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1. Introduction

Diabetic nephropathy (DN), the most common and 
most serious microvascular complication of diabetic 

mellitus (DM), is a major cause of chronic renal failure 
or end-stage renal disease (ESRD). With the increase of 
the incidence of DM, the subsequent incidence of DN is 
increasing worldwide. Multiple mechanisms contribute 
to the occurrence and development of DN, such as 
glucose and lipid metabolic disorders, oxidative stress, 
accumulation of advanced glycosylation end products 
(AGEs) and the interaction with their receptors, and 
renal hemodynamic alterations. Accumulating evidence 
suggests that inflammation is an important pathogenic 
mechanism of diabetic complications (1-4).
	 Elevated levels of proinflammatory cytokines, 
chemokines, adhesion molecules and growth factors in 
renal tissues, serum and urine of diabetic patients are 
correlated with albuminuria (1-4). During inflammation, 
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cytokines and growth factors exert their functions 
mainly through activation of the Janus tyrosine kinase 
(JAK)-signal transducers and activators of transcription 
(STAT) pathway. The activated JAK-STAT signal 
cascade can accelerate the proliferation of glomerular 
mesangial cells and matrix expansion, contributing to 
DN (5,6). Thus the modulation of this pathway may 
prevent or alleviate the progression of DN (5,7).  The 
JAK-STAT cascade is a relatively simple signaling 
pathway with only a few principal components. There 
are four members in the JAK family (JAK1, JAK2, 
JAK3, and TYK2) and seven members in the STAT 
family (STAT1, STAT2, STAT3, STAT4, STAT5A/B, 
and STAT6). The binding of ligands to their receptors 
triggers the JAK-STAT signal cascade (5,7) and 
subsequently regulates the expression of target genes 
encoding cytokines, chemokines, adherence molecules, 
and inducible enzymes such as iNOS (inducible nitric 
oxide synthase) and COX-2 (Cyclooxygenase 2). The 
JAK-STAT signaling pathway is regulated by several 
mechanisms, among which suppressors of cytokine 
signaling (SOCS) family is the most important negative 
regulator. SOCS family, containing at least eight 
members (CIS; SOCS1 to SOCS7), can be induced 
by many cytokines and pathogenic mediators, and 
thereby, serves to inhibit further signal transduction in a 
negative feedback loop (7-9).
	 Danzhi Jiangtang Capsule (DJC) is a traditional 
Chinese medicinal formula that has been shown to have 
good clinical efficacy in diabetes and DN. Our previous 
studies demonstrated that DJC inhibits oxidative stress 
and suppresses elevated inflammatory factors including 
IL (Interleukin)-8, tumor necrosis factor (TNF)-α, 
CXCL[The chemokine (C-X-C motif) ligand]-5, 9, and 
MCP-1 (monocyte chemotactic protein 1) in diabetic 
patients and rats (10-13). DJC has also been reported 
to inhibit NF-κB and ameliorate renal inflammation in 
diabetic rats (10,14) and to reduce the urinary albumin 
excretion rate (UAER) in early-stage DN patients 
(10,15).
	 However, the mechanisms underlying these 
therapeutic benefits of DJC are not quite clear yet. 
Therefore, the present study was carried out to evaluate 
the efficacy and to explore the potential underlying 
mechanism of DJC on DN. In this study, STZ-induced 
diabetic rats were treated with DJC intragastrically for 
8 weeks, the antioxidant effects of DJC were evaluated 
and the roles of DJC in JAK-STATs signaling and 
SOCS proteins expression were also explored.

2. Materials and Methods

2.1. Preparation of DJC

DJC was provided by the Department of Pharmaceutics 
at the First Affiliated Hospital of Anhui University of 
Traditional Chinese Medicine (Hefei, Anhui, China). 

DJC contains 6 medicinal components at a ratio of 
6:5:4:4:3:3: Radix Pseudostellariae, Radix Rehmanniae, 
Cortex Moutan, Rhizoma Alismatis, Semen Cuscutae 
Chinensis, and Leech. As mentioned in the previous 
study (16), Cortex Moutan was extracted using ethanol 
and the extract was dried under vacuum. The gruffs of 
Cortex Moutan and the other 4 medicinal components 
except for Leech, were mixed and extracted with water. 
After vacuum drying, the dried extract powder was 
obtained. The ground fine powder of Leech was mixed 
with the above-mentioned dry extract powder, and the 
resulting powder was prepared as capsules with each 
capsule containing 0.4 g of extract (equivalent to 8 g 
mixture of herbal medicine). The components of the 
DJC capsule were detected and quantitated by ultra-
performance liquid chromatography (UPLC) (17).

2.2. Chemicals and reagents

Rat TNF-α and IL-6 ELISA kits were obtained from 
ExCell Bio Inc (Shanghai, China), and the MCP-1 
kit was from Neobioscience (Shenzhen, Guangdong, 
China). Serum super oxide dismutase (SOD), lipid 
peroxidation (LPO) and malondialdehyde (MDA) 
kits were purchased from Jiancheng Bio-engineering 
Institute (Nanjing, China). The COX2, p-STAT1 (Tyr 
701) and STAT1 polyclonal antibodies were obtained 
from SAB (Signalway Antibody Company, College 
Park, MD, USA). The monoclonal antibodies against 
p-STAT3 (Tyr 705) and STAT3 were supplied from Cell 
Signaling Technology (Beverly, MA, USA). p-JAK2 
and JAK2 polyclonal antibodies were from Millipore 
(Billerica, MA, USA). The SOCS1 polyclonal antibody 
was from ImmunoWay Biotechnology (Plano, TX, 
USA). The SOCS3 and iNOS polyclonal antibodies 
were obtained from Santa Cruz (Santa Cruz, CA, 
USA). Rabbit polyclonal β-actin antibody and all of the 
secondary antibodies used for Western blotting were 
obtained from Abmart (Hangzhou, Zhejiang, China). An 
electrochemiluminescence (ECL) kit and BCA protein 
assay kit were supplied by Thermo Scientific Pierce 
(Rockford, IL, USA). STZ was from Sigma Chemical 
Co (St. Louis, MO, USA). All chemicals used in this 
study were analytical grade reagents and obtained 
commercially.

2.3. Animals and Experimental procedures

Male healthy Sprague-Dawley rats, weighing 80 ± 10 
g (4 weeks old), were provided by the Experimental 
Animal Center of Anhui Medical University (Hefei, 
Anhui, China). After feeding with a high fat diet 
(containing 10% lard, 2.5% milk powder, 5% glucose, 
10% egg yolk, 1% cholesterol, and 71.5% standard 
rat feed) for 4 weeks, the rats were intraperitoneally 
injected with STZ in citrate buffer (pH 4.5) at a dose of 
30 mg/kg body weight weekly for 3 weeks (18). Non-
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2.7. Renal cytokine determination

After mashing and homogenizing, the renal tissues 
were centrifuged at 4,500 g for 10 min at 4°C, the 
supernatants were then collected, and the levels of 
IL-6, TNF-α and MCP-1 levels were measured using 
commercial enzyme-linked immunoassay (ELISA) 
kits according to the manufacturer's instructions. 
Cytokine concentrations were normalized to the 
amount of total protein of each sample, which was 
determined by BCA assay (Thermo Scientific Pierce, 
Rockford, IL).

2.8. Western blotting

Renal tissues were homogenized in ice-cold RIPA buffer 
(50 mM Tris pH 7.5, 150 mM NaCl, 2 mM EGTA, 2 
mM Na3VO4, 1 mM phenylmethane sulfonyl fluoride) 
containing HALT protease/phosphatase inhibitor 
cocktail (Sangon, Shanghai, China) and lysed for 60 
min. The lysates were collected and centrifuged at 4°C 
for 20 min at 30,500 g. The protein concentration of the 
supernatant was determined using a BCA kit (Thermo 
Scientific Pierce, Rockford, IL). Aliquots containing 
40 μg of protein were separated by electrophoresis 
through 10% or 12% sodium dodecyl sulfate (SDS)-
polyacrylamide gel electrophoresis (PAGE) gels and 
then transferred to nitrocellulose membranes (Bio-
Rad, Hercules, CA, USA). After blocking with 5% 
nonfat milk in PBST buffer (phosphate buffer saline 
containing 1% Tween-20) for 1 h, the membranes were 
probed with primary antibodies [anti-COX2 (1:500 
dilution), anti-iNOS (1:300 dilution), anti-phosphor-
JAK2 (1:500 dilution), anti-JAK2 (1:500 dilution), 
anti-phosphor-STAT1 (1:500 dilution), STAT1 (1:500 
dilution), anti-phosphor-STAT3 (1:500 dilution), 
STAT3 (Cell 1:500 dilution), SOCS1 (1:300 dilution), 
SOCS3 (1:300 dilution) and actin (1:5,000 dilution)] 
at 4°C overnight. After washing with PBST, the 
membranes were probed with appropriate secondary 
antibodies for 2 h at room temperature and finally 
developed using ECL detection reagent. The antibody–
antigen complexes were visualized by the FluorChem™ 
E System (ProteinSimple, California, US), and the 
relative densities of the bands were evaluated and 
quantified using ImageJ software (NIH, Bethesda, MD, 
USA).

2.9. Statistical analysis

Data were analyzed by GraphPad Prism 5.0 Software 
(GraphPad Software, San Diego, CA, USA) and are 
represented as means ± SEM. Statistical significance 
was evaluated by the One-Way Analysis of Variance 
(ANOVA) followed by the Student-Newman-Keuls 
test. p < 0.05 was considered to be statistically 
significant.

diabetic, normal animals fed with a normal diet were 
injected with vehicle and used as controls (Ctrl).  The 
rats with fasting blood glucose (FBG) levels above 16.7 
mmol/L were considered to be diabetic animals, then 
the diabetic rats were weighed and randomly divided 
into the model (DM), low-dose DJC (DJCL, 600 mg /
kg.d-1 in tap water) and high-dose DJC (DJCH, 2,000 
mg/kg.d-1 in tap water) groups, each consisting of 8 rats. 
The low dose of DJC (equivalent dose) was calculated 
from the human dose on the basis of estimated body 
surface area. Rats in the DJCH and DJCL groups were 
orally administered DJC for 8 consecutive weeks, while 
those in the control and DM groups were given an equal 
volume of vehicle. Rats were placed in a temperature 
and humidity controlled room, free access to high fat 
or standard rat feed and drinking water was allowed 
during the experiment. Furthermore, the rats were 
weighed on a weekly basis. FBG measurements were 
taken bi-weekly using a One Touch Glucometer (Life 
scan, Johnson & Johnson, Milpitas, California, USA). 
After 8 weeks of treatment, all rats were sacrificed for 
analysis of renal tissue. This study was approved by the 
Committee for the Care and Use of Laboratory Animals 
of Anhui University, and procedures were in accordance 
with the Guidelines for the Welfare and Ethics of 
Laboratory Animals of China.

2.4. Determination of biochemical parameters

After 8 weeks of DJC administration, the rats were 
fasted overnight, weighed and sacrificed under chloral 
hydrate anesthesia (300 mg/kg, IP), and their blood 
was collected and centrifuged at 1,400 g for 10 min 
to obtain serum. The serum urea nitrogen (BUN), 
creatinine (Cr), uric acid (UA), FBG, cholesterol (CHO), 
triglycerides (TG), low-density lipoprotein (LDL) and 
high-density lipoprotein (HDL) were determined using 
an automatic biochemistry analyzer (Dimension RxL 
Max, Siemens, US).

2.5. Detection of oxidative stress indicators

The activities of total SOD and the concentrations 
of MDA and LPO in the serum were assayed using 
commercial test kits from Jiancheng Bio-engineering 
Institute (Nanjing, China) following the manufacturer's 
instructions.

2.6. Histopathological assay

The kidney samples were dissected and fixed in 10% 
formalin, followed by dehydration and embedding in 
paraffin. Then the tissues were cut into 5-µm-thick 
sections and stained with H&E (hematoxylin and eosin) 
and PAS (periodic acid Schiff) and then were studied; 
photos were taken using a binocular Olympus DX45 
microscope (Olympus Corporation, Tokyo, Japan).
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3. Results

3.1. Effects of DJC on the metabolic indexes and renal 
function in diabetic rats induced by STZ

During the experiment, one rat in the diabetic (DM) 
group and one in the DJCL group died of undetermined 
causes. As displayed in Table 1, after 8 weeks of DJC 
administration, body weights of rats in the DM group 
were lower than those in control group (p < 0.05). 
Even at the high dose of 2,000 mg/kg.d-1, DJC did not 
markedly influence the body weight of diabetic rats. 
As expected, FBG was obviously higher in the STZ-
induced diabetic rats than those in control group (p < 
0.001). DJC treatment slightly reduced FBG levels, but 
without significant differences. Additionally, the serum 
levels of CHO, TG, and LDL were markedly increased, 
while serum HDL was markedly reduced in diabetic 
rats compared with the control group (Table 1). DJCL 
changed serum levels of CHO and LDL, and DJCH 
significantly changed CHO, TG, LDL, and HDL in 
diabetic rats during the course of the experiment. 
	 The renal functional alterations in the diabetic rats 
were evaluated by examining serum BUN, Cr, and UA. 
All these serum parameters in the diabetic group were 
significantly elevated (p < 0.001) compared with the 
non-diabetic group, while the parameters were obviously 
reduced (p < 0.01) after 8 weeks of DJC treatment. The 
kidney weight and renal index [kidney weight/body 
weight ratio (KW/BW)] in the diabetic rats substantially 
increased compared with the non-diabetic rats (p < 
0.001). The rats in the DJC treatment groups showed a 
significant reduction in the renal index (p < 0.01), but 
no significant reduction in body weight. These results 
indicate that the administration of DJC is beneficial in 
ameliorating DN in rats.

3.2. Effect of DJC on antioxidant status in diabetic rats

Compared with the non-diabetic rats, serum LPO and 
MDA levels were markedly increased (p < 0.01 and p 

< 0.001), and SOD activity was significantly decreased 
in the diabetic rats (p < 0.01), indicating that oxidative 
stress is initiated in diabetic rats (Figure 1). DJC 
markedly enhanced SOD activity (p < 0.05), and notably 

Table 1. Effect of DJC on FBG, lipid profile, and renal function parameters in diabetic rats

Parameters

FBG (mmol/L)
Body weight (g)
Kidney weight (g)
Renal index (KW/BW) 
Cr (μmol/L)
BUN (mmol/L)
UA (μmol/L)
CHO (mmol/L)
TG (mmol/L)
HDL (mmol/L)
LDL (mmol/L)

          Ctrl

    5.32 ± 0.88
310.38 ± 45.43
    1.58 ± 0.25
    0.51 ± 0.07
  38.53 ± 5.77
    8.61 ± 0.37
  67.75 ± 11.04
    1.24 ± 0.21
    0.29 ± 0.10
    2.12 ± 0.25
    0.32 ± 0.13

         DM

  23.26 ± 4.29***
245.14 ± 48.55*
    2.81 ± 0.54***
    1.13 ± 0.08***
  58.57 ± 10.24***
  17.48 ± 4.15***
223.71 ± 54.81***
    2.58 ± 0.47**
    1.62 ± 0.36**
    1.28 ± 0.32**
    1.15 ± 0.28**

Data are presented as the means ± SEM (n = 8 in the control and DJCH groups, n = 7 in the other groups). *p < 0.05, **p < 0.01, ***p < 0.001, vs. 
ctrl; #p < 0.05, ##p < 0.01, ###p < 0.001, vs. DM group.

        DJCL

  23.19 ± 3.93
235.50 ± 38.44
    2.53 ± 0.61
    1.08 ± 0.06
  48.86 ± 6.367#

  12.05 ± 3.06#

187.15 ± 29.81***
    1.92 ± 0.41*#

    1.33 ± 0.28**
    1.52 ± 0.25**
    0.63 ± 0.25*##

      DJCH

  19.82 ± 3.85
257.75 ± 31.19
    2.41 ± 0.64
    0.93 ± 0.17##

  44.88 ± 6.38##

    10.4 ± 5.34##

157.63 ± 33.01***##

    1.72 ± 0.27##

    1.21 ± 0.33**#

    1.71 ± 0.40*#

    0.46 ± 0.19#

Figure 1. Effect of DJC on oxidative stress in diabetic rats. 
The activities of total SOD (A) and the concentrations of MDA 
(B) and LPO (C) in the serum were assayed using commercial 
test kits. Data are presented as the means ± SEM. *p < 0.05, 
**p < 0.01, ***p < 0.001, vs. DM group.
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decreased LPO and MDA (p < 0.05, p < 0.001). The 
results suggest that DJC is able to improve antioxidant 
capacity and attenuate oxidative damage in rats with DN.

3.3. Effects of DJC on renal morphology in diabetic rats

The representative histology of the kidney by 
H&E staining is shown in Figure 2. No obvious 
histopathological alternations were observed in the 
glomerulus, kidney tubules, or mesenchyme in the 
renal biopsies from the animals in the control group. 
However, mesangial expansion with glomerular 
hypertrophy, basement membrane (GBM) thickening, 
and tubular atrophy/dilation were clearly observed in 
the diabetic group. The histopathological changes were 
clearly attenuated after DJC treatment in rats with DN. 
Moreover, the DJCH group showed more improvement 
than the DJCL group. In PAS-stained sections of the 

glomeruli, the mesangial matrix fraction was notably 
increased in the diabetic rats compared with the non-
diabetic rats. This increase in the mesangial matrix 
fraction of diabetic rats was suppressed by DJC treatment 
for 8 weeks but remained higher than the control 
group. Taken together, these results confirmed that DJC 
improved renal dysfunction in diabetic rats induced by 
STZ. 

3. 4. Effects of DJC on COX2 and iNOS expression levels 
in diabetic rat kidneys

To explore the anti-inflammatory effects of DJC and 
its mechanism of action in the kidney, we evaluated 
its effect on the expression of iNOS and COX-2, key 
enzymes in the inflammatory processes of DN. As 
illustrated in Figure 3, the expression of COX2 and iNOS 
in the kidneys of diabetic rat were significantly increased 

Figure 2. H&E and PAS staining of representative sections from kidney (×400).

Figure 3. Effects of DJC on COX2 and iNOS expression in the diabetic rat kidneys. Total protein was extracted from the 
renal tissues for conducting Western blot analysis. Protein expression levels of COX2 and iNOS were normalized to the level of 
β-actin. (A) Quantitative analysis of COX2 expression; (B) Quantitative analysis of iNOS expression. The data are presented as 
the means ± SEM, n = 3. *p < 0.05, **p < 0.01, ***p < 0.001, vs. DM group.
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compared to the normal control group (p < 0.05). DJCH 
administration significantly attenuated the elevated 
expression of COX2 and iNOS (p < 0.05).

3. 5. Effects of DJC on the inflammatory cytokine levels 
in diabetic rat kidneys

Inflammatory cytokines are thought to play pivotal roles 
in the pathogenesis of DN. Cytokines including IL-6, 
TNF-α and MCP-1 are correlated with deterioration of 

renal function (1-4). Therefore, to validate the effect of 
DJC on the JAK-STAT signaling pathway, we measured 
the expression profiles of IL-6, MCP-1, and TNF-α, 
which contain STAT binding sites in their promoter 
regions. As shown in Figure 4, IL-6, MCP-1, and TNF-α 
expression levels in the diabetic group were significantly 
increased as compared with the non-diabetic group (p < 
0.01), administration of DJC remarkably reduced these 
increased inflammatory cytokines (Figure 4, p < 0.05). 

3. 6. DJC ameliorates JAK-STAT signaling in diabetic 
rat kidneys

JAK2, STAT1, and STAT3 are important signaling 
factors for the production of iNOS, COX2 and 
proinflammatory cytokines in the DN rat (5-7). Thus, 
to determine whether the inhibitory effect of DJC 
on the expression of proinflammatory cytokines and 
mediators is associated with inhibition of JAK-STAT 
signal pathway, we next examined the effect of DJC 
on the phosphorylation of JAK2, STAT1, and STAT3 
in diabetic rat kidneys. The results demonstrated that 
the expression levels of tyrosine- phosphorylated 
JAK2, STAT1, and STAT3 were substantially increased 
in the diabetic group in comparison with the control 
group. DJC treatment significantly decreased the 
tyrosine-phosphorylated JAK2, STAT1, and STAT3 
(p < 0.05, Figure 5A, 5B, 5C), implying that the anti-
inflammatory activity of DJC is due to inhibition of the 
JAK-STAT pathway in diabetic rat kidneys.
	 To validate the mechanism of the JAK-STAT 
signaling cascade in DJC treatment, we measured 
the effects of DJC on SOCS1 and SOCS3 protein 
expression levels in DM renal tissues. As illustrated in 
Figure 5, the expression levels of SOCS1 and SOCS3 
were significantly increased in diabetic rats compared 
with normal rats (Figure 5D, 5E). DJC markedly 
reduced the expression level of SOCS3 (p < 0.01), but 
no significant alteration was seen in SOCS1.

4. Discussion

In this study, intraperitoneal injections of STZ resulted 
in overt hyperglycemia. Kidney weight and renal 
index were significantly increased, and renal function 
(Cr, BUN, UA) was compromised. Consistently, 
mesangial cell proliferation, extracellular matrix 
(ECM) accumulation, mesangial expansion, glomerular 
hypertrophy, and thickened tubular and GBM were 
observed on the renal histopathological pictures of 
diabetic rats. These results indicate that the rat model 
of DN was successfully established. DJC treatment 
resulted in an obvious increase in renal function and 
improved associated pathologies, a decrease in renal 
index, and a slight reduction in blood glucose, while the 
general condition of the animals improved. 
	 Growing evidence demonstrates that chronic 

Figure 4. Effects of DJC on the inflammatory cytokine 
levels in diabetic rat kidneys. The renal tissues were 
homogenized and the supernatants were collected for 
cytokine detection. The levels of IL-6 (A), MCP-1 (B) and 
TNF-α (C) levels were measured using ELISA kits. Cytokine 
concentrations were normalized to the amount of total protein 
of each sample. Data are presented as the means ± SEM (n = 8 
in the control and DJCH groups, n = 7 in the other groups).**p 
< 0.05, **p < 0.01, ***p < 0.001, vs. DM group.
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low-grade inflammation resulting from activation 
of the innate immune system plays a vital role in 
the pathogenesis of DN (1-4). Cytokines, produced 

by various resident renal cells including monocyte-
macrophages, mesangial cells, tubular epithelial cells, 
podocytes, and endothelial cells, promote glomerular 

Figure 5. DJC suppressed JAK/STAT signal pathway in renal tissues of diabetic rats. Total proteins extracted from kidneys 
were subjected to Western blot analysis. Densitometry analysis of (A) p-JAK2/JAK2, (B) p-STAT1/STAT1, (C) p-STAT3/STAT3 
expression, laser densitometry of the bands was shown in upper panels and this experiment was repeated three times. Densitometry 
analysis of (D) SOCS1 and (E) SOCS2 expression. Levels of SOCS proteins were normalized to β-actin. The columns and error bars 
represent the mean and SEM (n = 3 per group). *p < 0.05, **p < 0.01, ***p < 0.001, vs. DM.
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hypertrophy, glomerular cell proliferation, ECM 
accumulation and increase glomerular filtration rate 
(GFR) in early DN (2,3). The glomerular injury 
eventually leads to albuminuria and renal failure. 
Circulating levels of cytokines (e.g. IL-6, MCP-1, 
TNF-α and its receptors TNFR-1 and 2) have been 
found correlated with albuminuria and renal function 
decline in DN patients (19). IL-6 has been demonstrated 
to play an important role in stimulating mesangial 
cell proliferation, promoting ECM accumulation, 
and increasing endothelial cell permeability (1,2,20-
22). A significant correlation between IL-6 and ECM 
accumulation, GBM thickening, and glomerulosclerosis 
was observed in type 2 diabetic patients with overt 
nephropathy (22). TNF-α promotes the recruitment of 
monocytes and macrophages, stimulates local generation 
of reactive oxygen species (ROS), reduces GFR by 
hemodynamic changes (23-25), alters endothelial 
permeability (2,3,25), and thereby increases albumin 
permeability. A variety of chemokines including MCP-
1 can be induced by proinflammatory cytokines such as 
TNF-α, IL-6, and interferon-α (INF-α) (2,26). MCP-1 
facilitates the activation of macrophages and monocytes 
and their migration to lesions, and induces the expression 
of adhesion molecules and other proinflammatory 
cytokines (3,26,27). MCP-1 has also been demonstrated 
to relate to the progression of glomerular lesions 
and deterioration of GFR. In the present study, DJC 
significantly suppressed the production of inflammatory 
cytokines including IL-6, TNF-α, and MCP-1, whose 
promoter regions contain a potential STAT binding 
site. Therefore, we subsequently detected whether 
the activation of the JAK-STAT signaling pathway is 
involved in the anti-inflammatory actions of DJC in 
diabetic renal tissues.
	 JAK2-STATs signaling is activated in many cell 
types exposed to high concentrations of glucose and 
the renal cortex in rodent models of early DN (6,7,28).  
Upon ligand binding, JAKs become activated, then 
phosphorylate and activate STATs. The activated STATs 
form dimers and translocate to the nucleus, bind to 
specific response elements in the promoters of target 
genes, and regulate the expression of target genes 
encoding cytokines, chemokines, adherence molecules, 
and inducible enzymes such as iNOS and COX-
2. JAK2 and its downstream signaling components, 
STAT1 and STAT3 are required for the production 
of iNOS, COX2 and proinflammatory cytokines in 
diabetic rat kidneys (6,7). The STAT3 inhibitor, S3I-
201, exhibits an inhibitory effect on renal interstitial 
fibroblast activation and interstitial fibrosis (29). In this 
study, we found that DJC treatment markedly reversed 
JAK2-STAT1/STAT3 activation. These results agree 
with previous observations (30,31) and support our 
hypothesis that DJC ameliorates STZ-induced renal 
inflammatory responses via suppressing the JAK-STAT 
signaling pathway.

	 SOCS is a critical negative regulator of JAK-STAT 
signaling. Increased expression levels of SOCS1 and 
SOCS3 were detected in the STZ-induced diabetic rat 
model, biopsies of patients with DN and renal cells 
cultured with high glucose (32-34). SOCS proteins, 
which are rapidly induced by cytokines, have been 
demonstrated to regulate JAK-STAT signaling through 
a classic negative feedback loop (8,9). Lu et al. (35) 
reported that Stat3SA/– animals (transgenic mice that 
have a reduced capacity for STAT3 activation) with 
STZ-induced diabetes presented with less proteinuria, 
decreased mesangial cell proliferation and mesangial 
expansion in  glomerul i ,  reduced macrophage 
infiltration, matrix accumulation and inflammatory 
cytokine expression at the early stage of DN. In our 
current study, the ability of DJC to inhibit JAK-
STAT signaling was verified by the observation that it 
reversed the elevated protein expression level of SCOS-
3 in renal tissues.  We also reported a similar result in 
mesangial cells stimulated by AGEs (16). Our results 
indicate that the elevated SOCS proteins are involved 
in the activated JAK-STAT signaling in diabetic renal 
tissues. However, we did not find the obvious inhibition 
of SOCS1 by DJC in this study. Collectively, the data 
presented here support a novel function of DJC and put 
forward a possible molecular mechanism for its action.
	 Hyperglycemia induces ROS, resulting in oxidative 
stress in the kidney. Oxidative stress is thought to 
contribute to the occurrence and development of DN 
(36,37). Increased ROS interacts with the lipid in cell 
membranes and causes subsequent cellular damage 
including lipid peroxidation, which, in turn, affect 
cellular function.  MDA, one of the final products of 
LPO, is considered to be a biomarker of oxidative 
stress and is induced by excessive ROS. SOD, a major 
defender against superoxide, is part of the superoxide 
defense system and plays an extremely important role 
in protecting all aerobic life-systems from oxygen 
toxicity. Under diabetic conditions, the balance between 
the oxidant/ pro-oxidant and antioxidant defense 
systems is destroyed and manifested as enhanced LPO 
and MDA and depletion of the antioxidant defense 
system (e.g. decreased SOD), giving rise to rapid 
increases in intracellular ROS levels. Antioxidants have 
been demonstrated to attenuate renal function decline 
and pathological structure in diabetic rats (37,38). 
Chronic hyperglycemia generates ROS and oxidative 
stress, resulting in the activation of the JAK-STAT 
signaling pathway (39,40). Diverse stimuli, including 
Ang II, cytokines, AGEs, and hyperglycemia have 
been reported to contribute to the development of 
DN through a ROS involved JAK2/STATs signaling 
pathway (4,39,40). It is possible that inhibiting 
oxidative stress may suppress the JAK-STAT signaling 
cascade (41,42). Therefore, targeting oxidative stress-
induced expression of inflammatory cytokines signaling 
via a JAK-STAT dependent mechanism may increase 
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the therapeutic effect of DN. As shown in the current 
study, diabetic rats exhibited significant oxidative 
stress, administration with DJC significantly enhanced 
antioxidant capacity and decreased LPO and MDA 
content in DN rats, indicating that DJC is capable 
of eliminating oxidative stress and the suppression 
of JAK-STAT signaling via the antioxidant defense 
system.
	 In conclusion, our results demonstrate that DJC 
amelioration of diabetic renal injury and associated 
pathology might be due to its antioxidant ability and 
suppression of the JAK2-STAT1/STAT3 cascade.
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