
INTRODUCTION

Shuangdan oral liquid (SDO), a famous traditional Chinese 
prescription made from cortex moutan (Mudanpi named in 
Chinese) and radix Salviae miltiorrhizae (Danshen named in 
Chinese) was authorized to sell by State Food and Drug Ad-
ministration (SFDA, Product with code number: Z20093086, 
Lot No. 140323) of China for the treatment of vascular dis-
eases. Because of the complexity of chemicals in compound 
prescriptions, the SDO is still not widely received in the Eu-
ropean and American areas. There are lots of reports about 
the pharmacological effect of the bioactive constituents of 
SDO in treating diseases such as atherosclerosis, myocardial 

infarction and coronary heart disease. However, few reports 
are concerning to the effect of SDO on diabetic nephropathy 
(DN), which is a severe microvascular complication of diabe-
tes mellitus (DM). Expounding the effective constituents and 
illuminating the functional mechanisms of the SDO should be 
a matter of prime importance.

Danshensu (DSS) ([2R]-3-[3,4-di-hydroxyphenyl]-2-hy-
droxypropanoic acid) is proved to be an active component 
isolated from radix Salviae miltiorrhizae (Danshen named 
in Chinese), another famous the Chinese herbal medicines 
(TCHM) used for improving body function (Chan et al., 2004; 
Hu et al., 2005; Lam et al., 2007), while paeonol (Pae) (4-me-
thoxy-2-hydroxyacetophenone) is a main effective ingredient 
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in cortex moutan according to the previous pharmacological 
research (Mi et al., 2005; Lau et al., 2007; Wu et al., 2008; 
Li et al., 2011). The chemical structures of DSS and Pae are 
shown in (Fig. 1). We previously reported that the combination 
of DSS and Rhein could treat the chronic kidney disease by 
inhibiting the TGF-β/Smad3 pathway (Guan et al., 2015), and 
DSS could also significantly inhibit platelet aggregation and 
reduce blood viscosity (Ji et al., 2008). Meanwhile, the combi-
nation of Pae and salvianolic acid B could improve the blood 
hemorrheology and reduce oxidative injury (Yang et al., 2010), 
and Pae could also significantly inhibit lipid peroxidation and 
reduce low-density lipoprotein (LDL) (Dai et al., 2000). Fur-
thermore, the investigation showed that the concentration of 
Pae could increase by the combination of DSS in the kidney 
tissues (Li et al., 2012) and increases pharmacological activity 
in treating vascular diseases (Wang et al., 2007). However, 
the functional mechanism of the characteristic ingredients is 
not well understood.

DN is a common microvascular complication in patients 
with poorly controlled diabetes (Ritz et al., 1999; Moon et al., 
2014), and one of the most common microvascular complica-
tions of diabetes mellitus, greatly affecting the life quality and 
survival of the patients. DN is now considered to be the major 
cause of end-stage renal disease (ESRD) (Gregg et al., 2014). 
The prevention of the disease or at least the postponement 
of its progression has emerged as a key issue. Adverse out-
comes of kidney failure can be prevented or delayed through 
early detection and treatment (Levey et al., 2003). Genetic 
and dietary factors (Azadbakht et al., 2008; Azadbakht and 
Esmaillzadeh, 2009) are determinants of poor glycemic con-
trol, insulin resistance (IR), and elevated glycated hemoglobin 
(HbAlc), which are the primary determinants of microalbu-
minuria (Haffner and Miettinen, 1997), a prognostic marker of 
kidney disease. Current therapy for diabetic nephropathy still 
primarily relies on the anti-proteinuric, anti-hypertensive and 
nephro-protective effects of renin-angiotensin system (RAS) 
blockers (Verbeke et al., 2014; Zitkus, 2014). However, these 
standard therapies are insufficient to prevent progression to 
ESRD in a substantial number of patients with residual pro-
teinuria (albuminuria) (Perkins et al., 2003). 

Herbal medicines normally contain many constituents. It is 
hypothesized that only a few constituents with favorable drug-
like properties, rather than all the constituents present, are re-
sponsible for the pharmacologic effects of an herbal medicine 
(Lu et al., 2008). The main bioactive components are DSS 
and Pae in SDO produced by Jiulong pharmaceutical factory, 
Beijing. Previously, we found that DSS+Pae had the ability to 
increase synergistic protective effects in the type 2 DM animal 
models (Hu et al., 2012). However, further investigations of 

DSS+Pae in the renal injury in the type 2 DN rats have not 
been reported. Therefore, the purpose of this research is to 
explore the therapeutic efficacy of DSS+Pae on DN animal 
models compared with the SDO group and all other treatment 
groups.

MATERIALS AND METHODS

Animals
Eighty-two male Sprague-Dawley rats (6 weeks old) weight-

ing 220 ± 20 g were obtained from the Fourth Military Medical 
University, China. The rats were maintained on the following 
experimental conditions: 12 h light/dark regime and a constant 
ambient temperature (20°C ± 3°C). After seven days acclima-
tization, 10 of the rats were randomly selected as the normal 
group with normal rodent diet. The rest 72 of rats were used 
to make diabetes models which were induced by feeding with 
a high-fat diet (HFD) for 8 weeks and complying with a single 
intraperitoneal (i.p.) injection of STZ at a dose of 30 mg/kg. 
STZ was dissolved in a freshly prepared sodium citrate buffer 
(pH 4.2). The normal rats were injected intraperitoneally with a 
similar volume of citrate buffer. Blood glucose concentrations 
were measured after 72 h by a glucometer (Accutrend; Bay-
er, Mannheim, Germany). Rats with a blood glucose level of 
>16.7 mmol/ L were selected for the study. After confirmation 
of diabetes, the rats were randomly divided into six groups: 
(1) Untreated model SD rats (Model group, n=12), (2) DN rats 
treated with SDO (10 mL/bottle, Jiulong Pharmaceutical Co., 
Ltd., Beijing, China, 5 mL/kg, orally, n=12), (3) DN rats treated 
with DSS (98.5% purity, Xiao Cao Botanical Development Co., 
Ltd., Xi’an, China, 5 mg/kg, orally, n=12), (4) DN rats treat-
ed with Pae (99.0% purity, Fei Da Bio-tech. Co., Ltd., Xi’an, 
China, 2.5 mg/kg, orally, n=12), (5) DN rats treated with Pae 
and DSS (1.25 mg/kg Pae coupled with 2.5 mg/kg DSS, orally, 
n=12), (6) DN rats treated with insulin (Wanbang Biochemical 
Pharmaceutical Co., Ltd., Jiangsu, China, serves as positive 
control, 10 u/kg, i.h.; n=12). The above groups were all dosed 
2 times a day lasting for 8 weeks. All animal protocols were 
approved by the Ethics Review Committee for Animal Experi-
mentation of the Fourth Military Medical University.

Measurement of physiological and biochemical indexes
Glucose level in the blood was measured by blood glucose 

monitor and related test paper (Accu-Chek Performa, ROCHE 
Co., Berlin, Germany). HbAlc level in the blood was measured 
by Semi-automatic biochemical analyzer (leidu RT-9600, Lei-
du Biotechnology Co., New York, USA). 24 h Urine level in the 
blood was measured by Urine analyzer (youlite-180, Youlite 
Biotechnology Co., Guilin, China). Kidney weight and body 
weight of DN rats was measured by Electronic balance (Sar-
torius Co., Hamburg, Germany). Blood urea nitrogen (BUN), 
serum creatinine (SCr), total cholesterol (T-CHO), triglyceride 
(TG), low density lipoprotein cholesterol (LDL-C) and high 
density lipoprotein cholesterol (HDL-C) in DN rats were mea-
sured by commercial assay kits from huili Biotechnology Co., 
Ltd., Changchun, China. The whole blood viscosity was mea-
sured by automatic blood viscosity analyzer (shidizhongle Sci-
ence Instrument Co., Ltd., Beijng, China).

Detection of oxidative stress markers
Total superoxide dismutase (T-SOD), total antioxidant ca-
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Fig. 1. Molecular structures of the investigated components: 
Chemical structures of Danshensu (A) and Paeonol (B).
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pacity (T-AOC), nitric oxide (NO), methane dicarboxylic alde-
hyde (MDA) in DN rats were measured by commercial assay 
kits from Jianchen Bioengineering Company, Nanjing, China.

Histopathological changes
A small piece of kidney tissue was taken and fixed in 10% 

formalin, embedded in paraffin wax. Sections were cut at 5 μm 
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Table 1. Effects of DSS+Pae on glucose, HbAlc and 24 h Urine in DN rats (mean ± SEM; number of specimens)

Groups Numbers Dose Glucose (mmol/L) HbAlc (ABS/10 g Hemoglobin) 24 h Urine/ml

Control group 10 5 mL/kg 6.3 ± 0.9** 29.96 ± 4.41** 13.67 ± 4.37**
Model group 12 (3#) 5 mL/kg 26.7 ± 5.1 55.93 ± 4.03 86.87 ± 11.73
SDO group 12 (1#) 5 mL/kg 24.5 ± 5.6 53.16 ± 3.65 62.30 ± 15.84**
Dss group 12 (1#) 5 mg/kg 23.3 ± 4.8 54.09 ± 4.72 61.33 ± 18.06**
Pae group 12 (1#) 2.5 mg/kg 24.8 ± 4.3 54.86 ± 3.83 59.22 ± 24.86**
Dss+Pae group 12 (2#) 3.75 mg/kg 24.3 ± 5.5 52.03 ± 6.24 58.36 ± 19.65**
Insulin group 12 (1#) 10 u/kg 13.4 ± 3.3** 31.26 ± 5.24** 57.80 ± 16.83**

#Rats died in the experiment; **Significantly different from Model group (p<0.01).

Table 2. Effects of DSS+Pae on body weight and kidney weight/body weight in DN rats (mean ± SEM; number of specimens)

Groups Numbers Dose Body weight (g) Kidney weight/body weight (10-3)

Control group 10 5 mL/kg 459.3 ± 34.3** 2.79 ± 0.13**
Model group 12 (3#) 5 mL/kg 302.5 ± 25.6 4.96 ± 0.21
SDO group 12 (1#) 5 mL/kg 350.3 ± 35.6** 4.45 ± 0.24**
Dss group 12 (1#) 5 mg/kg 364.0 ± 36.4** 4.12 ± 0.26**
Pae group 12 (1#) 2.5 mg/kg 363.4 ± 28.1** 4.06 ± 0.18**
Dss+Pae group 12 (2#) 3.75 mg/kg 368.9 ± 12.7** 3.15 ± 0.29**
Insulin group 12 (1#) 10 u/kg 369.0 ± 18.8** 3.09 ± 0.21**

#Rats died in the experiment; **Significantly different from Model group (p<0.01).

Table 3. Effects of DSS+Pae on BUN and SCr in DN rats (mean ± SEM; number of specimens)

Groups Numbers  Dose BUN (mmol/L) SCr (mmol/L)

Control group 10 5 mL/kg 1.07 ± 0.25** 68.04 ± 7.04**
Model group 12 (3#) 5 mL/kg 2.99 ± 0.48 123.33 ± 8.00
SDO group 12 (1#) 5 mL/kg 2.01 ± 0.34** 107.31 ± 6.48**&&

Dss group 12 (1#) 5 mg/kg 1.98 ± 0.27**& 90.21 ± 4.12**&&

Pae group 12 (1#) 2.5 mg/kg 1.86 ± 0.57**& 87.11 ± 3.67**&&

Dss+Pae group 12 (2#) 3.75 mg/kg 1.70 ± 0.40** 84.54 ± 3.28**&&

Insulin group 12 (1#) 10 u/kg 1.94 ± 0.39** 101.10 ± 17.64**
#Rats died in the experiment; **Significantly different from Model group (p<0.01); &Significantly different from Insulin group (p<0.05); &&Sig-
nificantly different from Insulin group (p<0.01).

Table 4. Effects of DSS+Pae on T-CHO, TG, LDL-C and HDL-C in DN rats (mean ± SEM; number of specimens)

Groups Numbers Dose T-CHO (mmol/L) TG (mmol/L) LDL-C (mmol/L)  HDL-C (mmol/L)

Control group 10 5 mL/kg 2.85 ± 0.28** 3.00 ± 0.54** 2.51 ± 0.30** 0.95 ± 0.13**
Model group 12 (3#) 5 mL/kg 7.57 ± 0.92 6.11 ± 0.40 8.73 ± 1.44 0.28 ± 0.03
SDO group 12 (1#) 5 mL/kg 4.78 ± 0.80**& 4.92 ± 0.56 6.59 ± 0.56**& 0.26 ± 0.02**
Dss group 12 (1#) 5 mg/kg 4.75 ± 0.81**& 4.95 ± 0.65 5.02 ± 0.54**& 0.37 ± 0.04**&

Pae group 12 (1#) 2.5 mg/kg 3.54 ± 0.85** 4.73 ± 0.35 4.68 ± 0.42**& 0.42 ± 0.24**&

Dss+Pae group 12 (2#) 3.75 mg/kg 3.31 ± 0.53** 4.00 ± 0.52* 4.57 ± 0.47** 0.74 ± 0.16**&

Insulin group 12 (1#) 10 u/kg 3.34 ± 0.27** 3.16 ± 0.51** 5.14 ± 0.53** 0.56 ± 0.06**
#Rats died in the experiment; *Significantly different from Model group (p<0.05); **Significantly different from Model group (p<0.01); &Sig-
nificantly different from Insulin group (p<0.05).
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thickness and stained with haematoxylin and eosin (H&E). The 
sections were then viewed under microscope (OLYMPUS-IX3, 
Olympus Co., Tokyo, Japan) for histopathological changes.

Statistical analysis
All data were presented as mean ± SEM; data were as-

sessed using SPSS 16.0 software. Statistical comparisons 
were analyzed by t-test. Within-group differences were ana-

lyzed by one-way analysis of variance (ANOVA). p<0.05 was 
considered to indicate statistical significance. 

RESULTS

Physiological and biochemical indexes 
As shown in Table 1, the level of blood glucose and glyco-
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Fig. 2. Effects of DSS+Pae on T-SOD and T-AOC activity in DN 
rats. The levels of T-SOD (A) activity and T-AOC (B) activity were 
assessed in the blood (n=10 in the Control group, n=12 in the other 
groups). **p<0.01 and *p<0.05 compared with the correspond-
ing Model group. δδp<0.01 and δp<0.05 compared with the insulin 
group. Results are given as mean ± SEM of three independent 
experiments.
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Fig. 3. Effects of DSS+Pae on MDA and NO contents in DN rats. 
The levels of MDA (A) content and NO (B) content were assessed 
in the blood (n=10 in the Control group, n=12 in the other groups). 
**p<0.01 and *p<0.05 compared with the corresponding Model 
group. Results are given as mean ± SEM of three independent ex-
periments.

Table 5. Effect of DSS+Pae liquid on the whole blood viscosity in DN rat (mean ± SEM; number of specimens)

Groups Numbers
whole blood viscosity /mPa·s

200 s-1 30 s-1 5 s-1 1 s-1

Control group 10 2.18 ± 0.09** 4.21 ± 0.33** 7.99 ± 0.71** 19.81 ± 1.98**
Model group 12 (3#) 3.74 ± 0.25 6.73 ± 0.31 14.64 ± 0.95 40.18 ± 2.95
SDO group 12 (1#) 3.41 ± 0.12 5.53 ± 0.98& 8.69 ± 1.41* 31.33 ± 4.81
Dss group 12 (1#) 3.12 ± 0.34 4.56 ± 0.31** 8.66 ± 0.65* 30.25 ± 6.54
Pae group 12 (1#) 2.96 ± 0.22 4.31 ± 0.25** 8.56 ± 0.50* 30.06 ± 5.17
Dss+Pae group 12 (2#) 2.23 ± 0.22** 3.18 ± 0.28** 7.67 ± 0.45** 19.08 ± 1.15**
Insulin group 12 (1#) 2.64 ± 0.20** 3.15 ± 0.41** 6.56 ± 0.76** 17.41 ± 2.45**

#Rats died in the experiment; *Significantly different from Model group (p<0.05); **Significantly different from Model group (p<0.01); &Sig-
nificantly different from Insulin group (p<0.05).
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sylated hemoglobin is significant higher in model group than 
the control (p<0.01). However, there is no difference in glu-
cose and glycosylated hemoglobin among SDO, DSS, Pae, 
and DSS+Pae treatment groups (p>0.05). Furthermore, 24h 
urine output is severely decreased in DSS+Pae treatment 
group and insulin group (p<0.01). Compared with the control, 
the kidney/body weight, BUN, SCr, T-CHO, TG, LDL-C and 
whole blood viscosity are increasing, except that the body 
weight and HDL-C are decreasing in the model group (p<0.05) 
(Table 2-5). However, compared with the model group, the kid-
ney/body weight, BUN, SCr, T-CHO, TG, LDL-C and whole 
blood viscosity are decreasing but the body weight and HDL-C 
are increasing in DSS+Pae treatment group (p<0.05) (Table 
2-5). Above all, the DSS+Pae group has shown the most ef-
fective function compared with the SDO group and the indi-
vidual treatments of DSS or Pae. 

Oxidative stress markers 
T-SOD, T-AOC, MDA and NO are common oxidative stress 

markers. As shown in Fig. 2, 3, compared with the model 
group, all treated groups (SDO, DSS, Pae, and DSS+Pae) 
exhibited increased T-SOD, T-AOC activities and decreased 
MDA, NO contents. Moreover, the DSS+Pae group showed 
more reduction in oxidative stress compared with DSS and 
Pae groups. In addition, compared with the insulin group, the 
DSS+Pae group also exhibited more reduction in oxidative 
stress. 

Histopathology changes of kidneys 
As shown in Fig. 4, the volume of glomerulus is normal and 

the organization structure is integrated in the control. There 

are no abnormal histopathology changes in glomerulus, kid-
ney tubules and mesenchyma. However, hypertrophy of 
glomerulus and kidney tubules, thickening of basement mem-
brane, broadening mesangial area, vacuoles degeneration, 
expansion and irregular shape of epithelium in partial kidney 
tubules, compression subsidence in part of the capillary loops 
are obviously observed in model group. Compared with model 
group, histopathology changes are clearly catabatic in DN 
rats after Pae+DSS treatment. Moreover, the DSS+Pae group 
showed more improved compared with individual treatments 
of DSS or Pae. 

DISCUSSION

Our study showed that the physiological and biochemical 
indexes in the blood of DN rats could be partly restored by 
SDO, DSS, Pae, and DSS+Pae. Furthermore, DSS+Pae had 
better therapeutical effects compared with the SDO group and 
the individual treatments of DSS or Pae. The indexes of oxi-
dative stress were reduced by the combination treatment of 
DSS+Pae in the blood of DN rats. In the kidney, histopatholo-
gy changes are clearly improved and catabatic in DN rats after 
the chronic supplementation of DSS+Pae. These results sug-
gest that DSS+Pae may be the new therapeutic to improve the 
renal injury inpatient with diabetes. However, we did not find 
any alterations in the blood glucose, the treatments of DSS, 
Pae, and DSS+Pae did not affect the glycosylated hemoglobin 
of DN rats as well. 

DN which is one of the main chronic complications of DM is 
a hackneyed capillary vessel syndrome and can lead to end-

A B C

D E F

Control group Model group

DSS groupPae groupPae+DSS group

Insulin group

Fig. 4. Histopathology changes of kidneys in DN rats after DSS+Pae treatment: (A) Control group; (B) Model group; (C) Insulin group; (D) 
Pae+DSS group; (E) Pae group; (F) DSS group. With Pae+DSS treatment, histopathology changes of kidneys was markedly improved in 
DN rats (original magnification, ×400).
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stage renal disease. The frequent pathological characteristics 
of DN are the hypertrophy of glomerulus and kidney tubules, 
the broadening of mesangial area, the degeneration of vacu-
oles and the appearing of irregular shape epithelium in partial 
kidney tubules (Ayo et al., 1990; Yano et al., 2009), which may 
ultimately result in glomerular sclerosis and renal fibrosis. In 
this study, we observed that hypertrophy of glomerular and re-
nal tubular was alleviated, basement membrane was not thick-
ened, mesangial area was not obviously broadened, vacuoles 
degeneration was reduced in renal tubular epithelia in SDO, 
DSS, Pae, and DSS+Pae treatment groups. Particularly, the 
degree of renal recovery in DSS+Pae group was higher than 
the SDO group and all other treatment groups. It indicated that 
pathological renal lesion will be effectively improved in DN rats 
after DSS+Pae treatments. 

An increased reactive oxygen species and insufficient an-
tioxidant activity is associated with diabetes mellitus, which 
is mainly responsible for diabetic pathogenesis (Liu et al., 
2008). The previous experimental and clinical evidence indi-
cates that oxidative stress may play an important role in the 
initiation and development of diabetes complications. Further 
studies showed that oxidative stress contributes to the patho-
genesis of diabetic nephropathy (DN) (Giacco and Brownlee, 
2010; Rajavel et al., 2012). Free radicals play an important 
role in the metabolic environment balance. And Free radi-
cal damage can cause vascular permeability increase and 
basement membrane thickening in pathological changes, 
and associated with hemodynamics change of glomerular in 
early phase of DN (Dewanjee et al., 2009; Subash-Babu et al., 
2014). According to the previous studies, DSS derived from 
radix Salviae miltiorrhizae inhibited oxidative stress in animal 
and cell model systems (Zhao et al., 1996; Liu et al., 1999; 
Wu et al., 2007; Han et al., 2009). In this study, compared 
with model group, the vitality of T-SOD or T-AOC increased 
and the level of MDA or NO decreased were concluded after 
treatments (SDO, DSS, Pae, and DSS+Pae). Meanwhile, in 
the DSS+Pae group, the rate of the increase of T-SOD or T-
AOC and the decrease of MDA or NO significantly accelerated 
compared with those in the Pae, DSS and SDO treated DN 
groups. According to the present results, the DSS+Pae can be 
used as a good free radical scavenger of exogenous oxygen.

In the present study, we found that the blood lipid metabo-
lism and the whole blood viscosity played an important role in 
the onset of DN. And it was reported that LDL-C was one of 
the characteristic atherogenic risks of DM (Zhang et al., 2013; 
Pang et al., 2015; Sakamoto et al., 2015). In this study, we 
draw the conclusion that the DSS+Pae improve the blood lipid 
metabolism by decreasing T-CHO, TG, LDL-C and increasing 
HDL-C (p<0.01). In addition, DN rats treated with DSS+Pae 
have significantly improved the whole blood viscosity (p< 
0.01) than all the other treatment groups. Therefore, the re-
sults mean that it is advantaged for the DSS+Pae to improve 
the renal vascular injury in DN rats. 

The above outcomes indicated that the co-administration of 
DSS+Pae compared with the SDO group and all other treat-
ment groups has better therapeutic effect in protecting the 
structure and function of the kidney and in delaying the onset 
and development of DN. These aforementioned results clarify 
the functional mechanisms of the obvious protective effects 
after the Pae+DSS treatment in DN rats: decreased the oxida-
tive stress and improved the blood lipid metabolism. This ar-
ticle indicates that the beneficial effects of the DSS+Pae may 

be developed as a novel therapeutic approach in DN rats, 
suggesting the DSS+Pae may be a candidate for therapeutic 
applications in DN.
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