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Evaluation of hepatic and remote organ injury in an 
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ABSTRACT

BACKGROUND: This study aims to show the changes in the liver, lung, kidney, and heart in the liver ischemia-reperfusion model in 
rats and the effect of quercetin on these changes histopathologically and immunohistochemically.

METHODS: Eighteen Sprague Dawley rats were classified into three groups: Group 1 sham, Group 2 ischemia-reperfusion (IR), 
Group 3 ischemia-reperfusion + quercetin (IR+Q). For three days, distilled water was given to Group 1, and quercetin was given to 
Group 3 via gavage. At the end of the third day, abdominal opening-closing was applied to Group 1, and 4 hours of reperfusion was 
applied to Groups 2 and 3 after 1 hour of ischemia by clamping the hepatoduodenal ligament, and all rats were euthanized. Liver, lung, 
kidney, and heart tissue samples were stained with Hematoxylin Eosin (HE), Masson Trichrome, Periodic Acid-Schiff (PAS), and TUNEL 
(Terminal deoxynucleotidyl transferase (TdT) deoxyuridine triphosphate nick end labeling assay) to assess apoptosis and examined 
histopathologically and immunohistochemically under a light microscope.

RESULTS: In the liver, the damage score was significantly higher in the IR group than in the sham group, while it was significantly lower 
in the IR+Q group than in the IR group. While there was no significant difference between the groups in semi-quantitative scoring 
parameters, the Apoptotic Index was significantly higher in the IR group than in the sham group and significantly lower in the IR+Q 
group than in the IR group. In the lung, no significant difference in lung damage scores between the groups was observed. While the 
Apoptotic Index was significantly higher in the IR group than in the sham group, it was significantly lower in the IR+Q group than in the 
IR group. In the kidneys, tubular cell degeneration and intertubular vascular congestion were significantly higher in the IR group than in 
the sham group. While the Apoptotic Index was higher in the IR group than in the sham and IR+Q groups, it was higher in the IR+Q 
group than in the sham group. In the heart, there was no difference between the groups in terms of myocardial cell degeneration and 
vascular damage. The apoptotic index was significantly higher in the IR group than in the sham and IR+Q groups.

CONCLUSION: Our results indicate that histopathological damage occurs in the liver, lung, kidney, and heart in the experimentally 
created IR model, and quercetin application decreases IR-related damage and apoptosis in these organs.
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INTRODUCTION

An organ's inability to meet oxygen and nutrient demands due 
to impaired blood flow causes depletion of energy stores, me-
tabolite accumulation, and oxidative stress, resulting in isch-
emia within a specified time.

Reinstating blood flow aggravates cellular damage through 
the enhancement of reactive oxygen radicals (ROS) and the 
inflammatory response. This condition is called ischemia-re-
perfusion damage (IRD). The risk of liver ischemia-reperfusion 
damage is heightened in liver tissue following trauma or pro-
longed surgical procedures like tumor resection and trans-
plantation.[1]

Experimental animal models, in which inflammatory factors 
like chemokines, cytokines, and transcription factors are 
released due to oxidative stress and reperfusion following 
ischemia, have helped elucidate the pathophysiology of IRD.
[2] Mitochondrial peptides from necrotic cells during ischemia 
stimulate Kupffer cells, macrophages in the liver. Kupffer cells 
release ROS and inflammatory mediators, inducing apoptosis 
in endothelial cells of vascular structures. The inflammatory 
response intensifies with the presence of neutrophils and in-
flammatory mediators that infiltrate the liver parenchyma.[3]

The presence of IRD in the liver can also threaten other or-
gans. This phenomenon occurs because the inflammatory re-
sponse is carried to distant organs with the help of cytokines 
released as a result of oxidative stress. In some cases, this 
response can lead to fatal outcomes by causing multiple or-
gan dysfunction syndrome (MODS) or systemic inflammatory 
response syndrome (SIRS).[4] Oxidative stress and increased 
ROS levels are the main pathologies targeted for the preven-
tion and treatment of IRD. Antioxidant treatment mitigates 
liver problems caused by IRD.[2]

Quercetin, a flavonoid present in numerous plants such as 
seeds, red onions, blueberries, and apples, is a natural anti-
oxidant. This pigment exhibits antioxidant, anti-inflammatory, 
and antifibrotic activities. Quercetin mitigates ischemia-re-
perfusion injury in multiple organs and tissues.[5] Quercetin's 
antioxidant properties include free radical scavenging, nitric 
oxide synthase reduction, and xanthine oxidase inhibition.[6] 
It exerts its anti-inflammatory effect by inhibiting cyclooxy-
genase and lipoxygenase enzymes and by reducing inflamma-
tory mediators such as prostaglandins and leukotrienes.[7] The 
heme oxygenase 1 enzyme, crucial for antioxidant and anti-
inflammatory responses, is activated by it.[2] 

This study explored the histopathological alterations in the 
liver, lung, kidney, and heart tissues of rats caused by IRD in 
the liver, assessing the impact of quercetin.

MATERIALS AND METHODS
The experimental procedures were carried out at Karadeniz 
Technical University Medical Faculty Surgical Research Cen-
ter in Trabzon, Türkiye. Eighteen female Spraque Dawley rats 

weighing between 250 and 300 g were used for the study. 
The animals were treated in accordance with the National 
Institutes of Health's Guide for the Care and Use of Labo-
ratory Animals. The Institutional Animal Ethical Committee 
of Karadeniz Technical University, Trabzon, Türkiye approved 
our study (protocol no: 2017-25). The rats were housed in 
type III cages, provided with tap water and standard rat chow 
(Bayramoğlu Yem ve Un Sanayi Tic. A.Ş., Erzurum, Türkiye), 
and maintained at a temperature of 22±1°C under a 12 hours 
light-12 hours dark cycle.

Experimental Design

In the study, rats were classified into three groups.

Group 1 (Sham group, n=6): The rats, which received 1 mL 
of distilled water by gavage for 3 days before the experiment, 
were sacrificed by exsanguination, and their organs were re-
moved 4 hours after opening the abdomen, waiting 1 hour, 
and then closing it.

Group 2 (Ischemia-Reperfusion (IR) group, n=6): On the day 
of the experiment, rats reperfused for 4 hours after 1 hour of 
ischemia were sacrificed by exsanguination, and their organs 
were removed.

Group 3 (Ischemia-Reperfusion + Quercetin (IR+Q) group, 
n=6): The rats that were given quercetin (Sigma-Aldrich; Mer-
ck KGaA, Darmstadt, Germany) by gavage for 3 days before 
the experiment and reperfused for 4 hours after 1 hour of 
ischemia were sacrificed by exsanguination, and their organs 
were removed.

Experimental Protocol

The hepatic ischemia was induced through clamping of the 
portal vein, hepatic artery, and bile duct (hepaticoduodenal 
ligament) during the abdominal median laparotomy under 
general anesthesia. After an hour, the liver was reperfused 
for 4 hours before the rats were sacrificed by exsanguination. 
For histological analysis, the liver, lung, kidney, and heart were 
removed.

Histological Procedures

In the tissues prepared for examination with a light micro-
scope, Hematoxylin-Eosin (H&E) staining was performed to 
observe the histological structure, and Masson's trichrome 
staining was performed to examine connective tissue. Peri-
odic acid-Shiff (PAS) staining was performed to investigate 
glycogen accumulation in the liver, lung, kidney, and heart; 
microvilli and basal membranes of epithelial cells in kidney 
tubules; and goblet cells in the lung.

Hepatic ischemia/reperfusion damage was graded (0 for mini-
mal, 1 for mild, 2 for moderate, and 3 for severe) based on 
patterns of cytoplasmic vacuolization, nuclear pyknosis, hype-
reosinophilia, loss of cell borders, and neutrophil infiltration.
[8] A semi-quantitative score from 0-3 (ranging from none to 
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severe) was assigned to hepatocytes degeneration, pyknotic 
nuclei, sinusoidal dilatation, mononuclear cell infiltration, vas-
cular congestion, and hemorrhage in the liver.[9]

Semi-quantitative damage scoring in the evaluation of lung 
tissue was performed as follows: Grade 0, normal morphol-
ogy; Grade 1, mild intra-alveolar edema and inflammatory cell 
infiltration; Grade 2, moderate alveolar edema and inflamma-
tory cell infiltration; Grade 3, inflammatory cell infiltration 
with severe alveolar edema and focal hemorrhage; Grade 4, 
diffuse inflammatory cell infiltration and deterioration in the 
alveolar structure.[10]

In the evaluation of kidney tissue, degeneration of tubular 
cells (tubular dilatation, shedding, and vacuolization of tubu-
lar epithelial cells) and intertubular vascular congestion were 
scored semi-quantitatively as Grade 0, none; Grade 1, mild; 
Grade 2, moderate; and Grade 3, severe.[11]

Myocardial cell degeneration scoring in the evaluation of 
heart tissue was performed as Grade 0 (normal), no degen-
eration in myocytes; Grade 1 (mild), few degenerated myo-
cytes; Grade 2 (moderate), myocyte degeneration around 
50%; Grade 3 (severe), myocyte degeneration over 50%.[12]

Immunohistochemical Procedures

Terminal deoxynucleotidyl transferase (TdT) deoxyuridine 
triphosphate (dUTP) nick end labeling assay (TUNEL) stain-
ing was performed to evaluate apoptosis in organs (11 684 
817 910 Roche Diagnostic, Mannheim, Germany). TUNEL 
(+) cells with homogeneously stained brown nuclei without 
areas of necrosis were defined as apoptotic. In the evaluation, 
apoptotic and normal cells were recorded by counting 100 
cells in 5 different areas at ×400 magnification, and the Apop-
totic Index (AI) was calculated as follows: AI=TUNEL (+) cell 
number/total cell number × 100.

RESULTS
Histological and Immunohistochemical Evaluation of 
Liver Tissue

Pyknotic hepatocyte nuclei with eosinophilic cytoplasm, he-
patocyte degeneration, sinusoidal dilatation and congestion, 
centrilobular necrosis, hemorrhage, apoptosis, and reduced 
glycogen accumulation were observed in the liver of the IR 
group. In the IR+Q group, sinusoidal dilatation, hepatocytes 
with occasional eosinophilic cytoplasm and pyknotic nuclei, 
and a higher glycogen accumulation were detected compared 
to the IR group (Fig. 1).

While the damage score in the IR group was significantly 
higher than in the sham group (p<0.008), the damage score 
in the IR+Q group was significantly lower than that in the 
IR group (p=0.015). No statistically significant difference in 
semi-quantitative scoring was found between the groups 
(p>0.05) (Table 1).

Table 1.	 Liver scoring results and Apoptotic Index (AI) evaluation

	 Sham	 IR	 IR+Q	 P
	 mean±SD	 mean±SD	 mean±SD	

Liver Dam. Score	 0.5±0.84	 2.5±0.84ˣ	 0.67±1.21ˢ	 <0.013

Hep. Deg.	 0.33±0.51	 2.17±1.32	 0.67±1.21	 <0.055

Pic. Nuc.	 0.33±0.51	 2.17±1.32	 0.67±1.21	 <0.055

Sin. Dil.	 0.0±0.0	 0.83±0.75	 0.33±0.81	 <0.052

Mon. Cell Inf.	 0.0±0.0	 0.83±0.75	 0.33±0.81	 <0.052

Vas. Cong.	 0.0±0.0	 1.50±1.22	 1.50±1.22	 <0.052

Hemorrhage	 0.0±0.0	 0.33±0.81	 0.33±0.81	 <0.588

Apoptotic Index (%)	 26.33±0.51	 63.97±6.84*	 22.7±11.16˚	 p≤0.0001

Data were given as mean ± standard deviation. n=6 rats in each group. Liver Dam. Score: Liver Damage Score; Hep. Deg: Hepatocyte Degeneration; Pic. Nuc.: 
Pyknotic Nucleus; Sin. Dil.: Sinusoidal Dilation; Mon. Cell Inf: Mononuclear Cell Infiltration; Vas. Cong.: Vascular Congestion.ˣ: (p<0.008) Damage score in the 
IR group was found to be significantly higher than in the sham group. s : (p<0.015) In the IR+Q group, the damage score was significantly decreased compared to 
the IR group. *: (p≤0.0001) Apoptotic Index was found to be higher in the IR group than in the sham group. ˚: (p≤0.0001) The Apoptotic Index was decreased 
in the IR+Q group compared to the IR group. No significant differences were found in the comparison of other parameters among the groups.

Figure 1. Liver (Line a: Sham group, Line b: IR group, Line c: IR+Q 
group); Column 1: H&E, Column 2: Masson trichrome, Column 3: 
PAS, Column 4: TUNEL staining (X400)



Arı et al., Effects of quercetin in liver and distant organ injury

Ulus Travma Acil Cerrahi Derg, September 2025, Vol. 31, No. 9826

In the liver, the AI% obtained through the TUNEL method 
was markedly increased in the IR group compared to the 
sham group (p≤0.0001), but was substantially diminished in 
the IR+Q group relative to the IR group (p≤0.0001) (Table 1).

Histological and Immunohistochemical Evaluation of 
Lung Tissue

While an increase in alveolar epithelial thickness, vascular 
congestion, interalveolar hemorrhage, intra-alveolar edema, 
neutrophil infiltration were observed in the lung in the IR 
group, in the IR+Q group, there was a slight decrease in the 
thickening of the alveolar epithelium and interalveolar hem-
orrhage compared to the IR group. In addition, when the lung 
was evaluated with PAS staining, an increase in mucin secre-
tion and goblet cells in the bronchial wall was observed in the 
IR and IR+Q groups (Fig. 2).

When the groups were evaluated in terms of lung damage 
score, no significant difference was found between the groups 
(p<0.152) (Table 2).

The apoptotic index in the IR group was significantly higher 
than that in the sham group (p≤0.0001), but it was significantly 
lower in the IR+Q group relative to the IR group (p≤0.0001).

Histological and Immunohistochemical Evaluation of 
Kidney Tissue

In the cortex of the kidney's IR group, detached and vacu-
olized tubular epithelial cells, dilated tubules, congested in-
tertubular vessels, and increased intertubular collagen were 
detected, while the renal medulla showed cast structures and 
necrotic tubular epithelial cells within the lumen. In the IR+Q 
group, both cortical intertubular congestion with epithe-
lial shedding and medullary shedding and necrosis with cast 
structures were observed. In Figure 3, interruptions in the 
brush border epithelium and basal membrane structures of 
the kidney were minimally observed in the sham group, infre-
quently in the IR+Q group, and significantly in the IR group 
upon PAS staining evaluation.

Tubular cell degeneration was significantly higher in the IR 
group than in the sham group (p<0.004) (Table 3). Again, in-
tertubular vascular congestion was significantly higher in the 
IR group than in the sham group (p<0.015) (Table 3).

In the evaluation of the apoptotic kidney index, the apop-
totic index in the IR group was significantly higher than in the 
sham and IR+Q groups (p≤0.0001, p≤0.0001, respectively); 
the apoptotic index in the IR+Q group was higher than in the 
sham group (p<0.001) (Table 3).

Figure 2. Lung (Line a: Sham group, Line b: IR group, Line c: IR+Q 
group); Column 1: H&E, Column 2: Masson trichrome, Column 3: 
PAS, Column 4: TUNEL staining (X400).

Table 2.	 Lung damage score and Apoptotic Index (AI) evaluation

	 Sham	 IR	 IR+Q	 P
	 mean±SD	 mean±SD	 mean±SD	

Lung Damage	 1.17±0.41	 2.17±1.17	 1.50±0.55	 p<0.152

Apoptotic Index (%)	 25.12±7.84	 59.21±9.46ˣ	 35.22±5.8ˢ	 p≤0.0001

Data were given as mean ± standard deviation. n=6 rats in each group. ˣ: (p≤0.0001) The apoptotic index was found to be higher in the IR group than in the 
sham group. ˢ: (p≤0.0001) The apoptotic index was decreased in the IR+Q group compared to the IR group.

Table 3.	 Kidney damage score and Apoptotic Index (AI) evaluation

	 Sham	 IR	 IR+Q	 P
	 mean±SD	 mean±SD	 mean±SD	

Tub. Cell Deg.	 0.50±0.55	 2.17±0.75ˣ	 1.00±0.90	 p<0.014

Vas. Cong.	 0.33±0.52	 1.50±0.55°	 0.50±0.55	 p<0.014

Apoptotic Index (%)	 17.25±20.89	 76.6±10.15*	 45.08±12.76∞	 p≤0.0001

Data were given as mean ± standard deviation. n=6 rats in each group. Tub. Cell Deg.: Tubular Cell Degeneration; Vas. Cong.: Vascular Congestion. x : (p<0.004) 
Tubular cell degeneration was significantly higher in the IR group than in the sham group. °: (p<0.015) Intertubular vascular congestion was significantly higher in 
the IR group than in the sham group. *: (p≤0.0001) Apoptotic index was found to be significantly higher in the IR group than in the sham group. ∞: (p≤0.0001) 
The apoptotic index was significantly lower in the IR+Q group than in the IR group.



Arı et al., Effects of quercetin in liver and distant organ injury

Ulus Travma Acil Cerrahi Derg, September 2025, Vol. 31, No. 9 827

Histological and Immunohistochemical Evaluation of 
Heart Tissue

In the heart tissue of the IR group, degeneration and loss of 
striation in cardiac muscle fibers, perinuclear edema between 
muscle fibers, and vascular hemorrhage were observed; in the 
IR+Q group, a decrease in edema between perinuclear and 
muscle fibers was observed locally. When the groups were 

examined with Masson’s trichrome staining, there was no dif-
ference between the groups in terms of collagen distribution. 
When the groups with PAS staining were evaluated, no dif-
ference was observed between the groups in the glycogen 
accumulation in the muscle fibers (Fig. 4).

When myocardial cell degeneration was evaluated, no sig-
nificant difference was found between the groups (p<0.090). 
In addition, myocardial fibrosis and vascular congestion were 
scored semi-quantitatively. There were no patients with myo-
cardial fibrosis. There were no significant differences between 
the groups in terms of vascular damage (Table 4).

The evaluation of the apoptotic index performed by the TU-
NEL technique in the heart showed that the apoptotic index 
was significantly higher in the IR group than in the sham and 
IR+Q groups (p≤0.0001, p≤0.0001, respectively) (Table 4).

DISCUSSION
Ischemia–reperfusion damage is the name given to the dam-
age caused by the ischemic and inflammatory response that 
develops in the tissue after the blood flow is interrupted and 
restored. It is a common complication of the liver follow-
ing prolonged liver surgery such as transplantation or tumor 
resection, after trauma, or in situations of shock.[1] Using an 
experimental liver IR model, we evaluated IRD in our study.

The complex, multifactorial pathophysiological process gives 
rise to IRD. Local tissue acidosis and ischemia triggering in-
flammatory response mediators and leukocyte migration in 
the blood lead to systemic damage and dysfunction. Acidosis 
and local ischemia developing in the tissue that cannot meet 
oxygen and nutrient needs cause systemic inflammatory re-
sponse syndrome, which results in distant tissue damage and 
dysfunction through inflammatory mediators and leukocytes 
that mix with the blood.[4]

In the creation of the IRD model in the liver, clamping du-
rations have varied. In our study, we imposed ischemia for 
an hour followed by reperfusion for four hours. A previous 
study investigated the impact of quercetin on the liver under 
experimentally induced IRD (45 minutes ischemia, 1 hour re-
perfusion).[13] Jaeschke distinguished between the acute (first 

Figure 3. Kidney (Line a: Sham group, Line b: IR group, Line c: 
IR+Q group); Column 1: H&E, Column 2: H&E (renal medulla), 
Column 3: Masson trichrome, Column 4: PAS, Column 5: TUNEL 
staining (X400).

Figure 4. Heart (Line a: Sham group, Line b: IR group, Line c: IR+Q 
group); Column 1: H&E, Column 2: Masson trichrome, Column 3: 
PAS, Column 4: TUNEL staining (X400).

Table 4.	 Myocardial cell degeneration, heart vascular congestion score results, and Apoptotic Index (AI) evaluation

	 Sham	 IR	 IR+Q	 P
	 mean±SD	 mean±SD	 mean±SD	

Myo. Cell Deg.	 1.17±0.98	 2.33±0.82	 1.67±0.52	 p<0.090

Vas. Cong.	 1.33±0.82	 2.17±0.75	 1.83±0.41	 p<0.166

Apoptotic Index (%)	 29.33±6.45	 61.39±16.9ˣ	 37.09±7.41ˢ	 p≤0.0001

Data were given as mean ± standard deviation. n=6 rats in each group. Myo. Cell Deg.: Myocardial Cell Degeneration; Vas. Cong.: Vascular Congestion. ˣ: 
(p≤0.0001) The Apoptotic Index was found to be significantly higher in the IR group than in the sham group. s : (p≤0.0001) The Apoptotic Index was significantly 
lower in the IR+Q group than in the IR group.
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6 hours) and late/subacute (later 6 hours) phases of liver IRD. 
The acute phase is the period of increased ROS production, 
activation of Kupffer cells, and increased proinflammatory 
cytokines; the subacute phase is characterized by intense in-
flammatory cytokine and neutrophil infiltration.[14] The acute 
phase after IRD was evaluated in our study. 

The researchers Taghizadieh et al.[15] observed a marked re-
duction in the hepatic antioxidants, including glutathione per-
oxidase (GPX) and superoxide dismutase (SOD), during the 
IRD process. These changes result in oxidative stress and cell 
damage.[1] Numerous studies have investigated the cellular 
impacts of excessive ROS activity in IRD, as well as the use of 
antioxidants to counteract these effects. The positive effects 
of several antioxidant agents like melatonin,[15-16] carnosine,[16] 
quercetin, and desferrioxamine[13] have been shown to im-
prove IRD in previous research.

Quercetin is a potent antioxidant and anti-inflammatory fla-
vonoid. Previous research reveals its ability to quench oxi-
dative stress and inflammation through various mechanisms, 
including inhibiting lipid peroxide radical formation, binding 
metal ions, scavenging radicals, affecting inducible nitric oxide 
synthase activity, suppressing xanthine oxidase, reducing leu-
kocyte immobilization, and inhibiting tumor necrosis factor-
alpha (TNF-α).[6,13] 

In Baykara's research, matching our IR durations, the IR 
group exhibited damaged hepatocyte cell cords, numerous 
and scattered hepatocyte necrosis, neutrophil infiltration 
within parenchymal regions, and sinusoidal enlargement and 
congestion, similar to our findings.[16] According to Tokyol 
et al.'s study,[13] histopathological findings and liver damage 
scores following a 45-minute ischemia and 1-hour reperfusion 
period were consistent with our results. In Baykara’s study, 
whose IR durations were the same as in our research, in the 
IR group, the integrity of hepatocyte cell cords was impaired, 
multiple and diffuse hepatocyte necrosis areas, neutrophil in-
filtration in parenchymal areas, enlargement and congestion 
in sinusoids were observed in the IR group, compatible with 
the findings of our study.[16] The difference in general damage 
between the groups was statistically significant, whereas the 
differences in individual parameters were not. The insufficient 
number of rats might account for this outcome.

In the IRD of one organ, damage to distant organs may occur 
in addition. Systemic inflammation occurs due to oxidative 
mediators released during IRD and subsequent leukocyte ad-
hesion through these mediators.[3] In our study, lung, kidney, 
and heart tissues were used to evaluate distant organ dam-
age.

As it is the initial capillary bed the blood encounters following 
hepatic circulation, the liver experiences the greatest impact 
from the inflammatory mediators generated during IRD.[17] 
Major liver surgeries can result in both acute lung damage and 
acute respiratory failure syndrome, which are significant com-
plications in IRD patients.[18] The IR+Q group showed de-

creased thickening of alveolar epithelium, vascular congestion, 
interalveolar hemorrhage, intra-alveolar edema, neutrophil 
infiltration, and increase in apoptosis, as well as decreased AI, 
compared to the IR group, but no significant difference was 
noted in damage scoring between the two groups. Although 
Oğuz et al.'s study[19] revealed histopathological changes due 
to liver IRD-induced lung tissue damage, they found that sul-
foraphane—an antioxidant and anti-inflammatory agent like 
quercetin—failed to mitigate this damage. Ninety minutes of 
ischemia and 18 hours of reperfusion increased high-mobility 
group box 1 (HMGB1) protein levels linked to inflamma-
tion in rat lungs.[18] Eight hours of liver reperfusion follow-
ing 75 minutes of ischemia resulted in increased apoptosis 
and stress response enzymes in type II alveolar cells, inflam-
matory cytokines in plasma, and greater neutrophil ratio in 
bronchoalveolar lavage.[17] Similarly, we think the increase in 
mucin secretion and goblet cells in the bronchi in our study's 
IR and IR+Q groups is related to airway inflammation.

An organ most frequently affected by IRD in the liver is the 
kidney. The reported incidence of acute kidney damage after 
liver operations is between 40% and 85%.[20] When the kidney 
tissue after IRD was examined in our study, cellular degen-
eration and necrosis findings were observed in both cortex 
and medulla regions in the IR group. Again, in damage scor-
ing, tubular cell degeneration and vascular congestion scores 
were higher in the IR group. However, although quercetin 
partially reduced histopathological deterioration, it was not 
effective in improving damage scoring. AI that increased in the 
IR group was found to be slightly lower in the IR+Q group. 
Miranda et al.[21] reported increased malondialdehyde (MDA) 
and myeloperoxidase (MPO) levels in the kidneys after liver 
IRD in rats. This study showed that the event is related to 
oxidative stress. In a study in which apoptosis and related Fas 
gene expression were measured in kidney tissue after liver 
transplantation, it has been shown that both events began 
1 hour after transplantation and increased up to 12 hours.
[22] In our study, sufficient IRD time was applied to apopto-
sis formation in accordance with these data. In a study by 
Takhtfooladi et al.,[23] in which ischemia for 30 minutes and 
reperfusion for 24 hours was applied in the liver, kidney dam-
age was evaluated and, unlike our study, diffuse necrosis and 
glomerular fibrosis findings were observed. This difference 
may be because the study included the subacute period in 
terms of reperfusion.

In the IR+Q group, histopathological degeneration findings 
noted in the IR group, including nuclear pyknosis, perinuclear 
and interstitial edema, vascular hemorrhage, and conges-
tion, were partially alleviated but without statistical signifi-
cance. No evidence of myocardial cell degeneration, vascular 
damage, or myocardial fibrosis was found. A study with 150 
minutes of ischemia and 12 hours of reperfusion yielded a 
high damage score due to myocardial necrosis and edema.
[24] The difference is attributed to varying durations. In the 
IR+Q group, the heart tissue exhibited a decrease in AI levels 
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compared to the IR group. Applying IRD to heart tissue, as 
in our study, resulted in apoptosis, yet quercetin diminished 
this effect.[25]

We did not find any significant difference between the groups, 
except for a slight increase in intertubular collagen in the IR 
group, in the connective tissue of the sections of each of the 
four organs we stained with Masson Trichrome. This result 
may be due to the fact that our experimental period was not 
sufficient for collagen increase. We think that more precise 
results can be obtained by including the 6-24 hour subacute 
period of IRD in the experiment.

CONCLUSION

In the light of the findings, it was shown that the experimen-
tally created IR model in the liver causes histopathological 
damage to the liver and distant organs, and quercetin has 
positive effects on this damage. For these results to be clini-
cally applicable, there is a need for experimental and clinical 
studies to be carried out at different IRD times, at different 
doses of quercetin, supported by further investigations.
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Sıçanlarda deneysel karaciğer iskemi-reperfüzyon modelinde karaciğer ve uzak organ 
hasarının değerlendirilmesi ve bu hasara quercetin'in etkileri
AMAÇ: Bu çalışma, sıçanlarda karaciğer iskemi-reperfüzyon modelinde karaciğer, akciğer, böbrek ve kalpte meydana gelen değişiklikleri ve 
quercetin'in bu değişiklikler üzerindeki etkisini histopatolojik ve immünohistokimyasal olarak göstermeyi amaçlamaktadır.
GEREÇ VE YÖNTEM: On sekiz Sprague Dawley sıçan 3 gruba ayrıldı: Grup 1 sham, Grup 2 iskemi-reperfüzyon, Grup 3 iskemi-reperfüzyon + 
quercetin. 3 gün boyunca Grup 1'e distile su, Grup 3'e ise quercetin gavaj yoluyla verildi. 3. günün sonunda Grup 1'e abdominal açma-kapama, Grup 
2 ve 3'e ise hepatoduodenal ligament klemplenerek 1 saatlik iskeminin ardından 4 saatlik reperfüzyon uygulandı ve tüm sıçanlar sakrifiye edildi. 
Karaciğer, akciğer, böbrek ve kalp doku örnekleri hematoksilen eozin (HE), Masson Trikrom, Periyodik Asit-Schiff (PAS) ve apoptozu değerlendir-
mek için TUNEL (Terminal deoksinükleotidil transferaz (TdT) deoksiüridin trifosfat nick end labeling assay) ile boyandı ve ışık mikroskobu altında 
histopatolojik ve immünohistokimyasal olarak incelendi.
BULGULAR: Karaciğerde hasar skoru; IR grubunda sham grubuna göre anlamlı derecede yüksek iken, IR+Q grubunda IR grubuna göre anlamlı 
derecede düşüktü. Yarı kantitatif  skorlama parametrelerinde gruplar arasında anlamlı bir fark bulunmazken, apoptotik indeks İR grubunda sham 
grubuna göre anlamlı derecede yüksek, İR+Q grubunda ise İR grubuna göre anlamlı derecede düşüktü. Akciğerde, akciğer hasarı skorlarında gruplar 
arasında anlamlı bir fark gözlenmedi. Apoptotik indeks IR grubunda sham grubuna göre anlamlı derecede yüksekken, IR+Q grubunda IR grubuna 
göre anlamlı derecede düşüktü. Böbreklerde, tübüler hücre dejenerasyonu ve intertübüler vasküler konjesyon IR grubunda sham grubuna göre an-
lamlı derecede yüksekti. Apoptotik indeks IR grubunda sham ve IR+Q gruplarına göre daha yüksek iken, IR+Q grubunda sham grubuna göre daha 
yüksekti. Kalpte, miyokardiyal hücre dejenerasyonu ve vasküler hasar açısından gruplar arasında fark yoktu. Apoptotik indeks IR grubunda sham ve 
IR+Q gruplarına göre anlamlı olarak daha yüksekti.
SONUÇ: Sonuçlarımız, deneysel olarak oluşturulan IR modelinde karaciğer, akciğer, böbrek ve kalpte histopatolojik hasar oluştuğunu ve quercetin 
uygulamasının bu organlarda IR ile ilişkili hasarı ve apoptozisi azalttığını göstermektedir.

Anahtar sözcükler: İskemi-reperfüzyon hasarı; karaciğer; quercetin; uzak organ hasarı.
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