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Background: Since the importance of oxidative stress in the development of diabetic nephropathy (DN)
has previously been established, the therapeutic effects of various natural antioxidant agents or synthetic
drugs have so far been investigated.

Objectives: The aim of this study was to investigate the beneficial effects of curcumin (a natural polyphenol)
and metformin (a common therapeutic medicine for type 2 diabetes) on oxidative status in kidney of type
1 diabetic rats.

Materials and Methods: In this experimental study 60 male Wistar rats were divided into 10 groups. Type
1 diabetes was induced by streptozotocin. Rats received chow diet and treated with either normal saline
in control (N) and diabetic control (D) groups or different doses of metformin (Met) (300 or 500 mg/kg
body weight) or curcumin (Cur) (50 or 150 mg/kg body weight) in N+Met300, N+Met500, N+Cur50,
N+Curl50, D+Met300, D+Met500, D+Cur50, and D+Curl50 groups. Urinary creatinine, urea, and
protein were measured. Total antioxidant capacity (TAC), total oxidant status (TOS), malondialdehyde
(MDA), and the activity of superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase were
assessed in kidney tissues.

Results: Both metformin and curcumin showed significant effects on urinary creatinine, urea, and protein
levels (P value for all was <0.001). Unlike metformin, curcumin completely restored TAC and TOS
(P<0.001), and MDA (P=0.012) in kidney tissues and significantly recovered the activities of SOD
(P=0.003), GPx (P<0.001), and catalase (P=0.011).

Conclusions: Curcumin was found more effective than metformin in attenuating oxidative status in DN.

Implication for health policy/practice/research/medical education:

It has been shown that antioxidant agents might be useful in attenuating oxidative stress induced by DN. The present study comparatively investigated
antioxidant properties of metformin and curcumin in kidney tissue of diabetic rats. Our results showed that although both metformin and curcumin
could improve traditional biomarkers associated with DN, curcumin was more effective than metformin in reduction of oxidative stress in treated
groups. Therefore, curcumin exhibited advantages on metformin and can be considered as a candidate therapeutic agent with potential anti-oxidative

properties.

Please cite this paper as: Asadi S, Goodarzi MT, Karimi J, Hashemnia M, Khodadadi I. Does curcumin or metformin attenuate oxidative stress and
diabetic nephropathy in rats?. ] Nephropathol. 2019;8(1):e08. Doi: 10.15171/jnp.2019.08.

1. Background

and leads to the end-stage renal disease (3,4). In oxidative

Diabetes is one of the most important metabolic disorders
which contribute to a high morbidity and mortality
worldwide (1). Recent studies on diabetes have demonstrated
that hyperglycemia increases production of reactive oxygen
species (ROS) in the electron transport chain and induces
oxidative stress (1,2) which in turn plays a crucial role in
the development of diabetes-related complications such
as diabetic nephropathy (DN) (2). DN (diabetic kidney
disease) is one of the most important microvascular
complications associated with diabetes that affects kidneys

stress, redox equilibrium is altered due to the elevation of
ROS production or inadequate antioxidant defence. These
conditions result in the structural damages in DNA, RNA,
lipids, and proteins and yields to glomerular and tubular
hypertrophy. The thickening of glomerular and tubular
membranes ultimately leads to the cellular apoptosis or
necrotic cell death and eventually leads to glomerular
dysfunction characterized by albuminuria, proteinuria,
glomerulosclerosis, and tubule-interstitial fibrosis (5).
Due to the importance of oxidative stress in the
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development of complications associated with diabetes,
the therapeutic effects of various natural antioxidant agents
including vitamin A, C and E (6) or synthetic drugs such as
metformin have been investigated so far (7,8). Metformin
is a biguanide derivative with hypoglycemic effect which is
widely used for the treatment of type 2 diabetes mellitus
(T2DM) (9).

Since the antioxidant property of metformin has also
been shown through the impact on SIRT1, NF-kb and
mild inhibition of respiratory complex 1 (10-12), it is
hypothesized that metformin may beneficially improve
oxidative status in kidneys and protects the development
of DN (13). However, a restricted use of metformin is
recommended because of its association with increased
mortality (8).

Curcumin, a lipophilic polyphenol with powerful
hypoglycemic effect, is a major component of turmeric,
which has been widely used in many countries for
therapeutic purposes (14). Due to the presence of
several chemically active keto/enol groups in curcumin
structure, this compound shows antioxidant properties
(14). Curcumin could affect the activity of SIRT1 and
decrease transcription of NF-kb (15,16), thereby attenuates
oxidative stress. Moreover, curcumin is a powerful activator
of nuclear factor erythroid 2-related factor 2 (Nrf2), that
binds to antioxidant response elements (AREs) promoter
and increases transcription of antioxidant enzymes such
as superoxide dismutase (SOD), glutathione peroxidase
(GPx), and catalase (15). Taken together, curcumin could
be useful in the treatment of diabetic kidney disease due to
its powerful antioxidant properties.

2. Objectives

The aim of the present study was to compare the effects
of metformin and curcumin on urine volume and urinary
creatinine, urea, and protein levels, and oxidative status in
kidney tissue of diabetic rats.

3. Material and Methods
This experimental study was conducted from October
2016 to June 2017 in the research laboratory of clinical
biochemistry department (Hamadan University of Medical
Sciences, Hamadan, Iran). Sixty male Wistar rats (8 weeks
old, weighing 240-260 g) were used in the present study.
Animals were purchased from the university animal house
(Hamadan, Iran) and were housed in standard plastic
cages (4 per cage), with 12-hour light and dark cycle,
temperature 22+2°C and free access to water and standard
chow diet. The simple randomization method was used for
assignment of the rats in different groups (17) as following
and received standard chow diet. Metformin was orally
(gavages) given to the rats at two different concentrations,
300 and 500 milligram per kilogram of body weight (mg/
kg bw) (18), while for curcumin the 50 and 150 mg/kg bw
concentrations were used (19).

Groups were, (i). Normal (N): healthy control group;
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(ii). N+MET300: normal healthy rats treated with 300 mg/
kg.bw of metformin; (iii). N+MET500: control rats treated
with 500 mg/kg bw of metformin; (iv). N+Cur50: control
rats treated with 50 mg/kg.bw of curcumin; (v). N+Curl50:
control rats treated with 150 mg/kg bw of curcumin; (vi).
Diabetic (D): diabetic untreated group; (vii). D+MET300:
diabetic group treated with 300 mg/kg bw of metformin;
(iix). D+MET500: diabetic group treated with 500 mg/
kg.bw of metformin, (ix). D+Cur50: diabetic group treated
with 50 mg/kg bw of curcumin; (x). D+Cur150: diabetic
group treated with 150 mg/kg bw of curcumin.

3.1. Induction of diabetes

To induce diabetes, fasted overnight rats in diabetic groups
(Diabetic, D+MET300, D+MET500, D+Cur50 and
D+Curl50) were intraperitoneally injected streptozotocin
(STZ) (Santa Cruz Biotechnology, Heidelberg-Germany),
dissolved in 0.1 M sodium citrate buffer pH:4.5. The
remaining rats in the other groups (Normal, N+MET300,
N+MET500, N+Cur50 and N+Cur150) received the same
volumes of 0.1 M sodium citrate buffer as carrier. Seventy-
two hours after injection of STZ, fasting blood glucose level
was assessed using a glucometer to confirm the induction
of diabetes. Rats with blood glucose level higher than
250 mg/dL were considered as diabetic. Determination
of glucose was carried out using a glucometer on day zero
(D0) before induction of diabetes, 7 days after induction of
diabetes (D7), and 42 days after treatment of the rats with
metformin or curcumin on the day 49 (D49).

3.2. Scheduled treatment

Seven days after induction of diabetes, two groups of
animals (N+MET300 and D+MET300) were treated with
300 mg/kg bw of metformin. Rats from the N+MET500
and D+MET500 groups received 500 mg/kg bw of
metformin. Two groups (N+Cur50 and D+Cur50) were
treated by 50 mg/kg bw of curcumin, and finally, rats from
the group N+Curl50 and group D+Curl50 received 150
mg/kg bw of curcumin. Metformin and curcumin (Sigma-
Aldrich, Ontario-Canada) were dissolved and suspended in
deionized water and orally were administrated (gavages) at
10 aMm each day for 42 days.

3.3. Sample collection

To assess kidney function, animals were housed in metabolic
cage on the day-0, day-7 and day-49 for 8 hours (8 am
to 4 pM) with unlimited access to food and water. Urine
samples were collected and urine volume was measured.
Urine samples were then acidified with 1 ml of 0.1 M HCI,
centrifuged at 12000 rpm for 15 minutes and supernatant
was collected and stored at -20°C.

At the end of the day 49, animals were anesthetized using
ether and sacrificed. Blood samples were collected from
jugular vein, serum was separated and stored at -20°C. The
left kidney of each animal was separated, cut into small
pieces, and stored at -80°C.
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3.4. Analysis of serum and urinary parameters

Fasting blood glucose (FBS) was assessed by a glucometer
on day 0, 7, and 49 of the study. Serum creatinine was
determined on day 49 whereas urinary urea and creatinine
levels were measured on day 0, 7, and 49 of the study.
Commercial Pars Azmun colorimetric kits (Pars Azmun,
Tehran-Iran) were used to determine serum and urinary
creatinine while urine protein was assessed according to
the Bradford method (20). Creatinine clearance as an
estimate of glomerular filtration rate (GFR) was calculated
based on the 8h collected urinary samples according to the
following formula and expressed as mL/min: Creatinine
clearance=[(U, x U_)/(S, x 480)] where U, is urine
volume (8 hours) and U, and S_ are urinary and serum
creatinine, respectively.

3.5. Assessment of oxidative status in kidney tissues

Kidneys were dissected and rinsed with ice-cold
saline and completely crushed in liquid nitrogen. The
homogenate was suspended in ice-cold lysis buffer [10
mM (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid),
10 mM KCI, 1.5 mM MgCl,, 1 mM EDTA, 0.1% triton
X100, 0.5 mM Dithiothreitol, protease inhibitor cocktail,
pH 7.9] and incubated on ice for 20 minutes. Subsequently,
the kidney homogenates were centrifuged at 20000xg for 15
minutes (4°C). The supernatants were collected and stored
at -20°C for further analysis. Total protein concentration
in tissue homogenates was assessed by Bradford assay using
bovine serum albumin (BSA) as standard (20).

Total antioxidant capacity (TAC) in kidney tissues was
determined using ferric reducing antioxidant power assay
(FRAP) and expressed as nmol/mg of protein (21). Total
oxidant status (TOS) was assessed by the oxidation of
ferrous ion to ferric ion in the presence of various oxidant
species in acidic medium followed by the quantification of
the ferric ion by xylenol orange; the results were expressed as
pmol/mg of protein (22). Malondialdehyde (MDA), as an
indirect marker for lipid peroxidation, was determined by a
spectrofluorometric method and was expressed as pmol/mg
of protein (23).

3.6. Determination of antioxidant enzymes activities in kidney
tissues

The activity of GPx in kidney homogenate was measured as
previously described (24) whereas the activity of SOD was
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determined based on the amounts of enzyme required to
inhibit auto-oxidation of pyrogallol (25) and on the other
hand, catalase activity was determined based on Hadwan
method(26). The activity of all three enzymes was expressed
as U/mg of protein.

3.7. Histopathological examination

For histopathological studies, kidney samples were fixed in
10% neutral-buffered formalin at room temperature for 2
days, processed routinely, embedded in paraffin, sectioned
at 5 pm thickness, stained with hematoxylin and eosin, and
studied with a routine light microscope.

3.8. Ethical issues

This project was approved by ethics committee and general
care of the experimental animals used for this study was
done in compliance with the Animal Welfare Act (htep://
www.nap.edu/openbook.php?record_id=51408&page=114)
of Ahvaz Jundishapur University of Medical Sciences. Prior
to the experiment, the protocols were confirmed to be in
accordance with the guidelines of Animal Ethics Committee
of Ahvaz Jundishapur University of Medical Sciences (#IR.
UMSHA.REC.1395.80).

3.9. Statistical analysis

Statistical analysis was carried out using the Statistical
Package for Social Sciences version 16 (SPSS Inc., Chicago-
USA). Values were presented as mean + SD and statistical
significance was defined as P values less than 0.05. The
one-way ANOVA with post hoc Tukey test was used for
comparison between groups.

4. Results

4.1. Effects of metformin and curcumin on blood glucose levels
As shown in Table 1, there was no statistically significant
difference (P=0.183) in glucose level between the groups
at baseline (day 0). Seven days after induction of diabetes,
glucose levels in diabetic groups significantly increased
compared with the normal group (2<0.001). However, data
from day 49 (the end of the treatment period) showed that
treatment with different doses of metformin did not affect
blood glucose levels whereas, treatment with curcumin (150
mg/kg bw) significantly reduced glucose levels (2<0.001)
compared to the untreated diabetic group.

Table 1. Effects of different doses of metformin or curcmin on fasting blood glucose (mg/dL) in experimental groups

Day Normal N+MET300 N+MET500 N+Cur50 N+Curl50 Diabetic D+MET300 D+MET500 D+Cur50 D+Curl50
DO  88.3+6.9 87.1+10.7 90.5+3.2 91.1+7.4 99.1+7.7 96.8+6.9 96.1+9.7 96.8+5.0 91.0£10.0  94.8+10.0
D7 100.2£5.4*<d¢ 100.2+5.3 95.5+7.0 91.1£13.7  78.5+8.6 382.6+33.1*  397.0£37.5* 386.2+27°  393.8+35.2¢ 399.9:+31.8¢
D49  92.317.5*<d<  94.8+8.2 93.5+6.5 96.0+9.0 93.6+6.5 586.6£16.1*F 590.5£12.7° 588.6x11.9° 570.5£21.0¢ 541.6+27.7°F

Data are represented as mean + SD. DO (pre-diabetes), D7 (7 days after induction of diabetes), D49 (42 days treatment with metformin or curcumin after
induction of diabetes). In each row, groups with similar alphabetic letters represent significant difference (2 < 0.05). For simplicity, only differences among

main groups have been shown.
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4.2. Effect of metformin and curcumin on serum and urinary
parameters

Serum creatinine significantly increased in untreated
diabetic rats and slightly reduced after treatment with
either curcumin or metformin. However, it did not reach
statistical significance (Table 2). Urine volume and urinary
urea, creatinine and protein levels were measured at day
0 (pre-diabetic), day 7 (7 days after induction of T1IDM
and before starting of treatment), and day 49 (after 42 days
treatment with metformin or curcumin). As shown in Table
2, there were no significant differences in urinary parameters
between different groups on DO. Seven days after induction
of diabetes, urine volume, urine creatinine, urine urea and
urine protein significantly increased in diabetic groups
compared to the normal rats. At the end of the experiment
on D49, urine volume and urinary urea and protein were
found significantly elevated in untreated diabetic group
compared with normal group (?<0.001) and treatment with
either metformin or curcumin caused a significant decrease
of these parameters in diabetic treated groups compared
to diabetic untreated group (2<0.001). However, neither
metformin nor curcumin could attenuate these factors in
treated diabetic groups to the normal levels. Induction of
diabetes markedly enhanced urinary creatinine excretion
while the alteration was mostly ameliorated after treatment
of rats with metformin or curcumin (except metformin
at 500 mg/kg bw) but did not completely returned to the
normal level observed in control rats. Creatinine clearance
as a marker for GFR was almost tripled in untreated diabetic
rats but remarkably reduced after treatment (Table 2).

4.3. Effect of metformin and curcumin on oxidative status in
kidneys

The effects of metformin and curcumin on TAC, TOS,
and MDA levels in kidney tissues were investigated. As the
results are detailed in Table 3, no significant difference was
observed in TAC level between groups whereas TOS level was
significantly higher in untreated diabetic group than that of
the normal group (2<0.001). Interestingly, treatment with
different doses of either metformin or curcumin resulted in
significantly lower levels of TOS compared to the untreated
diabetic group.

As shown in Table 3, the induction of diabetes caused a
marked increase in MDA levels in untreated diabetic rats
(P=0.013), the MDA level was significantly (P=0.012)
declined after treatment of the rats with curcumin (150
mg/kg bw). In the same way, the reduced SOD activity
in kidney tissues (2<0.001) as a result of STZ-induced
diabetes (diabetic rats), was almost completely abrogated
(P=0.003) by the treatment of the rats with 150 mg/kg bw
concentration of curcumin (Figure 1A) and SOD activity
restored to the level observed in control rats (P<0.05).

Figure 1B shows the effect of different doses of metformin
and curcumin on GPx activity in kidney tissues. The GPx
activity significantly reduced (2<0.001) in untreated
diabetic rats, while the treatment of the animals with 150
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mg/kg bw of curcumin improved the GPx activity compared
to untreated diabetic rat (P<0.001) and mostly brought it
back to the normal level, although GPx activity statistically
did not reach to that of healthy control group. In contrast
to the GPx activity, treatment of diabetic rats with 150 mg/
kg bw concentration of curcumin (Figure 1C) completely
ameliorated diabetes-induced reduction in catalase activity
(P=0.011) and significantly fostered this enzyme activity to
the normal value of control rats.

4.4. Histopathological analysis

On microscopic examination, no pathological changes were
observed in the kidney tissues of normal control rats and
normal rats treated with different doses of metformin and
curcumin, as shown in Figure 2A. The main histopathologic
findings in the kidneys of untreated diabetic rats (diabetic
group) were glomerular mesangial expansion, thickening
of the Bowman capsules, moderate tubular necrosis with
mild degenerative and necrotic changes in the glomerular
epithelium (Figure 2B), multifocal mononuclear cell
infiltration in the interstitial tissue, and diffused interstitial
and glomerular hemorrhages (Figure 2C). There was no
evidence of advanced lesions such as severe mesangial
expansion, nodular sclerosis, glomerulosclerosis, arteriolar
hyalinosis and interstitial fibrosis, so the lesions found in
this experiment were diagnosed as primary DN.

The diabetic groups that were treated with different doses
of metformin and curcumin (D+MET300, D+MET500,
D+Cur50 and D+Curl50) showed some features of
regeneration, so that necrotic and degenerative changes
in the tubular and glomerular epithelium and glomerular/
interstitial hemorrhages were reduced. In addition, tubular
epithelial hypertrophy and inflammatory cells infiltration
were considerably lower in both curcumin and metformin
treated diabetic rats compared with untreated diabetic group
(Figures 2D-2F). The thicknesses of Bowman capsules
were normal and comparable to those of the control rats.
The most therapeutic effects were observed with the
administration of high dose of curcumin in comparison to
other treatments.

5. Discussion

DN is one of the leading causes of end-stage renal disease
worldwide and is becoming more prevalent due to the rise in
the incidence of obesity and type 2 diabetes. A convincing
line of evidence demonstrated the role of oxidative stress,
induced by hyperglycemia, in initiation and progression of
DN (1,2). Accordingly, different chemical and natural agents
have been investigated for their ameliorating effects on
oxidative stress and attenuating potency on the progression
of DN. Beneficial effects of metformin have previously been
shown on diabetes (7,18), however there are still a number
of studies questioning its protective efficiency against DN
(27,28). On the other hand, the growing interest in the
use of natural antioxidant compounds in different diseases
is rising rapidly (29-33). Curcumin is mostly known as
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Table 2. Effects of different doses of metformin or curcumin on serum and urine parameters in experimental groups

Serum creatinine

(mgldl) D49 0.79+0.05* 0.79:0.03 0.78+0.04 0.79:0.07  0.82+0.07 0.93+0.04* 0.89+0.08 0.86+0.07 0.86+0.06 0.87+0.04
DO 1.7£0.3 23:1.8 3.2:1.2 1.6:0.8 3.2:16 2.6£0.8 1.7:0.8 2.7:1.0 1.6:0.9 2.1:1.0
g:L“/ZV}‘:)Iume D7 2.5£0.9wbede 2.240.7 2.2+0.9 1.3:0.3 1.6£0.9 33.55.0° 26.3+8.5 35.849.7¢ 35.845.9¢ 33.447.1¢
D49 2.9+ 5ubede 4.9:1.5 2.6:1.4 2.9+1.4 2.9+1.4 36.3+2.5%8hi 22.6+7.0° 25.6+9.6¢¢ 17.2+4.74 23.048.1¢
DO 0.6+.1 0.7+0.3 0.7+.2 0.3£0.2 0.840.2 0.9+0.4 0.5£0.3 1.0+0.4 0.5+0.3 1.0£0.6
g;‘;‘; Cﬁ;adnine D7 0.8:+0.3wbede 0.70.2 0.8+0.4 0.4+0.1 0.5£0.2 3.940.9° 4.6:2.8" 4.4+0.8¢ 3.3£0.8¢ 3.90.2¢
D49 1.20.42b 1.1:0.4 0.8+0.5 0.9+0.4 1.0£0.4 4.1£0.4%%s 2.6£0.6% 3.3+0.8¢ 2.240.3f 3.0£0.74¢
DO 31.3:14.8 46.55+28.8 45.99+23.7 242111 47.0£23.0 46.0£25.1 28.7+18.6 62.9+16.4 28.5£22.2 56.1+31.3
E)““C Urea (mgf8 g 46,1216 54.6£19.1 39.2:18.5 26.4+11.7  33.8413.9 317.6+62.0° 353.2:170.8°  382.2:109.4°  326.4+74.8 324.3+29.9¢
D49 54.4+13.9bede 63.0£25.3 49.6£37.3 51.8+26.4 59.9¢5.2  326.6:22.3*h  193.1x54.2  222.3:73.2¢  164.1:25.0%  212.5+62.6%
DO 0.3+0.3 0.3+0.2 0.5+0.4 0.4+0.2 0.5+0.2 0.3+0.1 0.3+0.2 0.6+0.2 0.240.2 0.4+0.3
g;;ﬁ)‘mi“ D7 0.3£0.28bode 0.3£0.2 0.3£0.07 0.240.04 0.2:0.1 8.6+1.9° 7.242.1° 8.9:2.9¢ 5.642.5¢ 9.3:1.0°
D49 0.4+£0.28bede 0.7+0.1 0.60.5 0.6+0.4 0.6+0.4 8.1+0.8%Fehi 5.4+20F 5.8+1.3¢%¢ 4.141.240 5.1+1.3¢
Creatinine D49 0.03£0.012b<d 0.03+0.01 0.02+0.01 0.02+0.01  0.02+0.01 0.09+0.01%¢%¢ 0.06+0.01> 0.08+0.02¢ 0.0540.01°  0.06£0.01%¢

clearance (ml/min)

Data are represented as mean + SD. DO (pre-diabetes), D7 (7 days after induction of diabetes), D49 (after 42 days treatment with metformin or curcumin). In each row, groups with similar alphabetic letters, represent
significant difference (P < 0.05). For simplicity differences among main groups have been shown, only.

Table 3. Effects of metformin or curcumin on oxidants and antioxidant parameters in kidney tissues of rats.

TAC (nmol/mg of protein) 281.0+37.5 258.8+61.5 243.3+38.7 271.7+68.4 236.5+52.5 191.4+18.3 207.9+54.8 252.6+16.4 282.1+62.7 251.4+52.8
TOS (pmol/mg of protein) 0.8+0.6° 0.8+0.4 0.8+0.5 0.7+0.4 0.7+0.4 3.1£0.680ede 1.0£0.5" 1.3£0.6¢ 1.4£0.8¢ 0.6£0.2¢
MDA (pmol/mg of protein) 3.4+0.4° 3.2+0.5 3.1+0.5 3.5+0.3 3.3+0.5 4.8+0.4> 3.840.8 3.7+0.1 3.8+0.7 3.4+0.5°

Data are represented as mean + SD. In each row, groups with similar alphabetic letters, represent significant difference (P < 0.05). For simplicity differences among main groups have been shown, only.
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Figure 1. Effects of metformin and curcumin on the activity of anti-
oxidant defence enzymes (A) superoxide dismutase, (B) glutathione
peroxidas, and (C) catalase in kidney tissues. The activities of SOD,
GPx, and catalase were significantly reduced in diabetic rats but
were almost completely ameliorated to the normal valued after the
administration of curcumin (150 mg/kg bw). Data are represented as
mean + SD. Columns (groups) with similar alphabetic letter (a, b, c,
d, and e) represent significant difference (P < 0.05) between groups.
For simplicity, differences among main groups have been shown, only.

an antioxidant agent against oxidative stress induced by
hyperglycemia (19,33,34). However, understanding the
mechanism of action of curcumin is rudimentary and
limited. Due to the importance of oxidative stress in DN,
we aimed to investigate the effects of different doses of
metformin (300 or 500 mg/kg bw) and curcumin (50 or
150 mg/kg bw) on traditional markers of DN (urinary
urea, creatinine and protein) and markers of oxidative stress
(TAC, TOS, MDA and SOD, GPX and catalase activity) in
kidney tissue of type 1 diabetic rats.

Our results showed that metformin did not decrease
blood glucose in treated diabetic rats. Curcumin was not
also effective enough to attenuate FBS to the normal
level; although, slightly decreased FBS in treated rats and
reduced blood glucose in a dose-depended manner which
is consistent with the results of previous studies (19,35,36).
The low efficiency of metformin (and curcumin) in
lowering blood glucose is not a surprising observation.
Type-1 diabetic rats with almost no insulin secretion were
used in this study whereas metformin is the recommended

Figure 2. Histological sections of kidney from the normal, untreated

and treated diabeticrats. (A) Normal rat. Normal renal histoarchitecture
with well-organized distal and proximal convoluted tubules and
normal glomerulus and Bowman’s capsule (H&E; Bar=40 pum); (B)
Diabetic rat. Degenerative and necrotic changes in the tubular and
glomerular epithelium and glomerular hypertrophy (H&E; Bar=40
pm); (C) Diabetic rat. Severe infiltration of mononuclear cell in the
interstitial tissue (arrow) (H&E; Bar=150 pum); (D) Treated diabetic
rat with metformin (500 mg/kg). Mild infiltration of mononuclear
cell (arrow) in the interstitial tissue (H&E; Bar=150 pm); (E) Treated
diabetic rat with metformin (500 mg/kg). Mild tubular hypertrophy
with minimal degenerative changes (H&E; Bar=150 pum); (F) Treated
diabetic rat with curcumin (150 mg/kg). Mild glomerular hypertrophy
with normal structure (H&E; Bar=150 pm).

first-line oral glucose-lowering agent for type-2 diabetes
mellitus (T2DM) acting by reducing insulin resistance and
improving tissue insulin sensitivity (37,38) and curcumin
has insulin sensitizing effects through increasing expression
of the insulin receptors (36).

Urine output, proteinuria, and urinary creatinine and
urea levels were significantly enhanced in diabetic rats
whereas treatment with metformin or curcumin attenuated
urine output, decreased proteinuria, and declined urinary
creatinine and urea. Urine volume increased over 12-fold
in diabetic group and treatment with metformin showed
38% protective activity compared to 52% reduction in
urine volume caused by curcumin. Similarly, an over 3-fold
increase in urine creatinine in diabetic rats was strongly
(46%) prevented by curcumin compared with 36%
reduction by metformin. Additionally, curcumin was more
effective than metformin in attenuation of the increased
urinary urea and protein, as observed in the present study.
Although the protective effect of curcumin on DN has
previously been reported by Sharma and colleagues (19),
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here we showed for the first time the comparative effects
of curcumin and metformin on the oxidative status and
parameters of DN.

DN is characterized by an eventual decline in GFR,
although diabetes in early stages is heralded by glomerular
hyperfiltration and an increase in GFR (39). In the
present study induction of diabetes induced glomerular
hyperfiltration which could be considered as a sign of early
phenotype of DN. The observed hyperfiltration is likely
due to the structural changes such as cell growth, mesangial
expansion, and glomerular basement membrane thickening
(40), the characteristics that were later observed in our
histopathological examination indicating the presence of
early stage of DN in untreated diabetic rats. This finding is
in line with previous studies since the presence of glomerular
hyperfiltration in incipient DN have previously been
reported in both clinical trials and animal models (41,42).

The advantages of curcumin to metformin in improving
diabetes-induced alterations were also observed in TAC,
TOS, and MDA. Although the reduced TAC and increased
TOS in diabetic rats were mainly restored by metformin,
curcumin was able to completely normalize TAC, TOS, and
MDA to the levels observed in healthy control rats. It has
previously been reported that the beneficial anti-diabetic
activity of curcumin is probably due to its potent ability
to suppress oxidative stress (34), and here, we showed that
curcumin is potentially more effective than metformin in
restoring antioxidant capacity in kidneys. Therefore, it is
postulated that curcumin might be more beneficial agent
than metformin in prevention of renal dysfunction in
DN. Although the use of metformin has been limited in
patients with renal disease because of the perceived risk of
lactic acidosis (13), nephroprotective benefits attributed
to metformin are hypothesized to be mediated by its
potential in mitigating of hyperglycemia-induced oxidative
stress in some studies (7,10). Therefore, the clinical use of
metformin has been recommended in those with kidney
disease (13) however, the results of this study showed that
metformin did not sufficiently ameliorate oxidative stress
and normalize antioxidant key enzymes activities compared
with curcumin.

It is believed that curcumin reduces production of ROS
and optimizes oxidative stress leading to the alteration
in the activity of SIRT1 and decreasing transcription
of NF-kb (15,16). Therefore, it can be concluded that
curcumin exhibits its beneficial effects through the
abatement of diabetes-induced oxidative stress. Inhibition
of the production of ROS, leaves more intact antioxidant
enzymes in their reduced form, and thus, enhances TAC
of the cells. Interestingly, we showed that SOD, GPx, and
catalase activities in kidney tissue which were markedly
reduced in diabetic rats were completely recovered by the
administration of curcumin (but not metformin). In fact,
despite the establishment of the antioxidant property of
metformin (7,10) its effect on the activity of SOD, GPx,
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and catalase has not been investigated so far in DN and to
our knowledge, this is the first study comparing metformin
with a natural antioxidant agent. Here again, we confirmed
the advantages of curcumin to metformin in attenuating of
oxidative stress in DN.

Intriguingly, we showed no glucose lowering effect of
metformin or curcumin in this study. Therefore, it can
be hypothesized that the beneficial effects on improving
glomerular hyperfiltration, as observed here, were probably
the results of antioxidant properties of metformin or
curcumin and not because of their hypoglycemic potency.
This finding is of immense importance since the results
of previous studies investigating the antioxidant effect of
metformin are contentious (7,27,43).

The results of this study may be considered as our
incipient understanding about beneficial effects of
curcumin in ameliorating DN since a deeper investigation
of the nephroprotective mechanisms of curcumin requires
determination of ROS as fundamental players of oxidative
stress, quantitative measurement of cellular redox reagents
such as glutathione which are contributing in the balancing
of oxido-redox status, and analysis of SOD, GPx, and
catalase at the both gene and protein levels.

6. Conclusions

In conclusion, our data indicated that although both
metformin and curcumin could improve traditional
biomarkers associated with DN, curcumin was more
effective than metformin in reduction of oxidative stress
and improving glomerular hyperfiltration, however further
detailed studies are required to investigate the effects these
compounds in more depth.
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