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Abstract

Diabetic nephropathy (DN) is a major complication of diabetes and becomes the chief cause
of end-stage renal disease. Our study was undertaken to investigate the ameliorative effect and
underlying mechanism of Xueshuantong for Injection (XST) on DN in streptozotocin (STZ)-induced
rats. Effect of XST treatment (XST, 50 mg/kg/day, i.p.) lasting 60 days after STZ-induced (60 mg/kg,
i.p.) diabetes was investigated. Blood sugar levels and body weight were recorded every week of the
experiment. At the 28th and 56th days after injection urine glucose and 24 h urine protein excretion
were determined. Apoptosis related factors such as cleaved caspase-3, Bel-2, Bax and inflammation
related factors, including tumor necrosis factor-o (TNF-o), interleukin 6 (IL-6), IL-1f3, inducible
nitric oxide synthase (iNOS) and intercellular adhesion molecule-1 (ICAM-1) were detected by PCR
or western blot. The expression levels of fibronectin, Collagen I, a-smooth muscle actin (a-SMA)
and proliferating cell nuclear antigen (PCNA), TGF-3-Smad2/3 signaling pathway, and receptor for
advanced glycation end products (RAGE) was investigated. Our results showed that XST treatment
did not affect levels of body weight, blood glucose and urine glucose levels. Our analysis revealed
that XST inhibited cell apoptosis and suppressed the properties of RAGE in the kidney. XST
treatment could also significantly suppress the overexpression of pro-inflammatory mediators in
kidney and prevent renal fibrosis by blocking the TGF-/Smad2/3 signaling pathway. In conclusion,
our findings suggested that XST could provide protection against DN through reduction of RAGE
accumulation, decreasing inflammation, inhibition of renal fibrosis, and blocking the TGF-3/Smad2/3
signaling pathway.
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Introduction

Diabetes is characterized by elevated blood
glucose levels and the number of diabetic patients
is expected to be more than 500 million in 2030
globally (17). Nowadays, the chronic complica-
tions of diabetes are the major causes of morbidity
and mortality of the patients. It is well known that
as much as 60-70% of costs related to diabetes are
currently attributable to chronic complications (33).
It is recognized that hyperglycemia has a patho-
genic role in micro- and macro-vascular complica-
tions (12). Despite adjustment of blood glucose
levels, diabetic complications develop frequently.
Correspondingly, the development of new drugs for
reducing the risk of development of diabetic com-
plications is an urgent priority.

Diabetic nephropathy (DN) is one of the most
frequent chronic microvascular complications of
diabetes mellitus, and one of the leading causes of
end-stage renal disease (17). More and more evi-
dence suggests that fibrosis plays an irreplaceable
role in DN, which could be a consequence of TGF-
B1-Smad2/3 signaling pathway activation. Trans-
forming growth factor-fl1 (TGF-B1), a-smooth
muscle actin (a-SMA), Smad2/3, fibronectin, Col-
lagen I and other numerous factors contribute to the
fibrosis of kidneys. The advanced glycation end
products (AGE) accumulate in diabetes and activate
receptor for AGE (RAGE), which induces inflam-
mation in the kidney and contribute to DN (10). Al-
though some drug treatment had shown that partial
therapeutic effect on DN, the current treatment for
DN is far from satisfactory. However, the study of
the above mechanisms of DN provides a direction
for drug development.

Xueshuantong for Injection (Lyophilized)
(XST) is a standardized product extracted from
San-chi, the root of Panax notoginseng (BurkillF.
H.Chen). 1t is recorded by the People’s Republic
of China Pharmacopoeia for treatment of stroke
and diabetic retinopathy. Many previous researches
have demonstrated that its ingredients, which are
several kinds of Panax notoginseng saponins, are
definite and clear (7, 21). In the present study, we
found that XST could provide protection against DN
through reduction of RAGE accumulation, decreas-
ing inflammation, inhibition of renal fibrosis, and
blocking the TGF-f/Smad2/3 signaling pathway.

Materials and Methods
Drug

XST was provided by Wuzhou Pharmaceuti-
cal Co., Ltd. (Guangxi province, China), consisting

of total saponins from Panax notoginseng (Sanqi).
The quality standard is consistent with requirement
of related part of Chinese Pharmacopeia. In Ch.P
(2015), the method of reflux extraction and con-
centration of 70% alcohol was used to extract crude
notoginsenosides from coarse powder of Panax no-
toginseng, a series of complicated special processes
are required to obtain XST. Many articles indicated
that the composition analysis of XST by high per-
formance liquid chromatography (HPLC) showed
that it contains ginsenoside Rgl (48.1%), ginse-
noside Rbl (26.17%-29.60%), notoginsenoside R1
(11.1%), ginsenoside Re (5.5%) and ginsenoside Rd
(1.3%) (7, 34). XST was freshly prepared in 0.9%
normal saline before use in our study.

Animals

All animal studies were approved by the Ani-
mal Care and Use Committee at Tianjin University
of Traditional Chinese Medicine. SPF (Specific
pathogen free) male healthy Sprague-Dawley (SD)
rats (280 + 20 g, 6-7 weeks) were purchased from
Vital River Laboratory Animal Technology Co. Ltd.
(Beijing, PRC). The animals were housed under
light-controlled conditions 12h light/12h dark cycle
and at room temperature of 22°C with free access to
food and water.

Induction of Type I Diabetes in Rats and Treatment

As shown in Fig. 1A, diabetes mellitus was
induced by high-dose of streptozotocin (STZ)
(Sigma, St. Louis, MO, USA) through single intra-
peritoneal injection in SD rats (60 mg/kg dissolved
in citrate buffer solution, 0.1 mM, pH 4.5) (8), 58
in total. The fasting blood glucose level from a tail
vein sample was tested by using a glucose analyzer
(ONETOUCH Ultra System; Johnson & Johnson,
USA) in 72 hours (n = 40). Diabetes was defined
by fasting blood glucose >15 mmol/L (n = 36).
The experimental procedure was shown in Fig 1A.
The diabetes mellitus (DM) rats were randomly di-
vided into the following 2 groups: DM group and
Xueshuantong-treatment (50 mg/kg) group (XST50).
There were 19 rats in the model group and 15 sur-
vived at the end of the experiment, DM (n = 15).
There were 17 rats in the XST50 group and 16
survived at the end of the experiment, XST50 (n =
16). XST was dissolved in normal saline, and was
administrated (50 mg/kg, i.p.) once a day continu-
ously for 60 days. The control group (n = 18) and
DM group were treated with isodose saline.

Biochemical Examination
Blood glucose levels and body weight were
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Fig. 1. Effect of XST on body weight, blood glucose levels and urine glucose in DM rats. (A) The experimental procedure to test
XST effect on body weight and blood glucose in rats is depicted. (B, C) Compared with control group, the body weight was
significantly down-regulated and blood glucose was markedly enhanced in DM group. However, XST treatment did not af-
fect the levels of body weight and blood glucose. (D, E) no significant differences were observed in urine glucose levels and
survival rate between DM and XST50 groups. (A) Control group, n = 18; DM group, n = 15; XST50,n=16. (B, C) n=4, (D)

n=>5.
recorded every week of the experiment. At the 28th Western Blot Analyses
and 56th days after injection urine glucose (UGLU)
and 24 hours urine protein excretion was deter- Sixty days after XST treatment, kidney tissues

mined. were harvested and frozen immediately in liquid
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Table 1. Primers of real-time RT-PCR

Gene Primer Pair(5°-3”) F, forward; R, reverse Ref.

Bax F 5-CCAAGAAGCTGAGCGAGTGTCTC-3’ (30)
R 5°- AGTTGCCATCAGCAAACATGTCA-3’

Bel2 F 5’-GGAGCGTCAACAGGGAGATG-3’ (30)
R 5’-GATGCCGGTTCAGGTACTCAG-3’

RAGE F 5>-ACAGAAACCGGTGATGAAGG-3’ 20)
R 5’-ATTCAGCTCTGCACGTTCCCT-3’

TNF-q, F 5°- TCTTCTC ATTCC TGC TCGTGG-3’ (28)
R 5’- GGTC TGGGCCATGGAAC TGA-3’
F 5-GTTCGTTCTCTTCTTTTCCTT-3"

ICAM-1 R 5°-ATTATCCACATTTACCTGCGG-3’ @7

B-actin F 3’-GTAAAGACCTCTATGCCAACA-5’ 27)
R 3’-GGACTCATCGTACTCCTGCT-5’

L6 F 5’-ACAGCGATGATGCACTGTCA-3’ (14)
R 5’-AGCACACTAGGTTTGCCGAG-3’

iNOS F 5°- AAAATGGTTTCCCCCAGTTC-3’ (28)
R 5’- GTCGATGGAGTC ACATGC AG-3

IL-1p F 5°- GAAGTCAAGACCAAAGTGG-3 28)

R 5°- TGAAGTCAACTATGTCCCG-3’

nitrogen until homogenization. Total proteins of
tissues were extracted using Protein Extraction Re-
agent Kit according to the manufacturer’s protocol.
The same amounts of proteins were separated by
sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE). Then, the proteins were
transferred onto PVDF membranes (Millipore,
Germany). After 1 h blocking at room temperature
in 5% fat-free dry milk, the membranes were incu-
bated overnight at 4°C with anti-cleaved caspase-3
(1:1000, CST, #9664), anti-RAGE (1:1000, Abcam,
ab3611), anti-Collagen I (1:2000, Abcam, ab34170),
anti-Fibronectin (1:3000, Abcam, ab2413), anti-a-
SMA (1:5000, Abcam, ab5694), anti-PCNA (1:1000,
CST, #13110), anti-TGF-B1 (1:1000, Abcam,
ab66043), anti-CTGF (1:1000, Abcam, ab6992),
anti-p-Smad2/3 (1:1000, Abcam, ab63399), anti-f-
actin (1:1000, Abcam, ab8226) antibodies. After
washing, the membranes were probed with horse-
radish peroxidase-labeled secondary antibodies
(1:10000). Finally, immune complexes were visu-
alized with chemiluminescent (ECL) detection.

Quantitative Real-Time Polymerase Chain Reaction

Total RNA was extracted from kidney using
Trizol reagent according to the manufacturer’s in-
structions. First-strand cDNA was synthesized 1 pg
of total RNA with oligo dT primers using the High-
Capacity cDNA Reverse Transcription kit (Applied
Biosystems). The mRNA expression levels was

performed using SYBR Green qPCR Select Mas-
ter Mix Kit (ABI) on an ABI prism 7500 sequence
detector system (Applied Biosystems, Foster City,
CA, USA). The specific primer pairs are listed in
Table 1. The relative expression level was calcu-
lated using the 27T method.

Statistical Analysis

Data are presented as the mean + standard de-
viation of the mean. Group means were compared
by a one-way analysis of variance (ANOVA) using
the statistical software program SPSS19.0 for Win-
dows (Chicago, IL, USA). P values < 0.05 were
considered statistically significant in all cases.

Results
Effect of XST on the Biochemical Criterion in DM Rats

During XST treatment, the body weight, blood
glucose levels and urine glucose levels of rats were
routinely checked (Fig. 1, B and C). As indicated
in Fig. 1C, body weight continuously increased in
control group. However, in the DM group, body
weight increased more slowly than control group.
Compared with control group, the blood glucose
and urine glucose levels in DM rats were increased
after STZ administration (Fig. 1, C and D). In
XST50 group, no significant effects on the body
weight, blood glucose levels, urine glucose levels
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Fig. 2. XST protected against DN. (A) A higher level of excretion of urinary protein was detected in DM group. Treatment with
XST reduced the excretion of proteins significantly at the 56th day. (B) Results of western blot suggested that the expres-
sion of cleaved Caspase-3 was increased in DM group, and XST treatment significantly lowered cleaved Caspase-3 level. (C)
XST treatment could regulate the expression of apoptosis-related genes Bax, Bel-2. P < 0.05, #P < 0.01, DM vs. Control;
*P <0.05, **P <0.01, XST50 vs. DM. (A) Control group, n=18; DM group, n = 15; XST50,n=16, (B)n=4, (C)n=75.

and survival rate were observed compared with the
DM group (Fig. 1, B-E).

XST Protected against DN

To determine if XST can protect DM rats
against DN, urine samples for a 24-h duration at the
28 day and 56 day after XST treatment were col-
lected and urinary proteins were determined. XST
treatment significantly reduced urinary proteins at
the 56™ day (Fig. 2A).

High expression of cleaved caspase-3 can make
contributions to the development of DN. XST treat-
ment decreased the level of cleaved caspase-3 protein
in rats’ kidneys compared with DM group (Fig. 2B).
Meanwhile, XST treatment could regulate the expres-
sions of apoptosis-related genes Bax, Bcl (Fig. 2C).

XST Treatment Inhibited the Accumulation of Advanced
Glycation End Products in DM Rats.

RAGE is an important risk factor contributing
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Fig. 3. XST treatment inhibited the accumulation of RAGE in
DM Rats. Results of western blot and PCR indicated
that RAGE protein expressions were significantly
increased in DM group compared to control rats. Af-
ter treatment with XST, the accumulation of RAGE
protein in diabetic rat kidney was markedly less than
DM group. P < 0.01, DM vs. Control; **P < 0.01,
XST50 vs. DM, n=4.

to the development of DN. To further elucidate the
mechanism of the protective effects of XST against
DN, the effect of XST on the expression of RAGE
in DM rat kidney was explored. As shown in Fig.
3, DM induced RAGE accumulation in kidney com-
pared with control rats. However, XST administra-
tion blocked RAGE accumulation as compared to
the DM group.

XST Inhibited mRNA Expressions of Inflammatory
Cytokines in DM Rats

Changes in mRNA levels of intercellular ad-
hesion molecule-1 (ICAM-1), interleukin 6 (IL-6),
IL-1B, tumor necrosis factor-a, (TNF-a) and induc-
ible nitric oxide synthase (iNOS) in kidney were
observed by real-time PCR analysis. As shown in
Fig.4, the results showed that DM significantly up-
regulated the mRNA levels of ICAM-1, IL-6, IL-
1B, TNF-a and iNOS, respectively. XST treatment
reversed the increase of mRNA levels of these cy-
tokines.

XST Inhibited the Fibrosis of Kidney in DM Rats

Fibrosis is the final common pathway to DN
(7). To determine the effect of XST treatment on
fibrosis of kidney, the level of fibrosis protein in
the kidney was measured using western blot. Fig.
5 showed that DM induced fibronectin, Collagen I,
a-SMA and proliferating cell nuclear antigen (PCNA)
accumulation in kidney compared with control
group. XST significantly inhibited the expression
of fibronectin, Collagen I, a-SMA and PCNA com-
pared with DM group.

XST Treatment Inhibited the Activation of TGFf-
Smad2/3 Signaling Pathway in DM Rats

As shown in Fig 6, the expression levels of
TGF-B1, connective tissue growth factor (CTGF)
and phosphorylation of Smad2/3 (p-Smad2/3) were
markedly increased in the DM group compared with
those in the control group. While XST treatment
could decrease the expression levels of TGF-f1,
CTGF and p-Smad2/3 compared with DM group.

Discussion

DN is one of the most common and severe
chronic complications of DM, the leading cause of
chronic renal disease, and a major cause of cardio-
vascular mortality in the patients (2, 31). It is fre-
quently observed in the patients with a long history
of diabetes (9). Despite the constant progress in the
treatment of DM, there still lack of effective means
to control DM and the complications. XST is a nat-
ural mixture, extracted from San-chi. In this study,
we evaluated the protective effect of XST against
DN, and found its protective effect were related
with reduction of RAGE accumulation, decreas-
ing inflammation, inhibition of renal fibrosis, and
blocking the TGF-f/Smad2/3 signaling pathway.

Based on whether XST could improve DN, the
pathological changes in the kidney were due to XST



Xueshuantong Ameliorates Diabetic Nephropathy 355

’56- ## §40- # :_és- i
< = c € 4 il
234 =8 %] 23
€5 [alxe] L5 31
o £ o 20 5%2
s O © L2 L 24
<§(r—"2- Kk =" | g._‘ *k
5 10 =0 14
ol e Uml
‘;\‘,0.% : % N 0lezzz %_ Nl
3 Q > I\ > I\
(a\\&o QQ %&(0 o(a\\ko 0@ é<0 o(a\\\ 0@ éé:)
® + d + S +
S 2.0 35 #
<5 5 4+
28 15 e 23
< 5 5 3
s 8 1.04 Eo
s * 20 24 *3%
el 1 N1 8
< 9
& 0.0 T T S o T
> Q > Q
{\\\0 0® é\% (a\\ko O@ éé)
P + P +2

Fig. 4. XST inhibited mRNA expressions of inflammatory cytokines (ICAM-1, IL-6, iNOS, TNF-q, IL-1f) in DM rats. Inflamma-
tory cytokines expressions were determined by PCR. XST treatment reversed the increase of mRNA levels of these cytok-
ines. P < 0.05, P < 0.01, DM vs. Control; *P < 0.05, **P < 0.01, XST50 vs. DM, n = 5.

treatment or because of lower blood glucose levels,
further research is needed. So we have conducted a
series of studies. In our study, no significant differ-
ences were observed between the blood glucose of
XST50 group and DM group. In fact, many drugs
have a therapeutic effect on diabetes without affect-
ing blood glucose levels. Farhad Ghadiri Soufi et
al. revealed that resveratrol can inhibit the enhance-
ment of retinal apoptosis and pro-inflammatory me-
diators such as TNF-q, IL-6, and reduced the retinal
nuclear factor-keppa B (NF-kB) activity in diabetic
rats. However, resveratrol administration did not
significantly change the blood glucose concentra-
tion (8). Hydrogen sulfide could improve STZ-
induced diabetes by regulating extracellular-signal-
regulated kinase 1/2 (ERK1/2)/cyclooxygenase-2
(COX-2)/prostaglandin E2 (PGE2) pathway without
affecting blood glucose levels (13). Our experi-
ment did not reveal any significant change in blood
glucose between XST50 group and DM group.
This result might be attributable to the different
extraction methods and animal models used in each
experiment. The DN is initially characterized by
thickening glomerular and tubular basal membrane
with progressive mesangial expansion which ulti-
mately leads to glomerulosclerosis and loss of renal
functions. This progress causes DN, generally ac-
companies with adding of urine protein and dete-
riorating of kidney function (32). In fact, patients

with diabetes have been shown to have higher urine
protein excretion for kidney injury when compared
to health people. This has led to the routine evalu-
ation of the urine protein as a screening tool for
detecting the presence of DN in patients.

Cell apoptosis plays an important role in the
onset and development of DN. Hyperglycemia is
suggested as a strong sensitizer to renal apoptosis (18)
and renal apoptosis may mediate loss of renal cells
with subsequent gradual renal dysfunction (7, 16).
Activation of cleaved caspase-3 is critical for apop-
tosis. It can control the release and the activation
of downstream protease and mediate cell apoptosis
and it has been recognized as an important indica-
tor and marker of cell apoptosis (21, 25). Bcl-2 and
Bax are also the most characteristic of the regula-
tors of apoptosis. In this study, we demonstrated
that XST substantially suppress the apoptosis sig-
naling pathway, implying the protective effects of
XST against DN.

Heightened expression of RAGE, a signal
transduction receptor of the immunoglobulin super-
family, contributes to development of systemic dia-
betic complications. In diabetes, activated RAGE
could induce inflammation in the kidney and then
contribute to DN (23). Previous research showed
that RAGE can activate the pro-inflammatory tran-
scription factor NF-kB and subsequent expression
of genes regulated by NF-kB. What’s more, the
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Fig. 5. XST inhibited the fibrosis of kidney in DM Rats. The western blot analysis showed that the expressions of fibronectin, Col-
lagen I, a-SMA and PCNA in diabetic rats were significantly raised in DM group than that of control group. Treatment with
XST effectively suppressed the expression of fibronectin, Collagen I, a-SMA and PCNA. #P<0.05, DM vs. Control; *P < 0.05,

XST50 vs. DM, n= 4.

kidneys of RAGE knockout mice with STZ-induced
diabetes, compared with normal diabetic mice, were
shown to develop less glomerular matrix expan-
sion and basement membrane thickening (1). In the
current study, the expression of RAGE was higher
in DM group than in the control group. Treatment
with XST significantly reduced RAGE expression,
which suggested that the protective effect of XST
may be related with down-regulation of RAGE.
Our experiment did not reveal any significant
change in blood glucose between XST treatment
groups and DM group and the mechanism remains
to be further studied. A variety of compounds have
been proved that they can prevent in vivo accumula-
tion of AGE/RAGE without altering blood glucose
levels in STZ-induced diabetic rats. For example,
Eucommia ulmoides extract treatment did not

change blood glucose but could ameliorate the renal
damage in diabetic mice by inhibiting AGEs forma-
tion and RAGE expression and reducing oxidative
stress, through the Glol and Nrf2 pathways in STZ-
induced diabetic mice (6). Ellagic acid could pre-
vent in vivo accumulation of AGE and to ameliorate
retinal changes, without altering blood glucose lev-
els in STZ-induced diabetic rats (24).

It was the important pathological basis of DN
that extracellular matrix gradually accumulation
and fibrosis (22). Patients with DN eventually de-
velop kidney fibrosis (11). In our study, we dem-
onstrate that XST decreased fibronectin, Collagen I,
o-SMA and PCNA expression in kidney of DM rats.
TGF-B1-Smad2/3 signal pathway has been consid-
ered to play a key role in the fibrosis of tissues and
organs (31). Clinical researches have demonstrated
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Fig. 6. XST treatment inhibited the activation of TGFB-Smad2/3 signaling pathway in DM Rats. Western blot analysis was per-
formed to detect the relative levels of TGF-B1, CTGF protein and phosphorylation of Smad2/3 (p-Smad2/3) in rat kidney
tissue. XST treatment significantly suppressed TGF-B1 and CTGF protein expression and inhibited p-Smad2/3 compared
with those of DM group. #P <0.05, DM vs. Control; *P < 0.05, XST50 vs. DM, n = 4.

that high glucose could stimulate the production of
TGF-B1 (5), promote fibrosis and thereby contrib-
uting to kidney functional loss. In the current study,
the amount of TGF-B1 expression was higher in
the DM group than in the control group, which was
in accord with previously reported findings (15).
Additionally, XST significantly decreased the ex-
pression of TGF-B1 and inhibited the activation of
TGF-B1-Smad2/3 signal pathway in diabetic rats.
Nowadays, the average drug discovery and
development process costs billions of dollars and
spends several years. Traditional herbs and botani-
cal extracts already become important sources of
discovering and developing therapies for diseases.
XST is a standardized product extracted from Pa-
nax notoginseng (Burkill F.H.Chen) (San-chi), one
of the most famous traditional Chinese medicinal
herbs. The composition analysis of XST by HPLC

showed that it contains ginsenoside Rgl (48.1%),
ginsenoside Rbl (26.17%-29.60%), notoginseno-
side R1 (11.1%), ginsenoside Re (5.5%) and ginse-
noside Rd (1.3%). XST is a standard extract, but it
is a mixture. This is doomed that its pharmacologi-
cal effects may not be single, with multi-component
and multi-target characteristics. In fact, for all Chi-
nese medicine compounds, because of the complex
composition, there is a still problem that it’s diffi-
cult to determine the target cells/sites, and we need
further research. For active ingredients, recent stud-
ies showed a wide range of pharmacological appli-
cations of these ginsenosides or notoginsenosides.
For example, previous study has demonstrated that
ginsenoside Rgl can provide an anti-inflammatory
effect by the inhibition of the c-Jun N-terminal
kinase (JNK) signaling pathway (26). Another in
vivo experiment has showed that treatment of Rgl
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to diabetic rats was related to decrease oxidative
stress and attenuated myocardial apoptosis (3). In-
traperitoneal injection of ginsenoside Rbl could
suppress the level of pro-inflammatory cytokines,
including TNF-a, IL-6 and NF-kB pathway mol-
ecules (29). In rats with unilateral ureteral obstruc-
tion, ginsenoside Rbl treatment was able to prevent
oxidative damage and renal interstitial fibrosis (19).
These suggested that the active compounds may
contribute to the protective effect of XST against
DN.

Conclusions

In conclusion, we found out that XST had pro-
tective effect on DN with possible mechanisms of
suppressing the accumulation of RAGE in diabetic
rats, inhibiting the inflammation and apoptosis. In
addition, XST could block the TGF-B/Smad2/3 sig-
naling pathway and thus exert its anti-fibrosis ef-
fect. The current studies provide experimental evi-
dence of the potential clinical application of XST
as an anti-DN drug.
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