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Abstract
The present study was carried out to investigate the protective effects of tempol on renal function
and the underlying mechanism in streptozotocin-induced diabetic rats. The diabetic rats were
randomly divided into Model group (without tempol) and Tempol group. Nondiabetic rats were
served as Control group. The mRNA expression of canonical transient receptor potential 6
(TRPC6), transforming growth factor (TGF)-β1 and type IV collagen (Col IV) were examined.
The malondialdehyde (MDA) level, activities of superoxide dismutase (SOD) and glutathione
peroxidase (GSH-Px) in renal tissues were measured to assess redox status in kidneys. We found
that tempol significantly reduced 24-h urine output and urine albuminuria excretion in the diabetic
rats. Compared with the model group, the concentration of MDA was significantly lower in
tempol group. In addition, diabetes decreased activities of SOD and GSH-Px and these responses
were prevented by tempol treatment. Moreover, in diabetic rats, the mRNA expression levels of
TGF-β1 and Col IV were upregulated. TRPC6 mRNA expression level was downregulated in
diabetic kidneys. However, all of these diabetic effects were significantly suppressed by tempol
treatment. These results suggest that chronic treatment of diabetic rats with tempol can protect
kidneys, possibly by reducing expression of TGF-β1, Col IV, and TRPC6.
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Introduction
Diabetes mellitus is increasingly prevalent worldwide. Diabetic nephropathy (DN) is one of
the most common complications in diabetes mellitus, which is the leading cause of end-
stage renal disease (1). The characteristic features of this disease are persistent albuminuria
and structural alterations, such as thickened glomerular basement membrane and progressive
accumulation of extracellular matrix proteins in the glomerular mesangium(2). Progressive
loss of renal function, which ultimately results in end-stage renal disease requiring dialysis
or transplantation, is an increasing health problem around the world (3).
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The early stage of diabetic mellitus is characterized by renal hyperfiltration, which promotes
the eventual development of DN. Although preglomerular afferent arteriolar dilation and
diminished responsiveness of this vascular segment to a variety of vasoconstrictors have
been proposed to be a contributing factor (4), increasing evidence suggests that dysfunction
of glomerular mesangial cells (MCs) is also involved in the diabetic hyperfiltration (5–7).
MCs are important targets of metabolic abnormalities in diabetes and contribute to the
functional and structural abnormalities of DN. MCs are located within glomerular capillary
networks, regulating effective filtration surface area. MC contractility is impaired in diabetes
and this impairment disrupt normal glomerular hemodynamics (8). Decreased Ca2+ influx
contributes to the impaired contractile function of MCs, presumably due to altered calcium
channel number and/or activity (9).

Recently, canonical transient receptor potential (TRPC) proteins have been proposed as
Ca2+-permeable cation channels that are activated in response to stimulation of G-protein
coupled receptors (10–12). The TRPC family includes seven related members, designated as
TRPC1-7 (13). TRPC6 in this family is expressed in MCs and participates in Ang II-induced
MC contraction (14–16). Our previous study showed that in glomeruli isolated from
streptozotocin (STZ)-induced diabetic rats, TRPC6 was markedly reduced compared with
the glomeruli of control rats (15, 17). Furthermore, TRPC6 mRNA in MCs was also
significantly decreased by high glucose (17). Accumulating evidence implies that
downregulation of TRPC6 leads to the impaired Ca2+ signaling and hypocontractility of
diabetic MCs. Thus, the reduced mesangial responsiveness to vasoactive agents seen in
diabetes may be partially due to reduced TRPC6 expression (17). Multiple pathogenic
mechanisms are now believed to contribute to DN, including inflammatory cytokines,
autacoids and oxidative stress. Among them, oxidative stress has been suggested to play an
important role in the pathogenesis of DN (18–20). An increased production of reactive
oxygen species (ROS), including superoxide anion, contributes to the pathogenesis of renal
injury in diabetes mellitus (21). Superoxide dismutase (SOD) is the major antioxidant
enzyme for superoxide removal, which converts superoxide into hydrogen peroxide and
molecular oxygen. The hydrogen peroxide is further detoxified to water by catalase or
glutathione peroxidase(22). As SOD and catalase activities are decreased in diabetes, the
improvement of the antioxidant system including SOD could be a potential therapeutic
target in diabetic nephropathy (23).

Tempol (4-hydroxy-2, 2, 6, 6-tetramethyl-piperidine-1-oxyl) is a stable, metal-independent
low-molecular weight SOD mimetic with an excellent cell-permeability. The reaction of
tempol with superoxide anion to form hydrogen peroxide accounts for its “SOD mimetic”
action. As reported, tempol normalized blood pressure in hypertensive rats and dilated
afferent arterioles of diabetic rabbits (24, 25). And also, tempol protected the kidney from
ischemic damage and inhibited hypertensive renal damage in the Dahl salt-sensitive model
(26, 27). However, few studies have investigated the preventative effect of tempol on DN
and its possible mechanisms of action. Thus, the present study was carried out to examine
the effect of tempol on progression of DN and the expressions of several diabetes-associated
proteins in a streptozotocin rat model of diabetes. The findings in this study may provide a
theoretical basis for clinical application of tempol.

Materials and methods
Animals and experimental protocols

Male Sprague-Dawley rats (~8 wk) were purchased from the Experimental Animal Center of
Anhui (Certificate No. SCXK 2005-001). The animals were housed individually in cages at
constant humidity (55±5%) and temperature (25±2 °C) with an electrically controlled 12-h
light–dark cycle. Food and water were provided ad libitum. This study was approved by the
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Animal Care and Use Committee of Anhui Medical University, and all studies were
conducted in accordance with “Guiding for the Care and Use of Laboratory Animals”
adopted by the Committee on the Care and Use of Laboratory Animals of Anhui Medical
University. Diabetes was induced by a single injection of STZ (Sigma Chemical Co., St.
Louis, MO) into the rat tail vein at 60 mg/kg in sodium citrate buffer (0.01 M, pH 4.5) after
fasting overnight. Age- and weight-matched control rats were given an equivalent volume of
the vehicle (citrate buffer) alone. The fasting blood glucose (FBG) levels in tail vein blood
were determined 72 h later and periodically thereafter with a glucometer (Life Scan One
Touch glucometer, Johnson & Johnson). STZ-injected rats with sustained elevation of blood
glucose above 16.7mmol/L were designated as diabetic rats (28). The diabetic rats were
randomly divided into 2 groups matched for body weight and blood glucose: untreated DM
group (Model group, n=10) and a diabetic group given tempol (Sigma Chemical Co., St.
Louis, MO) in their drinking water (1 mM) for 6 weeks (Tempol group, n=10), beginning 24
h after the induction of diabetes. Age- and weight-matched rats with sodium citrate buffer
injection alone were served as controls (Control group, n=10).

Sample preparation
Body weight, daily food intake, daily water intake and daily urine output of all rats were
measured at Pre-therapy, 4 and 6 weeks after tempol treatment. Urine was collected via
metabolic cage. After 6 weeks of tempol treatment, the rats after fasting overnight were
anesthetized with 10% chloral hydrate (30 mg/kg body weight intraperitoneally), and then
blood was drawn from the abdominal aorta for measuring blood chemical parameters. After
blood sampling, kidneys were then processed for biochemical, histologic, and
immunochemical examinations as described below.

Measurement of urinary parameters
After 24-h urine collection, the samples were centrifuged (3000 rev/min, 4°C, 10 min) and
the supernatant was stored at −20°C. The urine samples were used to calculate urine volume
and urinary albumin excretion (UAE). Urine protein was measured by the Bradford method
(Bio-Rad, Richmond, VA). Meanwhile Urinary TGF-β1 excretion in daily urine was
determined by Enzyme-linked Immunosorbent Assay (ELISA) (Senxiong Bio-Tech,
Shanghai, China).

Measurement of blood parameters
The FBG levels in tail vein blood were determined with a glucometer at Pre-therapy, 4 and 6
weeks after tempol treatment. Serum samples from rats were collected for measurement of
glycosylated serum protein (GSP), fasting serum insulin (FINS), creatinine (Cr) and blood
urea nitrogen (BUN). The detection was carried out using diagnostic kits (Jiancheng
Institute of Bioengineering Company, Nanjing, China). GSP was determined with
Fructosamine assay. BUN was reacted with diacetyl to produce a red compound and
measured by spectrophotometer. Serum Cr was measured by the modified picric acid
method. FINS was assayed by ELISA (Yuanye Bio-Tech, Shanghai, China). Insulin
sensitivity index [ISI = 100/ (FBG×FINS)] was applied to assess the status of insulin
resistance.

Measurement of MDA level, activities of SOD and GSH-Px in the kidney
After blood sampling, the kidneys were quickly removed from the animals and the
surrounding fat was cleaned. They were washed in a sterile saline solution and weighed. The
renal tissue was homogenized in a nine-time volume of ice-cold normal saline, and then the
homogenates were centrifuged (4000 rev/min, 4°C, 10 min). The level of malondialdehyde
(MDA) and activities of superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px)
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in the kidney were measured following manufacturer’s instruction (Jiancheng Institute of
Bioengineering Company, Nanjing, China).

Histological examination
The renal samples were fixed in 4% paraformaldehyde, embedded with paraffin and cut into
sections of about 4μm thickness, and stained with periodic acid-Schiff (PAS) staining. The
slides were examined under light microscopy with magnification of 400× by a pathologist
blind to the experimental profile. The purple color in glomeruli was defined as “positive”
and the positive area of each glomeruli was measured using JD801 morphological
microscope image analysis system (JEDA Science-Technology Development Co., Ltd,
Jiangsu, China). The positive score (PS) of glomeruli in one rat was calculated by averaging

positive scores of 30 glomeruli from the same rat using the formula: ,
where AP represents the positive area and AG represents the area of glomerulus. Six rats
were examined in each group.

RT-PCR
Total kidney RNA was extracted using TRIzol (Invitrogen, Germany) according to the
instructions from the manufacturer. The extracts wer resuspended in 20 μl of DEPC-treated
water. RNA concentration was determined using a biophotometer (Shanghai Scientific
China). Four micrograms of RNA underwent reverse transcription to generate cDNA using
random hexamer primers and Primescript™ RTase (TaKaRa BIO). PCR was conducted
using a RT-PCR kit (Promega, USA). Primer sequences (Shanghai Sangon Bio-Tech) and
annealing temperatures for TGF-β1, Col IV, TRPC6 and β-actin PCR are listed in Tab 1.
PCR products and a 1 kb DNA molecular weight marker (Promega, USA) were then
electrophoresed on a 1% agarose gel, and the gel was visualized and photographed using a
gel imaging system (Biosens SC810X, Shanghai Bio-Tech). The gel imaging software was
used for quantitative analyses. Relative quantities of target gene expression were compared
after normalization to the value of β-actin, a housekeeping gene.

Statistical analysis
Data were expressed as means ±S.D. One-way analysis of variance (ANOVA) was used to
test differencea among groups and Student-Newman-Keuls(SNK) test was adopted to assess
which two groups have significant difference. Value of P < 0.05 was considered to be
significant.

Results
Physical and Metabolic Parameters

Data were obtained at pre-therapy, 4 and 6 weeks after tempol treatment. It was observed
that the body weight increased in control group. The body weights in model group were
significantly lower in comparison with the control group (P < 0.01) at the end of the
experiment. In contrast, the weights in diabetic rats after tempol treatment were higher than
the model group. As shown in Tab 2, daily food and water intake (normalized to rat body
weight) of control group were unchanged throughout the experiment. However, the daily
food and water intake in the model group were significantly higher than control rats. And
also, daily food and water intake significantly decreased (P < 0.01) in tempol group.
Similarly, urine output (UO, normalized to rat body weight) in the control group did not
change throughout the experiment. In contrast, UO were significantly higher in model group
than in the control group (P < 0.01). After tempol treatment, UO were lower than that in the
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model group (P < 0.01). An increase in UAE amount is the earliest manifestation of renal
disorder in diabetes. The time course of daily UAE was shown in Tab 2. UAE in the model
group increased significantly compared with that in the control group (P < 0.01). Tempol
treatment decreased UAE of diabetic rats significantly (P < 0.01) in comparison with the
model group at the end of the experiment. Likewise, Urinary TGF-β1 excretion in daily
urine in model group increased significantly compared with the control group (P < 0.01).
Tempol administration decreased this parameter of diabetic rats significantly (P < 0.01).
These results indicate that hypermetabolism in diabetic rats was persistent.

As shown in Tab 2, FBG and GSP were significantly higher in model group than those in
control group (P < 0.01). Tempol treatment showed a decreased tendency in FBG and GSP
and the difference was significant (P < 0.01). However, blood glucose did not return to
normal level at the end of the experiment.

At the 6th week after tempol treatment, FINS levels in model group increased markedly
compared with control group, but it was decreased by tempol treatment. Meanwhile, ISI of
model group was lower than control group (P < 0.01). Increased ISI of diabetic rats were
observed in the tempol group compared with model group. Therefore, tempol treatment
could elevate ISI of diabetic rats. Furthermore, the kidney weight/body weight ratio (KW/
BW) was significantly increased in model group in comparison with the control group (P
<0.01). After tempol administration, KW/BW was decreased significantly compared with
model group (P<0.01). In addition, the serum levels of BUN and Cr in model group were
markedly higher than the control group (P < 0.01). The creatinine clearance rate of model
group decreased obviously compared with control group. Tempol significantly affected the
elevated BUN and Cr concentration of diabetic rats (P <0.01). Meanwhile, tempol treatment
significantly improved the creatinine clearance rate of diabetic group (P <0.01) (Tab 3).

MDA level, activities of SOD and GSH-Px in renal tissue
The MDA level, activities of SOD and GSH-Px in renal tissue are shown in Tab 4. The
MDA level was increased in model group compared with that in the control group (P <0.01).
Tempol treatment reduced MDA level compared to the model group (P <0.01). The
activities of SOD and GSH-Px in the control group was significantly higher than that in
other two groups (P <0.01). The activities of SOD and GSH-Px were markedly reduced in
the model group compared with the control group. The tempol treatment relieved these
alterations (P<0.01) (Tab 4).

Renal histology and morphometric analysis
Glomeruli were easily distinguished by their characteristic circular morphological aspect
bordered by the peripheral lumen. Fig 1 shows representative histopathological changes in
the kidney with PAS staining and morphometric analysis in each group at the 6th week after
tempol treatment. The model group showed extensive mesangial matrix expansion (Fig 1B),
whereas no change was observed in the control rats (Fig 1A). PAS-positive areas increased
significantly in the model group compared with the control group (50.51±6.67 vs.
17.12±3.67, p < 0.01) (Fig 1D). The positive score of glomeruli PAS staining increased
markedly in model group compared with control group. However, the positive score of
glomeruli PAS staining was reduced significantly (22.79±6.88 vs. 50.51±6.67, p < 0.01) by
tempol treatment (Fig 1D).

The mRNA expression of TGF-β1, Col IV and TRPC6 in the kidney
Consistent with the results of immunohistochemistry, expression of TRPC6mRNA in
diabetic kidneys was decreased dramatically compared with the control group (P < 0.01).
However, expression of TGF-β1 mRNA and Col IV mRNA in diabetic kidneys was

Luan et al. Page 5

J Pharmacol Sci. Author manuscript; available in PMC 2013 January 08.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



increased dramatically relative to the control (P < 0.01). Up-regulation of TGF-β1mRNA
and Col IV mRNA expression was obviously decreased by administration of tempol (P <
0.05) (Fig 2). Compared with the model group, tempol treatment increased the expression of
TRPC6mRNA significantly (P < 0.05) (Fig 2).

Discussion
As an important complication of diabetes mellitus, DN has become the most common cause
of end-stage renal failure among patients undergoing chronic hemodialysis therapy (3). DN
is characterized by a series of changes, including renal hypertrophy, oxidative stress,
basement membrane thickening and extracellular matrix accumulation, which eventually
results in the loss of renal function (29). Although hyperglycemia is clearly a prerequisite for
the development of DN, hyperglycemia itself is insufficient for the progression of the
diabetic complication. A variety of derangements associated with diabetes contribute to the
development of DN. Among them, oxidative stress has been suggested to play an important
role in the pathogenesis of DN (30). Enhanced oxidative stress is widely recognized as a key
pathogenic factor and contributed to pathological development and progression of DN (31–
34). Markers of oxidative stress such as ROS and reduced levels of antioxidants have been
found in the blood and renal tissues in both human and experimental diabetes (35–36).

Tempol is a stable and cell membrane-permeable SOD mimetic and has been successfully
used to investigate the role of ROS in renal function in intact animals (15,37). In the present
study, we used an STZ-induced diabetes rat model to demonstrate the therapeutic efficacy of
tempol in early DN. Hyperglycemia, albuminuria, renal hypertrophy, and expansion of
mesangial area, which are the hallmarks of DN, were confirmed in STZ-induced diabetic
rats. Tsuchida et al (38) reported that high degree of oxidative stress in the renal tissue
coincides with biochemical signs typical of DN, such as high level of UAE, which is the
classical glomerular injury marker of DN. In our study, the 24-h UAE was markedly higher
in diabetic rats than in control rats. Furthermore, the kidney weight/body weight ratio was
significantly increased in diabetic rats in comparison with the control rats. These results
indicate that the renal disorder in STZ-induced diabetic rats, which is early stage DN, is
similar to that seen in humans (39).

Antioxidant enzyme expression in DN patients is decreased. SOD and GSH-Px constitute
the principal components of antioxidants and their deficiencies can cause oxidative stress.
The superoxide dismutase enzyme system is a primary determinant of superoxide removal
(40). The content of MDA is a good index of intensified oxidative stress in the tissues,
showing enhanced peroxidation processes (41). It has been reported that an imbalance
between the production of ROS and antioxidants is believed to be involved in diabetes-
induced renal failure (42). In this study, the production of MDA was enhanced in diabetic
rats, indicating an oxidative stress state in experimental diabetic rats. We have demonstrated
a significant diminution of SOD and GSH-Px activities in the kidney of rats after 6 weeks of
STZ-induced diabetes. The findings are consistent with those previously reported in this
model of diabetes (43). After tempol treatment, a significant decrease in MDA level and
increase in activities of SOD and GSH-Px were observed in this study. These results suggest
that tempol has a renal protective role against oxidative damage in diabetic nephropathy.
Reduction of oxidative stress markers was associated with reduction in renal damage
parameters. Our study demonstrated that BUN and Cr levels in serum were higher in DN
rats than those in control rats. The creatinine clearance rate in diabetic rats was also
obviously decreased compared with non-diabetic rats. The results of our experiment showed
that continuous administration of tempol could retrieve renal dysfunction and ameliorate
hyperglycemia induced by STZ. Tempol significantly affected the elevated FBG and GSP
concentrations of diabetic rats. Accordingly, tempol could correct insulin resistance and the
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associated renal damage in STZ-induced diabetes. Meanwhile, it was also found that tempol
markedly suppressed glomerular hypertrophy, the expansion of mesangial matrix and the
accumulation of ECM.

The globally increasing number of patients with end-stage renal disease urges the
identification of molecular pathways involved in renal pathophysiology, to serve as targets
for intervention. TGF-β1 is the key regulator of extracellular matrix remodeling in the
mesangium leading to mesangial expansion (44), and induction of TGF-β1 is a well-
documented molecular event during the development of diabetic nephropathy both in vitro
and in vivo(45–48). Moreover, collagen accumulation is the hallmark of glomerular
sclerosis, and increase of Col IV plays a central role in this process. Excessive deposition of
Col IV is an established feature associated with diabetic glomerulopathy (49). Studies have
demonstrated that several stimuli increase TGF-β1 expression, such as hyperglycemia and
oxidative stress (50). In particular, several investigators stated that ROS participates in TGF-
β1 expression and that TGF-β1 promotes renal fibrous change that leads to renal damage
(51, 52). Up-regulation of TGF-β1 by ROS will lead to excessive production of ECM,
resulting in glomerular fibrosis, and ultimately loss of renal function (53). Interestingly,
TGF-β1 can also up-regulate Col IV in all glomerular cell types (48). As we expected, the
mRNA expression of Col IV and TGF-β1 was dramatically increased in diabetic rats in
comparison with the control rats. The results of RT-PCR showed that significant up-
regulation of Col IV and TGF-β1 expression was concomitant with deterioration of renal
function and contributed to the excessive deposition of glomerular extracellular matrix in
DN. The accumulation of TGF-β1 and Col IV in glomeruli in diabetic rats was also inhibited
by tempol at the 6th week after starting treatment. As reported, tempol prevented renal
injury in the Dahl salt-sensitive hypertensive rat via reduction of oxidative stress and TGF-
β1 (54). High glucose induces ROS and up-regulates TGF-β1 and Col IV expression in the
glomerular mesangial cells (18, 55). Taken together, these protective effects of tempol are
thought to be mediated through the down-regulation of suppression of TGF-β1, Col IV and
reduction of excessive ROS production. It is our finding that tempol improved renal function
of DN rats and this beneficial effect was associated with the inhibitory effect of tempol on
kidney TGF-β1 over-expression and Col IV over-production. Also, renal histological
examination revealed that tempol significantly ameliorated diabetic-induced mesangial
expansion. These findings imply potential efficacy of tempol in preventing the DN
progression.

The early stage of diabetic mellitus is characterized by renal hyperfiltration, which promotes
the eventual development of DN. Increasing evidence suggests that the dysfunction of
glomerular MCs is involved in diabetic hyperfiltration. Impaired Ca2+ signaling has been
inferred to be a major contributing factor to the dysfunction of diabetic MCs (7, 20). TRPC6
has been known to function as receptor operated Ca2+ channel in a variety of cell types (56).
For instance, TRPC6 was detected and characterized as a component of the slit diaphragm
multiprotein complex of glomerular podocytes, suggesting that it functions as a critical
regulator of normal renal function (57). We have revealed that knockdown of endogenous
TRPC6 in MCs reduced the Angiotonin (Ang) II-induced channel activity, implying that
TRPC6 protein might be the channel or a critical component of the channel complexes
mediating the Ang II-stimulated membrane response (17). Thus it is not surprising that
TRPC6 participates in the contractile function of MCs and deficiency of this channel protein
leads to impairment of agonist-induced mesangial contraction that subsequently results in
supernormal glomerular filtration rate. In our study, the mRNA expression level of TRPC6
in the kindney was evaluated by RT-PCR and compared between nondiabetic rats and
diabetic rats with and without tempol treatment. TRPC6 mRNA was strongly expressed in
the healthy control rats. Comparing to the model group, there was a great improvement of
expression of TRPC6 in the tempol group. In our previous article (15), we have found that
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expression of TRPC6 protein in glomeruli isolated from STZ-diabetic rats was dramatically
decreased compared to the glomeruli from non-diabetic control rats. And also, tempol
treatment significantly increased expression of TRPC6 protein, suggesting that antioxidant
treatment efficiently suppressed the effect of diabetes on TRPC6. These results indicate that
diabetes decreased the TRPC6 protein expression by repression of TRPC6 gene by ROS,
suggesting a potential implication of TRPC6 in the development of DN.

In summary, the results from this study showed that chronic treatment of diabetic rats with
tempol ameliorated the pathological changes in glomeruli, possibly by reducing expression
levels of TGF-β1, Col IV, and increasing abundance of TRPC6. Our findings provide a
rationale for treating DN with antioxidants.
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Fig. 1.
Morphological changes of glomeruli in renal cortex in the different groups (PAS
staining×400). A: Control group. B: Model group. C: Tempol group. D: Positive score of
glomerular PAS staining in the different groups. Each bar indicates 50 μm. n=6 rats in each
group. Data are expressed as the mean ± S.D. &p < 0.05, #p < 0.01 compared with Control
group using ANOVA followed by the Student-Newman-Keuls (SNK) test. *p < 0.01
compared with the Model group by SNK test.
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Fig. 2.
Effect of Tempol on mRNA levels of TRPC6, TGF-β1 and Col IV in kidney of STZ-induced
diabetic rats. A: TRPC6 mRNA expression. B: Col IV mRNA expression. C: TGF-β1
mRNA expression. D: Quantification of TRPC6 mRNA expression from three groups
indicated in A. E: Quantification of Col IV mRNA expression from three groups indicated
in B. F: Quantification of TGF-β1 mRNA expression from three groups indicated in C. In
all groups, β-actin was used for loading controls. n=4 rats in each group. Data are expressed
as the mean ± S.D. #p<0.01 compared with the Control group using ANOVA followed by
Student-newman-Keuls (SNK) test; &p<0.05 compared with the Model group by SNK test.
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Tab 3

Effect of Tempol on serum Creatinine, Urea nitrogen and Creatinine clearance rate of diabetic rats induced by
STZ.

Group Creatinine (umol/L) Blood urea nitrogen (mmol/L) Creatinine clearance rate (ml/min·kg)

Control 49.80±3.65 5.78±0.22 3.14±0.52

Model 123.62±18.33## 15.95±2.61## 1.88±0.17##

Tempol 79.03±7.68** 8.98±0.89** 3.00±0.53**

The abbreviations are the same as in the legend to Tab 2. Data are presented as means ± SD. n=10 rats in each group.

##
p < 0.01 vs. control rats;

**
p < 0.01 vs. model rats.
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Tab 4

Effect of Tempol on MDA level and activities of T-SOD and GSH-Px in the renal tissue of diabetic rats
induced by STZ.

Group T-SOD (U/mg protein) MDA (nmol/ mg protein) GSH-Px (U/ mg protein)

Control 153.88±29.82 3.80±1.25 159.30±33.34

Model 65.68±20.15## 7.89±1.72## 82.58±20.18##

Tempol 95.86±32.09* 4.56±1.51** 124.51±35.07**

The abbreviations are the same as in the legend to Tab 2. Data are presented as means ± SD. n=10 rats in each group.

##
p < 0.01 vs. control rats;

*
p < 0.05,

**
p < 0.01 vs. model rats.
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