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Abstract

Purpose: To investigate the molecular mechanisms of action of curcumin in regulating kidney injury in
diabetic rats.

Methods: Diabetes was induced in male Wistar rats by intraperitoneal administration of streptozotocin
(STZ). The rats were divided into four groups, labelled as follows: blank control, positive control of
curcumin-untreated STZ-rats, curcumin-treated STZ-rats (20 mg/kg), and curcumin-treated STZ-rats (50
mag/kg). After 24 weeks, blood glucose, HbAlc, mean arterial pressure (MAP), heart rates, and body
weights were measured. Fasting blood samples were also collected for albumin, lipocalin-2,
osteopontin, and kidney-injury-molecule 1 (KIM1) The samples were also evaluated by enzyme linked
immunosorbent assay (ELISA). Rat kidneys were isolated for assessment of renal impairment by
haematoxylin and eosin staining (H&E), TUNEL assays, polymerase chain reaction (PCR), and western
blotting.

Results: Compared with STZ group, STZ + Cur (50 mg/kg) group significantly decreased blood glucose
(284.57 + 4.28 mg/dL, p < 0.01 vs. STZ), HbAlc (5.22 + 0.33 %, p < 0.01 vs. STZ), and MAP (76 £ 2
mmHg, p < 0.05 vs. STZ), heart rate (300 £ 6 bpm, p < 0.05 vs. STZ), and body weight (356 £ 6 g, p <
0.01 vs. STZ) were significantly increased. Kidney protein index was significantly increased, indicating
improvement of renal pathological damage. The inflammatory and apoptotic cells were less than that of
the STZ group in the renal tissues. The mRNA abundance and relative protein expression levels of Wnt
5a and (-catenin were also enhanced. Curcumin regulation of the Wnt signal pathway was inhibited by
protease inhibitor, XAV-939.

Conclusion: These results demonstrated that curcumin treatment in diabetic rats alleviates renal
damage by regulating Wnt signal pathway.
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INTRODUCTION different stimuli and signaling pathways. For

example, the renin-angiotensin system (RAS),
Renal impairment is one type of chronic diabetic inflammation and autoimmune responses,
microvascular complication. The pathological —oxidative stress, and disorders of glucose
molecular mechanism is complex, involving metabolism could be involved [1].
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Hyperglycaemia increases the inflammatory
responses in kidney tissues, which leads to a
series of damaging pathological changes in the
renal cells.[2-4] Reducing local inflammatory
responses is crucial for the treatment of diabetic
nephropathy.

Curcumin is a chemical component extracted
from the rhizome of Zingiberaceae plants and
has many pharmacological activities, such as
anti-inflammatory, anti-tumor and anti-oxidant
activities.[4-6] Curcumin is used for diabetes
treatment, and it can improve diabetes symptoms
via multiple pathways, such as by inhibiting the
inflammatory response and improving diabetic
kidney function.[7] Previous studies reported that
curcumin treatment for 40 days prevented
diabetes by inhibiting p300 and the nuclear
factor-kB pathway.[8,9] However, the effect and
mechanism of curcumin in kidney damage
caused by diabetes remain unclear. This study
investigated the effect of curcumin on diabetic
nephropathy and its signal pathway mechanism.

EXPERIMENTAL
Materials

Male Wistar rats (250 — 300 g) were purchased
from Shanghai SLAC Laboratory (Shanghai).
Curcumin (content > 98 %), chemical reagents,
and protease inhibitor XAV-939 were obtained
from Sigma-Aldrich (St. Louis, MO, USA). Wnt
5a, B-catenin, and TGF- antibodies were from
Abcam  (Burlingame, CA, USA). HbAlc,
creatinine, lipocalin-2, osteopontin, and the
kidney-injury-molecule 1 (KIM1) assay kit were
purchased from Novus Biologicals (Littleton, CO,
USA). The blood glucose meter was obtained
from Roche Diagnostics (San Jose, CA, USA).

Animal care and treatment

The animal experiments were approved by the
Animal Ethics Committee of the Central Hospital
of Xiaogan (no. CXM-017-026), and were in full
compliance with the guidelines of the National
Institutes of Health (USA) [10]. The rats were
housed at room temperature with a 12h/12 h
light/dark cycle. After 1 week, the rats were
randomly divided into four groups. Ten rats were
included in the blank control group, and the rest
(n = 30) were injected with fresh streptozotocin
solution (20 or 50 mg/kg body weight in 0.1 mol/L
citrate buffer, pH 4.5). The rats were given 5 %
glucose solution for further development of the
diabetic model. When the blood glucose reached
250 — 400 mg/dL, rats were considered to have
moderate diabetes with hyperglycaemia, and
were taken for the experiments. Twenty diabetic

rats were treated by oral gavage daily with
different doses of curcumin for 17 weeks. During
the oral administration, all rats were weighed and
their mean arterial pressure (MAP) and heart rate
were measured. After 24 weeks of feeding, all
rats were sacrificed by spine dislocation after
fasting for 12 h. Blood samples were centrifuged
at 4 °C at 3,000 rpm for 10 min for blood glucose
and HbAlc measurements. Kidney tissues were
rapidly isolated and stored at -80°C until further
analysed.

Blood pressure and heart rate measurement

A Softron BP-98A catheter (Tokyo, Japan) was
used to measure MAP, at the rat tails. The pulse
vibration wave was detected by infrared sensor
technology. The signal was transformed to
calculate the MAP and heart rate after
haemodynamic variables were stabilized.

Biomarker detection

Serum was collected from the rats via eyeball
exophthalmia and was used for lipocalin-2,
osteopontin, and KIM1 detection using ELISA
assays. Albumin measurement wused a
competitive assay. All biomarker detections were
according to the manufacture’s protocols.

Histochemical and terminal deoxynucleotidyl
transferase dUTP nick end labelling (TUNEL)

Tissue samples from the kidneys were collected
for haematoxylin-eosin (H&E) staining and
TUNEL assays. H&E staining identified the
morphology and kidney damage, and TUNEL
was used for apoptosis detection. All images
were taken using an optical microscope (DSX
110; Olympus, Tokyo, Japan).

Quantitative real-time PCR

The rat renal tissues were isolated and total
cellular RNA was extracted by TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. Real-time
guantitative RT-PCR was performed using the
MiniAmp (Thermo Fisher, Scotts Valley, CA,
USA) instrument and PCR was carried out in 96-
well plates (Table 1). The PCR conditions were
as follows: initial denaturation was at 95°C for 30
seconds, then 40 cycles, with denaturation at
95°C for 5 seconds, and annealing at 58°C for 15
seconds. After each cycle, the fluorescent
product was measured using a single acquisition
mode at 58°C. Target gene (Wnt 5a and (-
catenin) expressions were normalized. Relative
gene expression was calculated using the 288t
method. Melting curve analyses and standard
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Table 1: Real-time PCR primers for amplification of mRNA
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Gene Forward (5'-3") Reverse (5-3')

Wnt 5a GCGAGACGGCCTTCACATAC ACTCCTTGGCAAAGCGGTAG
B-catenin AACTAAACAGGAAGGGATGGA GCACAAGAGCCTCTATACCA
B-actin CACACCTTCTACAATGAGCTG GTCTCAAACATGATCTGGGTC

curves were performed on the PCR products to
confirm correct amplification.

Western blotting

After electrophoresis, the gels were blotted onto
PVDF membranes using a Plate Electrodes
instrument (Bio-Rad, Hercules, CA, USA). The
protein was boiled in SDS loading buffer for 5
min. Cellular proteins were separated by SDS-
PAGE (10%) and transferred to a nitrocellulose
membrane. Then, the membrane was incubated
for 1.5 h at room temperature with blocking buffer
[1% skim milk and 0.1% bovine serum albumin
(BSA) in  Tris-buffered saline (TTBS)].
Membranes were incubated overnight in blocking
buffer with the appropriate primary antibody at
4°C. The membrane was incubated with the
appropriate secondary antibody for 1 h. The
immunoreactive protein was visualized with ECL.

Whnt signal blocking test

STZ rats were divided into three groups. Two
groups were injected with 100 yL 2 mg/mL Wnt
inhibitor XAV-939. One of the injection groups
was treated with 50 mg/kg curcumin. After the
determined period, the rats were euthanized,
renal injury was examined by H&E staining and
TUNEL staining; and the activation of Wnt
signaling pathway was evaluated by western
blotting and PCR.

Statistical analysis

The data are expressed as mean = SD.
Statistical comparisons of mean values between
groups were performed by analysis of variance
with the aid of SPSS software, and p < 0.05 was
considered statistically significant.

RESULTS

Curcumin alleviated symptoms of diabetic
rats.

STZ was injected to induce diabetes in rats. As
shown in Figure 1A and D, STZ-treated rats
exhibited high glucose (446.33 £ 2.75 mg/dL)
and HbAlc (9.01 £ 0.26 %) compared with that
of the control group. The MAP (62 + 1 mmHg),
heart rate (225 + 3 bpm), and body weight (268 *
2 g) were decreased. Curcumin was

supplemented in the diets of the treated STZ
groups. Low and high doses of curcumin were 20
or 50 mg/kg of curcumin. The STZ + cur (50
mg/kg) group showed a 1.6-fold and 1.8-fold
decrease in blood glucose and HbAlc levels,
respectively, compared to that of the untreated
STZ rats (284.57 + 4.28 mg/dL, 5.22 + 0.33%, p
< 0.001, Figure 1 A and D). The STZ + cur (50
mg/kg) group had increased MAP, heart rate,
and body weight (76 £ 2 mmHg, 300 £ 6 bpm,
356 = 6 g, respectively; p < 0.05, Figure 1B, C
and E). In addition, these improvements using
high-dose curcumin were better than when using
low-dose curcumin treatments.
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Figure 1: Effect of curcumin (Cur) gavage on diabetic
rats. A: Blood glucose; B: MAP; C: Heart rate; D:
HbAlc; E: Body weight. (n = 10, mean = SD) p <
0.001 STZ vs. control group (Con), “p < 0.05, *p <
0.01: STZ + curcumin vs. STZ. STZ = streptozotocin;
MAP = mean arterial pressure

Curcumin ameliorateded kidney damage in
diabetic rats

As indicated previously, curcumin significantly
alleviated the symptoms of diabetes, when using
long-term supplementation. To assess whether
curcumin could improve kidney damage in an
established diabetic model, albumin, lipocalin-2,
osteopontin, and KIM1 levels were measured. As
shown in Figure 2A-D, the STZ group showed
significantly higher levels of albumin, lipocalin-2,
osteopontin, and KIM1 than the control group (p
< 0.01). After curcumin treatment (20 mg/kg), all
protein levels were significantly decreased (p <
0.05). In addition, Curcumin treatment
significantly  reduced albumin, lipocalin-2,
osteopontin, and KIM1 levels and STZ + Cur (50
mg/kg) showed even better effects (p < 0.01).
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The protein levels of the STZ + Cur (50 mg/kg)
group had a 2-fold increase compared to that of
the STZ group.

Furthermore, to assess whether curcumin
improved kidney damage, we used H&E and
TUNEL staining of renal tissues in the four
groups (Figure 2E and F). The renal cortex,
glomerular glomerulus, and renal tissues showed
clear boundaries and had renal tubular
dysfunction, glomerular sclerosis and dilation,
diffuse  mesangial matrix dilatation, and
thickening of peripheral vascular wall, indicating
that diabetes caused kidney damage; and there
were almost no inflammatory cells in the control
group. In the STZ group, the glomerular
glomerulus was filled with inflammatory cells and
the renal cystic wall was thicker than that of the
control group. This symptom was ameliorated by
curcumin treatment, and the effect was more
evident with higher doses. In addition, the

apoptotic cells were increased in the STZ group.
However, in the STZ + Cur groups decreased
numbers of apoptotic cells were observed after
high dose curcumin treatment.

Figure 2: Effect of curcumin (Cur) treatment on
alleviating kidney damage in diabetic rats. A: albumin;
B: lipocalin-2; C: osteopontin; D: KIM1; (n = 10, mean
+ SD) “p < 0.01: STZ vs. control (Con) group, “p <
0.05, ##p < 0.01: STZ + curcumin vs. STZ; E:
haematoxylin and eosin (H&E) staining; F: TUNEL
staining. STZ, streptozotocin

Curcumin regulated the activity of Wnt
signaling pathway in diabetic rats

To further explore the underlying mechanism of
curcumin, we determined if curcumin stimulated
Wnt signaling in vivo. Whole cell lysates from
tissues from the four groups of rats were
prepared and examined for levels of Wnt 5a as
well as B-catenin by using western blots and
PCR (Figure 3 A and B). The STZ group had
reduced Wnt 5a and [-catenin levels (by

approximately 50% and 70%, respectively) in the
kidney tissues when compared to those of the
control group; therefore, curcumin administration
significantly reduced kidney damage (p < 0.05).
In addition, high doses of curcumin showed
better effects for renal restoration. Western
blotting showed bands of Wnt 5a and -catenin
after curcumin treatment. Furthermore, the
relative protein expression levels in the STZ +
Cur (50 mg/kg) group were almost the same a
those of the control group (Figure 3 B).
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Figure 3: Effect of curcumin (Cur) treatment for
regulating Wnt signalling. A: Wnt 5a and B-catenin
mMRNA abundance; B: Relative protein expression
levels for the groups; (n = 5, mean + SD) #p <0.01,"p
< 0.001: STZ vs. control group, “p < 0.05, “*p < 0.001:
STZ + curcumin vs. STZ. STZ, streptozotocin; Con,
control
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Curcumin ameliorated renal damage through
the Wnt signaling pathway

We next focused on how curcumin ameliorated
renal damage in diabetic rats. The staining of
renal podocytes in the STZ + Cur (50 mg/kg)
group showed an increased number in the
diabetic glomeruli compared with that of the STZ
group (Figure 4A). However, when the curcumin
treatment rats were injected with XAV-939, the
renal tissue staining was significantly attenuated,
and the condition was the same as that of the
STZ group. The apoptotic cells in the STZ + Cur
(50 mg/kg) + XAV (2 mg/mL) group had
increased TUNEL staining in the diabetic
glomeruli (Figure 4B). These data indicated that
the apoptosis-induced decrease in the diabetic
glomerulus can be partially prevented by XAV-
939 treatment. Furthermore, the STZ + Cur (50
mg/kg) + XAV (2 mg/mL) group had decreased
expression of Wnt 5a (0.17 = 0.01 normalized to
B-actin) and -catenin (0.42 £ 0.02 normalized to
B-actin) (Figure 4C). The mRNA abundance was
about 0.5 or 0.7-fold, respectively, compared with
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that of the STZ + Cur (50 mg/kg) group (Figure
4D).
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Figure 4: XAV-939 inhibited the Wnt signaling
pathway. A: Haematoxylin and eosin (H&E) staining;
B: TUNEL staining C: Wnt 5a and B-catenin mRNA
abundance; D: Relative protein expression level for
groups; (n = 5, mean £ SD) p < 0.01, p < 0.001:
STZ vs. control group, *p < 0.05, #p < 0.01: STZ + Cur
(50 mg/kg) + XAV (2 mg/ml) vs. STZ + Cur (50 mg/kg).
STZ, streptozotocin, Cur, curcumin

DISCUSSION

Diabetes causes damage to several target
tissues, including the kidneys. Consistent with
these findings, long-term oral administration of
curcumin in diabetic rats has been shown to
improve glucose levels [11,12]. We detected
increases in body weight, MAP, and heart rate,
and decreases in blood glucose and HbAlc after
curcumin treatment. In addition, high doses of
curcumin showed better effects. In diabetic
nephropathy, the glomerular filtration rate

increased to a hyperfiltration state. Later,
interstitial  proteinuria or  microalbuminuria
gradually appeared. Persistent proteinuria,
oedema, and hypertension occurred with

prolonged kidney damage. Metabolic disorder
and glomerular hemodynamic changes may
result from free radicals and lipid peroxidation.
Curcumin treatment has antioxidant and anti-
inflammatory effects, and fibrotic inhibition [13].

Thus, curcumin treatment could decrease blood
glucose and HbAlc. Biological markers of renal
injury can reflect changes in renal tubular
damage and glomerular filtration rate. These
biological markers include albumin, lipocalin-2,
osteopontin, and KIM1. When the kidney is
damaged, the level of albumin is high. Lipocalin-
2 induces renal apoptosis and osteopontin has a
relationship with macrophage infiltration during

renal damage. KIM1 is expressed in the apical
membrane of renal proximal tubular epithelial
cells after hypoxic injury. It is an early warning
marker for the diagnosis of renal ischemia and
hypoxic injury [14]. In the STZ group, all these
proteins were significantly increased before
curcumin treatment. High doses of curcumin
ameliorated the renal damage and decreased
these protein levels.

Glomerulus was repaired after curcumin
treatment as shown by H&E staining, and
apoptosis decreased as shown by TUNEL
staining. To explore the mechanism of curcumin,
western blotting and PCR were used. During
kidney development, Wnt 5a is expressed in the
kidneys and regulates the Wnt-B-catenin
signaling pathway, which plays an important role
in cell maturation and embryonic development
[15,16]. Because Wnt-B-catenin promotes cell
proliferation and inhibits apoptosis, it can repair
cells following renal injury. Curcumin treatment
increased the levels of Wnt 5a and (-catenin,
thereby promoting kidney damage repair [17,18].
Furthermore, curcumin regulated the Wnt signal
pathway to improve renal damage. XAV-939 is a
small molecule selective inhibitor of transcription
factor B-catenin in the Wnt pathway. XAV-939
treatment (2 mg/mL) significantly reduced the
protein levels of Wnt 5a and B-catenin in rats
administered with STZ plus Cur. The mRNA
levels of Wnt 5a and B-catenin were also
decreased by XAV-939 treatment. Collectively,
curcumin reduced renal damage by modulating
Whnt signaling pathway.

CONCLUSION

Curcumin alleviates renal damage in diabetic rats
via modulation of Wnt signaling pathway. Thus,
curcumin has the potential to be developed into a

a suitable agent for the clinical management of
diabetes.
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