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Amacg

iskemi reperfiizyon (IR) hasari, belirli bir organa kan
akisinin ani ve gecici olarak bozulmasindan kaynak-
lanir. Renal IR kaynakl bobrek hasari, yiksek duzey-
de kalici hasar ve mortaliteye neden olur. Diyet ile
alinan omega-3 yag asitleri, antiinflamatuar ve immiin
moditile edici etkilere sahiptir ve koruyucu olarak kul-
laniimaktadir. Calismada; iskemi reperfiizyon hasa-
rinda omega-3 yag asidinin farkli dozlarinin koruyucu
etkileri biyokimyasal ve histolojik analizler ile incelen-
migtir.

Gerecg ve Yontem

40 adet eriskin disi sican DUz kontrol, sham kontrol,
IR, IR+100, IR+400, IR+700 olmak tzere 5 gruba ay-
rildi (n:8). Sham grubunda sag bodbrek nefrektomi ile
alindi, sol bobrege islem uygulanmadi. I/R hasarina
maruz kalan sag bobrek nefrektomi ile alindi, sol bob-
reklere ise klemp takildi. Tedavi gruplarina cerrahi gi-
risimden dnceki 14 giin ve operasyon gununiin saba-
hinda toplam 15 sefer 100 mg/kg, 400 mg/kg ve 700
mg/kg’lik omega-3 yag asitleri gastrik gavaj ile verildi.

Bulgular
Elde edilen verilere gore; artan dozlardaki omega-3

ile histopatolojik inceleme sonuglari korale sekilde iyi-
lesme tespit edildi. Histopatolojik sonuclar, biyokimya-
sal sonuglar ile desteklendi. Malondaildehit (MDA) ve
myeloperoksidaz (MPO) dizeylerinde tedavi uygula-
nan gruplarda anlamli dizeyde azalma saptanirken,
katalaz (CAT) ve glutatyon peroksidaz (GSH-Px) du-
zeylerinde artis saptandi.

Sonug

Sonug olarak; elde edilen bulgulara gore, bdbrekte
iskemi ve reperflizyon hasari olusturma ihtimali olan
vakalarda 6nceden omega-3 yag asidi verilmesinin bu
dokuda koruyucu etki saglayabilecegdi sonucuna ula-
siimustir.

Anahtar Kelimeler: Bébrek, inflamasyon, iskemi-Re-
perflizyon Hasari, Oksidatif stres, Omega 3 yag asit-
leri.

Abstract

Objective

Ischemia reperfusion (IR) injury is caused by a sudden
and temporary impairment of blood flow to a particular
organ or tissue. Renal IR-induced kidney damage ca-
uses high levels of permanent damage and mortality.
Dietary omega-3 fatty acids have anti-inflammatory
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and immune-modulating effects and are used as pro-
tective agents.

Materials and Methods

In the study; Protective effects of different doses of
omega-3 fatty acid in ischemia reperfusion injury were
investigated by biochemical and histological analy-
zes. 40 adult female rats were divided into 5 groups
as sham control, IR, IR+100, IR+400, IR+700 (n:8).
The right kidney was removed by nephrectomy in the
sham control group, and the left kidney was not tre-
ated. For IR injury; the right kidney was removed by
nephrectomy, and the left kidney was clamped. Ome-
ga-3 fatty acids of 100 mg/kg, 400 mg/kg and 700 mg/
kg were administered by gastric gavage to the treat-
ment groups for 14 days before the surgery and for
15. gastric gavage was administrated in the morning
of the operation.

Introduction

IR injury can be defined by restriction of blood flow
to an organ followed by restoration of blood flow and
re-oxygenation. In particular, IR damage may occur
in the processes after infarction, sepsis, and organ
transplantation (1). IR; it is a process that leads to the
depletion of cellular energy, the accumulation of sodi-
um, calcium and reactive oxygen radicals in the cell,
and the activation of numerous enzyme systems, in-
cluding proteases, nitric oxide synthases, phospholi-
pases, and endonucleases. It also exacerbates tissue
damage by initiating an inflammatory cascade involv-
ing leukocyte activation. This process widely results in
cell damage and cell death (2).

Kidneys; regulating the volume and content of body
fluids, adjusting blood pressure, fluid-electrolyte bal-
ance and acid-base balance; purifying the blood from
cellular waste products such as urea uric acid; it has
different functions such as endocrine function. The
amount of blood passing through to both kidneys is
21% of the cardiac output (3).

IR damage in the kidney causes rapid kidney dys-
function and acute kidney damage, a clinical syn-
drome with high mortality rates. Ischemia in the kid-
neys is often used in major urological surgeries such
as transplantation, partial nephrectomy, anatrophic
nephrolithotomy, cardiopulmonary surgery. It is seen
in cardiac surgeries such as bypass, intensive care
patients, post-traumatic hypovolemia, severe hypo-
tension, and burn patients (4). The pathophysiology
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Results

According these data; with application of omega-3,
histopathological examination results were correla-
ted. It is found that, histopathological results were
supported by biochemical results. There was a signifi-
cant decrease in malondialdehyde (MDA) and myelo-
peroxidase (MPO) levels in the treated groups, while
catalase (CAT) and glutathione peroxidase (GSH-Px)
levels were detected to be increased.

Conclusion

It was concluded that administration of omega-3 fatty
acids beforehand in cases that may cause ischemia
and reperfusion damage in the kidney can provide a
protective effect on this tissue.

Keywords: Inflammation, Ischemia-Reperfusion In-
jury, Kidney, Omega 3 fatty acids, Oxidative stress.

of IR injury in the kidney acts in a very complex way.
Studies have shown that there are some pathological
pathways, such as activation of neutrophils, release
of reactive oxygen species, and other inflammatory
mediators including adhesion molecules and various
cytokines (5). If the blood supply stops in a tissue and
a certain time is exceeded, irreversible tissue dam-
age will occur. In experimental studies, it has been
determined that this critical time period is around 30
minutes for the kidney (6).

Fatty acids containing double bonds in the hydrocar-
bon chain are called unsaturated fatty acids, a fatty
acid containing 2 double bonds is called a polyunsatu-
rated fatty acid (PUFA). Although omega-3 fatty acids,
which are included in the PUFA group, are divided into
various groups, various studies have been carried out
on the types that are consumed by adding to the diet.
Very long-chain omega-3 fatty acids, eicosapentae-
noic acid (EPA) and docosahexaenoic acid (DHA)
affect the physical structure of cell membranes and
membrane protein-mediated responses, lipid media-
tor production, cell signaling, and gene expression in
many different cell types (7).

Results from experimental and clinical studies pro-
vided evidence that omega-3 fatty acids are anti-in-
flammatory and immunomodulatory, making them
potential therapeutic agents for inflammatory and au-
toimmune diseases (8). Omega-3 fatty acids have a
wide range of biological effects leading to improve-
ments in blood pressure and cardiac function, arterial
compliance, endothelial function and vascular reactiv-
ity, lipid and lipoprotein metabolism, decreased neu-



trophil and monocyte cytokine formation, and potent
antiplatelet and anti-inflammatory effects (9).

The aim of this study is to investigate the efficacy of
omega-3 fatty acids at different doses in experimen-
tal renal ischemia reperfusion injury, which has been
shown to be effective as a result of various experi-
mental studies. For this purpose, the efficacy of ome-
ga-3 applied to the ischemia and subsequent reperfu-
sion created by surgical methods for 14 days before
the procedure was determined by biochemical and
histopathological methods.

Materials And Methods

Experimental Animal Material

This experimental study was started with the approv-
al of ADU HADYEK, numbered 64583101/2015/083.
All animal experiments were carried out under opti-
mized laboratory conditions using a total of 40 female
Wistar-albino rats weighing between 250-300 g in the
ADU Experimental Animals unit. Analyzes of the ex-
periment were carried out in ADU Central Research
Laboratory and Faculty of Medicine Histology-Embry-
ology and Physiology Department Laboratory.

Experimental Groups and Application Protocol
Sham group: These animals were surgically inter-
vened, the right kidney was removed by nephrectomy,
and the left kidney was not exposed to IR damage
with a clamp.

IR group: The animals in this group underwent surgery,
the right kidney was removed by nephrectomy, and the
left kidney was exposed to IR damage with a clamp.

IR+100 group: The doses of 100 mg/kg omega 3 fat-
ty acids were administered by gastric gavage for 14
days before surgery and for 15. administration in the
morning of the operation. On the day of operation, the
right kidney was removed by nephrectomy, and the
left kidney was exposed to IR damage with a clamp.

IR+400 group: The doses of 400 mg/kg omega 3 fat-
ty acids were administered by gastric gavage for 14
days before the surgery and for 15. administration in
the morning of the operation. On the day of opera-
tion, the right kidney was removed by nephrectomy,
and the left kidney was exposed to IR damage with
a clamp.

IR+700 group: The doses of 700 mg/kg omega 3 fat-
ty acids were administered by gastric gavage for 14
days before the surgery and for 15. administration in
the morning of the operation. On the day of opera-
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tion, the right kidney was removed by nephrectomy,
and the left kidney was exposed to IR damage with
a clamp.

IR injury procedure was applied to all groups except
the negative control and sham control group. Anes-
thesia dose was prepared as ketamine (90 mg/kg)
- xylazine (10 mg/kg). After the nephrectomy of the
right kidney, the ischemia time of the remaining left
renal artery was applied as 45 minutes. At the end of
45 minutes, the clamp was removed and a 60-min-
ute reperfusion period was applied. At the end of the
reperfusion period, the IR injured kidney was removed
and the rats were sacrificed.

Biochemical Analysis

Kidney tissues weighed for biochemical analysis
were homogenized with a tissue homogenizer (Ultra
Turrax, IKA-WERKE, Germany). Malondialdehyde
(MDA), myeloperoxidase (MPO), glutathione peroxi-
dase (GPH-Px) catalase (CAT) levels were measured
in kidney tissue. Measurements were made with ELI-
SA Reader (BIO-TEK ELX800, U.S.A.) following the
kit procedures.

Histopathological Analysis

Cortical degeneration, glomerular shrinkage-growth,
tubular damage, medulla degeneration and conges-
tion in the kidney tissues were evaluated. The histo-
logical scoring performed was as follows: 0: no dam-
age, 1: mild, 2: moderate, and 3: extensive damage.
For histopathological evaluation, hematoxylin and eo-
sin (HE) staining was performed and examined under
a light microscope.

Statistical analysis

Results were given as mean * standard deviation
according to the data. Analyzes were done with
GraphPad 7 statistical program (GraphPad Software,
Inc., CA, USA). Mann-Whitney U test and One Way
ANOVA tests were used for statistical evaluation and
p<0.05 was considered statistically significant.

Results

The results obtained were examined in two sections:
Histopathological and Biochemical results.

Histopathological Results

The results of histological analysis are shown in Table
1. According to these results, while the histopatholog-
ical scores were highest in the untreated IR group,
scores were found close to the sham group with treat-
ment. No significant difference was found between
the doses of omega-3 therapy.
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As a result of HE staining and examination under light
microscope, the following results were found about
the groups: In the sham group; mild cortical-medullar
congestion and mild glomerular size were observed
(Figure 1). In the IR group; mild cortical degeneration,
glomerular shrinkage, hemorrhage, tubular and med-
ullary degeneration were detected (Figure 2). In the
IR+100 group; mild cortical and tubular degeneration
was determined (Figure 3). In the IR+400 group; mild
cortical and tubular degeneration and mild glomerular
shrinkage were observed (Figure 4). In the IR+700
group; mild cortical and tubular degeneration, mild
glomerular shrinkage and mild cortical-medullary con-
gestion were observed (Figure 5).

Biochemical Results

The lowest kidney tissue GSH levels were observed
in the IR group (Figure 6). The GSH value of the sham
group was statistically significantly lower than in the
IR group (p<0.005). There was no significant differ-
ence in GSH levels between the IR-IR+100, IR+100-
IR+400 and IR+400-IR+700 groups. It was observed
that the GSH level of the IR400 group was significant-
ly lower than the IR group (p<0.05). The tissue GSH
level of the IR700 group was found to be significantly
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lower than the IR and IR+100 groups (p<0.05).

The highest kidney tissue MPO levels were observed
in the IR group (Figure 7). The MPO value of the sham
group was statistically significantly lower than in the
IR group (p<0.005). The MPO value of the IR+100,
IR+400 and IR+700 groups was statistically signifi-
cantly lower than the IR group. (p<0.05). There was
no statistically significant difference in MPO levels be-
tween the other groups (p>0.05).

The highest kidney tissue MDA levels were observed
in the IR group (Figure 8). The MDA value of the sham
group was statistically significantly lower than in the
IR group (p <0.01). The MDA values of the IR+100,
IR+400 and IR+700 groups were statistically signifi-
cantly lower than the IR group. (p<0.05). There was
no significant difference in MDA levels between the
treatment groups (p>0.05).

There was no significant difference between the
groups in terms of CAT levels (p>0.05) (Figure 9).

All biochemical results are given in Table 2 in a com-
parative manner.

Figure 1
Histological View of the Sham Group (Arrow: Congestion;
Star: Slight glomerular enlargement). HE dying.

Figure 2
Histological View of the IR Group (Arrow: Degeneration;
Star: Glomerular shrinkage, Circle: Hemorrhage). HE dying.

Figure 3
Histological View of the IR+100 Group (Arrow: Cortical de-
generation; Star: Tubular degeneration). HE dying.
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Figure 4
Histological View of the IR+400 Group (Arrow: Cortical and
tubular degeneration; Star: Mild glomerular shrinkage). HE

dying.
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Histological View of the IR+700 Group (Arrow: Cortical and
tubular degeneration; Star: Mild glomerular shrinkage; Cir-
cle: Cortical-medullar congestion). HE dying.
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Figure 9
Tissue CAT Levels of Experimental Groups

Table 1 Histopathological scoring results

. Cortical Glomerular Tubular Medullary
Congestion - . . ;
degeneration degeneration degeneration degeneration
Sham 1 0 0 0 0
IR 2 2 1 2 0
IR+100 1 1 0 1 0
IR+400 0 1 0 1 0
IR+700 0 1 0 1 0
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Table 2 Tissue GSH, MPO, MDA, CAT Levels of Study Groups

Groups (n:8) GSH (hmol/mg) MPO (U/g) MDA (nmol/img) CAT (mUIml)

SHAM 15.47+0.465 8.186+0.413 11.50+0.413 2.978+0.235

IR 8.871+0.328 11.59+0.625 13.42+0.453 3.454+0.282

IR+100 8.948+0.334 9.793+0.315 11.97+0.340 2.60040.303

IR+400 10.04+0.391 9.961+0.388 11.75+0.487 2.859+0.334

IR+700 10.32+0.458 10.04+0.310 12.01+0.460 2.841+0.249
Discussion was applied, followed by a 45-minute ischemia peri-

In kidney transplants, the blood flow to the kidney is
interrupted until the kidney is removed from the donor
and the arterial connection is established in the recip-
ient. Apart from renal transplantation, ischemic renal
failure develops in many conditions with a decrease
in renal blood flow that may occur in the kidneys due
to various reasons (9). In the experimental IR damage
model simulated in our study, one of the pioneering
interventions that can be taken against real life prob-
lems was investigated.

Different animal models have been developed for the
experimental induction of renal ischemia reperfusion
injury. It was found that the most common method
among these models is clamping the renal arteries
and veins together. Ischemia damage created in this
way is in parallel with clinical findings (10). In our
study, after a single kidney was surgically removed,
the renal artery and vein in the remaining kidney were
clamped. The results obtained support the results
of experimental ischemia reperfusion injury in the
literature.

It has been stated that the duration of renal ischemia
is as important as the ischemia reperfusion method.
Ischemia period in the kidney is generally limited to 30
to 60 minutes (11,12). Williams et al. (13) investigated
the effects of renal IR injury on blood and tissue sam-
ples at 0, 0.5, 1, 2, 4, 6, 9 and 24 hours and 1 week
after reperfusion following 45 minutes of ischemia. In
this study, it was stated that the effects of reperfusion
were detected at the 1st hour. In our study, in accor-
dance with the literature, a 60-minute reperfusion time
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od. Both biochemical and histopathological results
clearly showed that IR damage occurred.

It has been determined that oxidative damage is the
main effect of IR damage. In studies aimed at treating
the damage caused by oxidative stress, sweeping the
ROS formed with the help of a powerful antioxidant
is one of the main goals, and it also contributes to
the acceleration of the treatment process (14). In our
study, omega-3 was used as a precursor against IR
damage. It was thought that the oxidant scavenger,
possessed by omega-3 fatty acids, was responsible
for the detected improvement.

Omega-3 fatty acids play an important role in main-
taining cellular functions appropriately. In experimen-
tal studies, it has been shown that omega-3 fatty ac-
ids have a protective effect against oxidative damage
(15,16). The different doses of omega-3 IR group
used in our study were effective in approaching the
results in the sham group. These results were shown
biochemically and histopathologically.

Grande et al. (17) showed that DHA has antiprolifer-
ative effects on renal mesenchyme in mesengial pro-
liferative glomerulonephritis model in their studies. In
our study, protective effects of omega-3 fatty acids on
experimental damage were shown.

After oxidation, MDA as the final product as a result of
peroxidation occurring especially in the lipids of cel-
lular membranes, and different methods are used as
an indicator of lipid peroxidation in the tissue. In many
studies, MDA levels have been evaluated as an indi-



cator of oxidative damage (18-20). In our study, MDA
values, one of the indicators of lipid peroxidation, were
examined in kidney tissue. The significant increase in
this parameter especially in the ischemia-reperfusion
group is in line with the increased MDA values ob-
tained in previous studies.

Measurement of SOD, CAT and GSH-Px enzyme
activities has been used as an antioxidant marker in
various experimental studies (21-23). In our study,
glutathione levels were determined in the studied kid-
ney tissue as an indicator of the antioxidant system.
It is thought that increased GSH levels in the tissue
due to ischemia-reperfusion result from the increase
in the antioxidant system activity of the related tissue
against oxidative damage. In addition, when MPO is
high in the IR group that supports MDA levels and the
CAT levels are low, it can be said that the oxidant-an-
tioxidant balance is disrupted by IR and the balance is
achieved with omega-3 application.

Conclusion

The results showed that IR injury caused a serious
damage to the kidney tissue, especially with oxida-
tive damage caused. It has been shown that omega-3
fatty acids, which are used as food supplements due
to their different effects, also have a protective effect
against renal IR injury. In order to benefit from this
protective effect of omega-3 fatty acids, it is thought
that the protective use of them in order to prevent pos-
sible renal IR injury will contribute to other pre-treat-
ment or post-treatment processes.
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