[CrossRef ]

54.	 Sul OJ, Ra SW. Quercetin Prevents LPS-Induced Oxidative Stress and 
Inflammation by Modulating NOX2/ROS/NF-kB in Lung Epithelial 
Cells. Molecules 2021;26:6949. [CrossRef ]

55.	 Aguirre L, Arias N, Macarulla MT, Gracia A, Portillo MP. Beneficial 
effects of quercetin on obesity and diabetes. Open Nutraceuticals J 
2011;4:189–98. [CrossRef ]

56.	 Dabeek WM, Marra MV. Dietary Quercetin and Kaempferol: Bioavail-
ability and Potential Cardiovascular-Related Bioactivity in Humans. Nu-
trients 2019;11:2288. [CrossRef ]

57.	 Gasmi A, Mujawdiya PK, Lysiuk R, Shanaida M, Peana M, Gasmi Be-
nahmed A, et al. Quercetin in the Prevention and Treatment of Coro-
navirus Infections: A Focus on SARS-CoV-2. Pharmaceuticals (Basel) 
2022;15:1049. [CrossRef ]

58.	 Lin J, Li F, Jiao J, Qian Y, Xu M, Wang F, et al. Quercetin, a natural fla-
vonoid, protects against hepatic ischemia-reperfusion injury via inhib-
iting Caspase-8/ASC dependent macrophage pyroptosis. J Adv Res 
2025;70:555–69. [CrossRef ]

Sıçanlarda iskelet kasında iskemi-reperfüzyon hasarında kuersetinin koruyucu rolü
AMAÇ: Alt ekstremite iskemi-reperfüzyon (İ/R) hasarı, cerrahi müdahaleler, tromboembolik olaylar veya travmatik vasküler lezyonlar sonrası 
ortaya çıkan ciddi bir patofizyolojik durumdur. Bu çalışmanın amacı, güçlü antioksidan özelliklere sahip flavonoid kuersetinin, İ/R sürecinde iskelet 
kasında oluşan oksidatif  stres ve histopatolojik değişiklikler üzerindeki koruyucu etkilerini değerlendirmektir.
GEREÇ VE YÖNTEM: On sekiz Wistar Albino sıçan, kontrol (sahte laparotomi), iskemi-reperfüzyon (İR; 2 saat iskemi + 2 saat reperfüzyon) ve 
İR + kuersetin (İR-K; iskemi öncesi 30 dakika 20 mg/kg intraperitoneal kuersetin) olmak üzere üç gruba randomize edildi. Deneysel uygulamalar 
sonrası iskelet kası dokuları, malondialdehit (MDA) düzeyleri ve süperoksit dismutaz (SOD) aktivitesi açısından biyokimyasal olarak analiz edildi; 
ayrıca histopatolojik incelemeler gerçekleştirildi.
BULGULAR: İR grubunda MDA seviyeleri kontrol grubuna kıyasla anlamlı derecede artarken (p<0.0001), kuersetin uygulanan İR-K grubunda bu 
artış anlamlı ölçüde azaldı (p=0.012). SOD aktivitesi İR grubunda belirgin şekilde düşerken (p<0.0001), İR-K grubunda anlamlı bir restorasyon 
gözlendi (p=0.012). Histopatolojik değerlendirmelerde İR grubunda kas liflerinde atrofi, dejenerasyon, lökosit infiltrasyonu ve lif  parçalanması/
hiyalinizasyonun belirgin olduğu; kuersetin tedavisi ile bu patolojik değişikliklerin anlamlı ölçüde azaldığı tespit edildi (p<0.05).
SONUÇ: Kuersetin, iskemi-reperfüzyon hasarına bağlı oksidatif  stres ve doku hasarını azaltarak iskelet kasında endojen antioksidan savunma meka-
nizmalarını güçlendirmektedir. Bu bulgular, kuersetinin İ/R kaynaklı doku hasarını önlemede potansiyel bir terapötik ajan olduğunu göstermektedir. 
Mekanizmalarının ayrıntılı incelenmesi ve klinik uygulama olanaklarının değerlendirilmesi için ileri preklinik araştırmalara ihtiyaç duyulmaktadır.

Anahtar sözcükler: İskemi-reperfüzyon; quercetin; oksidatif  stres; süperoksit dismutaz; malondialdehit; iskelet kası.
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