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Background: Consumption of fructose, in the form of added sugars such as high fructose

corn syrup (HFCS) or sucrose, has increased markedly in the last few years, which is strongly

correlated with the prevalence of metabolic syndrome. It is widely used as a food ingredi-

ent and has potential to increase oxidative stress. Curcumin is a phenolic compound, and

it exhibits protective effects against oxidative damage.

Objective: The aim of the study was to investigate the effects of curcumin on renal injury

in fructose-fed rats and the possible underlying mechanism.

Methods: Eighty male rats were randomly divided into control group, fructose group, 200 mg/

kg curcumin group and curcumin-fructose group.The histopathological changes in the kidney

of rats were observed using hematoxylin and eosin and Masson’s trichrome stains. The ex-

pressions of renal reduced glutathione (GSH) concentration, glutathione reductase (GR), super

oxide dismutase (SOD), catalase activities, lipid peroxidation (LPO), DNA fragmentation %,

inducible nitrous oxide (INOS) and homooxygenase 1 (HO-1) mRNA in renal tissue

homogenates were assessed. Immunohistochemical detection of alpha-smooth muscle actin

(α-SMA) and tumor necrosis factor alpha (TMF-α) were also investigated.

Results: Compared to the control group, GSH, GR, SOD and catalase activities were signifi-

cantly decreased in the fructose group, while there was a significant increase in LPO, DNA

fragmentation %, INOS and HO-1.These changes were accompanied by renal tubular injury,

increased collagen deposition and lipid accumulation. Immunohistochemical results re-

vealed increased expression of both α-SMA and TNF-α. Curcumin at 200 mg/kg evidently

improved renal tubular injury, suppressed the expressions of renal LPO, DNA fragmentation

%, INOS and HO-1, and decreased the expression of both α-SMA and TNF-α in kidney tissue.

Conclusion: Curcumin administration protected the kidney cells from fructose induced oxi-

dative stress by increasing the antioxidant defence mechanism of the kidney cells and its

ability to act as a free radical scavenger.

© 2016 Beni-Suef University. Production and hosting by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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1. Introduction

Fructose is a highly lipogenic sugar that has intense meta-
bolic effects. Fructose becomes a major constituent of our
modern diet. Fructose consumption has steadily increased over
the past 30 years in parallel to the growth of the obesity/
metabolic syndrome epidemic. Fructose and high-fructose corn
syrup are ingredients in many commercially produced food
products (Chen et al., 2004). Excess consumption of fructose
is an important contributor to the metabolic syndrome
(Ahangarpour et al., 2012). Metabolic syndrome is a well-
established risk factor for diabetes, cardiovascular disease and
mortality. Recently, studies have suggested that the meta-
bolic syndrome may also contribute to the development of
chronic kidney disease (Chen et al., 2004; Kurella et al., 2005).
It has been hypothesized that fructose consumption in our diet
may be among the factors that contribute to the epidemic of
the metabolic syndrome and, consequently, to the epidemic
of chronic renal disease (Chen et al., 2004; Elliott et al., 2002;
Nakagawa et al., 2006).This hypothesis is supported by the pre-
liminary evidence demonstrating that high fructose
consumption induces kidney damages in both rats (Kizhner
and Werman, 2002; Oudot et al., 2013) and mice (Aoyama et al.,
2012).

Increase catabolism of fructose is associated with the cel-
lular energy depletion that can increase the susceptibility of
cells to lipid peroxidation (Punitha et al., 2005) Furthermore,
it has been postulated that increased catabolism of fructose
can accelerate free radical production similar to glucose and
impairs the free radical defense system leading to oxidative
stress (HS Kumar and Anandan, 2007; Reddy et al., 2009).

Curcumin is a phenolic compound extracted from Curcuma
longa rhizome commonly used in Asia as a spice, pigment and
additive. In traditional medicine of India and China, curcumin
is considered as a therapeutic agent used in several foods. Nu-
merous studies have shown that curcumin has broad biological
functions particularly antioxidant and anti-inflammatory. In
fact, it has been established that curcumin is a bifunctional
antioxidant; it exerts antioxidant activity in a direct and an
indirect way by scavenging reactive oxygen species and in-
ducing an antioxidant response, respectively (Trujillo et al., 2013).

Curcumin is considered to be a potent cancer
chemopreventive agent plus it has a protective effect against
oxidative damage (Aggarwal et al., 2005; Duvoix et al., 2005).
A protective effect of curcumin has been previously shown on
hepatic lipid peroxidation in mice and rats (Eybl et al., 2006).

2. Materials and methods

2.1. Chemicals

Fructose was obtained from Sigma Aldrich, Egypt.
Curcumin was obtained from Sigma Chemical Company,

USA.

2.2. Experimental animals

Eighty male albino rats, 16 weeks of age weighing average 150–
200 grams were gathered for this experiment and housed in

the laboratory of Biochemistry department, Faculty of Veteri-
nary, Beni-Suef University. All rats were placed in a stable
environment maintained at 22 ± 1 °C with 12-h light/day cycle.
After an acclimatization period of 1 week, the rats were ran-
domly assigned to 4 groups with twenty rats (n = 20) in each
group:

Group I: control group was received 0.5 ml of corn oil via
gavage for 5 weeks
Group II: fructose group was received 10% fructose in drink-
ing water for 5 weeks (Gao et al., 2012; Wang et al., 2013)
daily.
Group III: curcumin group was received curcumin at a dose
of 200 mg/kg/day (Buyuklu et al., 2014) as a suspension in
corn oil via gavage for 5 weeks.
Group IV: fructose and curcumin group was received both
curcumin at a dose of 200 mg/kg/day as a suspension in corn
oil via gavage and fructose 10% in drinking water daily for
5 weeks.

2.3. Sampling

Sampling was performed 24 h after the last dose of fructose
and curcumin.

2.4. Blood sampling

Blood was collected from the medial canthus blood capillar-
ies of the eye in dry centrifuge tubes. The tubes were placed
in an inclined position for 5 min, allowing the blood to coagu-
late, and then placed in an incubator at 37 °C for 10 min.
Centrifugation at 1000 × g for 20 min was performed and clear
sera were separated and kept in the deep freezer (−80 °C) till
use according to the instruction of assay kits of each mea-
sured parameter.

2.5. Specimen collection

At the time of sacrifice, all animals were killed under light an-
esthesia. Kidneys were dissected out and divided into 3 pieces
(0.5 g each): the first part was kept in the deep freezer for oxi-
dative, antioxidant parameters evaluation, the second part was
kept for molecular parameters, and the third part was imme-
diately fixed in 10% formol saline for 24 h for histological study.

2.6. Tissue homogenates

After scarification of rats, kidneys were collected and rinsed
with physiological saline for removing any clotted blood or blood
cells. 0.5 g of kidney was homogenized in 5 ml of physiologi-
cal saline by using homogenizer (Ortoalresa, Spain). The
homogenates were centrifuged at 1000 × g for 15 min. The su-
pernatant was collected in Eppendorf tubes that were kept in
the deep freezer (at −80 °C) for further biochemical investiga-
tions or according to the instructions of the biochemical assay
kits.

2.7. Measured parameters

2.7.1. Serum biochemical parameters
Creatinine and urea concentrations in serum were deter-
mined colorimetrically as described by Bartles et al. (1972) and
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Patton and Crouch (1977), respectively, using diagnostic kits
(Biodiagnostics, Egypt).

2.7.2. Oxidative/antioxidant parameters
The kidney homogenate was used for the estimation of reduced
glutathione (GSH) according to the method described by Beutler
et al. (1963), of glutathione reductase (GR) according to the
method described by Long and Carson (1961), and of catalase
according to the method described by (Aebi, 1984). Superox-
ide dismutase (SOD) according to the method described by
Nishikimi et al. (1972) and malondialdehyde (MDA) according
to the method described by Satoh (1978). DNA fragmentation
was measured by the method described by Burton (1956).

2.7.3. Molecular parameters

2.7.3.1. Detection of HO 1 and INOS gene expression by real time-
polymerase chain reaction (real time-PCR). Total RNA was isolated
from kidney tissue homogenates using RNeasy Purification
Reagent (Qiagen, Valencia, CA) according to manufacturer’s in-
struction. The concentration of RNA was measured using a UV
spectrophotometer.

2.7.3.2. cDNA synthesis. Five-microgram RNA was reverse tran-
scribed using oligonucleotide (dT)18 primer (final concentration,
0.2 mM) and was denatured at 70 °C for 2 min. Denatured
RNA was placed on ice and reverse transcription mixture
containing 50 mM KCl, 50 mM Tris HCl (pH 8.3), 0.5 mM of de-
oxyribonucleotide triphosphate (dNTP), 3 mMMgCl2, 1 U/mL
RNase inhibitor, and 200 units of moloney murine leukemia
virus reverse transcriptase.The reaction tube was placed at 42 °C
for 1 h, followed by heating at 92 °C to stop the reaction.

2.7.3.3. Real-time quantitative polymerase chain reaction
(PCR). For real-time quantitative PCR, 5 μL of first-strand cDNA
was used in a total volume of 25 μL, containing 12.5 μL 2× SYBR
Green PCR Master Mix (Applied Biosystems, Foster City, CA, USA)
and 200 ng of each primer which shown in Table 1. PCR reac-
tions consisting of 95 °C for 10 min (1 cycle), 94 °C for 15 s, and
60 °C for 1 min (40 cycles) were performed on step one plus
Real Time PCR system (Applied Biosystems). Data were ana-

lyzed with the ABI Prism 7500 sequence detection system
software and quantified using the v1·7 Sequence Detection Soft-
ware from PE Biosystems (Foster City, CA). Relative expression
of studied genes was calculated using the comparative thresh-
old cycle method. All values were normalized to the beta actin
genes, all these steps were described by Livak and Schmittgen
(2001).

2.8. Table 1: primers of HO-1 and iNOS

2.8.1. Histological study
Specimens were processed to prepare 5-μm-thick paraffin sec-
tions for hematoxylin and eosin and for Masson’s trichrome
(Bancroft and Gamble, 2007) to verify the histological details.

2.8.2. Immunohistochemical study
Sections of kidneys of all groups were stained with mouse
monoclonal antibodies directly against rat TNF-α (diluted 1:20;
BioLegend, San Diego, CA, USA), and α-smooth muscle actin
(diluted 1:500; DakoCytomation, Glostrup, Denmark). Briefly,
formalin fixed paraffin-embedded tissue sections were
deparaffinized and endogenous peroxidase activity was blocked
with 2% hydrogen peroxide in methanol for 40 min at room
temperature. Sections were incubated with 5% fetal calf serum
for 20 min at room temperature to block nonspecific binding,
and then with primary antibodies overnight at 4 °C. On the next
day, secondary biotinylated mouse antibodies were applied to
mouse immunoglobulin at a dilution of 1:100 in fetal calf serum
for 30 min at room temperature. Sections were incubated with
streptavidin-biotin complex/horseradish peroxide at a dilu-
tion of 1:100 for 30 min at room temperature. After washing
in phosphate-buffered saline (PBS) buffer with 0.05 M Tris buffer,
the sections were stained using fresh 3.3 diaminobenzidine
tetrahydrochloride as a chromogen with 0.03% hydrogen per-
oxide for 7 min. Finally, the sections were counter-stained with
Mayers hematoxylin (Kierman, 2000).

2.8.3. Statistical analysis
Statistical analysis was carried out using GraphPad Instate soft-
ware (version 3, ISS, Rome, Italy), and one-way analysis of
variance followed by Tukey–Kramer multiple comparison post

Table 1 – Primer sequences used for RT-PCR.

Primer Sequence Code Description

INOS Forward: 5′-AAGAGTTCCCATCATTGCGT-3′
Reverse: 5′ –TCCTCAACCTGCTCCTCACT-3′

Gene ID: 18126
Accession number of Chromosome:
NC_000077.6
Accession number of gene transcript:
NM_010927.3

Nitric oxide synthase 2, inducible [Mus
musculus(house mouse)]

HO1 Forward 5′- GGA AAG CAG TCA TGGTCA GTC A -3
Reverse 5′- CCC TTCCTG TGT CTT CCT TTG T -3

Gene ID: 15368
Accession number of Chromosome:
NC_000074.6
Accession number of gene transcript:
NM_010442.2

Heme oxygenase (decycling) 1 [Mus
musculus (house mouse)]

β-actin Forward 5′ GGGAAATCGTGCGTGACATT 3′
Reverse 5′- GCGGCAGTGGCCATCTC-3′

Gene ID: 11461
Accession number of Chromosome:
NC_000071.6
Accession number of gene transcript:
NM_007393.3

Actin, beta [Mus musculus (house
mouse) ]
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hoc test were used to establish significant differences between
groups.

3. Results

3.1. Biochemical results

3.1.1. Table 2: the changes in serum urea and creatinine
concentrations
This table indicated that fructose group showed a significant
increase in serum urea and creatinine concentration as com-
pared to that in the control group. Curcumin group showed no
significant changes in serum urea and creatinine concentra-
tion as compared to that in the control group. Administration
of curcumin and fructose showed a significant decrease in
serum urea and creatinine concentration as compared to that
in the fructose group.

3.1.2. Table 3: the changes in Ho 1 and INOS
mRNA expression
Results in Table 3 showed a significant increase in HO 1 and
INOS mRNA expression as compared to that in the control
group. Curcumin group and fructose/curcumin group showed
a significant decrease in HO1 and INOS mRNA expression as
compared to that in the fructose group and a nonsignificant
difference as compared to that in the control group.

3.1.3. Table 4: the changes of hepatic GSH, GR, SOD and CAT
The results showed a significant decrease of GSH concentra-
tion, GR, cat and SOD activities in fructose group as compared
to those in the control group. Curcumin group showed a non-
significant differences in GSH concentration, CAT and SOD
activities as compared to those in the control group while there
was a significant decrease in GR as compared to that in the
control group. Fructose/curcumin group showed a significant
increase in GSH concentration, GR, CAT and SOD activities as
compared to those in the fructose group.

3.1.4. Table 5: the changes of hepatic LPO and DNA
fragmentation %
The table showed a significant increase in LPO concentration
and DNA fragmentation % in fructose group as compared to
those in the control group. Curcumin group has a nonsignifi-
cant difference in LPO and DNA fragmentation % as compared
to those in the control group. Fructose/curcumin group showed
a significant decrease in LPO and DNA fragmentation as com-
pared to that in the fructose group.

3.2. Histological results

3.2.1. Hematoxylin and eosin stain
In the control group (group I), H&E staining revealed a normal
architecture in the cortex and medulla, with the normal

Table 2 – The changes in serum urea and creatinine
concentrations.

Groups Parameters

Serum urea
concentration

(mg/dL)

Serum
creatinine

concentration
(mg/dL)

Control 29 ± 3a 0.87 ± 0.06a

Fructose group 87 ± 6.1b 3.12 ± 0.28b

Curcumin group 33.2 ± 0.86a 0.99 ± 0.04a

Fructose and curcumin group 39.76 ± 6.9c 1.01 ± 0.032c

The results are expressed as mean values and standard errors. The
different superscript letters indicate a significant difference at P > 0.05.

Table 3 – The changes in Ho 1 and INOS mRNA
expression.

Groups Parameters

HO I INOS

Control 0.08 ± 0.012a 0.67 ± 0.03a

Fructose group 0.98 ± 0.11b 3.23 ± 0.17b

Curcumin group 0.1 ± 0.06a 0.86 ± 0.05a

Fructose and curcumin group 0.099 ± 0.02a 1.6 ± 0.03c

The results are expressed as mean values of the relative expres-
sion level and standard errors. The different superscript letters
indicate a significant difference at P > 0.05.

Table 4 – The changes of hepatic GSH, GR, SOD and CAT.

Groups Parameters

GSH (mg//g
tissue)

GR (U/g
tissue)

SOD (U/g
tissue)

CAT (U/g
tissue)

Control 35.7 ± 1.14a 88.54 ± 1.33a 50.09 ± 3.69a 6.23 ± 1.2a

Fructose group 9.76 ± 0.51b 44.19 ± 1.84b 10.02 ± 0.76b 1.55 ± 0.09b

Curcumin group 30.22 ± 0.75a 79.19 ± 2.01c 48.11 ± 3.7a 5.9 ± 0.88a

Fructose and curcumin group 28.98 ± 0.77c 75.09 ± 1.87c 41.1 ± 3.28C 4.66 ± 1.25c

The results are expressed as mean values and standard errors. The different superscript letters indicate a significant difference at P > 0.05.

Table 5 – The changes of hepatic LPO and DNA
fragmentation %.

Groups Parameters

LPO (mg/g
tissue)

DNA
fragmentation

%

Control 21.8 ± 1.04a 19.3 ± 1.22a

Fructose group 89.66 ± 4.94b 67.33 ± 3.22b

Curcumin group 28.14 ± 2.3a 22.36 ± 1.97a

Fructose and curcumin group 30.56 ± 1.31 c 33.31 ± 2.42c

The results are expressed as mean values and standard errors. The
different superscript letters indicate a significant difference at P > 0.05.
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appearance of the renal corpuscles and tubules (Fig. 1A). The
majority of cells of the proximal and distal convoluted tubules
and the collecting tubules were normal. In the fructose group
(group II), the following are shown: degeneration of tubular epi-
thelial cells with tubular dilatation, peritubular dilated and
congested blood capillaries and congested dilated glomeru-
lar capillaries, inflammatory infiltration, tubular cast formation
and fatty infiltration (Fig. 1B–E). In curcumin and fructose treated
group (group IV), it showed a picture nearly similar to the control
group kidney except some dilated tubules (Fig. 1G). The

histological profile of group III animals was almost identical
to that of the control group I (Fig. 1F).

3.2.2. Masson’ trichrome
Groups I (control group), III (curcumin treated) and IV (fruc-
tose and curcumin treated) showed minimal deposits (Fig. 2A,
C and D), while group II (fructose-fed) showed increased
peritubular and intraglomerular collagen deposits and signifi-
cantly increased compared with the control group (P < 0.01)
(Fig. 2B) (Table 6).

3.2.3. Immunohistochemical stain of α-SMA
In the control group (group I), curcumin group (group III) and
fructose and curcumin treated group (group IV) the expres-
sion of α-SMA was only observed on smooth muscle cells of
the vessel wall in renal tubular interstitium (Fig. 3A, C and D).
However, α-SMA was mainly expressed in the renal tubular epi-
thelial cells in addition to the vessel wall in the fructose group
and significantly increased compared with the control group
(P < 0.01) (Fig. 3B) (Table 7).

Fig. 1 – histopathological changes of different treated
groups (H&E stain). Histological examination of the kidney
with hematoxylin and eosin (H&E) staining in rats of group
I (control group) (A), group II (fructose-fed) (B, C, D, E), group
III (curcumin treated) (F) and group IV (curcumin and
fructose treated) (G). Groups I and III (A, G) showed no
morphological changes. Group II (B, C, D, E) showed
degeneration of tubular epithelial cells with tubular
dilatation (black arrows), peritubular dilated and congested
blood capillaries (CP) with congested dilated glomerular
capillaries (G). Inflammatory infiltration (arrow heads) and
tubular cast formation (CS) also observed. The asterisk (*)
indicates the presence of fatty infiltration. (Magnification:
400×).

Fig. 2 – Changes in collagen deposit in different groups by
Masson’s trichrome stain. Masson’s trichrome-stained
interstitial collagen deposit (Blue) in kidneys in rats of
group I (control group) (A), group II (fructose-fed) (B), group
III (curcumin treated) (F) and group IV (curcumin and
fructose treated) (G). Group II (B) showed minimal
peritubular (black arrow) and moderate intraglomerular
deposits of collagen (white arrows), while groups I, III and
IV (A, C, D) showed minimal deposits. (Magnification: 400×).

Table 6 – Area % of collagen fibers distribution.

Groups Parameter: collagen
area percent

Control 0.5 ± 0.34a

Fructose group 3.9 ± 0.48b

Curcumin group 0.7 ± 0.45a

Fructose and curcumin group 0.75 ± 0.48a

The results are expressed as mean values and standard errors. The
different superscript letters indicate a significant difference at P > 0.01.
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3.2.4. Immunohistochemical stain of TNF-α
In the control group (group I), curcumin group (group III), and
curcumin and fructose treated group (group IV), immunohis-
tochemical staining revealed weak reaction (Fig. 4A, C and D)
while in the fructose group it showed strong reaction and sig-
nificantly increased compared with the control group (P < 0.01)
(Fig. 4B) (Table 8).

4. Discussion

Fructose is widely used as a food ingredient and has poten-
tial to increase oxidative stress. Our current study showed that
fructose administration in fructose group showed a signifi-

cant increase of serum urea and creatinine concentration as
compared to control group. These findings come in agree-
ment with the data that suggest that the increase of fructose
consumption is one factor that contributes to the occurrence
of metabolic syndrome and consequently to the rise in inci-
dence of chronic renal disease (Nakagawa et al., 2005). From
the current results, it was so clear that fructose caused a sig-
nificant decrease in GSH concentration, GR, CAT and SOD
activities and these findings could be attributed to the ability
of fructose to accelerate reactive oxygen species (ROS) pro-
duction. ROS can reduce the activity of antioxidant enzymes
such as CAT, GR and SOD (Datta et al., 2000) and our findings
come in agreement with those of Rajasekar et al. (2008). The
increase in ROS and the decrease of GR activity lead to deple-
tion of GSH concentration. Furthermore, fructose caused
significant increase in lipid peroxidation and this agreed with
results showed by Pasko et al. (2010). The increase in lipid
peroxidation could be attributed to the ability of fructose to

Fig. 3 – Immunohistochemistry for α-smooth muscle actin
(α-SMA) in different groups. Immunohistochemistry for
α-smooth muscle actin (α-SMA) in rats of group I (control
group) (A), group II (fructose-fed) (B), group III (curcumin
treated) (C) and group IV (curcumin and fructose treated)
(D). Positive signal is shown by brown color. α-SMA was
expressed in vascular smooth muscle of arteriole
(arrowheads) In groups I, III and IV (A, C, D), and was
negative for tubular epithelial cells. However, some tubular
cells expressed α-SMA in cytoplasm of renal tubules in
group II (B) (black arrows) and interstitial area (white
arrow). (Magnification: 400×)

Table 7 – Area % of tumor necrosis factor alpha (TNF-α)
distribution.

Groups Parameter: TNF-α
area percent

Control 0.52 ± 0.27a

Fructose group 14.23 ± 1.65b

Curcumin group 0.67 ± 0.26a

Fructose and curcumin group 8.23 ± 0.69a

The results are expressed as mean values and standard errors. The
different superscript letters indicate a significant difference at P > 0.01.
a

Significant compared to control group.
b Significant compared to fructose group.

Fig. 4 – Immunohistochemistry for tumor necrosis factor
alpha (TNF- α) in different groups.
Immunohistochemistry for tumor necrosis factor alpha
(TNF- α) in rats of group I (control group) (A), group II
(fructose-fed) (B), group III (curcumin treated) (C) and group
IV (curcumin and fructose treated) (D). Positive signal is
shown by brown color. Groups I, III and IV (A, C, D), showed
weak reaction to TNF, while group II (B), showed strong
positive reaction in tubular epithelium. (Magnification: 400×)

Table 8 – Area % of alpha smooth muscle actin
distribution.

Groups Parameter: α-SMA
area percent

Control 0.35 ± 0.29a

Fructose group 1.34 ± 0.52b

Curcumin group 0.39 ± 0.23a

Fructose and curcumin group 0.55 ± 0.33a

The results are expressed as mean values and standard errors. The
different superscript letters indicate a significant difference at P > 0.01.
a Significant compared to control group.
b Significant compared to fructose group.
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reduce cellular energy and increase thesusceptibility of cells
to lipid peroxidation during its catabolism (Rajasekar et al.,
2005). Our results showed that fructose caused a significant in-
crease in pro-inflammatory cytokines including INOS
expression, which consequently increases the formation of nitric
oxide (NO).The increased levels of NO can react with О− leading
to the formation of the peroxynitrite anion (ОΝОО−), which oxi-
dizes sulfhydryl groups and generates ОH (Kaur et al., 2006).

HO-1 is an endogenous, cytoprotective enzyme that is
upregulated under conditions of oxidative stress (Choi et al.,
2011).The transcription factor, nuclear factor erythroid 2-related
factor (Nrf) 2, plays an important role in transcriptional regu-
lation of HO-1 (Ishii et al., 2000). Nrf-2 breaks free from Kelchlike
ECH-associated protein1 (Keap1) and then it will be translo-
cated from the cytosol to the nucleus, where it sequentially
binds with the antioxidant response element (ARE).This binding
develops a cis-acting enhancer sequence that mediates the tran-
scriptional activation of genes in response to oxidative stress
(Itoh et al., 2003). These changes lead to a cytoprotective re-
sponse, which is characterized by an upregulation of antioxidant
enzymes such as HO-1 and decreased sensitivity to oxidative
stress damage (Dhakshina and Jaiswal, 2001).

The use of natural dietary antioxidants to prevent oxida-
tive and chromosomal damage is currently eliciting considerable
interest. Curcumin is used worldwide for medicinal, as well as
food, purposes. Curcumin exhibits potent antioxidant, anti-
tumor and anticancer properties (Sharma et al., 2005). The
current study showed that administration of curcumin with
fructose modulated the fructose induced renal functions al-
terations, whereas curcumin group showed a significant
decrease of urea and creatinine concentration as compared to
the fructose group. Moreover, curcumin group showed a sig-
nificant increase of GSH concentration and GR activity, and
decrease of CAT, SOD activities, LPO, DNA fragmentation % and
INOS mRNA expression as compared to fructose group.
Curcumin has a potent antioxidant activity (Venkatesan et al.,
2000).

One of the most acceptable hypotheses of the antioxidant
activity of curcumin is its ability to scavenge reactive oxygen
and nitrogen free radicals (Khopde et al., 1999). It is a diferuloyl
methane having two O-methoxy phenolic OH groups at-
tached to α, β-unsaturated β-diketone (heptadiene-dione)
moiety. The free radical scavenging activity of curcumin can
arise either from the phenolic OH group or from the CH2 group
of the β-diketone moiety (Priyadarsini et al., 2003).

Administration of curcumin caused a significant decrease
of HO-1 mRNA expression. This finding is contradicting with
those reported by Balogun et al. (2003) as they have found that
HO-1 mRNA expression significantly increased with curcumin
administration.

HO-1 is a ubiquitous and redox-sensitive inducible stress
protein (Motterlini et al., 2002). HO-1 is regulated by NRF2 in
response to oxidative stress (Choi et al., 2011; Ishii et al., 2000).
The decrease of HO -1 mRNA expression could be explained
due to free radical scavenger effect of curcumin, which dimin-
ishes the oxidative stress action of fructose, leading to inhibition
of ROS formation and so prevent the separation of NRF2 from
Keap1 in cytoplasm and entrance to the nucleus (Itoh et al.,
2003). Persistence of NrF2 in the cytosol causes no alterations
or changes in the cellular antioxidant enzymes and defense

mechanisms such as HO-1 activity in curcumin and fructose
treated group and control group.

The present results demonstrated that fructose induced
kidney remodeling as characterized by slough and dilatation
of tubular epithelial cells in the cortex, cast formation and in-
terstitial collagen deposit in rats. Supplementing with curcumin
(200 mg/kg) attenuated the tubular damage and interstitial fi-
brosis in the kidneys, suggesting that curcumin posses
protective effect against fructose induced renal injury. The
present study showed lipid accumulation within kidney of fruc-
tose fed group (group II). Lipid accumulation in nonadipose
tissue has been increasingly recognized to contribute to organ
injury through a process termed lipotoxicity. There is substan-
tial evidence that excess renal lipids can cause injury in animal
models of metabolic disease (obesity, metabolic syndrome and
diabetes mellitus), chronic kidney disease, acute renal injury
of several etiologies, as well as aging. Lipotoxic cellular dys-
function and injury occur through several mechanisms such
as release of proinflammatory and profibrotic factors (Bobulescu,
2010).There are many evidences that fructose consumption may
induce excessive lipid accumulation especially in the liver cell
(Tappy and Lê, 2010). Curcumin treatment decreased renal lipid
content in fructose fed rats.

Renal inflammation is known to play an important role in
the initiation and progression of tubulointerstitial injury in the
kidneys (Eardley and Cockwell, 2005). Fructose has been dem-
onstrated to induce the production of macrophage associated
MCP-1 in kidney proximal tubular cells (Cirillo et al., 2009) that
promotes monocyte and macrophage migration and activa-
tion. The activated macrophages produce numerous
proinflammatory cytokines such as TNF-α (Galkina and Ley,
2006), which have been shown to mediate inflammation in
several models of renal injury, including tubulointerstitial injury
(Guo et al., 2001). The present study found that curcumin was
able to suppress fructose-induced overexpression of TNF-α in
the kidneys of curcumin treated group (group IV). These find-
ings are consistent with the attenuation of tubular injury. Thus
the renoprotective effect of curcumin supplement is associ-
ated with suppression of renal overexpression of macrophage-
associated proinflammatory cytokines. Oudot et al. (2013)
showed the same findings but by using salt restriction and
betaine respectively, which evidently improved renal tubular
injury, suppressed the expressions of renal TNF-α.

The present study showed a significant increase in the in-
terstitial collagen deposition in fructose group (group II) as
demonstrated with Masson’s trichrome. Palanisamy and
Venkataraman (2011) found that collagen fibers increased in
fructose fed rats. Palanisamy et al. (2011) found that prolifera-
tion of connective tissue was evident from increased collagen
deposition in perivascular and intraglomerular regions. Aoyama
et al. (2012) also showed that rats fed with fructose displayed
tubulointerstitial fibrosis localized on the outer cortex of the
kidney. The activated macrophages produce proinflammatory
cytokines, such as IL-6, PAI-1 and TGF-β1 (Galkina and Ley, 2006),
which may enhance renal fibrosis. These results were re-
versed in curcumin treated group (group IV), which showed
minimal collagen deposition.

In our study, fructose is shown to produce an increase the
expression of α-SMA in the kidney, which coincides with in-
creased collagen fibers as shown with Masson’s trichrome.
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Similar results were obtained by Palanisamy et al. (2011) and
Palanisamy and Venkataraman (2011) who showed increased
α-SMA expression in fructose-fed rat kidney. Marotta et al. (2012)
also found that fructose-fed rats showed significant increase
of α-SMA in the kidney.These results were reversed in curcumin
treated group (group IV), which showed minimal expression
of α-SMA in the kidney.

Further investigation is needed to broaden our collective
knowledge regarding the details surrounding the therapeutic
actions of curcumin, specifically the manner in which they sup-
press proinflammatory cytokines.

5. Conclusion

Our present results demonstrate that supplement with
curcumin attenuate fructose-induced renal injury in rats by sup-
pressing renal overexpression of proinflammatory cytokines.
Our findings provide evidence supporting benefit of curcumin
supplement for the metabolic syndrome-associated kidney
injury.
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