
15

Ukrainian Journal of Nephrology and Dialysis, 4 (72)’2021

Український журнал нефрології та діалізу №4 (72) 2021 Оригінальні наукові роботи

Original Papers

Abstract. Renal failure that develops acutely after the use of iodinated contrast material is 
called “contrast-induced nephropathy”. It is a complication with high morbidity and mortality 
risk. Current treatments are aimed at protecting kidney functions, new treatment methods are 
being researched. This study aims to demonstrate the therapeutic effects of omega-3 fatty acids 
on CIN, taking into account the possible clinical usage of iodinated contrast media and the 
benefits of omega-3 fatty acids.
Methods. A total of 30 rats were studied, divided into four groups. Only saline was administered 
by gavage to group 1, only IV urography to group 2, only 400 mg omega-3 to group 3, and 
urography and 400 mg omega-3 to group 4. At the end of the study, kidney tissue and serum 
oxidative and antioxidant markers, and creatinine levels were analyzed. 
Result. While the degrees of glutathione peroxidase, catalase and total antioxidant capacity 
in kidney tissue and serum tests of rats treated with omega-3 fatty acid increased statistically; 
total oxidant capacity and malondialdehyde levels were found to be significantly lower. 
Furthermore, blood urea nitrogen and creatinine levels were found to be significantly lower in 
the omega-3 treated group.  
Conclusion. Omega-3 fatty acids had therapeutic effects in the experimental CIN model. As 
a result, we believe omega-3 fatty acids can be used as an alternative to existing supportive 
medicines in this common disease with few therapy options.
Key Words: contrast-induced nephropathy, experimental animals, omega-3 fatty acid.
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Резюме. Контраст-індукована нефропатія (КІН) має високий ризик захворюваності та смертності. 
Метою цього дослідження було продемонструвати терапевтичний вплив омега-3 жирних кислот на КІН, беру-
чи до уваги переваги омега-3 жирних кислот.

Методи. До дослідження залучено 30 щурів, розділених на чотири групи. Групі 1 за допомогою зонда вво-
дили фізіологічний розчин, групі 2 довенно вводили  контрастну речовину, групі 3 – лише 400 мг омега-3, а групі 4 
– контрастну речовину та 400 мг омега-3. Наприкінці експериментального дослідження аналіщували тканину 
нирок та сироватку крові щодо концентрації оксидативних й антиоксидантних маркерів та рівня креатиніну.

Результати. У той час як показники глутатіонпероксидази, каталази та загальної антиоксидантної 
здатності в нирковій тканині та сироватки щурів, які отримували омега-3 жирні кислоти, зросли статис-
тично, загальна окислювальна здатність і рівні малонового діальдегіду значно знижувались. Крім того, було 
виявлено, що рівні азоту сечовини крові та креатиніну були значно нижчими в групі, яка отримувала омега-3.

Висновок. Омега-3 мала терапевтичний ефект у експериментальній моделі КІН. Ми вважаємо, що оме-
га-3 жирні кислоти можна використовувати як альтернативу існуючим підтримуючим засобам лікування.

Ключові слова: контраст-індукована нефропатія, експериментальні тварини, омега-3 жирна кислота.

Introduction. In clinical radiology, “iodinated 
contrast agent” is used in diagnostic and therapeutic 
applications. Contrast-induced nephropathy (CIN) is 
a type of acute renal failure caused by the use of iodin-
ated contrast agents. It is a significant complication that 
has a significantly high risk of morbidity and mortality. 
CIN is defined as a 25% or 0.5 mg/dl increase in serum 
basal creatinine level, detected 48 hours following ra-
diocontrast agent exposure [1, 2].

CIN is the third most prevalent cause of hospital-
acquired acute renal failure [1]. In addition, the inci-
dence of CIN due to coronary invasive interventions 
varies between 2-4.47% in the general population, while 
this rate increases up to 40% in patients with chronic 
kidney diseases and using diuretics [3]. Therefore, al-
though the use of “iodinated contrast material” has a 
low effect on kidney functions in the general popula-
tion, its negative effect may be much higher in some pa-
tient groups [4]. In addition, it causes prolongation of 
the hospitalization period and an increase in morbidity 
and mortality rates [3]. 

The pathophysiology of the development of ne-

phropathy associated with contrast agent use is complex 
and one of the important mechanisms involved in the 
pathogenesis is renal tubular ischemia observed due to 
this contrast agent [5]. Due to renal tubular ischemia, a 
decrease is observed in medullary blood flow and isch-
emic damage and necrosis occur in tissues [6]. In addi-
tion, it is stated that the changes in adenosine metabo-
lism, glomerular flow, endothelin and prostaglandin 
metabolism and oxidative stress are also effective [7-9]. 
It is thought that renal dysfunction due to oxidative 
damage in the kidney can be minimized with the use of 
antioxidants [10].

Because of their antioxidant and antibacterial 
properties, omega-3 fatty acids are becoming acknowl-
edged as possible medicinal agents [11]. These acids are 
essential fatty acids that exist in the cell membrane’s 
structure and are required for the cell to operate nor-
mally [12]. In addition, a diet enriched with omega-3 
fatty acids has been shown to reduce the progression of 
certain types of cancer and cardiovascular, respiratory, 
inflammatory and nephrological diseases [13]. Signal 
transmission, cell membrane physiology, immunology, 
inflammation, and metabolic pathways are all affected 
by omega-3 fatty acids, which are particularly obtained 
from cold-water fish [14].

Omega-3 fatty acids’ effects on a variety of clinical 
conditions, including chronic kidney disease, are still 
being researched [14]. This study aims to demonstrate 
the therapeutic effects of omega-3 fatty acids on CIN, 
taking into account the possible clinical usage of iodin-
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ated contrast media and the benefits of omega-3 fatty 
acids.

Materials and methods. Experimental animals. 
The complete experimental study was carried out in 
line with the rules of the “Guide for the Care and Use 
of Laboratory Animals,” with the permission number 
2016/3 of the Selçuk University Experimental Medicine 
Research and Application Centre’s Animal Experi-
ments Ethics Committee.

The study was realized on 30 Wistar Albino male 
rats (weighted 150-200 g). Rats were provided in a 
standard animal shelter under room humidity and tem-
perature control (temperature: 21 ± 2 ° C and humid-

ity: 50%), ad libitum with 12-hour light and dark cycle. 
During the experiment, the animals were put into poly-
carbonate transparent cages and were fed with fabri-
cated pellet feed and tap water. Marincap branded fish 
oil containing 380 mg of eicosapentaenoic acid (EPA), 
200 mg of docosahexaenoic acid (DHA) and a total of 
minimum 720 mg of omega 3-fatty acids [n-3-polyun-
saturated fatty acids (PUFA) was used.

Experimental design. 4 groups were formed from 
the experimental animals as 6 rats in the control group 
and 8 rats in the other groups. Experiment groups, ap-
plied materials and application methods are summa-
rized below (Fig. 1).

Fig. 1. Flow diagram of the experimental design.

Group 1 control group (n = 6)
Group 2 was given only IV urography (n = 8)
Group 3 was given only 400 mg/kg/day omega-3 

(n = 8)
Group 4 was given urography and 400 mg/kg/day 

omega-3 (n = 8)
After all groups were dehydrated for 3 days [15];
Only saline was given by gavage method to Group 

1, on days 4-10.
Group 2 was given a single dose of 6 mL/kg urog-

raphy in 5 minutes with a slow infusion from the tail on 
the 4th day (under ether anesthesia) and experimental 
CIN was created  [16] and saline was given by gavage 
method on days 4-10.

Group 3 was given 400 mg/kg/day omega-3 by ga-
vage method on days 4-10.

Group 4 was given a single dose of 6 mL/kg urog-
raphy in 5 minutes with a slow infusion from the tail on 
the 4th day (under ether anesthesia) and 400 mg/kg/day 
omega-3 by gavage method on days 4-10 (see Fig. 1). 

On the 10th day, rats were sacrificed under xy-
lazine/ketamine anesthesia by cervical dislocation fol-
lowing intra-cardiac blood collection. During the sacri-
fice process, 5 mL of blood was taken from all rats into 
gel plain biochemistry tubes, centrifuged at 5000 rpm 
for 5-10 minutes, then separated into serums and kept 
in Eppendorf tubes at -80°C until the day of analysis. 

Furthermore, after sacrification and fixation in 
4% formaldehyde, rat kidney tissues were carefully 
removed for biochemical analysis. The kidney tissues 
were isolated and kept at -80°C in appropriate contain-
ers until the analysis day.
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After all of the preliminary preparations for analy-
sis were completed, serum and kidney tissues that had 
been maintained at -80°C were dissolved at room tem-
perature and serum samples were immediately ana-
lyzed, while tissue samples were prepared for analysis 
through sample preparation processes.

Tissue Preparation. Kidney samples weighed for 
kidney tissue analysis were trimmed with appropriate 
chopping tools, treated with 0.015 M phosphate buffer 
(pH 7.5). It was then homogenized with tissue solvent 
(TissueLyser II, Qiagen) at 1/20 (w/v) ratio. Finally, 
it was rested by vortexing at 4 °C and centrifuged at 
20,000×g for 15 minutes and the supernatant was sepa-
rated.

 Measurement of serum blood urea nitrogen 
(BUN) and creatinine levels. BUN and creatinine 
concentrations were measured on a Siemens Advia 
2400 brand automated analyzer using commercial kits 
to evaluate renal function. Before the measurement, the 
calibration and control studies of the device were car-
ried out.

Tissue and serum Elisa Glutathione Peroxidase 
(GPx) and Glutathione (GSH) determination. GPx 
enzyme activity of supernatant and serum samples ob-
tained from tissue homogenates were determined using 
the ELISA method (BIOTEK ELx800) with commer-
cial kits (Randox/Ransel, Crumlin, United Kingdom). 
GPx concentration is expressed in U/L. Commercial 
kits measuring the glutathione reductase enzyme were 
used for the determination of glutathione (GSH) con-
centration (Cayman, Michagen, USA). GSH concen-
tration is expressed in µg/mL.

Tissue and serum catalase (CAT) determination. 
CAT activity of the supernatant and serum samples ob-
tained from tissue homogenates was measured using an 
enzymatic assay kit (ZellBio GmbH CAT Colorimetric 
Assay Kit). All reagents and samples were added as de-
scribed in the kit catalog and then incubated for 1 min-
ute at 37°C. The absorbance of the final product, which 
turned into a chromogenic color with the addition of 
the final reagents, was read colorimetrically and the 
CAT activity was calculated according to the manufac-
turer’s formula (Siemens Advia 2400 brand automatic 
analyzer). The concentration of CAT is expressed as k/
mg protein.

Tissue and serum total antioxidant capacity status 
(TAS). TAS (Unit: mmol Torolox. Equiv/L) level anal-
ysis of the supernatant part and serum samples obtained 
from the separated tissues were analyzed at 660 nm with 

the help of commercial kits (Rel Assay Diagnostics 
brand, TEST KIT Catalog no. RL0017 LOT.:RL024). 
It was measured colorimetrically with a Siemens Advia 
2400 brand automatic analyzer [17, 18].

Tissue and serum total oxidant capacity status 
(TOS). TOS (Unit:μmol H

2
O

2
 Equiv/L) level analy-

sis of the supernatant part and serum samples obtained 
from the separated tissues were analyzed at 530 nm 
(Rel Assay Diagnostics brand, ASSAY KIT Catalog no. 
RL0024 LOT: RL026) with the help of commercial kits. 
It was measured colorimetrically with a Siemens Advia 
2400 brand automatic analyzer [17, 18].

Malondialdehyde (MDA) analysis in serum by 
HPLC. Serum MDA analysis was studied in serum 
samples to be analyzed by HPLC under the appropriate 
mobile phase, column, flow rate and pressure. By taking 
0.3 ml of serum sample and adding 0.3 ml 0.5 M HClO4, 
the proteins were precipitated. Then, after this mixture 
was vortexed, pure water was added to the total volume 
of 1 mL. After centrifuging the mixture for 15 minutes 
at 2500 rpm, 20 µl of the clear part of the samples was 
carefully removed and analyzed on HPLC (18).  Analy-
ses were performed in the mobile phase in a mixture of 
30 mM KH

2
PO

4
 - methanol (82.5-17.5%; pH:4) at 250 

nm using an inertial 5µ C-18 (15cmx4.6mm) column at 
flow rate mL/min.

Malondialdehyde (MDA) analysis in tissue by 
HPLC. Tissue MDA analysis was studied on superna-
tant samples obtained from kidney homogenates to be 
analyzed by HPLC under appropriate mobile phase, 
column, flow rate and pressure. 1.5 mL of 0.5 M HClO4 
was added to approximately 0.3 grams of the crushed 
kidney tissue sample. After precipitation of the pro-
teins, 1.5 mL of distilled water was added and the total 
volume was completed to 3 mL. The mixture was then 
centrifuged at 4500 rpm for 25 minutes, then carefully 
removed from the clear part and placed in vials. The 
injection volume was analyzed on 20 µL HPLC [19].

Statistical analysis. All data from the experimen-
tal groups were analyzed using the SPSS (version 22.0) 
statistics program. To compare numerical variables 
in groups, the one-way ANOVA test was utilized. For 
pairwise comparisons, an independent t-test was used 
after a post hoc Bonferroni correction. During statisti-
cal analysis, p<0.05 was considered significant when all 
data were determined as mean standard deviation.

Results. Statistically significant differences were 
detected between the groups by calculating the mean 
values of biochemical findings (Table1).

Table 1

Serum biochemical analysis results of the experimental rats

  Group (n) Mean (± SD) F p

BUN  (mg/dL) 1 (6) 24.5 (0.08) 5746.139 0.000
2 (8) 34.1 (0.10)

3 (8) 24.8 (0.27)

4 (8) 32.4 (0.19)

Total (30) 29.29 (4.41)
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Continuation of Table 1

  Group (n) Mean (± SD) F p

Creatinin (mg/dL) 1 (6) 0.57 (0.02) 115.271 0.000

2 (8) 0.69 (0.01)

3 (8) 0.54 (0.02)

4 (8) 0.60 (0.06)

Total (30) 0.60 (0.06)

GPx (U/L) 1 (6) 18.8 (0.39) 358.801 0.000

2 (8) 10.3 (0.75)

3 (8) 19.4 (0.56)

4 (8) 16.6 (0.63)

Total (30) 16.13 (3.76)

GSH (µg/mL) 1 (6) 125.1 (3.39) 181.337 0.000

2 (8) 92.1 (2.79)

3 (8) 123.0 (4.0)

4 (8) 111.3 (1.82)

Total (30) 112.13 (13.67)

CAT (k/mg) 1 (6) 21.2 (0.5) 232.884 0.000

2 (8) 14.4 (0.39)

3 (8) 19.3 (0.65)

4 (8) 16.5 (0.50)

Total (30) 17.67 (2.61)

TAS (µmol Trolox Equiv./L 1 (6) 1.8 (0.04) 223.850 0.000

2 (8) 1.2 (0.04)

3 (8) 1.87 (0.06)

4 (8) 1.54 (0.08)

Total (30) 1.60 (0.29)

TOS (µmol H2O2 
Equiv./L)

1 (6) 18.8 (0.8) 270.131 0.000

2 (8) 30.5 (0.99)

3 (8) 18.1 (1.18)

4 (8) 24.5 (0.82)

Total (30) 23.31 (5.21)

MDA (mg/lt) 1 (6) 0.14 (0.01) 217.452 0.000

2 (8) 0.47 (0.03)

3 (8) 0.26 (0.03)

4 (8) 0.32 (0.02)

Total (30) 0.31 (0.12)

BUN level. It was observed that there was a sig-
nificant difference between groups in serum BUN level 
analysis. Group 2 BUN level was significantly higher 
than the other groups (p<0.05). In addition, Group 4 
BUN level was significantly higher than Group 1 and 
Group 3, Group 3 BUN level was significantly higher 
than Group 1 (p<0.05).

Serum Creatinine level. A statistically signifi-
cant difference was observed between the groups in se-
rum creatinine level analysis. Group 2 creatinine level 
was statistically significantly higher than other groups 
(p<0.05). Group 4 creatinine level was significantly 
higher than Group 1 and Group 3.

Serum and Tissue GPx levels. It was observed that 
there were statistically significant differences between 
groups in serum GPx level analysis. GPx level of Group 
1 and Group 3 was statistically significantly higher than 
Group 2 and Group 4, and Group 4 GPx level was sig-
nificantly higher than Group 2 (p<0.05) (see Table 1). 

A statistically significant difference was observed 
between groups in tissue GPx level analysis. Group 1 
GPx level was significantly higher than the other groups 
(p<0.05). In addition, Group 3 GPx level was signifi-
cantly higher than Group 2 and Group 4, Group 4 GPx 
level was significantly higher than Group 2 (p<0.05) 
(Table 2).
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Table 2

Tissue biochemical analysis results of the experimental rats

  Group (n) Mean (± SD) F p

GPx (U/L) 1 (6) 34.1 (0.44) 276.014 0.000

2 (8) 28.0 (0.37)

3 (8) 33.6 (0.60)

4 (8) 30.2  (0.45)

Total (30) 31.3 (2.57)

GSH (µg/mL) 1 (6) 34.2 (1.67) 92.618 0.000

2 (8) 24.4 (0.91)

3 (8) 31.6 (0.53)

4 (8) 28.9 (1.39)

Total (30) 29.5 (3.76)

CAT (k/mg) 1 (6) 28.3 (0.17) 1953.755 0.000

2 (8) 17.4 (0.33)

3 (8) 28.5 (0.40)

4 (8) 24.4 (0.32)

Total (30) 24.4 (4.66)

TAS (µmol Trolox Equiv./L 1 (6) 0.05 (0.00) 871.535 0.000

2 (8) 0.01 (0.00)

3 (8) 0.04 (0.00)

4 (8) 0.03 (0.00) 

Total (30) 0.03 (0.02)

TOS (µmol H2O2 Equiv./L) 1 (6) 0.11 (0.00) 330.720 0.000

2 (8) 0.14 (0.00)

3 (8) 0.12 (0.00)

4 (8) 0.13 (0.00)

Total (30) 0.13 (0.01)

MDA (mg/lt) 1 (6) 0.75 (0.01) 1301.564 0.000

2 (8) 0.95 (0.01)

3 (8) 0.72 (0.01)

4 (8) 0.86 (0.01)

Total (30) 0.82 (0.09)

Serum and Tissue GSH levels. It was observed 
that there was a statistically significant difference be-
tween groups in serum GSH level analysis. GSH level 
of Group 1 and Group 3 was statistically significantly 
higher than Group 2 and Group 4 (p<0.05). Group 4 
GSH level was statistically significantly higher than 
Group 2 (p<0.05) (see Table 1).

In the tissue GSH level analysis, it was observed 
that there was a statistically significant difference be-
tween the groups. Group 1 GSH level was significantly 
higher than the other groups (p<0.05). In addition, 
Group 3 GSH level was significantly higher than Group 
2 and Group 4, Group 4 GSH level was significantly 
higher than Group 2 (p<0.05) (see Table 2).

Serum and tissue CAT levels. It was observed that 
there was a statistically significant difference between 
the groups in serum CAT level analysis. Group 1 CAT 
level was statistically significantly higher than other 
groups (p<0.05). In addition, Group 3 CAT level was 
significantly higher than Group 2 and Group 4, Group 
4 CAT level was significantly higher than Group 2 
(p<0.05) (see Table 1).

It was observed that there was a statistically signifi-
cant difference between the groups in tissue CAT level 
analysis. Group 1 and Group 3 CAT level was statis-
tically significantly higher than Group 2 and Group 4 
(p<0.05). Group 4 CAT level was significantly higher 
than Group 2 (p<0.05) (see Table 2).
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Serum and tissue TAS levels. It was observed that 
the difference between the groups in serum TAS level 
analysis was statistically significant. TAS level of Group 
1 and Group 3 was statistically significantly higher than 
Group 2 and Group 4 (p<0.05). Group 4 TAS level was 
statistically significantly higher than Group 2  (p<0.05)  
(see Table 1).

It was observed that there was a statistically signifi-
cant difference between the groups in tissue TAS level 
analysis. Group 1 TAS level was statistically signifi-
cantly higher than other groups (p<0.05). Group 3 TAS 
level was statistically significantly higher than Group 4 
and Group 2, Group 4 TAS level was statistically sig-
nificantly higher than Group 2  (p<0.05) (see Table 2).

Serum and tissue TOS levels. It was observed that 
there was a statistically significant difference between 
the groups in serum TOS level analysis. Group 2 TOS 
level was significantly higher than the other groups 
(p<0.05). In addition, Group 4 TOS level is signifi-
cantly higher than Group 1 and Group 3 (p<0.05)  (see 
Table 1).

It was observed that there was a statistically signifi-
cant difference between the groups in tissue TOS level 
analysis. Group 2 TOS level was statistically signifi-
cantly higher than other groups (p<0.05). Group 4 TOS 
level is significantly higher than Group 1 and Group 3, 
Group 3 TOS level is significantly higher than Group 1 
(p<0.05) (see Table 2).

Serum and tissue MDA levels. It was observed that 
the difference between groups in Serum MDA level 
analysis was statistically significant. Group 2 MDA lev-
el was significantly higher than other groups (p<0.05). 
Group 4 MDA level was significantly higher than Group 
1 and Group 3, Group 3 MDA level was significantly 
higher than Group 1 (p<0.05) (see Table 1).

It was observed that the difference between groups 
in MDA level analysis was statistically significant. 
Group 2 MDA level was significantly higher than other 
groups (p<0.05). Group 4 MDA level was significantly 
higher than Group 1 and Group 3, Group 1 MDA level 
was significantly higher than Group 3 (p<0.05) (see 
Table 2). 

Discussion. CIN is a renal dysfunction and the 
pathophysiology of this common nephropathy is not 
yet fully understood [16]. Different alternative treat-
ment methods are being investigated for the treatment 
of CIN such as ozone, thymoquinone [20-24]. Ome-
ga-3 fatty acids also have healing effects on a variety 
of kidney diseases [25, 26]. It is known that omega-3 
fatty acids, which are important in terms of maintaining 
cellular functions, provide a protective effect by replac-
ing PUFA (polyunsaturated fatty acids) that decrease 
in tissue due to oxidative damage [27, 28]. However, 
according to the available literature results, there is no 
study showing the healing effects of omega-3 fatty acids 
on CIN. Therefore, we think that the study will contrib-
ute to the literature.

CIN risk factors include chronic diabetes, conges-
tive heart failure, renal failure advanced age (>70), gen-

der (female), dehydration and excessive use of contrast 
material [1]. In addition, captopril, an angiotensin-
converting enzyme inhibitor, has been stated to be a 
risk factor for CIN [29]. Although various risk factors 
have been identified for this disease, the cumulative ef-
fect of their combination is not known enough [4]. In 
addition, since CIN treatment is quite limited, it causes 
complications that lead to long-term hospitalizations. 
The treatments performed are mostly supportive of 
kidney functions, and in some cases, temporary or per-
manent haemodialysis may be required [4]. For these 
reasons, it is important to pay attention to risk factors 
and to study alternative treatments in preventing the 
development of CIN. 

Various applications are used for treatment and 
prevention in CIN, where oxidative stress and renal 
vasoconstriction play an important role [16, 30, 31]. 
Among these applications, vasodilator agents, diuret-
ics, increasing the extracellular volume, adjusting the 
type and amount of contrast agent before the procedure 
can be given as examples [21-24]. Hydration increases 
renal blood flow and reduces renal ischemia and toxic-
ity [6, 32]. Although there is no specific treatment for 
this disease, the main method used in its prevention is 
hydration [33]. In addition, antioxidants such as statins 
and N-acetylcysteine ​​used in treatment can be consid-
ered in preventive treatment, but cannot replace hy-
dration applications [33]. Although other applications 
such as ascorbic acid, calcium channel blockers, fu-
rosemide, prostaglandin analogs, endothelin agonists, 
adenosine antagonists, l-arginine, hypertonic manni-
tol, dopamine and theophylline have been tried in the 
treatment of the disease [34, 35], but their effectiveness 
on kidney toxicity caused by CIN controversial [33]. It 
has been shown in this study that omega 3 fatty acids are 
supportive in the treatment of this disease. At this point, 
omega-3 fatty acids known to have protective effects on 
kidney tissue [36], may be considered to have curative 
effects on CIN.

Immunoglobulin A nephropathy, the most com-
mon primary glomerulonephritis in the world, mostly 
affects young adults and leads to progressive kidney 
disease. It is known that omega-3 fatty acids decrease 
renal inflammation and glomerulosclerosis, which are 
the hallmarks of this disease [13, 25]. In addition, it is 
known that omega-3 fatty acids have a protective ef-
fect on kidney damage caused by formaldehyde toxicity 
[26]. In this study, we observed that omega 3 fatty acids 
have healing effects in the experimentally created CIN. 

Many methods have been tried to treat CIN [16, 
37]. Ozone therapy on CIN was examined and it was 
reported that serum BUN and creatinine levels and tu-
bular necrosis decreased [16]. Again, in a study investi-
gating the effects of thymoquinone on CIN, it was ob-
served that BUN and creatinine levels decreased [37]. 
We also found that omega-3 fatty acids decreased serum 
BUN and creatinine levels on the created experimental 
CIN model. The decrease in serum BUN and creatinine 
levels indicate that omega-3 protects kidney functions. 
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Although the pathogenesis of CIN is complex, the 
role of oxidative damage in this process is important 
[38]. Oxidative stress occurs as a result of an imbalance 
between the formation of free radicals and antioxidant 
defense mechanisms [39, 40]. Therefore, examin-
ing the products of free radical reactions and defense 
systems is preferred by many researchers [40]. The in-
crease in free radical formation also leads to an increase 
in MDA levels. Organisms are protected by enzymatic 
and non-enzymatic antioxidant systems against oxida-
tive damage resulting from this, and these antioxidant 
systems include GPx, GSH and CAT [36, 41]. 

GPx is an enzyme that reduces hydroperoxides. It 
also plays a major role in defense against free oxygen 
radicals, peroxides and carcinogens [42, 43]. GSH is 
an important tripeptide antioxidant used by antioxidant 
enzymes to neutralize free radicals [44]. CAT is among 
the important enzymes that prevent free radical accu-
mulation and lipid peroxidation [45]. It has been stated 
that olive leaf extract, which is a natural antioxidant, 
increases the levels of GPx, GSH and CAT in kidney 
damage induced in rats [46]. Similarly, in our study, an 
increase in GPx, GSH and CAT enzyme activity levels 
was observed in rats treated with omega-3 fatty acids. It 
is suggested that this effect is due to the fact that ome-
ga-3 fatty acids strengthen the renal antioxidant defense 
mechanisms.

Studies show that TAS, TOS and MDA parameters 
are important markers for diseases associated with oxi-
dative stress [44, 47]. While the increase in TAS value 
indicates antioxidant activity, the increase in TOS val-
ues is an indicator of oxidant activity [48]. MDA is one 
of the molecules that arise as a result of lipid peroxida-
tion and is one of the parameters used to mark the oxi-
dative damage that occurs in the tissue [47]. The anti-
oxidant defense system is involved in clearing reactive 
oxygen species, which play a major role in the initiation 
of lipid peroxidation [49]. It is known that CIN causes 
oxidative stress and increases MDA levels in serum and 

tissue [50, 51]. We observed a decrease in both tissue 
and serum MDA levels in rats treated with omega-3 fat-
ty acids. In addition, while the TOS level was higher in 
the urography group compared to the control group, a 
decrease in TAS level was observed. Conversely, in the 
group treated with omega-3, the TAS level increased 
and the TOS level decreased. As a result, it was deter-
mined that urography exposure caused oxidative stress 
in tissues and this situation was improved with omega-3 
treatment.

Limitations. There are certain limitations to be 
mentioned in this study. First, this study is an experi-
mental animal model and the number of rats was kept 
low for ethical reasons. Second, the efficacy of ome-
ga-3 fatty acids on CIN has been studied by biochemi-
cal methods and is not supported by histopathological 
findings. Histopathological studies on this subject are 
needed. We applied the omega-3 dose as 400 mg/kg. 
New studies with different doses are needed in order 
to determine optimal dose ranges and toxic dose levels. 
This is the third limitation.

Conclusions. In this study, which we conducted 
at the biochemical level on serum and kidney tissues of 
rats, we observed that omega-3 fatty acids have thera-
peutic effects on CIN. Therefore, we consider that 
omega-3 fatty acids can be used as an alternative to oth-
er supportive therapies in CIN. However, further stud-
ies are needed to use these acids in optimal dose ranges 
in the treatment of CIN. 

Conflict of interest: The authors have declared 
that no conflict of interest exists.

Financial Disclosure: All authors declare no fi-
nancial support.

Author Contributions
Gunes Bolatli: Data collection, analyses, write up;
Mahinur Ulusoy: Design, data collection;
Fatih Tas: Literature review, write up;
Naci Omer Alayunt: Analyses, write up;
Ismail Zarasiz: Concept, data collection.

References:

1.	 Habeb M, Agac M, Aliyev F, Pehlivanoglu S, 
Ongen Z. Contrast media-induced nephropa-
thy: clinical burden and current attempts for pre-
vention. The Anatolian Journal of Cardiology. 
2005;5(5):124-9.  Available from:  https://pubmed.
ncbi.nlm.nih.gov/15939688/.

2.	 Acar G, Aslan M, Türker Y, Altınbaş A. Contrast-
induced nephropathy. Med J SDU. 2005;12(3): 
220-8. 

3.	 Çürük G, Kaçmaz H, Kaya M. The Complication 
of Following Coronary Angiography: Contrast-
Induced Nephropathy and Nursing Care. Turk J 
Card Nur. 2015;6(10):121-128.

4.	 Mehran R, Aymong ED, Nikolsky E, Lasic Z, 
Iakovou  I, Fahy M, et al. A simple risk score 
for prediction of contrast-induced nephropa-

thy after percutaneous coronary interven-
tion -Development and initial validation. J Am 
Coll Cardiol. 2004;44(7):1393-9. Available 
from: https://www.jacc.org/doi/abs/10.1016/ 
j.jacc.2004.06.068.

5.	 Lepor NE. A review of contemporary prevention 
strategies for radiocontrast nephropathy: a fo-
cus on fenoldopam and N-acetylcysteine. Rev 
Cardiovasc Med. 2003;4 Suppl 1:S15-20. Available 
from: https://rcm.imrpress.com/EN/Y2003/V4/
IS1/15.

6.	 Yang K, Liu W, Ren W, Lv S. Different interven-
tions in preventing contrast-induced nephropathy 
after percutaneous coronary intervention. Int Urol 
Nephrol. 2014;46(9):1801-7. doi: 10.1007/s11255-
014-0765-3.

https://pubmed.ncbi.nlm.nih.gov/15939688/
https://pubmed.ncbi.nlm.nih.gov/15939688/
https://pubmed.ncbi.nlm.nih.gov/15939688/
https://pubmed.ncbi.nlm.nih.gov/15939688/
https://pubmed.ncbi.nlm.nih.gov/15939688/
https://pubmed.ncbi.nlm.nih.gov/15939688/
https://khd.tkd.org.tr/EN/jvi.aspx?pdir=kvhd&plng=eng&un=KVHD-83803
https://khd.tkd.org.tr/EN/jvi.aspx?pdir=kvhd&plng=eng&un=KVHD-83803
https://khd.tkd.org.tr/EN/jvi.aspx?pdir=kvhd&plng=eng&un=KVHD-83803
https://khd.tkd.org.tr/EN/jvi.aspx?pdir=kvhd&plng=eng&un=KVHD-83803
https://www.jacc.org/doi/abs/10.1016/j.jacc.2004.06.068.
https://www.jacc.org/doi/abs/10.1016/j.jacc.2004.06.068.
https://www.jacc.org/doi/abs/10.1016/j.jacc.2004.06.068.
https://www.jacc.org/doi/abs/10.1016/j.jacc.2004.06.068.
https://www.jacc.org/doi/abs/10.1016/j.jacc.2004.06.068.
https://www.jacc.org/doi/abs/10.1016/j.jacc.2004.06.068.
https://www.jacc.org/doi/abs/10.1016/j.jacc.2004.06.068.
https://www.jacc.org/doi/abs/10.1016/j.jacc.2004.06.068.
https://rcm.imrpress.com/EN/Y2003/V4/IS1/15.
https://rcm.imrpress.com/EN/Y2003/V4/IS1/15.
https://rcm.imrpress.com/EN/Y2003/V4/IS1/15.
https://rcm.imrpress.com/EN/Y2003/V4/IS1/15.
https://rcm.imrpress.com/EN/Y2003/V4/IS1/15.
https://rcm.imrpress.com/EN/Y2003/V4/IS1/15.
https://pubmed.ncbi.nlm.nih.gov/24966097/
https://pubmed.ncbi.nlm.nih.gov/24966097/
https://pubmed.ncbi.nlm.nih.gov/24966097/
https://pubmed.ncbi.nlm.nih.gov/24966097/
https://pubmed.ncbi.nlm.nih.gov/24966097/


23

Ukrainian Journal of Nephrology and Dialysis, 4 (72)’2021

Український журнал нефрології та діалізу №4 (72) 2021 Оригінальні наукові роботи

Original Papers

7.	 Pflueger A, Larson TS, Nath KA, King BF, Gross JM, 
Knox FG. Role of adenosine in contrast media-
induced acute renal failure in diabetes melli-
tus. Mayo Clin Proc. 2000;75(12):1275-83. doi: 
10.4065/75.12.1275.

8.	 Bakris GL, Lass N, Gaber AO, Jones JD, Burnett JC, 
Jr. Radiocontrast medium-induced declines in re-
nal function: a role for oxygen free radicals. Am J 
Physiol. 1990;258(1 Pt 2):F115-20. doi: 10.1152/
ajprenal.1990.258.1.F115. 

9.	 Yoshioka T, Fogo A, Beckman JK. Reduced activity 
of antioxidant enzymes underlies contrast media-
induced renal injury in volume depletion. Kidney 
Int. 1992;41(4):1008-15. doi: 10.1038/ki.1992.153.  

10.	 Naziroglu M, Yoldas N, Uzgur EN, Kayan M. Role 
of contrast media on oxidative stress, Ca(2+) sig-
naling and apoptosis in kidney. J Membr Biol. 
2013;246(2):91-100. doi: 10.1007/s00232-012-
9512-9. 

11.	 Hashim AF, Hamed SF, Abdel Hamid HA, 
Abd-Elsalam KA, Golonka I, Musial W, et al. 
Antioxidant and antibacterial activities of ome-
ga-3 rich oils/curcumin nanoemulsions loaded 
in chitosan and alginate-based microbeads. Int J 
Biol Macromol. 2019;140:682-96. doi: 10.1016/j.
ijbiomac.2019.08.085.  

12.	 Nordoy A. Is there a rational use for n – 3 fatty asids 
(fish oils) in clinical medicine Drugs. 1991;42:331-
2. Available from: https://link.springer.com/ar-
ticle/10.2165/00003495-199142030-00001.

13.	 Naqshbandi A, Khan MW, Rizwan S, Rehman SU, 
Khan F. Studies on the protective effect of dietary 
fish oil on cisplatin induced nephrotoxicity in 
rats. Food Chem Toxicol. 2012;50(2):265-73. doi: 
10.1016/j.fct.2011.10.039. 

14.	 Friedman AN. Omega-3 fatty acid supple-
mentation in advanced kidney disease. Semin 
Dial. 2010;23(4):396-400. doi: 10.1111/j.1525-
139X.2010.00748.x.

15.	 Gazi S, Altun A, Erdogan O. Contrast-induced ne-
phropathy: preventive and protective effects of 
melatonin. J Pineal Res. 2006;41(1):53-7. doi: 
10.1111/j.1600-079X.2006.00336.x.   

16.	 Kurtoglu T, Durmaz S, Akgullu C, Gungor H, 
Eryilmaz U, Meteoglu I, et al. Ozone precondition-
ing attenuates contrast-induced nephropathy in 
rats. J Surg Res. 2015;195(2):604-11.  https://doi.
org/10.1016/j.jss.2015.01/041. 

17.	 Erel O. A novel automated direct measurement 
method for total antioxidant capacity using a new 
generation, more stable ABTS radical cation. Clin 
Biochem. 2004;37(4):277-85.  doi: 10.1016/j.clin-
biochem.2003.11.015.  

18.	 Erel O. A new automated colorimetric method 
for measuring total oxidant status. Clin Biochem. 
2005;38(12):1103-11. doi: 10.1016/j.clinbio-
chem.2005.08.008.

19.	 Placer ZA, Cushman LL, Johnson BC. Estimation of 
product of lipid peroxidation (malonyl dialdehyde) in 
biochemical systems. Anal Biochem. 1966;16(2):359-
64. doi: 10.1016/0003-2697(66)90167-9. 

20.	 Costantino S, Valiani A. Prevenzione della nefrotos-
sicità da mezzo di contrasto radiografico. Prevention 
of nephrotoxicity caused by radiographic contrast 
media. Clin Ter. 2000 Sep-Oct;151(5):313-4. [In 
Italian].

21.	 Haller C, Kubler W. Contrast medium induced ne-
phropathy: pathogenesis, clinical aspects, preven-
tion. Dtsch Med Wochenschr. 1999;124(11):332-6. 
doi:10.1055/s-2007-1024303.

22.	 Savazzi G, Cusmano F, Allegri L, Garini G. 
Physiopathology, clinical aspects and prevention 
of renal insufficiency caused by contrast media. 
Recenti Prog Med. 1997;88(3):109-14. Available 
from: https://pubmed.ncbi.nlm.nih.gov/9173467/.

23.	 Hou F. Prevention of contrast-medium-induced 
acute renal failure. Zhonghua Nei Ke Za Zhi. 
2001;40(11):723-4. Available from: https://
pubmed.ncbi.nlm.nih.gov/11930673/.

24.	 Mueller C, Buerkle G, Buettner HJ, Petersen J, 
Perruchoud AP, Eriksson U, et al. Prevention of 
contrast media-associated nephropathy: random-
ized comparison of 2 hydration regimens in 1620 
patients undergoing coronary angioplasty. Arch 
Intern Med. 2002;162(3):329-36. doi: 10.1001/
archinte.162.3.329. 

25.	 Donadio JV. The emerging role of omega-3 polyun-
saturated fatty acids in the management of patients 
with IgA nephropathy. J Ren Nutr. 2001;11(3):122-
8. doi: 10.1053/jren.2001.24355. 

26.	 Zararsız I, Sonmez M, Yılmaz H. Effects of omega 
- 3 essential fatty acids agains formaldehyde in-
duced nephropathy in rats. Toxicol Ind Health 
Toxicol Ind Health 2006;22(5):223-9.  doi: 
10.1191/0748233706th260oa.

27.	 Stone N. Fish comsumption, fish oil, lipids and cor-
onary heart disease. Am J Clin Nutr 1997;65:1083-
6. doi: 10.1093/ajcn/65.4.1083. 

28.	 Miyasaka CK, de Souza JAA, Torres RP, Mancini 
J, Lajolo FM, Curi R. Effect of the administra-
tion of fish oil by gavage on activities of anti-
oxidant enzymes of rat lymphoid organs. Gen 
Pharmacol. 1998;30(5):759-62.  doi:10.1016/
S0306-3623(97)00334-0.

29.	 Toprak O, Cirit M, Bayata S, Yesil M, Aslan L. Is 
there any relationship between left ventricul ejec-
tion fraction and contrast media induced nephrop-
athy in patients who undergoingcoronary angiogra-
phy? J Med Sci. 2003;23(2):104-7. Available from: 
https://www.turkiyeklinikleri.com/article/en-ko-
roner-anjiyografi-yapilan-hastalarda-sol-ventri-
kul-ejeksiyon-fraksiyonu-ile-kontrast-madde-ne-
fropatisi-gelismesi-arasinda-iliski-var-midir-2900.
html.

https://pubmed.ncbi.nlm.nih.gov/11126837/
https://pubmed.ncbi.nlm.nih.gov/11126837/
https://pubmed.ncbi.nlm.nih.gov/11126837/
https://pubmed.ncbi.nlm.nih.gov/11126837/
https://pubmed.ncbi.nlm.nih.gov/11126837/
https://pubmed.ncbi.nlm.nih.gov/2301588/
https://pubmed.ncbi.nlm.nih.gov/2301588/
https://pubmed.ncbi.nlm.nih.gov/2301588/
https://pubmed.ncbi.nlm.nih.gov/2301588/
https://pubmed.ncbi.nlm.nih.gov/2301588/
https://pubmed.ncbi.nlm.nih.gov/1513081/
https://pubmed.ncbi.nlm.nih.gov/1513081/
https://pubmed.ncbi.nlm.nih.gov/1513081/
https://pubmed.ncbi.nlm.nih.gov/1513081/
https://pubmed.ncbi.nlm.nih.gov/23132012/
https://pubmed.ncbi.nlm.nih.gov/23132012/
https://pubmed.ncbi.nlm.nih.gov/23132012/
https://pubmed.ncbi.nlm.nih.gov/23132012/
https://pubmed.ncbi.nlm.nih.gov/23132012/
https://pubmed.ncbi.nlm.nih.gov/31404604
https://pubmed.ncbi.nlm.nih.gov/31404604
https://pubmed.ncbi.nlm.nih.gov/31404604
https://pubmed.ncbi.nlm.nih.gov/31404604
https://pubmed.ncbi.nlm.nih.gov/31404604
https://pubmed.ncbi.nlm.nih.gov/31404604
https://pubmed.ncbi.nlm.nih.gov/31404604
https://link.springer.com/article/10.2165/00003495-199142030-00001
https://link.springer.com/article/10.2165/00003495-199142030-00001
https://link.springer.com/article/10.2165/00003495-199142030-00001
https://link.springer.com/article/10.2165/00003495-199142030-00001
https://pubmed.ncbi.nlm.nih.gov/22019697/
https://pubmed.ncbi.nlm.nih.gov/22019697/
https://pubmed.ncbi.nlm.nih.gov/22019697/
https://pubmed.ncbi.nlm.nih.gov/22019697/
https://pubmed.ncbi.nlm.nih.gov/22019697/
https://pubmed.ncbi.nlm.nih.gov/20701719/
https://pubmed.ncbi.nlm.nih.gov/20701719/
https://pubmed.ncbi.nlm.nih.gov/20701719/
https://pubmed.ncbi.nlm.nih.gov/20701719/
https://pubmed.ncbi.nlm.nih.gov/16842541/
https://pubmed.ncbi.nlm.nih.gov/16842541/
https://pubmed.ncbi.nlm.nih.gov/16842541/
https://pubmed.ncbi.nlm.nih.gov/16842541/
https://pubmed.ncbi.nlm.nih.gov/25770741/
https://pubmed.ncbi.nlm.nih.gov/25770741/
https://pubmed.ncbi.nlm.nih.gov/25770741/
https://pubmed.ncbi.nlm.nih.gov/25770741/
https://pubmed.ncbi.nlm.nih.gov/25770741/
https://pubmed.ncbi.nlm.nih.gov/15003729/
https://pubmed.ncbi.nlm.nih.gov/15003729/
https://pubmed.ncbi.nlm.nih.gov/15003729/
https://pubmed.ncbi.nlm.nih.gov/15003729/
https://pubmed.ncbi.nlm.nih.gov/15003729/
https://pubmed.ncbi.nlm.nih.gov/16214125/
https://pubmed.ncbi.nlm.nih.gov/16214125/
https://pubmed.ncbi.nlm.nih.gov/16214125/
https://pubmed.ncbi.nlm.nih.gov/16214125/
https://pubmed.ncbi.nlm.nih.gov/6007581
https://pubmed.ncbi.nlm.nih.gov/6007581
https://pubmed.ncbi.nlm.nih.gov/6007581
https://pubmed.ncbi.nlm.nih.gov/6007581
https://pubmed.ncbi.nlm.nih.gov/11141710/
https://pubmed.ncbi.nlm.nih.gov/11141710/
https://pubmed.ncbi.nlm.nih.gov/11141710/
https://pubmed.ncbi.nlm.nih.gov/11141710/
https://pubmed.ncbi.nlm.nih.gov/11141710/
https://pubmed.ncbi.nlm.nih.gov/10209535/
https://pubmed.ncbi.nlm.nih.gov/10209535/
https://pubmed.ncbi.nlm.nih.gov/10209535/
https://pubmed.ncbi.nlm.nih.gov/10209535/
https://pubmed.ncbi.nlm.nih.gov/9173467/
https://pubmed.ncbi.nlm.nih.gov/9173467/
https://pubmed.ncbi.nlm.nih.gov/9173467/
https://pubmed.ncbi.nlm.nih.gov/9173467/
https://pubmed.ncbi.nlm.nih.gov/9173467/
https://pubmed.ncbi.nlm.nih.gov/11930673/
https://pubmed.ncbi.nlm.nih.gov/11930673/
https://pubmed.ncbi.nlm.nih.gov/11930673/
https://pubmed.ncbi.nlm.nih.gov/11930673/
https://pubmed.ncbi.nlm.nih.gov/11822926/
https://pubmed.ncbi.nlm.nih.gov/11822926/
https://pubmed.ncbi.nlm.nih.gov/11822926/
https://pubmed.ncbi.nlm.nih.gov/11822926/
https://pubmed.ncbi.nlm.nih.gov/11822926/
https://pubmed.ncbi.nlm.nih.gov/11822926/
https://pubmed.ncbi.nlm.nih.gov/11822926/
https://pubmed.ncbi.nlm.nih.gov/11466662/
https://pubmed.ncbi.nlm.nih.gov/11466662/
https://pubmed.ncbi.nlm.nih.gov/11466662/
https://pubmed.ncbi.nlm.nih.gov/11466662/
https://pubmed.ncbi.nlm.nih.gov/16898265/
https://pubmed.ncbi.nlm.nih.gov/16898265/
https://pubmed.ncbi.nlm.nih.gov/16898265/
https://pubmed.ncbi.nlm.nih.gov/16898265/
https://pubmed.ncbi.nlm.nih.gov/16898265/
https://pubmed.ncbi.nlm.nih.gov/9094898/
https://pubmed.ncbi.nlm.nih.gov/9094898/
https://pubmed.ncbi.nlm.nih.gov/9094898/
https://www.sciencedirect.com/science/article/abs/pii/S0306362397003340?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0306362397003340?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0306362397003340?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0306362397003340?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0306362397003340?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0306362397003340?via%3Dihub
https://www.turkiyeklinikleri.com/article/en-koroner-anjiyografi-yapilan-hastalarda-sol-ventrikul-ejeksiyon-fraksiyonu-ile-kontrast-madde-nefropatisi-gelismesi-arasinda-iliski-var-midir-2900.html
https://www.turkiyeklinikleri.com/article/en-koroner-anjiyografi-yapilan-hastalarda-sol-ventrikul-ejeksiyon-fraksiyonu-ile-kontrast-madde-nefropatisi-gelismesi-arasinda-iliski-var-midir-2900.html
https://www.turkiyeklinikleri.com/article/en-koroner-anjiyografi-yapilan-hastalarda-sol-ventrikul-ejeksiyon-fraksiyonu-ile-kontrast-madde-nefropatisi-gelismesi-arasinda-iliski-var-midir-2900.html
https://www.turkiyeklinikleri.com/article/en-koroner-anjiyografi-yapilan-hastalarda-sol-ventrikul-ejeksiyon-fraksiyonu-ile-kontrast-madde-nefropatisi-gelismesi-arasinda-iliski-var-midir-2900.html
https://www.turkiyeklinikleri.com/article/en-koroner-anjiyografi-yapilan-hastalarda-sol-ventrikul-ejeksiyon-fraksiyonu-ile-kontrast-madde-nefropatisi-gelismesi-arasinda-iliski-var-midir-2900.html
https://www.turkiyeklinikleri.com/article/en-koroner-anjiyografi-yapilan-hastalarda-sol-ventrikul-ejeksiyon-fraksiyonu-ile-kontrast-madde-nefropatisi-gelismesi-arasinda-iliski-var-midir-2900.html
https://www.turkiyeklinikleri.com/article/en-koroner-anjiyografi-yapilan-hastalarda-sol-ventrikul-ejeksiyon-fraksiyonu-ile-kontrast-madde-nefropatisi-gelismesi-arasinda-iliski-var-midir-2900.html
https://www.turkiyeklinikleri.com/article/en-koroner-anjiyografi-yapilan-hastalarda-sol-ventrikul-ejeksiyon-fraksiyonu-ile-kontrast-madde-nefropatisi-gelismesi-arasinda-iliski-var-midir-2900.html
https://www.turkiyeklinikleri.com/article/en-koroner-anjiyografi-yapilan-hastalarda-sol-ventrikul-ejeksiyon-fraksiyonu-ile-kontrast-madde-nefropatisi-gelismesi-arasinda-iliski-var-midir-2900.html
https://www.turkiyeklinikleri.com/article/en-koroner-anjiyografi-yapilan-hastalarda-sol-ventrikul-ejeksiyon-fraksiyonu-ile-kontrast-madde-nefropatisi-gelismesi-arasinda-iliski-var-midir-2900.html


24 Український журнал нефрології та діалізу №4 (72) 2021

Ukrainian Journal of Nephrology and Dialysis, 4 (72)’2021

Оригінальні наукові роботи

Original Papers

30.	 Buyuklu M, Kandemir FM, Ozkaraca M, Set T, 
Bakirci EM, Topal E. Protective effect of curcumin 
against contrast induced nephropathy in rat kid-
ney: what is happening to oxidative stress, inflam-
mation, autophagy and apoptosis? Eur Rev Med 
Pharmaco. 2014;18(4):461-70. Available from: 
https://pubmed.ncbi.nlm.nih.gov/24610611/.

31.	 Wang N, Wei RB, Li QP, Yang X, Li P, Huang MJ, 
et al. Renal Protective Effect of Probucol in 
Rats with Contrast-Induced Nephropathy and 
its Underlying Mechanism. Med Sci Monitor. 
2015;21:2886-92. doi: 10.12659/MSM.895543.

32.	 McCullough PA, Adam A, Becker CR, Davidson  C, 
Lameire N, Stacul F, et al. Risk prediction of 
contrast-induced nephropathy. Am J Cardiol. 
2006;98(6A):27K-36K. doi: 10.1016/j.amj-
card.2006.01.022.

33.	 Faucon AL, Bobrie G, Clement O. Nephrotoxicity of 
iodinated contrast media: From pathophysiology to 
prevention strategies. Eur J Radiol. 2019;116:231-
41. doi: 10.1016/j.ejrad.2019.03.008. 

34.	 Dussol B, Morange S, Loundoun A, Auquier P, 
Berland YA. Randomized trial of saline hydra-
tion to prevent contrast nephropathy in chronic 
renal failure patients. Nephrol Dial Transplant. 
2006;21(8):2120-6.  doi: 10.1093/ndt/gfl133.

35.	 Majumdar SR, Kjellstrand CM, Tymchak WJ, 
Hervas-Malo M, Taylor DA, Teo KK. Forced eu-
volemic diuresis with mannitol and furosemide for 
prevention of contrast-induced nephropathy in pa-
tients with CKD undergoing coronary angiography: 
a randomized controlled trial. Am J Kidney Dis. 
2009;54(4):602-9. doi: 10.1053/j.ajkd.2009.03.024. 

36.	 Gulcen B, Karaca O, Kus MA, Kaman D, Ogetürk M, 
Kus I. Effects of Omega - 3 Fatty Acids on Kidney 
Antioxidant Defense System: An Experimental 
Study. BAUN Health Sci J. 2012;1(2):70-4. 
Available from: https://dergipark.org.tr/tr/pub/
balikesirsbd/issue/38425/451549.

37.	 Topaloglu US, Sipahioglu MH, Gunturk I, Akgun H, 
Dogan ME, Sonmez G, et al. Effects of thymo-
quinone in prevention of experimental con-
trast-induced nephropathy in rats. Iran J Basic 
Med Sci. 2019;22(12):1432-9. doi: 10.22038/
IJBMS.2019.13990.

38.	 Drager LF, Andrade L, de Toledo JFB, Laurin
do  FRM, Cesar LAM, Seguro AC. Renal effects of 
N-acetylcysteine in patients at risk for contrast ne-
phropathy: decrease in oxidant stress-mediated renal 
tubular injury. Nephrol Dial Transpl. 2004;19(7):1803-
7. https://doi.org/10.1093/ndt/gfh261. 

39.	 Abdel-Daim MM, Abushouk AI, Bahbah EI, 
Bungau SG, Alyousif MS, Aleya L, et al. Fucoidan 
protects against subacute diazinon-induced oxida-
tive damage in cardiac, hepatic, and renal tissues. 
Environ Sci Pollut R. 2020;27(11):11554-64. doi: 
10.1007/s11356-020-07711-w.

40.	 Alayunt NO. Investigation of the Effect of Tribulus 
Terrestris on the Oxidant and Antioxidant Mecha
nisms in Carbon Tetrachloride-Induced Liver 
Injury. Fresen Environ Bull. 2019;28(4a):3022-9. 
Available from: https://www.cabdirect.org/global-
health/abstract/20203439333.

41.	 Erdemli Z, Altinoz E, Erdemli ME, Gul M, 
Gozukara  H, Gul S. Ameliorative effects of crocin 
on tartrazine dye-induced pancreatic adverse ef-
fects: a biochemical and histological study. Environ 
Sci Pollut Res Int. 2021 Jan;28(2):2209-2218. doi: 
10.1007/s11356-020-10578-6. 

42.	 Arslan A, Demir H, Ozbay M, Arslan H. Evaluation 
of lipid peroxidation and some antioxidant activi-
ties in patients with primary and metastatic liver 
cancer. Journal of Cancer Therapy. 2014;5(2):192-
197.  doi: 10.4236/jct.2014.52024.

43.	 Akkoyun H. The protective effect of quercetin 
against to renal tissue damage induced carbontet-
rachloride in rat. Journal of the Institute of Science 
and Technology. 2019;9(2):708-16. doi: 10.21597/
jist.475524. 

44.	 Koyuncu I. Investigation of the Protective 
Effect of Naringenin on the Cisplatin-Induced 
Nephrotoxicity in Rats. Harran Universty Journal of 
the Faculty of Veterinary Medicine. 2018;7(1):119-
25. doi:10.31196/huvfd.470988.

45.	 Akkoyun HT, Bengu AS, Ulucan A, Bayramoglu-
Akkoyun M, Arihan O. Protective effect of ellagic 
acid against carbon tetrachloride (ccl4) - induced 
oxidative brain injury in rats. Fresen Environ Bull. 
2018;27(5):3148-55. Available from: http://www.
bingol.edu.tr/documents/2018%20fresenius.pdf.

46.	 Jafaripour L, Rasoulian B, Tavafi M, Rafighdoost H, 
Mahmodi M, Rashidipour MA, Ahmadvand H. 
Pretreatment with olive leaf extract improves renal 
and liver antioxidant systems following renal isch-
emia-reperfusion injury in rats. Herbal Medicines 
Journal. 2016;1(1):37-46. Available from: http://
eprints.lums.ac.ir/594/1/1%20%282%29.pdf.

47.	 Pompella A. Biochemistry and histochemistry of ox-
idant stress and lipid peroxidation. Int J Vitam Nutr 
Res. 1997;67(5):289-97. Available from: https://
pubmed.ncbi.nlm.nih.gov/9350469/.

48.	 Kocak Y, Oto G, Yucel U, Yaşar S, Arihan O. Effect 
of Allium schoenoprasum L. Administration on 
Total Antioxidant and Total Oxidant Levels in 
Liver and Kidney Tissue in Carbon Tetrachloride 
Induced Tissue Damage. Van healty science jour-
nal. 2109;12(3):1-10. Available from: https://
www.academia.edu/41818636/Effect_of_Allium_
schoenoprasum_L._Administration_on_Total_
A n t i o x i d a n t _ a n d _ T o t a l _ O x i d a n t _ L e v e l s _
in_Liver_and_Kidney_Tissue_in_Carbon_
Tetrachloride_Induced_Tissue_Damage.

49.	 Kanter M, Coskun O, Korkmaz A, Oter S. Effects of 
Nigella sativa on oxidative stress and beta-cell dam-

https://pubmed.ncbi.nlm.nih.gov/24610611/
https://pubmed.ncbi.nlm.nih.gov/24610611/
https://pubmed.ncbi.nlm.nih.gov/24610611/
https://pubmed.ncbi.nlm.nih.gov/24610611/
https://pubmed.ncbi.nlm.nih.gov/24610611/
https://pubmed.ncbi.nlm.nih.gov/24610611/
https://pubmed.ncbi.nlm.nih.gov/24610611/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4588667/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4588667/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4588667/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4588667/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4588667/
https://pubmed.ncbi.nlm.nih.gov/16949378/
https://pubmed.ncbi.nlm.nih.gov/16949378/
https://pubmed.ncbi.nlm.nih.gov/16949378/
https://pubmed.ncbi.nlm.nih.gov/16949378/
https://pubmed.ncbi.nlm.nih.gov/16949378/
https://pubmed.ncbi.nlm.nih.gov/31054788/
https://pubmed.ncbi.nlm.nih.gov/31054788/
https://pubmed.ncbi.nlm.nih.gov/31054788/
https://pubmed.ncbi.nlm.nih.gov/31054788/
https://pubmed.ncbi.nlm.nih.gov/16611682/
https://pubmed.ncbi.nlm.nih.gov/16611682/
https://pubmed.ncbi.nlm.nih.gov/16611682/
https://pubmed.ncbi.nlm.nih.gov/16611682/
https://pubmed.ncbi.nlm.nih.gov/16611682/
https://www.ajkd.org/article/S0272-6386(09)00722-7/fulltext
https://www.ajkd.org/article/S0272-6386(09)00722-7/fulltext
https://www.ajkd.org/article/S0272-6386(09)00722-7/fulltext
https://www.ajkd.org/article/S0272-6386(09)00722-7/fulltext
https://www.ajkd.org/article/S0272-6386(09)00722-7/fulltext
https://www.ajkd.org/article/S0272-6386(09)00722-7/fulltext
https://www.ajkd.org/article/S0272-6386(09)00722-7/fulltext
https://dergipark.org.tr/tr/pub/balikesirsbd/issue/38425/451549
https://dergipark.org.tr/tr/pub/balikesirsbd/issue/38425/451549
https://dergipark.org.tr/tr/pub/balikesirsbd/issue/38425/451549
https://dergipark.org.tr/tr/pub/balikesirsbd/issue/38425/451549
https://dergipark.org.tr/tr/pub/balikesirsbd/issue/38425/451549
https://dergipark.org.tr/tr/pub/balikesirsbd/issue/38425/451549
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7043871/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7043871/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7043871/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7043871/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7043871/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7043871/
https://academic.oup.com/ndt/article/19/7/1803/1850192
https://academic.oup.com/ndt/article/19/7/1803/1850192
https://academic.oup.com/ndt/article/19/7/1803/1850192
https://academic.oup.com/ndt/article/19/7/1803/1850192
https://academic.oup.com/ndt/article/19/7/1803/1850192
https://academic.oup.com/ndt/article/19/7/1803/1850192
https://europepmc.org/article/med/31965500
https://europepmc.org/article/med/31965500
https://europepmc.org/article/med/31965500
https://europepmc.org/article/med/31965500
https://europepmc.org/article/med/31965500
https://europepmc.org/article/med/31965500
file:///F:/WORKS_2019/NEFROLOGY/2021-11-28_Nefrologia_N4(72)-2021/STATYI/2021-11-29/Alayunt%20NO.%20Investigation%20of%20the%20Effect%20of%20Tribulus%20Terrestris%20on%20the%20Oxidant%20and%20Antioxidant%20Mechanisms%20in%20Carbon%20Tetrachloride-Induced%20Liver%20Injury.%20Fresen%20Environ%20Bull.%202019;28(4a):3022-9.%20Available%20from:%20https://www.cabdirect.org/globalhealth/abstract/20203439333.
file:///F:/WORKS_2019/NEFROLOGY/2021-11-28_Nefrologia_N4(72)-2021/STATYI/2021-11-29/Alayunt%20NO.%20Investigation%20of%20the%20Effect%20of%20Tribulus%20Terrestris%20on%20the%20Oxidant%20and%20Antioxidant%20Mechanisms%20in%20Carbon%20Tetrachloride-Induced%20Liver%20Injury.%20Fresen%20Environ%20Bull.%202019;28(4a):3022-9.%20Available%20from:%20https://www.cabdirect.org/globalhealth/abstract/20203439333.
file:///F:/WORKS_2019/NEFROLOGY/2021-11-28_Nefrologia_N4(72)-2021/STATYI/2021-11-29/Alayunt%20NO.%20Investigation%20of%20the%20Effect%20of%20Tribulus%20Terrestris%20on%20the%20Oxidant%20and%20Antioxidant%20Mechanisms%20in%20Carbon%20Tetrachloride-Induced%20Liver%20Injury.%20Fresen%20Environ%20Bull.%202019;28(4a):3022-9.%20Available%20from:%20https://www.cabdirect.org/globalhealth/abstract/20203439333.
file:///F:/WORKS_2019/NEFROLOGY/2021-11-28_Nefrologia_N4(72)-2021/STATYI/2021-11-29/Alayunt%20NO.%20Investigation%20of%20the%20Effect%20of%20Tribulus%20Terrestris%20on%20the%20Oxidant%20and%20Antioxidant%20Mechanisms%20in%20Carbon%20Tetrachloride-Induced%20Liver%20Injury.%20Fresen%20Environ%20Bull.%202019;28(4a):3022-9.%20Available%20from:%20https://www.cabdirect.org/globalhealth/abstract/20203439333.
file:///F:/WORKS_2019/NEFROLOGY/2021-11-28_Nefrologia_N4(72)-2021/STATYI/2021-11-29/Alayunt%20NO.%20Investigation%20of%20the%20Effect%20of%20Tribulus%20Terrestris%20on%20the%20Oxidant%20and%20Antioxidant%20Mechanisms%20in%20Carbon%20Tetrachloride-Induced%20Liver%20Injury.%20Fresen%20Environ%20Bull.%202019;28(4a):3022-9.%20Available%20from:%20https://www.cabdirect.org/globalhealth/abstract/20203439333.
file:///F:/WORKS_2019/NEFROLOGY/2021-11-28_Nefrologia_N4(72)-2021/STATYI/2021-11-29/Alayunt%20NO.%20Investigation%20of%20the%20Effect%20of%20Tribulus%20Terrestris%20on%20the%20Oxidant%20and%20Antioxidant%20Mechanisms%20in%20Carbon%20Tetrachloride-Induced%20Liver%20Injury.%20Fresen%20Environ%20Bull.%202019;28(4a):3022-9.%20Available%20from:%20https://www.cabdirect.org/globalhealth/abstract/20203439333.
https://pubmed.ncbi.nlm.nih.gov/32870427/
https://pubmed.ncbi.nlm.nih.gov/32870427/
https://pubmed.ncbi.nlm.nih.gov/32870427/
https://pubmed.ncbi.nlm.nih.gov/32870427/
https://pubmed.ncbi.nlm.nih.gov/32870427/
https://pubmed.ncbi.nlm.nih.gov/32870427/
https://www.scirp.org/journal/paperinformation.aspx?paperid=43051
https://www.scirp.org/journal/paperinformation.aspx?paperid=43051
https://www.scirp.org/journal/paperinformation.aspx?paperid=43051
https://www.scirp.org/journal/paperinformation.aspx?paperid=43051
https://www.scirp.org/journal/paperinformation.aspx?paperid=43051
https://dergipark.org.tr/tr/download/article-file/718751
https://dergipark.org.tr/tr/download/article-file/718751
https://dergipark.org.tr/tr/download/article-file/718751
https://dergipark.org.tr/tr/download/article-file/718751
https://dergipark.org.tr/tr/download/article-file/718751
https://www.cabdirect.org/cabdirect/abstract/20193075925
https://www.cabdirect.org/cabdirect/abstract/20193075925
https://www.cabdirect.org/cabdirect/abstract/20193075925
https://www.cabdirect.org/cabdirect/abstract/20193075925
https://www.cabdirect.org/cabdirect/abstract/20193075925
http://www.bingol.edu.tr/documents/2018%20fresenius.pdf.
http://www.bingol.edu.tr/documents/2018%20fresenius.pdf.
http://www.bingol.edu.tr/documents/2018%20fresenius.pdf.
http://www.bingol.edu.tr/documents/2018%20fresenius.pdf.
http://www.bingol.edu.tr/documents/2018%20fresenius.pdf.
http://www.bingol.edu.tr/documents/2018%20fresenius.pdf.
http://www.bingol.edu.tr/documents/2018%20fresenius.pdf.
http://eprints.lums.ac.ir/594/1/1%20%282%29.pdf.
http://eprints.lums.ac.ir/594/1/1%20%282%29.pdf.
http://eprints.lums.ac.ir/594/1/1%20%282%29.pdf.
http://eprints.lums.ac.ir/594/1/1%20%282%29.pdf.
http://eprints.lums.ac.ir/594/1/1%20%282%29.pdf.
http://eprints.lums.ac.ir/594/1/1%20%282%29.pdf.
http://eprints.lums.ac.ir/594/1/1%20%282%29.pdf.
https://pubmed.ncbi.nlm.nih.gov/9350469/
https://pubmed.ncbi.nlm.nih.gov/9350469/
https://pubmed.ncbi.nlm.nih.gov/9350469/
https://pubmed.ncbi.nlm.nih.gov/9350469/
https://www.academia.edu/41818636/Effect_of_Allium_schoenoprasum_L._Administration_on_Total_Antioxidant_and_Total_Oxidant_Levels_in_Liver_and_Kidney_Tissue_in_Carbon_Tetrachloride_Induced_Tissue_Damage.
https://www.academia.edu/41818636/Effect_of_Allium_schoenoprasum_L._Administration_on_Total_Antioxidant_and_Total_Oxidant_Levels_in_Liver_and_Kidney_Tissue_in_Carbon_Tetrachloride_Induced_Tissue_Damage.
https://www.academia.edu/41818636/Effect_of_Allium_schoenoprasum_L._Administration_on_Total_Antioxidant_and_Total_Oxidant_Levels_in_Liver_and_Kidney_Tissue_in_Carbon_Tetrachloride_Induced_Tissue_Damage.
https://www.academia.edu/41818636/Effect_of_Allium_schoenoprasum_L._Administration_on_Total_Antioxidant_and_Total_Oxidant_Levels_in_Liver_and_Kidney_Tissue_in_Carbon_Tetrachloride_Induced_Tissue_Damage.
https://www.academia.edu/41818636/Effect_of_Allium_schoenoprasum_L._Administration_on_Total_Antioxidant_and_Total_Oxidant_Levels_in_Liver_and_Kidney_Tissue_in_Carbon_Tetrachloride_Induced_Tissue_Damage.
https://www.academia.edu/41818636/Effect_of_Allium_schoenoprasum_L._Administration_on_Total_Antioxidant_and_Total_Oxidant_Levels_in_Liver_and_Kidney_Tissue_in_Carbon_Tetrachloride_Induced_Tissue_Damage.
https://www.academia.edu/41818636/Effect_of_Allium_schoenoprasum_L._Administration_on_Total_Antioxidant_and_Total_Oxidant_Levels_in_Liver_and_Kidney_Tissue_in_Carbon_Tetrachloride_Induced_Tissue_Damage.
https://www.academia.edu/41818636/Effect_of_Allium_schoenoprasum_L._Administration_on_Total_Antioxidant_and_Total_Oxidant_Levels_in_Liver_and_Kidney_Tissue_in_Carbon_Tetrachloride_Induced_Tissue_Damage.
https://www.academia.edu/41818636/Effect_of_Allium_schoenoprasum_L._Administration_on_Total_Antioxidant_and_Total_Oxidant_Levels_in_Liver_and_Kidney_Tissue_in_Carbon_Tetrachloride_Induced_Tissue_Damage.
https://www.academia.edu/41818636/Effect_of_Allium_schoenoprasum_L._Administration_on_Total_Antioxidant_and_Total_Oxidant_Levels_in_Liver_and_Kidney_Tissue_in_Carbon_Tetrachloride_Induced_Tissue_Damage.
https://www.academia.edu/41818636/Effect_of_Allium_schoenoprasum_L._Administration_on_Total_Antioxidant_and_Total_Oxidant_Levels_in_Liver_and_Kidney_Tissue_in_Carbon_Tetrachloride_Induced_Tissue_Damage.
https://www.academia.edu/41818636/Effect_of_Allium_schoenoprasum_L._Administration_on_Total_Antioxidant_and_Total_Oxidant_Levels_in_Liver_and_Kidney_Tissue_in_Carbon_Tetrachloride_Induced_Tissue_Damage.
https://pubmed.ncbi.nlm.nih.gov/15224410/
https://pubmed.ncbi.nlm.nih.gov/15224410/


25

Ukrainian Journal of Nephrology and Dialysis, 4 (72)’2021

Український журнал нефрології та діалізу №4 (72) 2021 Оригінальні наукові роботи

Original Papers

age in streptozotocin-induced diabetic rats. Anat 
Rec Part A. 2004;279a(1):685-91. doi: 10.1002/
ar.a.20056.  

50.	 Devrim E, Cetin M, Namuslu M, Erguder IB,  
Cetin R, Durak I. Oxidant stress due to non ion-
ic low osmolar contrast medium in rat kidney. 
Indian J Med Res. 2009;130(4):433-6. Available 
from: https://www.researchgate.net/publica-

tion/40035902_Oxidant_stress_due_to_non_ion-
ic_low_osmolar_contrast_medium_in_rat_kidney.

51.	 Cetin M, Devrim E, Kilicoglu SS, Erguder IB, 
Namuslu M, Cetin R, et al. Ionic high-osmolar 
contrast medium causes oxidant stress in kid-
ney tissue: Partial protective role of ascorbic 
acid. Renal Failure. 2008;30(5):567-72. doi: 
10.1080/08860220802064739. 

https://pubmed.ncbi.nlm.nih.gov/15224410/
https://pubmed.ncbi.nlm.nih.gov/15224410/
https://pubmed.ncbi.nlm.nih.gov/15224410/
https://www.researchgate.net/publication/40035902_Oxidant_stress_due_to_non_ionic_low_osmolar_contrast_medium_in_rat_kidney.
https://www.researchgate.net/publication/40035902_Oxidant_stress_due_to_non_ionic_low_osmolar_contrast_medium_in_rat_kidney.
https://www.researchgate.net/publication/40035902_Oxidant_stress_due_to_non_ionic_low_osmolar_contrast_medium_in_rat_kidney.
https://www.researchgate.net/publication/40035902_Oxidant_stress_due_to_non_ionic_low_osmolar_contrast_medium_in_rat_kidney.
https://www.researchgate.net/publication/40035902_Oxidant_stress_due_to_non_ionic_low_osmolar_contrast_medium_in_rat_kidney.
https://www.researchgate.net/publication/40035902_Oxidant_stress_due_to_non_ionic_low_osmolar_contrast_medium_in_rat_kidney.
https://www.researchgate.net/publication/40035902_Oxidant_stress_due_to_non_ionic_low_osmolar_contrast_medium_in_rat_kidney.
https://www.researchgate.net/publication/40035902_Oxidant_stress_due_to_non_ionic_low_osmolar_contrast_medium_in_rat_kidney.
https://pubmed.ncbi.nlm.nih.gov/18569939/
https://pubmed.ncbi.nlm.nih.gov/18569939/
https://pubmed.ncbi.nlm.nih.gov/18569939/
https://pubmed.ncbi.nlm.nih.gov/18569939/
https://pubmed.ncbi.nlm.nih.gov/18569939/
https://pubmed.ncbi.nlm.nih.gov/18569939/

	_GoBack
	_GoBack
	_gjdgxs
	_GoBack
	_Hlk70953352
	_GoBack
	_GoBack
	_Hlk89000467
	_Hlk88991234
	_Hlk88991292
	_GoBack
	_Hlk73733711
	_Hlk74597099
	_Hlk73740166
	_Hlk73741555
	_Hlk74597234
	_Hlk74597893
	_Hlk74597934
	_Hlk74657401
	_Hlk74657425
	_Hlk74598129
	_Hlk74598155
	_Hlk74679231
	_Hlk74679405
	_Hlk74679524
	_Hlk74680514
	_Hlk73734188
	_Hlk73734293
	_Hlk73734217
	_Hlk74684180
	_Hlk74684286
	_Hlk73734152
	_Hlk74670730
	_Hlk89159906
	_Hlk89141394
	ref2
	ref3
	ref4
	М. Колесник, В. Дріянська, Л. Ліксунова, Н. Степанова, І. Дудар,
І. Багдасарова, Л. Король, М. Величко, В. Непомнящий, Н. Козлюк
	Державна установа «Інститут нефрології Національної академії 
медичних наук України» – 20 років поспіль 

	Астітва Сінгх1, Нішант Шарма2, Прачі Агарвал3, Болледу Сваруп Ананд3, Акшай Шукла3
	Синдром Барттера новонароджених: клінічний випадок з Північної Індії

	Гюнес Болатлі1, Махінур Улусой2, Фатіх Тас3, Начі Омер Алаюнт4, Ісмаїл Зарасіз5
	Вплив омега-3 жирної кислоти на контраст-індуковану нефропатію

	Омотайо Бабатунде Ілесанмі1, Рідван Абіодун Лавал2
	Сприятливий ефект фітонутрієнту у лікуванні кадмій-індукованої гепаторенальної токсичності

	Мазур Т.С., Деміхова Н.В., Руденко Т.М., Юрченко А.В., Єжова О.О., Бокова С.І., Деміхов А.А.
	Хронічне запалення та прогресування хронічної хвороби нирок 
у хворих на цукровий діабет II типу 

	Мерал Меше, Ергюн Пармаксіз
	Злоякісні новоутворення у реципієнтів трансплантованої нирки: ретроспективне одноцентрове описове дослідження

	А.В. Антоненко1, К.В. Антоненко1,2, Л.О. Вакуленко2, З.О. Дубовенко1
	Прогнозування несприятливого наслідку ішемічного інсульту 
у хворих на хронічну хворобу нирок

	Гульса Сасак1, Бану Ісбілен Басок2, Семіх Баші3, Абдулкадір Кочаноглу3,
 Алі Бакан4, Феррух Кемаль Ісман5
	Чи може індекс форми тіла вказувати на запалення, асоційоване з ожирінням і серцево-судинні захворювання у пацієнтів з хронічною хворобою нирок ІІІ-IV стадій?

	І.М. Шіфріс1, Л.В. Король1, Е.К. Красюк2, С.Л. Дудар3
	Активація оксидативного стресу, коморбідність та виживаність хворих на хронічну хворобу нирок VД стадії, які лікуються гемодіалізом

	Р. Манджунат, М. Беннікал, С.К. Дасар, С.Т. Патил
	Клінічний профіль, лікування та наслідки емфізематозного пієлонефриту IV класу в центрі третинної допомоги: ретроспективне описове дослідження

	Медведь В.І., Булик Л.М.
	Вагітність і пологи у жінок, які лікуються нирковою замісною терапією: oгляд літератури
	У скорботі……
	Кундін Валерій Юрійович


