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ABSTRACT

Oxidative stress and inflammation have been demonstrated to be involved
in the onset and promotion of diabetic nephropathy (DN).Tanshinone IIA (Tan)
possesses both antioxidant and anti-inflammatory properties. Here, the aim of the
present study was to explore whether Tan could attenuate renal damage in the rats
with streptozotocin (STZ)-induced diabetes and its potential mechanisms. Tan was
gavaged to STZ-induced diabetic rats at the dose of 10mg/kg once a day for 12
weeks. Tan treatment significantly attenuated albuminuria and renal histopathology
in diabetic rats. Besides, Tan treatment also effectively inhibited oxidative stress and
inflammatory reaction in the kidneys of diabetic rats. Our study provided evidence
that the protective effect of Tan on diabetes-induced renal injury is associated with
inhibition of oxidative stress and inflammation. Tan may be a potential candidate for

the treatment of DN.
INTRODUCTION

Diabetic nephropathy (DN) prevalence is increasing
with the expanding size of the diabetes population around
the world. It was reported that one-third of patients with
DM develop DN [1]. Currently, DN has become leading
cause of chronic kidney disease (CKD) in the developed
world. The existing treatment for DN are mainly focusing
on glycaemic, lipid and blood pressure control, and life-
style changes [2]. Despite of those therapeutic approach,
nearly 50% patients with DN unavoidably processed to
the end stage renal disease (ESRD) in the United States
[3], which not only brought along the physical pains for
the patients, but also lead to heavy social and economic
burden. Therefore, it is urgent to explore the mechanisms
and the novel treatments for DN [4, 5].

Tanshinone ITA (Tan) is one of the major
diterpenoids derived from Salvia miltiorrhiza (S.
miltiorrhiza) [6] referred to one of the two lipophilic
components of ‘Danshen’ [7], which also contains
hydrophilic components. Tan exhibited protective effects

on several pharmacological targets, including anti-
oxidative stress [8], anti-inflammation [9] and anticancer
[10]. A large number of reports demonstrated Tan has
been used for the treatment of multiple diseases, including
cardiovascular disease [11], cerebral ischemia [12] and
bone diseases such as osteoporosis [13]. In kidney disease,
Tan not only protects against acute kidney injury [14, 15],
but also has protective effects on chronic kidney disease,
including uric acid nephropathy [16], doxorubicin induced
nephropathy [17], 5/6 nephrectomy induced chronic
kidney disease [18] and hypothermic kidney preservation
[19]. Although Kim et al. [20] demonstrated that Tan
exerted protective effect on the early stage of diabetic
nephropathy in animal model, the mechanisms remain
largely unknown.

Therefore, in the current study, we have designed
animal experiments to determine the therapeutic action
of Tan and investigate its potential mechanisms in renal
injury induced by streptozotocin (STZ) type | diabetes
using rats. This study aims at exploiting to develop the
underlying therapy for DN.
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RESULTS

Tan alleviated albuminuria in diabetic rats

There were no significant changes about body weight,
blood glucose levels, HbAlc level and renal function
including serum creatinine (SCr) and blood urea nitrogen
(BUN) among the diabetic groups Figure 1. Albuminuria
is considered as a hallmark for the progression of renal
disease [21]. Tan significantly decreased urinary albumin
excretion (UAE) in diabetic rat, as show in Figure 2, DN
rats treated with Tan had greatly reduced proteinuria after
treatment for 6 wk and 12 wk (P < 0.05). Amazingly, the
ratio of the kidney weight to body weight (KWI) in DN
rats received Tan treatment was lower compared with DN
group and vehicle group (P < 0.05). These data suggested
that Tan could potentially protect the kidneys in diabetic
rats, which was independent of blood glucose decrease.

Tan attenuated renal histopathology injury

Morphologically, DN is defined by thickening of the
glomerular basement membrane (GBM) and mesangial
expansion, contributing to a progressive damage in the
glomerular filtration barrier [22]. As shown in Figure 3A,
the diabetic rats showed focal mesangial matrix expansion
compared to non-diabetic rats. However, Tan treatment
significantly decreased the percentage of mesangial
expansion area (Figure 3A) (P < 0.05). To assess foot
process effacement in the diabetic kidney, the tissue
sections were observed by electron microscopy.There
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was a widespread foot process fusion in the kidneys
of diabetic rats. After Tan treatment for 12 weeks, the
diabetic rats showed decreased foot process fusion when
compared with the non-treated rats (P < 0.05) (Figure 3B).
Therefore, these data suggested Tan attenuated renal
histopathology injury in DN rats.

Tan ameliorated the inflammatory reaction in
the kidneys of STZ-induced diabetic rats

Inflammation played an important role in the
pathogenesis of diabetes [23, 24]. As shown in Figure 4,
immunohistochemistry assay showed increased TGF-§1
expression in the renal cortex from STZ-induced diabetic
rats, which decreased by Tan (P < 0.05). Coincidentally,
we found Tan treatment also reduced the gene level
of TGF-B1 in renal cortex of DN rats using real time
PCR assay (P < 0.05) (Figure 4B).In addition, mRNA
expression of P-selectin and MCP-1 were decreased in
Tan-treated diabetic rats correspondingly (P < 0.05).
Taken together, the above results indicated that Tan
treatment ameliorated diabetes-induced inflammatory
reaction in kidney of DN rats.

Tan inhibited the renal oxidative stress and
serum CRP in DN rats induced by STZ

Oxidative stress is one serious factor in promoting
DN. To investigate the potential renoprotective
mechanism of Tan in DN, we investigated the effects
of Tan on oxidative stress in kidney of DN rats. As
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Figure 1: The effect of Tanshinone ITA on renal function and blood glucose in STZ-Induced diabetic rats. (A) serum
creatinine (SCr); (B) blood urea nitrogen (BUN); (C) blood glucose (BG) and (D) hemoglobin A1C (HbA C).CTL, normal non-diabetic
rats; DN,STZ-induced diabetic rats; DN+Veh, DN rats treated with vehicle, DN+ Tan, DN rats treated with Tanshinone ITA. Results are
expressed as means + SD (n = 6/each group, *P < 0.01, versus CTL group).
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Figure 2: The effect of Tanshinone IIA on biochemical parameters in STZ-Induced diabetic rats. (A) body weight;
(B) ratio of kidney weight to body weight; urine albumin excretion at the end of 6 (C) and 12 weeks (D). CTL, normal non-diabetic
rats; DN,STZ-induced diabetic rats; DN+Veh, DN rats treated with vehicle, DN+ Tan, DN rats treated with Tanshinone IIA. Results are
expressed as means + SD (n = 6/each group,*P < 0.05, versus CTL group.”P < 0.05,vs DN+Veh group).
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Figure 3: The effect of Tanshinone ITA on morphology change in diabetic rats. (A) PAS staining of renal sections (400X);
Quantification shows the percentage of mesangial area in the glomeruli of rats from each group. (B) the glomerular ultrastructure (Original
magnification 3500X); Quantification shows the percentage of foot process effacement in the glomeruli of rats from each group. CTL,
normal rats; DN, STZ-induced diabetic rats;DN+Veh, DN rats treated with vehicle, DN+ Tan, DN rats treated with Tanshinone ITA. Data
are expressed as means = SD (n = 6/each group). *P < 0.05, versus CTL group.*P < 0.05,versus DN-+Veh group.
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shown in Figure 5SA-5B, the concentration of MDA
was remarkably increased and the activity of SOD was
significantly reduced in DN rats, which were reversed by
Tan (P < 0.05). Compared with non-diabetic rats group,
the concentration of serum CRP in DN group increased
significantly (Figure 5C), which were also prevented by
Tan effectively (P < 0.05).

DISCUSSION

In this study, we re-confirmed that Tan treatment
could protect against early stage diabetic nephropathy
in the rats with diabetes induced by STZ. Our data

revealed that Tan reduced albuminuria and KWI and
alleviated renal histopathological injury in diabetic rats.
The oxidant/antioxidant balance was observed by the
decrease of MDA and the increase of SOD in kidneys of
STZ-induced diabetic rats received with Tan. Moreover,
reduced inflammatory cytokines and profibrogenic
mediators including MCP-1, TGF-B1, P-selectin and CRP
also were observed either in the renal cortex or serum of
Tan-treated diabetic rats. However, Tan treatment has no
effect on blood glucose and HbA lc¢ in diabetic rats. These
data indicate that Tan may exert its reno-protective effects
through anti-oxidation and anti-inflammation, which was
not relevant to blood glucose decrease.
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Figure 4: Tanshinone IIA reduced the inflammation. (A) Immunohistochemistry staining for TGF-B1 in renal sections (Original
magnification 400X) and semi-quantitative data TGF-B1 staining in different groups of rats. Gene expression of TGF-p1 (B), P-selectin
(C) and MCP-1 (D) by real-time PCR analysis of kidney cortex from rats in different groups. Data are expressed as means + SD. *P < 0.05

versus CTL group, *P < 0.05 versus DN+Veh group, n = 6.
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Figure 5: Tanshinone IIA inhibited the renal oxidative stress markers and serum CRP in DN rats. Quantitative data of
renal MDA (A) and SOD (B) and serum CRP (C) in different groups of rats. Data are expressed as means = SD. *P < 0.05 versus CTL

group, *P < 0.05 versus DN+Veh group, n = 6.
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Clinically, DN  was  characterized by
microalbuminuria (> 300 mg/24 h). As DN evolves,
macroalbuminuria and renal disfunction take place [25].
Our results suggested the renal function including SCr and
BUN made no significant difference in rats with or without
DN, which indicated diabetic rats exhibited mild and early
diabetic kidney injury at 12 wk post STZ injection. Further
Tan treatment also exerted no effect on renal function,
which indicated Tan had no toxicity to kidney in rats at
the early stage of DN. However, Tan treatment reduced
albuminuria and delayed the development of DN, which
is consistent with previous report [20]. Therefore, Tan
attenuated early renal damage in diabetic rats induced by
STZ.

Despite the fact that the exact mechanisms of DN
are not clear yet, poor glucose control and the activators of
oxidative stress and inflammation are proposed to promote
the progress of DN from early stage to advanced stages
[26]. In the present study, we found that the renoprotective
effect of Tan on DN is not mediated by decreasing blood
glucose. Histopathologically, Tan significantly reduced the
accumulation of extracellular matrix (ECM) and fibrocytes
in the diabetic kidneys, which might be important
mechanisms underlying the beneficial effects of Tan on
DN. Activation of cytokines, profibrotic and inflammatory
factors might be involved in the ECM accumulation that
takes place in DN.

TGF-B1 is a well-known cytokine mediated
cell hypertrophy, increased synthesis of collagen
contributing to ECM accumulation, leading ultimately
to glomerulosclerosis in diabetic nephropathy [27, 28].
Previous reports have demonstrated that Tan can suppress
TGF-B 1 expression in vitro [29] and in vivo [15].
Similarly, Our results also shown that Tan can inhibit
TGF-B1 expression in renal cortex of diabetic rats induced
by STZ. In addition, MCP-1 has been also demonstrated
to be directly involved in extracellular matrix (ECM)
synthesis [30] and exerted its proinflammatory effect [31]
in the pathogenesis of diabetic nephropathy. Our data
suggested that glomerular MCP-1 expression is increased
in experimental diabetic rats, which is in line with previous
studies [32, 33]. Treating with Tan could downregulated
MCP-1 expression and reduced the accumulation of ECM.
Taken together, Tan was likely effective in reducing ECM
accumulation in STZ-induced diabetic rats.

Many studies have demonstrated that Tan has
anti-inflammatory effect and is applied in inflammatory
diseases such as arthritis, hepatitis and endangitis [9].
P-selectin has been demonstrated to play an important role
in the context of inflammatory diseases [34, 35]. Our data
also reconfirmed P-seletin was increased in the DN rats
induced by STZ, which is consistent with our previous
study. Wang et al. reported Tan attenuated inflammation
in 5/6 nephrectomized rats [36]. In agreement, our data
also demonstrated that Tan administration alleviated
inflammatory factor such as CRP,P-selectin and MCP-1

in DN rats. The above data reconfirmed Tan protecting
against diabetes induced renal injury is partly associated
with its anti-inflammation.

Besides, DN is an oxidative-stress related
microvascular disease [37]. Hyperglycemia is known
to induces oxidative stress that is due to disturbance of
oxidant/antioxidant balance, playing a critical role in
kidney damage [38]. The antioxidant treatment may be
important to optimize renoprotection in diabetes or other
kidney disease [39—42]. In our study, Tan administration
was shown to decrease MDA level and increase SOD level
due to its potential antioxidant property, which suggested
that Tan depressed oxidative stress in mediating glucose-
induced renal injury.

In summary, Tan treatment in this study decreased
24-h urine protein excretion and KWI and attenuated
renal histopathology in a STZ-induced diabetic rat model.
Further, Tan significantly inhibited the expressions of
oxidative stress and inflammation related markers in this
model. Therefore, this work suggested that Tan delayed
the promotion of DN via inhibiting oxidative stress and
inflammatory reaction, which offers novel therapeutic
targets that can be exploited to develop new renoprotective
treatments for DN in the future [43—44].

MATERIALS AND METHODS

Animals

Male Sprague-Dawley rats (weighing 250 + 20 g)
were purchased from Shanghai Science Academy Animal
Center (Shanghai, China) and housed in the SPF room
where the temperature was about 22 + 1°C.All the rats
were allowed access to food and water ad libitum with
a constant light cycle (12 h light/dark). This animal
study was approved by the Laboratory Animals Ethical
Committee of Sixth People’s Hospital Affiliated to
Shanghai Jiao Tong University, China.

Experimental design

After one week adaptation, rats were intraperitoneal
injected with streptozotocin (STZ,Sigma-Aldrich, St.
Louis, MO, USA) at 65 mg/kg to induce diabetes (DN,
n = 6). Control rats were administrated equal amount of
vehicle (0.1 M citrate buffer, pH 4.6) by intraperitoneal
injection (Control, n = 6).72 hours later, the blood glucose
level from tail veil over 16.7mM was considered as
diabetes. Then, the diabetic rats were randomly divided
into 3 groups: DN group without treatment (DN, n = 6);
DN+Tan group gavaged with Tan (10 mg/kg,Jiangsu
Carefree Group Co.,Nanjing, China) in corn oil once a day
(DN+Tan, n = 6); DN+Veh group treated by gavage with
same amount of corn oil (DN+Veh, n = 6). The dosage of
treatment was based on the body weight of the rats. All the
animals were sacrificed 12wk after the treatment of Tan.
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Urinary albumin excretion

All the rats were housed in individual metabolic
cages for 24 h urine collection at the end of 6 and 12
weeks of treatment for the evaluation of urine albumin
excretion rate (UAER).

Blood samples collection and determination

Rats were anesthetized by intraperitoneal injection
of pentobarbital sodium and the blood samples were
immediately taken through abdominal aorta for measuring
biochemical parameters, including the blood urea nitrogen
(BUN) and serum creatinine (SCr) by ELISA Kkits
(Nanjingjiancheng, Nanjing, Jiangsu, China) according
to the manufacturer’ instructions and HbAlc by HPLC
method. The ratio of kidney weight to bodyweight was
considered as kidney weight index (KWI).

Morphologic analysis

The histological analysis was conducted similar
to that described previously [45—47]. Briefly, 10%
formaldehyde solution-fixed paraffin-embedded renal
tissues were stained with periodic acids chiff (PAS) and
assessed by light microscopy for levels of mesangial area
and 2.5% glutaraldehyde-fixed renal tissues were assessed
by electron microscope for ultrastructural changes. All the
sections were examined by two pathologists in a blind
manner.

Immunohistochemistry

To detect the renal cortex expression of TGF-f1,
immunohistochemical assay was performed similar to
that described previously [48-50]. Anti-TGF-B1 rabbit
monoclonal antibody and horseradish peroxidase-
conjugated secondary antibody were purchased from
Shanghai Immune Biotech, China. The Immunostaining
of TGF-B1 was quantified by ImageProPlus Systems.

Oxidative stress and inflammation biomarkers

Malondialdehyde (MDA) level and superoxide
dismutase (SOD) level in renal tissues were measured
by the commercial kits (A001-1 and A003—1, Nanjing
Jiancheng Bioengineering Institute, Jiangsu, China)
using spectra microplate reader (model A-5082, Tecan,
Australia), similar to that described previously [51-53].
C-reactive protein (CRP) was also measured in serum of
rats using a commercial assay kits (Shanghai Immune
Biotech, China), according to the manufacturer’s protocol.

Quantitative polymerase chain reaction

The qPCR was conducted similar to that described
previously [54-56]. Briefly, total RNA was extracted

using Trizol (Invitrogen, Carlsbad, CA, USA) from
kidney cortex of rats and quantitative PCR was performed
using SYBR Green Master Mix (Qiagen, Duesseldorf,
Germany). The sequences of primers of TGF-$1,MCP-1
and P-selectin were as previously described [57, 58].
Each reaction was amplified in triplicate and relative
quantification of mRNA levels was calculated based on
the 2-24Tmethod.

Statistical analysis

All data from this study are expressed as the
mean = SEM. Results were analyzed by SPSS (Ver
18.0, Chicago, IL). The significant differences were
analyzed by a one-way analysis of variances (ANOVA)
analysis, followed by Turkey’s multiple comparison tests.
Categorical variables were presented as frequencies and
Kruskal-Wallis test followed by the Mann-Whitney U test
was employed for nonparametric data comparison. For
all the statistical tests, P values < 0.05 was considered
significantly different.
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