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Protective effect of curcumin against contrast
induced nephropathy in rat kidney: what is
happening to oxidative stress, inflammation,
autophagy and apoptosis?
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Abstract. – BACKGROUND: Currently, the
number of imaging and interventional procedures
that use contrast agents (CAs) is gradually increasing. Oxidative stress plays a significant role
in its pathophysiology. Curcumin (CC) is a natural
substance with strong antioxidant efficacy.
MATERIALS AND METHODS: In total, 24
male Wistar-albino rats were divided into four
groups with seven rats in each group.
RESULTS: Biochemical measurements showed
a significant increase (p < 0.001) in urea, creatinine and malondialdehyde (MDA) but a significant decrease (p < 0.001) in glutathione (GSH),
superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GSH-Px) levels in the
contrast-induced nephropathy (CIN) group compared with the control group. The immunohistochemical examination revealed a significant increase in autophagic and apoptotic cell death ratios and in the inflammatory signal (p < 0.05).
Compared with the CIN group, a significant improvement in these unfavorable parameters was
observed with CC therapy.
CONCLUSIONS: The preventive efficacy of
CC against an experimental model of CIN has
been demonstrated.
Key Words:
Angiography, Nephropathy, Curcumin, Contrast,
Autophagy, Apoptosis.

Introduction
Recently, the use of contrast agent (CA) has been
gradually increasing simultaneously with an increase
in imaging and interventional procedures. Despite
advances in molecular structures, all CAs may have
adverse effects, which range from mild to severe,

with contrast-induced nephropathy (CIN) being the
most important effect. CIN is the third leading cause
of hospital-acquired acute renal failure1. Although
the prevalence of CIN is 1-2% in the normal population, this prevalence increases by up to 50% in diabetic azotemic patients. The development of CIN
prolongs the duration of hospital stays and enhances
the requirement for dialysis and mortality2.
Although the pathophysiology of CIN is unclear, at least four potential mechanisms have been
suggested, including an alteration in renal perfusion, a direct tubular injury, oxidative stress and an
immunological mechanism. Oxidative stress due to
free radical production and direct tubular toxicity
play basic roles in the development of CIN 3 .
Nephropathy occurs due to necrotic and apoptotic
cell death because of these pathophysiological
mechanisms at the cellular level. Despite the use of
various prophylactic therapies and low-osmolar
CAs with lesser adverse effects, intravenous isotonic fluid infusion is the only method that has been
proven effective in preventing CIN in clinic practice4. Therefore, a novel kidney-protecting treatment model is required for CIN.
Curcumin (CC) is the substance that gives yellow color to turmeric and that is responsible for its
primary phytochemical effect. CC is a polyphenolic
curcuminoid and accounts for 3-5% of turmeric.
CC has strong antioxidant and anti-inflammatory
effects. This substance shows antioxidant efficacy
by inhibiting ROS production and scavenging molecular oxygen (O2-) and hydroxyl (OH-) radicals5.
Anti-inflammatory efficacy occurs by inhibiting
LOX and COX pathways of arachidonic acid production. In previous studies, CC has been studied
together with many nephrotoxic agents, and its pro-
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tective efficacy has been demonstrated6. A previous
study investigated the protective efficacy of CC
against CIN, and favorable outcomes were obtained
over hemoxygenase-1 and over the apoptotic
index7. Nevertheless, no large and comprehensive
studies concerning the protective efficacy of CC in
CIN have been conducted previously.
The present study investigated the effects of autophagy, apoptosis and inflammation that result
from oxidative stress in CIN and the likely protective character of curcumin against these unfavorable effects.

Materials and Methods
Animals
In total, 24 adult male Wistar-albino rats, weighing 180-200 g were obtained from the Animal Laboratory at the Experimental Research Centre at
Atatürk University, Erzurum, Turkey. The animals
were maintained at standard housing facilities
(24±1°C, 45±5% humidity and 12 h light/dark cycle). The animals were supplied with standard laboratory chow and water ad libitum and were left to acclimatize for one week before the experiments. The
experimental protocol was approved by the Local
Animal Care Committee at Atatürk University, Erzurum, Turkey, and experimental procedures were performed in accordance with the “International Guidelines for Care and Use of Laboratory Animals”.
Drugs and Chemicals
Sevoflurane (Sevorane Liquid 100%) was obtained from Abbott Lab., Istanbul, Turkey.
Furosemide (Desal amp.) was obtained from Biofarma, Istanbul, Turkey. Indometacin was obtained
from Sigma Chemical Co., St Louis, MO, USA.
Iomeprol (Iomeron flc. 400 mg/ml) was obtained
from Bracco SpA, Milan, Italy. Curcumin was obtained from Sigma Chemical Company, USA.
Experimental Protocol
Rats were randomized into four groups with
seven rats in each group. These groups were:
healthy control rats (NC), rats that received curcumin (CC), rats that underwent contrast agent
nephropathy (CIN) and rats that underwent contrast
agent nephropathy and received curcumin
(CIN+CC). The study period was 10 days. The application in each group was as follows:
Healthy control rats: 0.5 ml of corn oil was administered via gavage for 10 days. On the 5th day,
i.m. 0.2 ml of saline + i.p. 0.2 ml of saline + IV 2
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ml of saline was administered under mild sevoflurane anesthesia.
Rats that received curcumin: Curcumin was given at a dose of 200 mg/kg/day as a suspension in
corn oil via gavage for 10 days.
Rats that underwent contrast agent nephropathy:
10 mg/kg furosemide IM + 10 mg/kg indomethacin
IP + 10 ml/kg iomeprol IV were administered on
the 5th day following 24-h dehydration under mild
sevoflurane anesthesia8.
Rats that underwent contrast agent nephropathy
and received curcumin: Curcumin was administered
at a dose of 200 mg/kg/day as a suspension in corn
oil via gavage for 10 days. After 24-h dehydration
on the 5th day, 10 mg/kg furosemide IM + 10 mg/kg
indomethacin IP + 10 ml/kg iomeprol IV were administered under mild sevoflurane anesthesia.

Sample Preparation and Biochemical
Studies
All animals in the groups were decapitated under
mild sevoflurane anesthesia 24 h after the last application. Blood samples were collected into plain tubes
and centrifuged at 200 x g for 5 min, and serums
were extracted. One of the kidneys was removed for
biochemical analysis, washed with normal saline and
stored at −20 °C until the day of analysis. The other
kidney was removed for histopathological analysis
and storedin 10% buffered formaldehyde.
Serum urea and creatinine concentrations were
measured using photometric commercial kits (Diasis Diagnostic Systems, Istanbul, Turkey).
The tissue homogenization was performed using
a Teflon-glass homogenizer with a buffer that contained 1.15% KCl to obtain 1:10 (w/v) whole homogenate.
The renal tissue catalase (CAT) enzyme activity
was determined by measuring the decomposition of
hydrogen peroxide at 240 nm according to the
method of Aebi and was expressed as katal/g protein9. In parallel, the protein concentration was also
measured in the supernatants using the method of
Lowry et al 10 . The tissue reduced glutathione
(GSH) concentration was measured by a kinetic assay using a dithionitrobenzoic acid recycling
method that was previously described by Ellman
and was expressed as µmol/g protein11. The glutathione peroxidase (GSH-Px) enzyme activity was
determined by the procedure that was previously
described by Beutler12. The analysis procedure that
was performed was based on the oxidation of GSH
by GSH-Px, which was coupled to the disappearance of NADPH by glutathione reductase, measured at 37 °C and 340 nm and expressed as U/g
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protein. Lipid peroxidation [as malondialdehyde
(MDA)] levels in the renal homogenate were measured using the thiobarbituric-acid reaction according to the method of Placer et al13. The values of
MDA were expressed as nmol/g tissue. The superoxide dismutase (SOD) enzyme activity determination was based on the production of H2O2 from xanthine by xanthine oxidase and on the reduction of
nitroblue tetrazolium as previously described14. The
product was evaluated spectrophotometrically at
560 nm. The results were expressed as U/g protein.
Histopathological examination of renal tissue
At the end of the experiment, the necropsy of
the rats was performed, and kidney tissue samples
were fixed in 10% neutral buffered formalin. Paraffin embedded blocks were routinely processed, and
5-µm thick sections were stained with hematoxylineosin and examined under a microscope and 10
randomly selected microscopic fields were examined under 20x magnification. The histopathological findings in the sections were graded as 0 (none),
1 (mild), 2 (moderate) or 3 (severe).

Immunohistochemical Examinations
of Renal Tissue
To examine the protective effects of curcumin
on apoptosis, autophagy and inflammation in the
kidney, cleaved caspase-3, LC3/B and iNOS expression in the kidney were assessed by immunohistochemical staining. Kidney sections on polylysine-coated slides were fixed in 10% neutral
buffered formalin, embedded in paraffin and were
treated with cleaved caspase-3, LC3/B and iNOS
antibodies for immunohistochemical analysis
(Table I). The procedures were performed according to the manufacturer’s recommended protocol
for cleaved caspase-3, LC3/B and iNOS immunohistochemistry, with slight modifications. Negative
controls included staining tissue sections with the
omission of the primary antibody. The sections
were graded as 0 (no staining), 1 (staining, 25%), 2
(staining between 25% and 50%), 3 (staining between 50% and 75%) or 4 (staining 75%).

Statistical Analysis
All analyses were performed using the program
Statistical Package for Social Sciences version 17
(SPSS Inc, Chicago, IL, USA). The data are presented as the mean ± the standard error of means
(SEM). A one-way analysis of variance (ANOVA)
and post hoc Tukey’s test were used to determine
the differences between groups in terms of the studied parameters. A value of p < 0.05 was considered
statistically significant.

Results
Effects of Curcumin on Serum
Biochemical Analysis
There was no significant difference in serum urea
and creatinine levels between NC and CC groups
(Table II). CIN induction significantly (p < 0.001)
increased both urea and creatinine levels compared
with the NC and CC groups. Curcumin pre- and
post-treatment resulted in a significant reduction in
serum urea and creatinine levels (Table II).
Effects of Curcumin on Renal
Biochemical Analysis
Kidney tissue SOD enzyme activity, CAT enzyme activity, GSH concentration and GSH-Px enzyme activity levels decreased significantly (Table
II, p < 0.001) in the CIN group compared with the
NC and CC groups (Table II). Kidney tissue MDA
levels increased significantly (p < 0.001) in the CIN
group compared with the NC and CC groups (Table
II). Curcumin pre- and post-treatment resulted in a
significant increase in tissue antioxidant profiles
and in a significant reduction in tissue lipid peroxidation.
Effects of Curcumin on Renal
Histopathology
Histopathological appearances in the experimental groups and in the control group are shown
in Figure 1. It was observed that necrotic and de-

Table I. Antibody specificity, dilution rates and incubation times.
Antibody
Polyclonal rabbit active/Cleaved Caspase
3 antibody
Polyclonal rabbit LC3/B antibody
Polyclonal rabbit iNOS antibody

Dilution rates

Incubation times

Commercially

1/200

10 minutes (RT)

1/400
1/400

10 minutes (RT)
10 minutes (RT)

Novus Biological
(Cat No. NB600-1235)
Abcam (Cat. No. ab15323)
Abcam (Cat. No. ab48394)

RT = room temperature.
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Table II. Effect of curcumin (CC) on blood urea, creatinine, renal malondialdehyde (MDA), and glutathione (GSH) levels, as
well as catalase, superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) activities in rats that are exposed to contrast-induced nephropathy (CIN).

Serum urea (mg/dl)
Serum creatinine (mg/dl)
SOD(U/g protein)
Catalase (k/g tissue)
GSH (µmol/g tissue)
GSH-Px (U/g protein)
MDA (nmol/g tissue)

NC

CC

CIN

CIN+CC

63.3 ± 1.45
0.52 ± 0.01
1.73 ± 0.03
60.61 ± 0.88
24.41 ± 0.46
13.58 ± 0.21
63.65 ± 0.95

66.97 ± 1.70
0.57 ± 0.01
1.67 ± 0.02
59.46 ± 0.43
25.43 ± 0.39
13.80 ± 0.30
61.84 ± 0.58

90.10 ± 1.55a
0.87 ± 0.01a
1.11 ± 0.02a
29.25 ± 0.88a
17.21 ± 0.31a
7.10 ± 0.17a
133.30 ± 1.36a

72.56 ± 1.60b
0.66 ± 0.01b
1.40 ± 0.01b
39.70 ± 0.61b
20.35 ± 0.44b
9.04 ± 0.21b
85.30 ± 1.60b

All of the values are expressed as the mean ± SEM, n = 7 in each group.
a
p < 0.05 vs. the control group.
b
p < 0.05 vs. the contrast-induced nephropathy group.

generative changes, as well as intertubular hemorrhage, were lower in the CIN+CC group compared
with the CIN group (Table III, p < 0.05).

Effects of Curcumin on Renal
Immunohistochemistry
iNOS expression in the control group and in
the experimental groups is shown in Figure 2. Anti-iNOS-specific staining was observed predominantly in the tubular region and was rarely observed in the glomerular region in the CIN group.

Immunopositivity was diffuse in the tubular epithelial cells in some regions, whereas immunopositivity was localized intensely on the luminal surface of tubular epithelial cells in other
regions. It was observed that this specific staining
was reduced in the CIN+CCgroup compared with
the CIN group (Table IV, p < 0.05). Anti-iNOSspecific staining in the cytoplasm of the tubular
epithelial cells displayed a diffuse spread.
LC3/B expression in the control and in the experimental groups is illustrated in Figure 3. Anti-

Figure 1. Photomicrographs
of rat kidney (H&E, 200×)
from: A, control group and B,
curcumin alone-treated group
showing normal renal architecture; C, curcumin with CIN
group showing mild necrotic
and degenerative tubular cells
(*); D, alone CIN group showing moderate necrotic and degenerative tubular cells (*).

464

Protective effect of curcumin against contrast induced nephropathy in rat kidney
Figure 2. Immunohistochemical
staining of iNOS in rat kidney
(200×) from: A, control group
and B, curcumin alone-treated
group showing no expression of
iNOS; C, curcumin with CIN
group showing moderate immunopositivity in tubular cells
(arrow); D, alone CIN group
showing severe immunopositivity
diffusely (arrow) and in the luminal surface of tubular cells (arrowhead).

LC3/B-specific staining was in the tubular epithelial
cells, in podocytes and in mesangial cells in the
glomeruli, as well as in cytoplasm and nucleus in the
macula densa in the CIN group. Specific staining
was observed to be reduced in the CIN+CC group
compared with the CIN group (Table IV, p < 0.05).

Cleaved caspase 3 expression in the control
and in the experimental groups is demonstrated in
Figure 4. Anti-cleaved caspase 3-specific staining
was predominant in the tubular region and was
rarely observed in the glomerular regions in the
CIN group. Immunopositivity was observed to be

Table III. Histopathological change rates in the groups.

Necrosis and degeneration
ntertubular hemorrhagia

NC

CC

CIN

CIN+CC

0.00 ± 0.00
0.00 ± 0.00

0.00 ± 0.00
0.00 ± 0.00

1.57 ± 0.20a
1.42 ± 0.20a

1.14 ± 0.14b
1.00 ± 0.00b

NC = control; CC = curcumin; CIN = contrast-induced nephropathy
a
p < 0.05 vs. the control group.
b
p < 0.05 vs. the contrast-induced nephropathy + curcumin group.
Table IV. Immunohistochemical change rates in the groups.

iNOS
LC3/B
Active caspase 3

NC

CC

CIN

CIN+CC

ND
ND
ND

ND
ND
ND

3.28 ± 0.18a
3.14 ± 0.14a
3.28 ± 0.80a

2.85 ± 0.14b
2.57 ± 0.20b
3.00 ± 0.21b

CC = curcumin; CIN = contrast-induced nephropathy; ND = non-detectable
a
p < 0.05 vs. the control group.
b
p < 0.05 vs. the contrast-induced nephropathy + curcumin group.
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Figure 3. Immunohistochemical staining of LC3/B in rat
kidney (200×) from: A, control
group and B, curcumin alonetreated group showing no expression of LC3/B; C, curcumin with CIN group showing moderate immunopositivity in tubular cells (arrow),
podocytes (arrowhead); D,
alone CIN group showing severe immunopositivity in tubular cells (arrow), podocytes
(arrowhead), mesangial cell
(*) and in the macula densa
(small arrow).

Figure 4. Immunohistochemical staining of cleaved caspase
3 in rat kidney (200×) from: A,
control group and B, curcumin
alone-treated group showing
no expression of cleaved caspase 3; C, curcumin with CIN
group showing moderate immunopositivity in tubular cells
(arrow); D, alone CIN group
showing severe immunopositivity in tubular cells (arrow),
podocytes (arrowhead) and in
the macula densa (small arrow).
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intensive in the nucleus but mild in the cytoplasm
of the tubular epithelial cells. It was observed that
this intense specific staining was reduced in the
CIN+CC group compared with the CIN group
(Table IV, p < 0.05). In this group, immunopositivity was detected in the tubular epithelial cells.
It was observed that apoptotic and autophagic
cell deaths and the iNOS-induced inflammatory reaction, which were observed in the CIN group
alone, were reduced in the CIN+CC group.

Discussion
The present study investigated biochemical,
histopathological and immunohistochemical effects
of CC against CIN.
Today, the prevalence of CIN increases as imaging and interventional procedures that are performed using CA increase and as these procedures
are performed in older and comorbid patient
groups. Although the pathophysiology of CIN has
not yet been clarified, studies have brought oxidative stress into the forefront15. ROS production is
increased because of adirect toxic effect of CA. Oxidative stress due to this increase in free radicals
causes apoptosis in the renal tubular and glomerular
cells16. Necrotic and degenerative changes that are
observed particularly in tubular cells in CIN are
consistent with the present study (Figure 1)17.
Protective methods over these pathophysiological
mechanisms have been explored in preclinical and
clinical studies8,18-20. For example, an experimental
study that was performed with melatonin demonstrated its protective and preventive effects8. In the
experimental studies that were performed with alpha
tocopherol and L-carnitine, the protective effects of
these agents against CIN have also been demonstrated19,20. Most clinical studies examined saline, sodium
bicarbonate, n-acetylcysteine (NAC), theophylline,
dopamine, nitrendipine, furosemide, mannitol and
ascorbic acid. Although the benefits of NAC have
been demonstrated in previous studies, one of the recent studies found that NAC has no benefit in patients with at least one risk factor21. In the REMEDIAL trial, which was conducted in patients with renal
failure, bicarbonate+NAC prevented CIN better than
saline+NAC or saline+ascorbic acid22. Again, in a
clinical study that was performed in patients with renal failure, ascorbic acid was shown to prevent
CIN23. Finally, in 2008, there appeared results of a
meta-analysis including 40 randomised controlled
trials in which the following substances were administered: sodium bicarbonate, NAC, theophylline,

dopamine, nitrendipine, statins, furosemide, mannitol, and ascorbic acid24-29. According to the results,
only the administration of NAC or theophylline was
more advantageous to patients than hydration with
saline, while the use of furosemide significantly increased the risk of CIN30-34. In most of the studies,
hydration with 0.9% NaCl resulted in a significant
reduction in the risk of CIN. The effectiveness of patient hydration with the use of different methods is
still ambiguous.
Curcumin is an herbal agent with antioxidant,
anti-inflammatory and anticancer effects. These effects of CC have been demonstrated in many clinical studies. Among the studies that were performed
with nephrotoxic agents, Waseem and Parvez35 evaluated the mitochondrial LPO level, the protein carbonyl level and antioxidant enzyme parameters and
demonstrated the protective effect of CC against cisplatin-induced nephropathy. Ueki et al36 measured
TNF-alpha and ICAM-1, which are among the inflammation parameters, and demonstrated the protective effect of CC against cisplatin-induced
nephropathy. Kumaravel et al37 indicate that the curcumin analog exhibit potent inhibitory activity in
cancer cells. Sagiroglu et al38 evaluated antioxidant
enzymes and the apoptotic index and demonstrated
the protective effect of CC against cyclosporine Ainduced nephropathy. In the study that was conducted by Duan et al7 on CIN, groups were compared in
terms of hemoxygenase-1 activity and the apoptotic
index, and the protective effect of CC against CIN
was demonstrated. The latter study is the only one
that was performed with CC in CIN.
Serum creatinine is the most important parameter
that is used in the diagnosis of CIN in clinical practice. Previous studies determined a significant increase in both urea and creatinine in the CIN groups
compared with the NC group8,19,20. In the present
study, the serum creatinine level significantly increased after CIN induction in the CIN group compared with the NC group (Table II, p < 0.001). This
result suggests that the protocol that we used has
been successful in creating CIN. In the CIN+CC
group, the urea and creatinine levels significantly decreased compared with the CIN group (p < 0.001).
MDA elevation in renal tissue is an indicator of
an increase in lipid peroxidation due to nephrotoxicity. Previous studies of CIN and antioxidant agents
demonstrated an increase in MDA levels in the renal tissue in CIN groups19,20,39,40. Again, in these
studies, a significant decrease in MDA levels after
treatment was demonstrated compared with the
CIN group. In the present study, a significant increase was observed in MDA levels in the CIN
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group compared with the NC group (Table II, p <
0.001). A significant decrease in the MDA level
was observed with CC therapy compared with the
CIN group (p < 0.001).
There are two types of antioxidant systems in the
cell: enzymatic and non-enzymatic. In the present
study, SOD, CAT, GSH-Px enzyme activities were
measured as enzymatic antioxidants, whereas the
GSH level was measured as a non-enzymatic antioxidant. Boyacioglu et al20 found that SOD and
CAT enzyme activities and the GSH level significantly decreased in the CIN group but significantly
improved with L-carnitine therapy compared with
the CIN group. Kongkham et al19 determined that
SOD enzyme activity decreased in the CIN group
but significantly improved with alpha-tocopherol
therapy. In the present study, it was observed that
tissue SOD, CAT, GSH-Px enzyme activities and
GSH levels significantly decreased in the CIN group
compared with the control group (Table II, p <
0.001). A significant improvement was observed in
these parameters with CC therapy compared with
the CIN group (Table II, p < 0.001). This improvement in biochemical parameters with CC therapy
can be explained by the antioxidant efficacy of CC.
In a study that was conducted in rats, it was
observed that nitric oxide (NO) production was increased with CA41. It has been reported that particularly the iNOS form of NO, which has three different forms, such as endothelial nitric oxide synthase (eNOS), induced nitric oxide synthase (iNOS) and neuronal nitric oxide synthase (nNOS)42,
is produced in the presence of various cytokines
and endotoxins, as well as in impaired cellular
media43. It has been stated that iNOS can be found
in extremely low amounts or not at all in normal
renal tissue but increases in nephropathy44. In the
present study, although iNOS expression was absent in the NC and CC groups, iNOS expression
was the highest in the CIN group and was moderate in the CIN+CC groups (Figure 2, p < 0.05).
This result indicates that CIN-induced iNOS expression was decreased by CC.
There are two different types of programmed
cell death: apoptosis and autophagy45. Apoptosis is
activated by apoptotic genes and by the caspase cycle. The activation of caspase-3 (cleaved caspase 3)
plays an important role in the initiation and maintenance of apoptosis46. Some studies have demonstrated that CA has a cytotoxic or caspase-based
apoptotic effect on renal tubular cells47. In the present study, the fact that cleaved caspase 3 is highly
expressed in the CIN group but has decreased expression in the CIN+CC group suggests that the
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apoptotic effect of CA on renal cells might be alleviated with CC (Figure 4, p < 0.05).
Autophagy is a complex and well-organized hemostatic process that provides nutritional recycling
by removing malfunctioned organelles and molecules
to maintain life under stress. In contrast, changes in
the rate of autophagy may lead to metabolic imbalance and cell death48. The appearance of the lipidated
LC3 form among the membranes of autophagosomes
is widely used as a marker of continuing autophagy49.
In recent studies, it was stated that autophagy is present in nephrotoxin-associated acute renal injury and
in nephropathic cystinosis50,51. In an experimental
model of cisplatin-induced nephropathy, it was
demonstrated that autophagy plays a role in cell death
and that there is a precise balance between apoptosis
and autophagy52. In the present study, LC3/B expression was the highest in the CIN group (Figure 3). Decreased expression of LC3/B in the CIN+CC group
indicates that CC reduces autophagic cell death. Additionally, the fact that LC3/B expression is in line
with cleaved caspase 3 indicates that both apoptosis
and autophagy play a role in cell death.

Conclusions
We was observed that CC reduces inflammatory
and programmed cell death in CA-induced renal injury; thus, CC might have protective efficacy
against this condition.

–––––––––––––––––-––––
Conflict of Interest

The Authors declare that they have no conflict of interests.

–––––––––––––––––-––––
Funding

This study was supported by the Scientific Research Fund
of Erzincan University.

References
1) ASIF A, EPSTEIN M. Prevention of radiocontrast-induced
nephropathy. Am J Kidney Dis 2004; 44: 12-24.
2) S ANAEI -A RDEKANI M, M OVAHE , MR, M OVAFAGH S,
GHAHRAMANI N. Contrast-induced nephropathy: a
review. Cardiovasc Revasc Med 2005; 6: 82-88.
3) WONG PC, LI Z, GUO J, ZHANG A. Pathophysiology
of contrast-induced nephropathy. Int J Cardiol
2012; 158: 186-192.
4) BARRETT BJ, PARFREY PS. Clinical practice. Preventing
nephropathy induced by contrast medium. N Engl
J Med 2006; 354: 379-386.

Protective effect of curcumin against contrast induced nephropathy in rat kidney
5) SREEJAYAN N, RAO MN. Free radical scavenging activity of curcuminoids Arzneimittelforschung 1996;
46: 169-171.
6) TRUJILLO J, CHIRINO YI, MOLINA-JIJÓN E, ANDÉRICAROMERO AC, TAPIA E, PEDRAZA-CHAVERRÍ J. Renoprotective effect of the antioxidant curcumin: recent
findings. Redox Biol 2013; 1: 448-456.
7) DUAN BJ, HUANG L, DING H, HUANG WY. Curcumin
attenuates contrast-induced nephropathy by upregulating heme oxygenase-1 expression in rat.
Zhonghua Xin Xue Guan Bing Za Zhi 2013; 41:
116-120.
8) G AZI S, A LTUN A, E RDOGAN O. Contrast-induced
nephropathy: preventive and protective effects of
melatonin. J Pineal Res 2006; 41: 53-57.
9) BERGMEYER HV, ED. In methods of enzymatic analysis,
Academic Press, New York, 1983; pp. 276-286.
10) LOWRY OH, ROSEBROUGH NJ, FARR AL, RANDALL RJ.
Protein measurement with the folin phenol
reagent. J Biol Chem 1951; 193: 265-275.
11) ELLMAN G. Tissue sulphydryl groups. Arch Biochem
Biophys 1959; 82: 70-77.
12) BEUTLER E. Red cell metabolism. In: a manual of
biochemical methods, NewYork: Grune Strottan,
1975; pp. 67-69.
13) PLACER ZA, CUSHMANNI LL, JOHNSON BC. Estimation
of prod- ucts of lipid peroxidation (as malondialdehyde) in biochemical systems. Anal Biochem
1966; 16: 359-364.
14) GOERING PL, MORGAN DL, ALI SF. Effects of mercury
vapor inhalation on reactive oxygen species and
antioxidant enzymes in rat brain and kidney are
minimal. J Appl Toxicol 2002; 22: 167-172.
15) GOLDENBERG I, MATETZKY S. Nephropathy induced by
contrast media: pathogenesis, risk factors and
preventive strategies. CMAJ 2005; 172: 14611471.
16) HIZOH I, HALLER C. Radiocontrast-induced renal
tubular cell apoptosis: hypertonic versus oxidative
stress. Invest Radiol 2002; 37: 428-434.
17) TERVAHARTIALA P, KIVISAARI L, KIVISAARI R, VEHMAS T, VIRTANEN I. Structural changes in the renal proximal
tubular cells induced by iodinated contrast media.
Nephron 1997; 76: 96-102.
18) ALESSANDRI N, LANZI L, GARANTE CM, TERSIGNI F, SERGIACOMI R, PETRASSI M, DI MATTEO A, TUFANO F. Prevention of acute renal failure post-contrast imaging in cardiology: a randomized study. Eur Rev
Med Pharmacol Sci 2013; 17: 13-21.
19) KONGKHAM S, SRIWONG S, TASANARONG A. Protective
effect of alpha tocopherol on contrast-induced
nephropathy in rats. Nefrologia 2013; 33: 116123.
20) BOYACIOGLU M, TURGUT H, AKGULLU C, ERYILMAZ U,
KUM C, ONBASILI OA. The efficient of L-carnitine on
oxidative stress responses of experimental contrast-induced nephropathy in rat. J Vet Med Sci
2013; Aug 20.
21) ACT INVESTIGATORS. Acetylcysteine for prevention of
renal outcomes in patients undergoing coronary

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

and peripheral vascular angiography: main results
from the randomized Acetylcysteine for Contrastinduced nephropathy Trial (ACT). Circulation
2011; 124: 1250-1259.
BRIGUORI C, AIROLDI F, D'ANDREA D, BONIZZONI E,
MORICI N, FOCACCIO A, MICHEV I, MONTORFANO M,
CARLINO M, COSGRAVE J, RICCIARDELLI B, COLOMBO A.
Renal Insufficiency Following Contrast Media Administration Trial (REMEDIAL): a randomized
comparison of 3 preventive strategies. Circulation
2007; 115: 1211-1217.
SPARGIAS K, ALEXOPOULOS E, KYRZOPOULOS S, IOKOVIS P,
GREENWOOD DC, MANGINAS A, VOUDRIS V, PAVLIDES G,
BULLER CE, KREMASTINOS D, COKKINOS DV. Ascorbic
acid prevents contrast-mediated nephropathy in
patients with renal dysfunction undergoing coronary angiography or intervention. Circulation
2004; 110: 2837-2842.
POLETTI PA, SAUDAN P, PLATON A, MERMILLOD B, SAUTTER AM, VERMEULEN B, SARASIN FP, BECKER CD, MARTIN
PY. I.v. N-acetylcysteine and emergency CT: use
of serum creatinine and cystatin C as markers of
radiocontrast nephrotoxicity. Am J Roentgenol
2007; 189: 687-692.
PERSSON PB, PATZAK A. Renal haemodynamics alterations in contrast medium- induced nephropathy
and the benefit of hydration. Nephrol Dial Transplant 2005; 20: i2-i5.
K O C H JA, P L U M J, G R A B E N S E E B, M Ö D D E R U.
Prostaglandin E1: a new agent for the prevention
of renal dysfunction in high risk patients caused
by radiocontrast media? PGE1 Study Group.
Nephrol Dial Transplant 2000; 15: 43-49.
KELLY AM, DWAMENA B, CRONIN P, BERNSTEIN SJ, CARLOS RC. Meta-analysis: effectiveness of drugs for
preventing contrast-induced nephropathy. Ann Intern Med 2008 148: 284-294.
MAIOLI M, TOSO A, LEONCINI M, GALLOPIN M, TEDESCHI
D, MICHELETTI C, BELLANDI F. Sodium bicarbonate
versus saline for the prevention of contrast-induced nephropathy in patients with renal dysfunction undergoing coronary angiography or intervention. J Am Coll Cardiol 2008; 52: 29-30.
SCHMIDT P, PANG D, NYKAMP D, KNOWLTON G, JIA H.
N-acetylcysteine and sodium bicarbonate versus
n-acetylcysteine and standard hydration for the
prevention of radiocontrast-induced nephropathy
following coronary angiography. Ann Pharmacother 2006; 41: 46-50.
O Z C A N EE, G U N E R I S, A K D E N I Z B, A K Y I L D I Z IZ,
SENASLAN O, BARIS N, ASLAN O, BADAK O. Sodium
bicarbonate, N-acetylcysteine, and saline for
prevention of radiocontrast-induced nephropathy.
A comparison of 3 regimens for protecting contrast-in-duced nephropathy in patients undergoing coronar y procedures. A single-center
prospective controlled trial. Am Heart J 2007;
154: 539-544.
FROM AM, B ARTHOLMAI BJ, W ILLIAMS AW, CHA SS,
PFLUEGER A, MCDONALD FS. Sodium bicarbonate is
associated with an increased incidence of con-

469

M. Buyuklu, F. Mehmet Kandemir, M. Ozkaraca, T. Set, E. Murat Bakirci, E. Topal

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

trast nephropathy: A retrospective cohort study of
7977 patients at Mayo Clinic. Clin J Am Soc
Nephrol 2008; 3: 10-18.
SOLOMON R, WERNER C, MANN D. Effects of saline,
mannitol, and furosemide on acute decreases in
renal function induced by radiocontrast agents. N
Engl J Med 1994; 331: 1416-1420.
HUBER W, ILGMANN K, PAGE M, HENNIG M, SCHWEIGART
U, JESCHKE B, LUTILSKY L, WEISS W, SALMHOFER H,
CLASSEN M. Effect of theophylline on contrast material- nephropathy in patients with chronic renal insufficiency: controlled, randomized, double-blinded study. Radiology 2002; 223: 772-779.
BAGSHAW S, GHALI W. Theophylline for prevention of
contrast-induced nephropathy. A systematic review and meta-analysis. Arch Intern Med 2005;
165: 1087-1093.
WASEEM M, PARVEZ S. Mitochondrial dysfunction mediated cisplatin induced toxicity: modulatory role of
curcumin. Food Chem Toxicol 2013; 53: 334-342.
UEKI M, UENO M, MORISHITA J, MAEKAWA N. Curcumin ameliorates cisplatin-induced nephrotoxicity by
inhibiting renal inflammation in mice. J Biosci Bioeng 2013; 115: 547-551.
KUMARAVEL M, SANKAR P, RUKKUMANI R. Antiproliferative effect of an analog of curcumin bis-1,7-(2hydroxyphenyl)-hepta-1,6-diene-3,5-dione in human breast cancer cells. Eur Rev Med Pharmacol
Sci 2012; 16: 1900-1907.
SAGIROGLU T, KANTER M, YAGCI MA, SEZER A, ERBOGA
M. Protective effect of curcumin on cyclosporin Ainduced endothelial dysfunction, antioxidant capacity, and oxidative damage. Toxicol Ind Health
2013; Jul 18 [Epub ahead of print].
A RI E, K EDRAH AE, A LAHDAB Y, B ULUT G, E REN Z,
BAYTEKIN O, ODABASI D. Antioxidant and renoprotective effects of paricalcitol on experimental contrast-induced nephropathy model. Br J Radiol
2012; 85: 1038-1043.
TOPRAK O, CIRIT M, TANRISEV M, YAZICI C, CANOZ O,
SIPAHIOGLU M, UZUM A, ERSOY R, SOZMEN EY. Preventive effect of nebivolol on contrast-induced
nephropathy in rats. Nephrol Dial Transplant 2008;
23: 853-859.
EFRATI S, DISHY V, AVERBUKH M, BLATT A, KRAKOVER R,
WEISGARTEN J, MORROW JD, STEIN MC, GOLIK A. The
effect of N-acetylcysteine on renal function, nitric
oxide, and oxidative stress after angiography. Kidney Int 2003; 64: 2182-2187.

470

42) SUGIMOTO H, SHIKATA K, WADA J, HORIUCHI S, MAKINO
H. Advanced glycation end products-cytokine-nitric
oxide sequence pathway in the development of diabetic nephropathy: aminoguanidine ameliorates
the overexpression of tumour necrosis factoralpha
and inducible nitric oxide synthase in diabetic rat
glomeruli. Diabetologia 1999; 42: 878-886.
43) TRACHTMAN H, FUTTERWEIT S, PINE E, MANN J, VALDERRAMA E. Chronic diabetic nephropathy: Role of inducible nitric oxide synthase. Pediatr Nephrol
2002; 17: 20-29.
44) MANIKANDAN R, BEULAJA M, THIAGARAJAN R, PRIYADARSINI A, SARAVANAN R, ARUMUGAM M. Ameliorative effects of curcumin against renal injuries mediated
by inducible nitric oxide synthase and nuclear factor kappa B during gentamicin-induced toxicity in
Wistar rats. Eur J Pharmacol 2011; 670: 578-585.
45) SU M, MEI Y, SINHA S. Role of the Crosstalk between Autophagy and Apoptosis in Cancer. J Oncol 2013; 2013: 102735.
46) SERVAIS H, ORTIZ A, DEVUYST O, DENAMUR S, TULKENS
PM, MINGEOT-LECLERCQ MP. Renal cell apoptosis induced by nephrotoxic drugs: cellular and molecular mechanisms and potential approaches to
modulation. Apoptosis 2008; 13: 11-32.
47) YANO T, ITOH Y, SENDO T, KUBOTA T, OISHI R. Cyclic
AMP reverses radiocontrast media-induced apoptosis in LLC-PK1 cells by activating A kinase/PI3
kinase. Kidney Int 2003; 64: 2052-2063.
48) WHITE E, DIPAOLA RS. The double-edged sword of
autophagy modulation in cancer. Clin Cancer Res
2009; 15: 5308-5316.
49) RUBINSZTEIN DC, CUERVO AM, RAVIKUMAR B, SARKAR S,
KOROLCHUK V, KAUSHIK S, KLIONSKY DJ. In search of an
“autophagomometer”. Autophagy 2009; 5: 585-589.
50) FUNK JA, SCHNELLMANN RG. Persistent disruption
of mitochondrial homeo-stasis after acute kidney
injury. Am J Physiol Renal Physiol 2012; 302:
853-864.
51) KIMURA T, TAKABATAKE Y, TAKAHASHI A, KAIMORI JY, MATSUI
I, NAMBA T, KITAMURA H, NIIMURA F, MATSUSAKA T, SOGA
T, RAKUGI H, ISAKA Y. Autophagy protects the proximal tubule from degeneration and acute ischemic
injury. J Am Soc Nephrol 2011; 22: 902-913.
52) DOMITROVI R, CVIJANOVI O, PERNJAK-PUGEL E, SKODA M, MIKELI L, CRN EVI -ORLI Z. Berberine exerts
nephroprotective effect against cisplatin-induced
kidney damage through inhibition of oxidative/nitrosative stress, inflammation, autophagy and apoptosis. Food Chem Toxicol 2013; 62: 397-406.

