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Hydrogen sulfide prevents arterial medial
calcification in rats with diabetic nephropathy
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Abstract

Background: Arterial medial calcification (AMC) is associated with a high incidence of cardiovascular risk in patients
with type 2 diabetes and chronic kidney disease. Here, we tested whether hydrogen sulfide (H,S) can prevent AMC in
rats with diabetic nephropathy (DN).

Methods: DN was induced by a single injection of streptozotocin and high-fat diet (45% kcal as fat) containing 0.75%
adenine in Sprague—Dawley rats for 8 weeks.

Results: Rats with DN displayed obvious calcification in aorta, and this was significantly alleviated by Sodium Hydro-
sulfide (NaHS, a H,S donor, 50 umol/kg/day for 8 weeks) treatment through decreasing calcium and phosphorus con-
tent, ALP activity and calcium deposition in aorta. Interestingly, the main endogenous H,S generating enzyme activity
and protein expression of cystathionine-y-lyase (CSE) were largely reduced in the arterial wall of DN rats. Exogenous
NaHS treatment restored CSE activity and its expression, inhibited aortic osteogenic transformation by upregulat-

ing phenotypic markers of smooth muscle cells SMa-actin and SM22a, and downregulating core binding factor a-1
(Cbfa-1, a key factor for bone formation), protein expressions in rats with DN when compared to the control group.
NaHS administration also significantly reduced Stat3 activation, cathepsin S (CAS) activity and TGF-f31 protein level,
and improved aortic elastin expression.

Conclusions: H,S may have a clinical significance for treating AMC in people with DN by reducing Stat3 activation,
CAS activity, TGF-B1 level and increasing local elastin level.
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Introduction

Arterial medial calcification (AMC) promotes the car-
diovascular morbidity and mortality in patients with dia-
betes mellitus (DM) or chronic kidney disease (CKD) [1,
2]. It is an active and regulative process that is similar to
osteogenesis [3, 4]. Metabolic disorders such as hypergly-
cemia and hyperphosphatemia existing diabetes (e.g. ele-
vated glucose level) and uremia (e.g. elevated phosphorus
level) [3, 4] could aggravate AMC. Vascular calcification

*Correspondence: zhouyebo666@njmu.edu.cn

Fang-Zheng Wang and Hong Zhou have contributed equally to this
work

Department of Physiology, Nanjing Medical University, 101 Longmian
Road, Nanjing 211166, Jiangsu, China

B BMC

(VC) is often found in patients with CKD, particularly in
those with DM [5, 6], which can further contribute to the
substantial increase in cardiovascular event [7-9].

Osteogenic transition of vascular smooth muscle cells
(VSMCs) is closely related to AMC [10, 11], which is
accompanied by increases of calcium and phospho-
rus contents, alkaline phosphatase (ALP) activity and
core binding factor a-1 (Cbfa-1) protein expression, an
important transcription factor that regulates osteogenic
differentiation, and decreases of protein expressions of
SM a-actin and SM22a, two phenotypic markers highly
expressed in VSMCs [1, 12]. High level of glucose can
induce osteogenic transition of VSMCs in the presence of
high concentration of phosphorus [3, 13].
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Hydrogen sulfide (H,S) has been widely explored in the
animal models with cardiovascular and kidney diseases
[14-16]. Cystathionine-y-lyase (CSE) is mainly respon-
sible for H,S production in arterial wall [17], and CSE/
H,S system is important for the maintenance of VSMCs
differentiation. However, reduced CSE activity is involved
with cardiovascular diseases such as hypertension and
myocardial dysfunction in diabetes [18]. In hyperglyce-
mic state, H,S can suppress VSMCs proliferation [19]. It
also decreases blood glucose, and has an effective role in
prevention of cardiovascular diseases such as atheroscle-
rosis and diabetic cardiomyopathy in diabetic rats [20].
Moreover, H,S significantly involves the renal protection
[16, 21, 22]. More interestingly, H,S treatment showed
obvious improvement in biochemical abnormalities in
rats with diabetic nephropathy (DN) [22]. Therefore,
it can be speculated that H,S may have a beneficial role
in the treatment of AMC in rats with DN. More impor-
tantly, some studies have found that H,S can attenuate
VC and suppress osteogenic transformation of VSMCs
[13, 23]. Especially, it has been confirmed that H,S atten-
uates VSMCs calcification induced by high levels of glu-
cose and phosphate through upregulating elastin level via
the inhibition of Stat3/Cathepsin S (CAS) signaling [13].
But it is unclear whether H,S can prevent AMC by means
of similar mechanisms in animal model with diabetic
nephropathy (DN, e.g. accompanied by high glucose and
phosphorus levels).

As one of signal transducer and activator of transcrip-
tion (Stat) family members, Stat3 can promote signal
integration in the vascular dysfunction [24-26]. Cathep-
sin S (CAS) cleaves elastin and generates bioactive elas-
tin peptides, which contribute to calcification [27, 28].
Moreover, Stat3 and CAS are closely associated with the
occurrence and development of calcification of VC [29,
30]. Especially important, Stat3-mediated activation of
CAS involved in calcification of VSMCs has been con-
firmed under the stimulation of high levels of glucose
and phosphorus [13]. STAT3 also enhances hepatic fibro-
sis through the upregulation of TGF-B1 expression [31],
which contributes to the calcification of VSMCs involv-
ing the mechanisms of TGF-P1 pathway [32]. It has been
previously shown that elastin degradation products work
synergistically with TGF-B1 to induce osteogenesis in
vascular smooth muscle cells [33].

Therefore, this study was designed to investigate the
protective effects of H,S on AMC in rats with DN and its
possible mechanisms.

Materials and methods

Reagents

Glycine, Tris, SDS, mannitol, NaCl, bovine serum albu-
min (BSA), STZ and sodium hydrosulfide (NaHS) were
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purchased from Sigma-Aldrich (St Louis, MO. USA).
Bradford colorimetric protein assay kit (Rockford,
IL.USA) was used for protein quantification. The RIPA
buffer was from Thermo Fisher Scientific Inc (Waltham,
MA. USA). The phosphorus, calcium and alkaline phos-
phatase (ALP) kits were purchased from Jiancheng Bio-
engineering Co (Nanjing, China). High fat diet with
0.75% adenine was from TROPHIC Animal Feed High-
tech Co Ltd (Nantong, China). Other chemicals and rea-
gents were of analytical grade.

Rat DN model

Animal protocols were approved by the Experimen-
tal Animal Care and Use Committee of Nanjing Medi-
cal University, and we complied with the Guide for the
Care and Use of Laboratory Animals (NIH publication,
8th edition, 2011). Male Sprague—Dawley rats weigh-
ing 200-250 g rats were from Animal Laboratory Center
of Nanjing Medical University. DN model (16 rats) was
created with a high-fat diet (45% kcal as fat) containing
0.75% adenine, and a single intraperitoneal injection of
STZ (ip, 35 mg/kg; Sigma) dissolved in sodium citrate
buffer (pH 4.5). Control rats (n=14) were only injected
with sodium citrate buffer (pH 4.5). NaHS (50 umol/
kg/day) was administered intraperitoneally to rats after
a single injection of STZ (n=38) or control rats (n=7).
NaHS and high-fat diet containing 0.75% adenine were
started 1 week (7 days) after injection of STZ and were
maintained for 8 weeks. Control rats (n=7) were fed
with normal diet (12% kcal as fat) and injected saline for
8 weeks. At the end of the study, animals were eutha-
nized, and plasma and tissues were collected.

Calcification determination

The aortic specimens were fixed in 4% formaldehyde in
phosphate-buffered saline and were paraffin embedded.
Specimens were cut into 6 pm sections and underwent
haematoxylin and eosin (HE) and alizarin red staining
(positive calcium staining is orange/red). Sections were
fixed with 4% formaldehyde for 10~ 15 min and washed
out, followed by an incubation with alizarin red (1%, wt/
vol, pH 4.2) for 5 min, and rinsed by distilled water for
half an hour or so.

Measurement of H,S levels in plasma

H,S concentrations were detected spectrophotometri-
cally in plasma by a colorimetric assay. Briefly, 50 pL dis-
tilled water were mixed with 100 pL plasma samples in
tubes containing 300 pL zinc acetate (1%). 200 uL N,N-
2-dimethyl-p-phenylenediamine sulfate (20 mM in 7.2 M
HCI) was added to terminate the reaction and followed
by 200 uL FeCl3 (30 mM in 1.2 M HCI) addition. 150 pL
trichloroacetic acid (10%) was added to precipitate
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protein from the samples. The supernatant absorbance
was measured at 665 nm by a microplate reader (Thermo
Electron Corporation. Waltham, MA. USA). H,S con-
centrations were assessed using a curve of standard H,S
solutions (NaHS: 3.125-100 pM).

Calcium content measurement

The calcium content in the plasma or aortic media was
determined by using O-cresolphthalein colorimetric
(OCPC) method. HCI was used for aorta decalcification.
The supernatant fluid was added into the mixed work-
ing reagent solution containing ethanolamine buffer,
8-hydroxyquinoline and OCPC, and incubated at 30 °C
for 5 min. The absorbance of this final solution was meas-
ured by a microplate reader (Thermo Electron Corpora-
tion. Waltham, MA. USA) at 600 nm [13].

Phosphorus level measurement

Phosphorus content in the plasma and aortic media
was determined by phosphomolybdic acid method.
The plasma or aortic tissue homogenate were mixed by
precipitating agent. Then the mixed solution was cen-
trifuged, and the supernatant fluid was added into the
working solution containing hosphomolybdic acid. The
final solution was incubated, and the absorbance was
determined by a microplate reader (Thermo Electron
Corporation. Waltham, MA. USA) at 660 nm [13].

Alkaline phosphatase (ALP) measurement

The proteins homogenate of aorta was made in 0.05%
Triton X-100 in PBS. Total bicinchoninic acid (BCA) pro-
tein assay was used to quantify total proteins. The super-
natant samples were mixed with reaction mixture and
incubated at 37 °C for 15 min, then the absorbance was
determined at 520 nm after the developer addition. ALP
activity was calculated according to one unit was defined
as 1 g tissue protein producing 1 mg phenol for 15 min.
Results were normalized to levels of total protein.

Cystathionine-y-lyase (CSE) activity detection

H,S synthesis enzyme CSE activity in aorta was meas-
ured with the H,S production rate. The same amount of
aortic tissue of each rat was homogenized with 100 mM
potassium phosphate buffer (pH 7.4). 10 mM L-cysteine
and 2 mM pyridoxal 5-phosphate were also added into
the buffer, then the mixed solution was incubated at 37 °C
for 30 min. H,S was captured by the zinc acetate (1% wt/
vol) addition, and trichloroacetic acid (10% wt/vol) was
used to stop the reaction. Finally, equal volumes of FeCl,
(30 mM) and N,N-dimethyl-p-phenylenediamine sulfate
(20 mM) were added, and the final solution was centri-
fuged for 10 min. The supernatant absorbance was meas-
ured at 670 nm [34].
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CAS activity measurement

After protein quantification, the homogenate of aorta
(100 pg) was incubated in chilled buffer for 10 min and
then centrifuged for 5 min. 2 pL of the 10 mM substrate
was transferred into the 96-well plate, and 50 pL of reac-
tion buffer and 50 pL of supernatant were added orderly
into the plate. The mixed solution was incubated at 37 °C
for 2 h. At the wave length of 400 nm excitation and
505 nm emission, the samples were detected by a micro-
plate reader (Thermo Electron Corporation. Waltham,
MA. USA).

Measurement of plasma glucose, creatinine and urea
nitrogen levels

At the end of 8 weeks of NaHS treatment, all rats fasted
overnight for 12 h without diet but had free access to
water before experiments. The next morning, about
1.0 mL of blood was collected from tail vein at around
8 o'clock for the measurement of fasting plasma glu-
cose level through glucose oxidase method by using a
kit from Jiancheng Bioengineering (Nanjing, China).
After collecting blood from the tail vein, an overdose of
sodium pentobarbital was used to anaesthetize each rat
by intraperitoneal injection. At first, the rats were anes-
thetized with the normal dose according to the weight
(0.3 mL/100 g). If the animals were not completely anes-
thetized, then we increased the dose about a fifth of the
total amount. At this dose, most animals can be com-
pletely anesthetized. For better anesthetic effect, 2%
sodium pentobarbital solution was prepared before oper-
ation. Plasma samples were obtained by centrifugation of
heparinized blood for estimation of circulating creatinine
and urea nitrogen levels by using commercial colorimet-
ric assay according to the manufacturer’s instructions.
The kits were from Jiancheng Bioengineering (Nanjing,
China). At the same time, the aortic tissue was quickly
removed. One part was fixed in 4% formaldehyde in
phosphate-buffered saline and the other part was frozen
with liquid nitrogen. Finally, the plasma and the frozen
aortic tissue were stored at — 80 °C until being used.

Western blot analysis

Total aortic protein in the homogenate was extracted
and measured. The protein expressions of SM22a, SMa-
actin, elastin, Cbfa-1, CSE, total-Stat3, phosphorylated-
Stat3, CAS and TGEF-P1 in the aorta were determined by
Western blot analysis [13]. Briefly, the proteins on nitro-
cellulose membrane were probed with primary antibod-
ies against SM22a, SMa-actin, elastin, CSE (Santa Cruz
Biotechnology, Santa Cruz, Calif, USA), total-Stat3,
phosphorylated-Stat3 and Cbfa-1 (Cell Signaling Tech-
nology, 3 Trask Lane Danvers, MA.,USA), CAS (Abcam,
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Cambridge, Mass., USA) or TGF-Bf1 (Affinity Biosci-
ence, Cincinnati, OH., USA). Horseradish peroxidase-
conjugated anti-mouse, anti-rabbit or anti-sheep IgG
were used as secondary antibody. The immunodetection
was performed using autoradiography. The levels of pro-
tein band intensities were normalized with B-actin Stat3
or non-phosphorylated Stat3 levels. The original and
unclipped Western blotting images corresponding to
clipped Western blotting images in the manuscript were
shown in Additional file 1.

Statistical analysis

Data are expressed as the mean+S.E. Comparisons
between two observations were assessed by the unpaired
Student’s t test. One-way ANOVA followed by Bonferro-
ni’s post-hoc test was used analyze multiple comparisons.
p<0.05 was considered statistically significant.
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Results

NaHS treatment attenuates the development of DN in rats
A significant decrease in body weight (~ 155 g) (Fig. 1A)
and marked increased blood levels of glucose (Fig. 1B),
creatinine (Fig. 1D) and urea nitrogen (Fig. 1E) were
found in the rats treated with one injection of STZ, and
high fat diets and adenine for 8 weeks (DN rats) when
compared with those in the control group, indicating
that a successful DN rat model was created. The above
changes were significantly improved by the treatment
of NaHS (50 pmol/kg/day, ip, 8 weeks). These data sug-
gest that H,S may be beneficial to treat DN.

NaHS treatment attenuates calcification in aortic tissue

of DN rats

VC was evaluated by Ca deposition, calcium and phos-
phorus content, and ALP activity in aorta. Compared
to the Control group, the marked increased blood level
of phosphorus (Fig. 2B) was found, but not calcium lev-
els (Fig. 2A) in DN rats, and there were also significant
increases in levels of calcium (Fig. 2C) and phosphorus
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Fig. 1 Generation of rats with diabetic nephropathy (DN).The rats were fed a high fat diet containing 0.75% adenine for 8 weeks and performed
a single STZ (35 mg/kg) injection intraperitoneally. Rats were divided into four groups: control rats fed with normal diet and saline injection (C),
high fat and adenine-fed and STZ-injected rats (DN), DN rats with sodium hydrosulfide (NaHS) treatment (DN + NaHS), and control rats with
NaHS treatment (C+ NaHS), A-E, Body weight (A), the concentration of glucose (B), H,S (C), creatinine (D), and urea nitrogen (E) in plasma were
determined. n=6~7 rats. Values represent the means =+ SEM.*p <0.05 compared to control rats. #p < 0.05 compared to DN rats
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Fig. 2 Formation of arterial medial calcification in rats with DN. Plasma concentrations of calcium (A), phosphorus (B), aortic calcium (C),
phosphorus (D) contents, and ALP activity (E) were detected after 8 weeks of NaHS (50 umol/kg/day) treatment. ALP: alkaline phosphatase.n=6~7
rats. Values represent the means &£ SEM. *p <0.05 compared to control rats. #p <0.05 compared to DN rats

(Fig. 2D), and ALP activity (Fig. 2E) in the aorta of
DN rats, which were significantly attenuated by NaHS
treatment. It confirms that H,S is able to attenuate the
aortic calcification in rats with DN.

NaHS treatment improves aortic remodeling and reduces
calcium deposition in tunica media of aorta of DN rats
When compared to the Control group (Figs. 3A, 4A), HE
and Alizarin red staining showed irregular elastic fibers
(Fig. 3B, HE staining) and Ca deposition (Fig. 4B, Alizarin
red staining) in tunica media of aorta of DN rats, which
were significantly improved by NaHS treatment (Figs. 3C,
4C). However, NaHS treatment had no obvious changes
in aortic remodeling and calcium deposition in normal
rats when compared to the Control group (Figs. 3D, 4D).

Decreased plasma H,S levels and impaired endogenous
H,S generating enzyme cystathionine-y-lyase (CSE) activity
and expression in DN aorta, and NaHS treatment inhibits
osteogenic transition of VSMC in aorta of DN rats

We explored the ability of H,S generating enzyme CSE for
demonstrating the role of endogenous H,S. The results
showed that H,S levels in plasma (Fig. 1C) and CSE activ-
ity in aora were largely decreased in DN rats (Fig. 5A).
Since CSE is the main enzyme to produce H,S in vascular
vessels, we further measured CSE protein expression in
aortic tissue. Western blots demonstrated that CSE level
was also significantly reduced in aorta (Fig. 5B). However,
the decreased CSE activity and protein expression were
improved by NaHS treatment in DN rats. These data
indicate that endogenous H,S is decreased in plasma dur-
ing diabetic nephropathy and the impaired endogenous
H,S generating enzyme ability in aorta may contribute
to the vascular abnormalities of structure and function
in DN. SM22a and a-actin, two phenotypic markers of
VSMC, and Cbfa-1, a key osteogenic regulator, in tunic
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Fig. 3 NaHS improved arterial vascular remodeling. Aortas underwent haematoxylin and eosin (H&E staining, magnification 200 x). n=3~4 rats

media were used to assess the osteogenic transition. We
examined their protein expressions in aorta. As shown
in Fig. 5, the protein expressions of a-actin (Fig. 5C) and
SM22a (Fig. 5D) were decreased, whereas the protein
expression of Cbfa-1 (Fig. 5E) was increased in the aor-
tic tissue of DN rats. However, NaHS treatment reversed
these changes in aortic tissue, indicating that H,S can
inhibit osteogenic transition in aorta of rats with DN.

NaHS treatment rescues the elastin level in aortic tissue

of rats with DN

In vitro study demonstrates that H,S prevents elastin
loss and attenuates calcification induced by high levels of
glucose and phosphate in VSMCs through suppression
of Stat3/Cathepsin S Signaling Pathway [13]. To further
confirm the possible mechanisms in aorta of rats with
DN, we determined the activities of Stat3 and CAS. As
shown in Fig. 6, both activities of Stat3 (Fig. 6B) and CAS
(Fig. 6C) were elevated in the arterial wall of DN rats,
whereas Western blots demonstrated that the protein

expression of elastin was reduced, and the CAS protein
expression was increased. The elevated CAS activity may
be from the upregulated CAS protein expression, and
NaHS treatment abolished the upregulated Stat3 and
CAS activity/protein expression in aortic tissue of DN
rats (Fig. 6B, C, D). CAS plays an important role in elastin
degradation, and its activity regulates elastin level in aor-
tic wall [34]. As expected, NaHS treatment also improved
the reduced elastin level in the DN aorta (Fig. 6A). Stat3
activation can also increase TGF-P1 signaling that pro-
motes the calcification of VSMCs [31, 32]. In this experi-
ment, NaHS treatment indeed reduced the TGF-p1
protein expression in aorta of DN rats. Our findings sug-
gest that NaHS treatment may rescue the reduced elastin
level through the reduction of the Stat3 activation, CAS
activity and TGF-f1 level.
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Fig. 4 NaHS prevented arterial medial calcification. Aortas underwent alizarin red staining (magnification 200 x). n=3~4 rats

C+NaHS

200X

Discussion

The present study revealed three novel findings. First,
H,S effectively attenuated AMC in rats with DN. Sec-
ond, NaHS treatment not only suppressed the phenotype
switching, but also up-regulated the elastin level in the
aorta. Third, the recovery of elastin level may be due to
the reduction of Stat3 activation, CAS activity and TGEF-
1 level in the presence of H,S. These results indicate that
H,S suppresses the osteogenic phenotype switching of
VSMCs and retards the progression of AMC in DN. The
protective effect of H,S may be related to the upregula-
tion of elastin level through the decreases in Stat3 activa-
tion, CAS activity and TGF-p1 level.

It has been reported that high glucose concentration
aggravates high phosphate-induced osteogenic phe-
notype switching and calcification in cultured VSMCs
[35, 36]. Moreover, previous study demonstrated that
H,S attenuates calcification induced by high glucose in
smooth muscle cells under calcifying medium contain-
ing high levels of B-glycerophosphate (3-GP) [13]. In the

present study, we confirmed that DN model created with
a high-fat diet (45% kcal as fat) containing 0.75% adenine,
and a single intraperitoneal injection of STZ (ip, 35 mg/
kg; Sigma) showed high levels of blood glucose and blood
phosphorus in plasma. Furthermore, we found that H,S
administration not only inhibited the phenotype trans-
formation of medial layer of aorta, but also ameliorated
AMC in rats with DN.

The occurrence of VC may be associated with the
reductions of CSE expression in aorta and H,S levels in
blood of DN rats, suggests a causal role for endogenous
H,S effects on calcification. In previous study, we found
that pharmacologic inhibition of CSE activity aggravated
calcification, promoted the further activation of Stat3,
increased CAS activity, and reduced the elastin expres-
sion in smooth muscle cells (SMCs) cultured by high lev-
els of glucose and phosphate (HGP) [13]. In the present
study, exogenous H,S administration reduced the blood
glucose, creatinine and urea nitrogen levels, amelio-
rated VC, inhibited the activation of Stat3, reduced CAS
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Fig. 5 NaHS restored the H,S generating enzyme activity and its protein expression (A, B), and depressed osteogenic transition in medial smooth
muscle cells (SMC) of aorta in DN rats (C, D, E). Western blot method was used to examine the protein expressions of a-actin (C), SM22a (D) and
Cbfa-1 (E). 3-actin from the same blot was control for protein loading. a-actin and SM-22a are smooth-muscle lineage markers, and core binding
factora-1 (Cbfa-1) is osteogenic marker. Results are from one representative experiment and relative to 3-actin. CSE: cystathionine-lyase. C: control.
n=6~8rats (A) and n=3~5 rats (B, C, D). Values represent the means £ SEM. *p <0.05 compared to control rats. #p < 0.05 compared to DN rats

activity, decreased TGF-P1 level and improved the elastin
expression in vessel wall of aorta in rats with DN. All of
these results suggest that endogenous H,S may have the
inhibitory effects on VC, probably via inhibiting Stat3
activation, CAS activity and TGF-P1 protein expression.
The improvement of glycemic control and renal function
provided by H,S may be also involved in the inhibition of
VCin rats with DN.

Stat3, an inducible monomeric transcription factor,
could be activated by high glucose to induce ER stress,
inflammation and oxidative stress in diabetic retinopa-
thy or diabetic nephropathy [37-40]. In this study, Stat3
was activated in tunica media of aorta in DN rats, and it
was suppressed by H,S administration. Previous study

has been demonstrated that suppression of Stat3 or
knockdown of Stat3 mRNA displayed inhibitory effect
on calcification of VSMCs [13]. So our data indicate that
Stat3 activation may involve the regulation of VC in rats
with DN, which can be inhibited by H,S administra-
tion. IL-6/JAK can activate STAT3 pathway or receptors
with intrinsic kinase activity such as EGFR and VEGFR
directly or indirectly induce STAT3 activation in some
cells [41]. In this study, whether intrinsic kinase activity
involving H,S- regulated Stat3 activation needs to be fur-
ther explored.

Elastin is synthesized and secreted from VSMCs
for the maintenance of the vascular environment and
the VSMC phenotype [27, 28]. Aortic stiffening and
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Fig. 6 NaHS reduced aortic CAS activity and its protein expression, Stat3 phosphorylation, TGF-31 protein level and up-regulated elastin protein
level in DN rats. Western blot method was used to examine the protein expressions of Stat3, CAS, TGF-B1 and elastin in DN rats after 8 weeks of
NaHS (50 pmol/kg/day) treatment. 3-actin or total Stat3 from the same blot was control for protein loading. CAS: cathepsin S. C: control. Results are
from one representative experiment and relative to total Stat3 or 3-actin expression. n=6~8 rats (C) and n=3~5 rats (A, B, D, E). Values represent
the means 4= SEM. *p < 0.05 compared to control rats. #p < 0.05 compared to DN rats

remodelling were related to elastin loss or disruption
of elastin fibres in diabetic rats [42] or CKD [30]. CAS
can degrade the basement membrane and surrounding
extracellular matrix of arterial walls that participates in
regulating elastin degradation and calcification [43]. In
this study, H,S inhibited the increases of CAS activity
and its protein expression in aorta of DN rats. Inter-
estingly, we observed that elastin was reduced mark-
edly in aorta of rats with DN, and they were improved
by NaHS treatment. STAT3 can mediate the increase
of CAS activity in dendritic cells [44]. Moreover, H,S
can mediate neuroinflammation and AP1-42 produc-
tion by suppressing the activation of STAT3 and CAS
[45]. Our previous study also showed that H,S inhibited
the increases of CAS expression and activity in vitro,

and these effects were markedly inhibited by the Stat3
inhibitor. Moreover, down-regulation of Stat3 expres-
sion also inhibited CAS expression [13]. So H,S inhib-
its calcification in this study may be partly associated
with the inhibition of Stat3/CAS pathway for increas-
ing elastin level in aorta. Therefore, the knockdown
of CAS expression in the tunica media may be a bet-
ter strategy for treatment of AMC in patient with DN.
In addition, H,S can inhibit the activation of Stat3 to
attenuate TGF-B1 signaling involving the improvement
of liver fibrosis [31]. Moreover, TGF-B1 synergistically
amplified responses with elastin degradation products
involving VC [33]. So it is possible that H,S can inhibit
the activation of Stat3 to attenuate TGF-P1 effects for
inhibiting VC. Indeed, we found that TGF-B1 protein
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expression was effectively inhibited by H,S. This result
suggests that the inhibition of Stat3-TGF-f1 pathway
may be another mechanism of H,S in improving AMC
in DN state.

In conclusion, this study demonstrated that H,S inhib-
its VC in rats with DN that further confirmed the pre-
vious results of in vitro studies [13]. H,S may have a
clinical significance for treating AMC in people with DN
by decreasing Stat3 activation, CAS activity and TGEF-
1 level for increasing local elastin level. Further in vivo
studies are needed to determine the exact mechanism
by which H,S affects elastin level, Stat3 activation, CAS
activity and TGF-P1 level involving the inhibition of VC.
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