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Background: The high lifetime risk of vascular disease is one of the important issues that
plague patients with diabetes mellitus. Systemic oral vildagliptin administration favors
endothelial recovery and inhibits smooth muscle cell (SMC) proliferation. However, the
localized release of vildagliptin in the diabetic vessel damage has seldom been investigated.
Research design and methods: In this work, nanofiber-eluting stents that loaded with
vildagliptin, a dipeptidyl peptidase-4 enzyme (DPP-4) inhibitor, was fabricated to treat diabetic
vascular disease. To prepare nanofibers, the poly (D,L)-lactide-co-glycolide (PLGA) and
vildagliptin were mixed using hexafluoroisopropanol and electrospinning process. In vitro
and in vivo release rates of the vildagliptin were characterized using high-performance liquid
chromatography.

Results: Effective vildagliptin concentrations were delivered for more than 28 days from the
nanofibrous membranes coating on the surface of the stents in vitro and in vivo. The vildagliptin-
eluting PLGA membranes greatly accelerated the recovery of diabetic endothelia and reduced
SMC hyperplasia. The type I collagen content of the diabetic vascular intimal area that was
treated by vildagliptin-eluting stents was lower than that of the non-vildagliptin-eluting group.

Conclusion: The experimental results revealed that stenting with vildagliptin-eluting PLGA
membranes could potentially promote healing for diabetic arterial diseases.

Keywords: re-endothelialization, neointimal hyperplasia, vildagliptin, biodegradable drug-
eluting nanofibers

Introduction

Several million people globally suffer from diabetes mellitus, and the prevalence of this
disease is rapidly increasing.! Diabetes mellitus increases the likelihood of various
vascular complications, including cerebrovascular, coronary, and peripheral arterial
disease, by a factor of up to four, and it is a major risk element for cardiovascular
morbidity and mortality.>* Abnormalities in endothelial cell (EC) and vascular smooth
muscle cell (SMC) function, as well as a propensity to thrombosis, contribute to
atherosclerosis and its complications.* Endothelial dysfunction has an important role
in the pathogenesis of diabetic vascular disease. By producing vasodilator mediators,
the endothelium also influences the tone of the underlying SMCs.””" Moreover,
diabetes promotes the migration of vascular SMCs into nascent intimal lesions,
where they replicate and produce an extracellular matrix (ECM); this step is important
in atherosclerotic lesion formation.® Moreover, patients with diabetes tend to have
higher SMCs apoptosis in lesions, increasing the propensity of instability to undergo
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plaque rupture.”'® The use of limus-based or paclitaxel drug-
eluting stents (DESs) is the main treatment option for treating
coronary arterial atherosclerosis.'""'? These drugs can signif-
icantly impair EC development following inadequate re-
endothelialization to generate a risk of stent restenosis."?
Therefore, an ideal DES should continually impede the
hyperplasia of SMCs and accelerate re-endothelialization.'*

Vildagliptin, a dipeptidyl peptidase-4 (DPP-4) inhi-
bitor that prevents the degradation of glucagon-like pep-
tide-1, is a glucose-dependent insulinotropic polypeptide
that is extensively used to enhance endothelium-depen-
dent vasodilatation in patients with diabetes.'>'® The
anti-atherosclerotic effect of DPP-4 inhibitor involves
its reduction of SMC hyperplasia and the inflammatory
reaction.'’

Poly(D,L)-lactide-co-glycolide (PLGA) is one of the
non-cytotoxic and biodegradable synthesized copolymers
that degrade without accumulating in the vital organs.'®2°
PLGA degrades by hydrolysis in the presence of water. The
time required for degradation of PLGA depends on the
monomers’ ratio used in production, ie, the higher the content
of glycolide units, the shorter the degradation time as com-
pared to predominantly lactide materials. An exception to
this rule is the copolymer with 50:50 monomers’ ratio which
exhibits the faster degradation. Electrospinning is a unique
method that can fabricate non-woven fibrous matrix with
fiber diameters ranging from tens of nanometers to microns,
a size range that is otherwise hard to develop by conventional
non-woven fiber fabrication techniques.?'*** Electrospun
nanofibrous scaffolds gives a remarkably high ratio of sur-
face-to-volume, malleability to conform over a extended
variety of shapes, sizes, and tunable porosity.>>

We hypothesize that nanofibrous vildagliptin-eluting
PLGA membranes may enhance endothelial recovery
and inhibit the proliferation of SMCs in diabetic injured
arteries. Local delivery of vildagliptin enables the trans-
portation of high drug concentrations to treat the dia-
betic angiopathies and minimizes potential systemic side
effects, such as nausea, hypoglycemia, tremor, headache
and dizziness, as well as a rare but severe possible side
effect of hepatoxicity.”* PLGA vildagliptin-eluting stents
that release two different drug concentration locally to
damaged diabetic vessel walls. The acceleration of EC
proliferation and functional repair that are resulted from
drug loading, and the prevention of neo-intimal prolif-
eration are evaluated using treatment of the vildagliptin-
eluting stents in injured blood vessel in a diabetic
model.

Research design and methods
Vildagliptin-eluting stents

The biodegradable polymer and solvent that were used
herein were commercially available PLGA (lactide:glyco-
lide ratio of 50:50; Resomer RG 503) and hexafluoroiso-
propanol (HFIP), respectively (Sigma-Aldrich, Saint
Louis, MO, USA). Vildagliptin was obtained from
Novartis Pharma AG.

After a few test trails for process optimization, the
experimental design included a syringe with a blunt needle
of 420 pm in diameter and a metallic pin of 950 pm in
diameter fixed on a motor that rotated at a speed of 300
rpm.?> An electrode from a high voltage power supply (35
kV and 4.16 mA) was placed in contact with the needle
and the metallic pin, and an electric field was applied. To
electrospun three kinds of nanofibers, pure PLGA (280
mg) and PLGA combined with vildagliptin (dose 1: 240
mg/40 mg; dose 2: 260 mg/20 mg, w/w) were mixed with
1.0 mL HFIP. The electrospinning was then conducted on
a feed pump (volume flow rate of 60 pL/min) to yield
nanofibrous capillary tubes on the soft polyethylene tubing
(outside diameter: 1.52 mm) (Clay Adams Brand, Benton,
Dickson and Company, Sparks, MD, USA) mounted on
metallic pin at room temperature. The distance between
the needle tip and the ground electrode was 10 cm, and a
positive voltage of 17 kV was applied to the polymer
solutions. Electrospun nanofibrous membranes were
mounted on Gazella bare-metal stents (3.0x14 mm,
Biosensors International, Morges, Switzerland). The vilda-
gliptin combined with PLGA nanofiber-eluting stents were
thus fabricated. All materials were retained in a vacuum
drying oven at 40°C for 3 days for solvent removal.

Nanofibrous densities
The nanofibers densities were obtained by the following
equation:

P polymer

Porocity (%) = {1 —M} % 100 (1)

where pmemprane a0d Ppolymer are the densities of the drug-
eluting nanofibrous membrane and the true PLGA poly-
mer, respectively.

Scanning electron microscope (SEM)

observation
The morphology of the nanofibers was detected using
SEM (Hitachi S-3000N, Tokyo, Japan) and analyzed by
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Image J image software (National Institutes of Health,
Bethesda, MD, USA).

In vitro and in vivo elution

To quantify the release patterns of vildagliptin, an in vitro
elution method was used. The dissolution medium was a
PBS. The membranes were put in a glass test tube with 3
mL of PBS at 37°C. The dissolution medium was taken
and changed with new PBS every 24 hrs for 30 days. The
drug that was eluted to the stented aorta in vivo, which
was retrieved during animal sacrifice, was also character-
ized using HPLC after 8 weeks of implantation.

Using an HPLC assay, the concentrations of the buffer
that were used in the elution studies and blood were both
obtained. HPLC analyses were performed using a Hitachi
L2400 UV-VIS System. An Agilent XDB Cg, 4.6x150 mm
HPLC column was used for the separation. The absorbency
at a 210 nm wavelength was monitored with 1.0 mL/min
flow rate. The mobile phase contained 0.1 M phosphate
buffer and acetonitrile (Mallinckrodt, USA) (85/15, v/v).%

Cell cultures for migration assay

Human umbilical vein endothelial cells (HUVECs) were
isolated with written and informed consent signed by
donor. In brief, cells were grown in M199 medium that
was supplemented with 16% fetal bovine serum and 20%
EGM-2 (Clonetics, USA). Cells were passaged at conflu-
ence with 0.05% trypsin and maintained in a 37°C incu-
bator with a humidified atmosphere of 5% CO2 and 95%
air. All cells were passaged three to five times before being
used in experiments. Transwell filters (Costar, Cambridge,
MA, USA) with 8.0 um pores were used with seeding
HUVECs (6x10” cells) in the migration assay for in vitro
eluents (day 14). All experimental procedures were
approved by the Institutional Ethics Committee in Chang
Gung University College of Medicine.

Preparation of diabetic rabbit and

implantation of hybrid stents

Thirty adult male alloxan-induced-diabetic New Zealand
white rabbits were included in the animal study and were
institutionally approved by the Committee of the Chang
Gung University (Approval Number CGU 106-037) and
were cared for according to the regulations of the National
Institute of Health of Taiwan under the supervision of a
licensed veterinarian. Alloxan monohydrate (120 mg/kg)
was injected intravenously through the marginal ear vein

over a period of 120 s using a 25 gauge butterfly catheter to
induce diabetes?’ (Sigma Aldrich Chemical, Saint Louis,
MO, USA). After 14 days, the diabetic animals were con-
firmed based on their blood glucose levels (>300 mg/dL).
Blood was collected daily from the ear vein of each rabbit
and the glucose level was tested by OneTouch strips
(LifeScan, Milpitas, CA, USA). Insulin glargine (Sanofi-
Aventis, Frankfurt, Germany) was used if the animals were
found with weight loss or “high” glucose readings.

Animals were well anesthetized and sedated using xyla-
zine and Zoletil 50™.?® Using the puncture technique, a
sheath (5F) was placed in the femoral artery temporarily.
Thirty animals were separated into three groups. Group A
comprised ten animals implanted with a high vildagliptin
dose loading stents; group B included ten animals in which
stents were implanted with a low vildagliptin dose loading;
group C included ten rabbits in which were implanted stents
using pure PLGA without loading drug. Since the evidence of
more extensive micro-damage will be present after 5 months
duration of diabetes,29 to accelerate the process, the ECs of
the descending abdominal aorta were also denudated via a
3.0x20 mm balloon to induce a significant vascular injury.
Stents were then implanted in the abdominal aorta (lower
part).”® While the stents had reached the low descending
abdominal aorta sites, they were inflated to a diameter of
3.0 mm for 15 s under 8§ bars. Post-procedural angiography
was performed to check vessel patency and position verifica-
tion before the animals were allowed to recover. All rabbits
were treated with 40 mg aspirin orally per day.

After stent deployment, written records were maintained
for daily body weight variation, fluid and food consumption,
any behavioral or clinical changes, and hydration status. The
iE33 ultrasound device (Philips Medical Systems, WA,
USA) was used to evaluate the patency of the arteries for
early (0-30 days post stent implantation) and late (>30 days)
stent thrombosis at the days 30 and 56, respectively.

In vivo evaluation of endothelial function
Using the marginal ear vein, on day 21, the infusions of
two increasing concentrations of acetylcholine (Ach, 0.5
and 0.05 pg/mL/min) were used to evaluate endothelium-
dependent vasomotor response near non-stented reference
segments.'

After 2 months, stented vessels, including those that had
been implanted with vildagliptin-eluting stents (group A: high
dose; group B: low dose) and non-vildagliptin-eluting stents
(group C: pure PLGA) were examined for the inflammatory
and injury outcomes. For analyzing their immunofluorescence,
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the areas that were near to both the vildagliptin-eluting and
non-vildagliptin-eluting stented regions were cut transversely.

Microscopic observation

Whole stenting arteries were longitudinally bisected for
evaluating re-endothelialization of the lumen surface
using an SEM (%35 and x200). The coverage of the ECs
was also quantified.*?

Histology

Two histopathological approaches of scoring vascular
injury and inflammation were carried out.>*** The inflam-
mation score took into consideration the extent and density
of the inflammatory infiltrate, including mononuclear and
foreign-body giant cells in each individual strut. The
scores were calculated to yield the average values for 90
histological regions of the 30 stented sites at 56 days.

Immunofluorescence

The reagents and fluorescent dyes were acquired from
Sigma (St. Louis, MO, USA) and Molecular Probes Inc.
(Eugene, OR, USA), respectively. The sections were trea-
ted with primary antibodies against type I collagen, fol-
lowed by Cy3-conjugated secondary antibody (Chemicon,
Temecula, CA, USA).

Western blot analysis

The protein (30 pg) prepared from blood vessels close to the
stent was tested using the primary anti-collagen I antibody
(ab90395) (Abcam Biotechnology, USA). The protein content
was presented as the ratio to the glyceraldehyde-3-phosphate
dehydrogenaseamount.
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Data analysis and statistics

Data were shown as meantstandard deviation. One-way
ANOVA was employed to find statistically different results
among three groups. The post hoc Bonferroni method for
multiple comparisons was performed to identify significant
differences between groups. If p<0.05, differences were
statistically significant. The relevant data were performed
by SPSS software (version 17.0 for Windows; SPSS Inc,
Chicago, IL, USA).

Results
In vitro assessment of stent/

biodegradable nanofibers
Stents that were loaded with nanofibers with two vildagliptin
doses were successfully developed by the electrospinning
procedure. Figure 1 displays SEM photos (2000x) of nanofi-
brous membranes with a high dose (Figure 1A) and a low
dose of vildagliptin (Figure 1B). A significant difference
between the diameters was observed in the electrospun
PLGAs with the two concentrations of vildagliptin (group
A: 1152.9+448.8 nm vs group B: 365.0+135.7; p<0.001)
(Figure 1C and D). Moreover, the pore size in group A was
considerably larger than in group B (187.6£89.6x10° nm? for
group A and 42.1+25.9x10° nm? for group B) (p<0.001). The
porosity of the nanofibrous membranes in these two groups
was high (84.3+1.2% and 82.2+2.2% in the vildagliptin-
eluting PLGA Group A and B nanofibers, respectively)
(p>0.05).

The in vitro release characteristic of stents that were
loaded with vildagliptin-eluting biodegradable nanofibers
was quantified for 28 days. Figure 1 also schemes the daily

« Group A 120
—==Group B

Figure | Morphology of high (A) and low (B) vildagliptin-eluting nanofibers, examined by scanning electron microscopy (SEM) with a magnification of 2000x. The measured
mean diameters of nanofiber were |152.9+448.8 nm (C) in group A and 365.0£135.7 nm (D) in group B (p<0.001). (Scale bar: 20 pm) (E) Daily and (F) accumulated delivery
of vildagliptin from nanofibrous tubes in vitro. In vitro: transwell filter migration assay. Remarkable effect of dose on migration of ECs was noted. Ratios of migration of ECs
treated with high- (G) and low- (H) dose vildagliptin eluents (day 14) to that on the control group (I) were 224+33% and |161+34%, respectively.
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(Figure 1E) and accumulated (Figure 1F) release curves of
vildagliptin-eluting nanofibrous tubes. The results sug-
gested that the hybrid stents had triphasic drug distribution
characteristics with an early burst delivery on first day
(151.943.5 (group A) and 81£1.7 (group B) pg/mL), and
a second highest release concentration on days 19-21 (185
+1.4 (group A) and 177+0.5 (group B) pg/mL), following
by a relatively steady delivery of vildagliptin until day 28.
The in vivo drug concentrations of vildagliptin close to the
stented vessels after 8 weeks were measured to be 82.0
+2.6 (group A) and 66.745.2 (group B) pg/mL. In this
study, PLGA with lactide:glycolide (LA:GA) ratio of
50:50 was employed as the drug delivery vehicle.
PLGAs of different LA:GA ratios or molecular weights
may also be used to regulate the timing and steerability of
nanofibers.

Statistically significant cell migrations using the trans-
well filter were observed in vildagliptin elutes-treated ECs.
Figure 1 G-I reveals that vildagliptin eluents (day 14)
yielded significantly higher EC migration (Figure 1G
(high dose group) and 1 hr (low dose group)) than those
without eluents (Figure 3C). The migration in ECs that
were treated with high- (g) and low- (h) dose vildagliptin
eluents was 224+33% and 161+£34%, respectively, that
related to control group (i).

In vivo

In vivo investigations were carried out using 30 implanted
stents (the femoral puncture successful rate was 30/
36=83%; six rabbits had puncture failure due to small ves-
sels) (Figure 2A) that were loaded with and without vilda-
gliptin-eluting biodegradable nanofibers in the descending

aorta (Figure 2B and C) of rabbits. Vessel position and stent
deployment were verified by angiography from femoral
artery (Figure 2B, asterisk).

Figure 3 shows the observed re-endothelialization on the
damaged arterial walls. After 2 months, endothelial coverage
on the surfaces of struts among the groups showed that re-
endothelialization was remarkably superior in group A (98.4
+1.0%) and group B (95.4+1.1%) to those in control group C
(90.0+1.6%) (all post hoc p<0.001). No cases or any signs of
in-stent thrombosis were noticed during these 2 months.

The surfaces of the struts herein were almost fully
covered with regularly shaped endothelia in close contact
with each other (Figure 3A and B). However, poor align-
ment and extended irregular intercellular spaces were
identified in group C (Figure 3C). Remarkable re-endothe-
lialization was thus obtained when nanofibrous stents with
various doses of vildagliptin were used (Figure 3D-F).

Each endothelial response was carried out following 3
weeks of stent procedure. The endothelia-dependent vaso-
dilation in reaction to Ach was considerably better in the
vildagliptin-eluting stents than in the non-vildagliptin-elut-
ing stents (all p<0.05). Group A, with a high vildagliptin
loading, exhibited a similar vasodilatory response to that
of group B (p-value=0.361 in Ach 0.05 pg/mL/min and p-
value=0.177 in Ach 0.5 pg/mL/min) (Figure 3G).

Histological examination

Figure 4A—C shows the pathological pictures in the three
groups that were stained by hematoxylin-eosin at 8 weeks.
The degradable nanofibrous membranes coated outside of
implanted stents were noticed between dotted line and
double arrow. The thickness of residual PLGA at day 56

Figure 2 Stent and angiograms in rabbit descending aorta. (A) Photograph of vildagliptin-eluting stent. The nanofibrous tube was made on a bare-metal stent. (Scale bar: 5
mm) (B) Angiograms of rabbit vasculature in area of stent implantation (red arrow head) (scale bar: 10 mm) following injection of contrast dye from femoral artery (red

asterisk). (C) Locations of rabbit vasculature.
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Group A
Group B
87 |[JGroupC

[ |

% Change in vessel Diameter
N
I

T
Ach 0.05 pg/ml/min

Ach 0.5 pg/ml/min

Figure 3 Evaluation of the coverage and morphology of endothelium and in vivo endothelial function after 3 weeks of stenting treatment was evaluated from variation in
abdominal aorta diameter using different acetylcholine dose infusions. The coverage of endothelium on struts in three groups at 8 weeks at different magnifications (35%: a,
b, and c with scale bar: 500 pm; 200x: d, e, and f with scale bar: 250 pm). (A) Group A had full coverage. (B) Almost full coverage was noted on stent struts in group B. (C)
The region in which stents were deployed was poorly covered in group C. (D and E) Endothelial cells in groups A and B were aligned parallel to the flow direction with
regularly shaped endothelial cells among each other by close contact. (F) Endothelial alignment of stenting vessels in group B was more weakly in flow direction. Extended
and uneven intercellular spaces, irregular size of endothelial cells, and poorly aligned surface were shown in group C. (G) Significantly greater responses in vildagliptin-eluting
stent than that in non-drug-eluting stent were observed according to endothelial-dependent vasodilatory reaction to Ach. (*p<0.05 group A versus group C; # p<0.05 group

B versus group C).

decreased significantly in group A (15.6+£2.5 um) compar-
ing with those in group B (54.1£20.1 um) (p=0.001) and
group C (74.2+12.9 pm) (p<0.001). By 8 weeks, most
endothelium was anatomically repaired, and no remark-
ably intimal proliferation was observed in group A or B.
However, intimal hyperplasia (around 200 pm) was
observed in group C. In vivo inflammation responses
were negligible in all three groups (asterisk area).

The vascular injury and inflammation scores within
stent struts were also evaluated. At 8 weeks, all rabbits
exhibited comparable vascular injury responses (group A:
0.52+0.07, group B: 0.51+0.08, and group C: 0.53+0.10)
and similar vascular inflammatory responses (group A
(0.52+0.20), group B (0.53+0.17), group C (0.53£0.22))
(all ANOVA p>0.05).

Collagen type | on 8 weeks following

response of balloon injury to diabetic vessel
Using the confocal fluorescence microscopy, immuno-
fluorescent labeling with type I collagen was conducted
around stented regions (Figure 4: al to cl and a2 to c2).
The cell nuclei were co-stained with DAPI (Figure 4 a3 to
c3). In the interstitial of intima and elastic lamina of the
aorta, the collagen labeling index (collagen/DAPI-labeled

nuclei) was evaluated. Lower collagen I content was noted
around the vildagliptin-eluting stented areas (group A:
0.53+0.02; group B: 0.80+0.10) than was noted near the
non-vildagliptin-eluting stented areas (group C: 0.94
+0.06) (all p<0.05). Furthermore, significant neointima
hyperplasia caused by the accumulation of SMCs, result-
ing in intima as well as media was observed in group C
(Figure 4C double arrow).

Local expression of collagen | from
Western blotting

Eight weeks following implantation of stents, the vil-
dagliptin-eluting stent exhibited protection of the ECs
by reducing the local appearance of collagen I in the
stenting region. Figure 5 presents the stents that were
loaded with either a high or a low dose of vildagliptin
exhibited less local expression of collagen I than did
the non-eluting stents in the control group (p-value all
<0.001).

Discussion

Vildagliptin-eluting biodegradable PLGA nanofibers with
two drug concentration were fabricated using electrospin-
ning. The hybrid stent composed with vildagliptin/PLGA
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a4

ba C4

Figure 4 H&E staining of vessel sections after eight weeks (x200). The degradable nanofibrous membranes coated outside of implanted stents were noticed between dotted
line and double arrow. Inflammation response was small around stent struts in all groups (asterisk). Groups A (A) and B (B) exhibited almost no neointimal formation, but
group C (C) revealed significant neointimal formation with nearly 200 pm thickness (scale bar: 100 pm). Immunofluorescence of type | collagen. Type | collagen (orange) of
vildagliptin-eluting (a: high dose and b: low dose) and non-vildagliptin-eluting nanofibrous membrane stent (C). DAPI stained nuclei (blue) and autofluorescence on tunica
media (green) are also displayed, respectively. Lower labeling level with collagen type | was detected near drug-eluting stented vessels. Double arrow indicates elastic lamina.
Marked neointima hyperplasia owing to the growth of smooth muscle cells in media leads to expression of intima and media regions in group C (c2, double arrow) (scale bar:

100 pm).

nanofiber loading in vitro and in vivo showed sustained
and local release of adequate concentrations drug level.
The improvement of sustained and prolong release of
vildagliptin leads to the retention of the critical protective
benefit of the endothelial recovery and decrease of SMC
proliferation.

Morphological characteristics and diameters of
nanofibers are the factors that dominate the physical
properties of fibrous scaffolds.*>* To transport meta-
bolic wastes and nutrients, the attachment of ECs to
surfaces must be optimized for proliferation and pene-
tration. Furthermore, pore sizes of less than the cell
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Collagen |
GAPDH
B Vildagliptin: High ~ + - -
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Balloon injury + + +
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Figure 5 Western blot of collagen | content (A). After balloon injury, various groups
with stents loaded and not loaded with vildagliptin-eluting nanofibers, or without stents
(B). Relative expression of each protein was quantified by densitometry as a ratio of
density to that of corresponding GAPDH (C). Each value is presented as mean * SE.
(*# p<0.001 group A or B versus group C in post hoc analysis.

diameter may prevent cell penetration.®” The fabricated
vildagliptin-eluting nanofibrous membranes in this
investigation have pores that enable the penetration
and proliferation of the spherical ECs capable and so
serve as an effective and practical scaffold for tissue
engineering applications.

Drug release kinetics for biodegradable drug-eluting
nanofibers generally comprise three stages’® — an early
burst, diffusion-limited release, and a degradation-con-
trolled stage. In the fabrication procedure, utmost pharma-
ceuticals are encapsulated and distributed in the PLGA
membranes. Certain drug compounds, however, may be
left behind on the membrane surface and cause the early
burst. Following the burst release, diffusion and polymer
degradation dominate the drug-elution profile. A relatively
constant and steady elution of vildagliptin thus occurs.
Nanofibers with a low drug dose exhibit a slower drug
release characteristic. In a drug delivery scaffold, the drug
loading has importantly affected the duration and rate of
drug release. Scaffolds that are loaded with a low drug
dose generally have a smaller initial burst release than
those delivered with a higher drug concentration, mainly
their
Experimental results demonstrated that the hybrid DESs

because of higher polymer-to-drug ratio.*”
that are fabricated in this study can provide the sustained
and local release of adequate doses of vildagliptin for 28

days in vitro and 8 weeks in vivo.

Re-endothelialization generally occurs soon after stent
deployment, but a newly regenerated endothelial layer is
generally dysfunctional.®® The treatment of diabetic
patients with DPP-4 inhibitor can reverse vascular
endothelial dysfunction by promoting flow-mediated dila-
tion and causing pleiotropic effects that modulate cardio-
vascular disorders.*' The critical time course of arterial
healing, involving re-endothelialization after vascular
injury-induced partially or completely denude,*” was
observed at 14 days. Remarkable ECs migration on day
14 with effective levels of vildagliptin may improve the
endothelial recovery of denuded vessels. The increased
migration of ECs on day 14 herein may be caused by the
fact that the effective drug release levels on day 14 are
higher than those on day 7, supporting that the recovery of
functional ECs having vascular tone and permeability to
manage the exchange of molecules in response to physical
and chemical signals.*’

To study the effects of transluminal angioplasty, the
rabbit vascular injury model is developed to simulate
human disease.** The puncture technique for establishing
a route for inserting a stent may be more effective and
cause less damage to the animals than the method of
isolation of femoral artery by a short incision in the
groin area.

The vascular endothelial dysfunction is a marker of the
early stage of atherosclerosis and vascular complications
in diabetic patients.'® Drugs that are released from a vil-
dagliptin-eluting stent can accelerate endothelial regenera-
tion after endothelial injury.

In response to the neurohumoral substances and/or
external mechanical stimuli, ECs can send out messages
the underlying smooth muscle to cause it to contract and
relax, setting its tone. DPP-4 inhibitors exhibit direct
endothelium-dependent vasorelaxation and have an effect
on antioxidant that improves endothelial function.***¢
Since systemic DPP-4 inhibitor treatment has been demon-
strated effectively to improve endothelial function, the
local and slow delivery of vildagliptin by DES in an
injured diabetic vessel may be an effective and alternative
treatment for endothelial dysfunction in diabetes.

The foreign-body response of implanted biomaterials,
which limits their use in advanced therapies, which may
involve cardiovascular implants and tissue engineering
scaffolds, has raised concerns.*” Related experimental
results indicated that the reactions between tissue and a
vildagliptin-eluting stent are mild, demonstrating the
safety of PLGA as a material for drug delivery and
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vascular regeneration. Meanwhile, intimal hyperplasia
causes a major problem with respect to patency after
stent implantation. In atherogenic mice, DPP-4 inhibitor
appears to suppress neointimal formation beyond its

effects on cholesterol 48,49

and glucose metabolism.
Experiments in the present work have revealed that vilda-
gliptin-eluting stents effectively inhibit intimal neointimal
formation in injured vessels in animals with diabetes.
The effects of vildagliptin are associated with its
reducing vascular stiffening, anti-inflammatory potential,
and intimal hyperplasia by its reducing collagen
expression.”””! The accumulation of ECM components
within the arterial wall and the proliferation of vascular
SMCs resulted from local injury are the main causes in
vascular proliferative problems, such as restenosis and
arteriosclerosis following angioplasty.”? The downregula-
tion of collagen I by vildagliptin may contribute to the
pleiotropical improvement of endothelial functions and

reduce intimal hyperplasia.

Limitations of the study

Despite its important contributions, this study has some
limitations. The effects of the sustained vildagliptin via
hybrid nanofibers and stents without chronic diabetic
arteries may have underestimated the influence of struc-
tural changes in the endothelial lining on the arterial vas-
culature and high predilection to atherosclerosis in
diabetes. Drug-induced diabetic animal models that are
used in this study in the evaluation of vildagliptin-eluted
stents are also limited in their ability to replicate human
atherosclerotic arteries. Future works should analyze ather-
osclerotic coronary models to verify further the analytical
results in this work.

Conclusion

The developed hybrid stent/biodegradable vildagliptin-
eluting nanofibers prevent neointimal hyperplasia and
favor re-endothelialization in damaged diabetic vessels.
Vildagliptin-eluting nanofibrous membranes were biologi-
cally useful and greatly powerful promoters of the migra-
tion of ECs.
nanofibers provide the sustainable and local release of

These stent/biodegradable drug-eluting

vildagliptin. Stents with highly vildagliptin-eluting nanofi-
bers, which effectively reduce the proliferation of SMCs
and enhance endothelial recovery, may offer treat insights
into diabetic patients at a high lifetime risk of vascular
disease.
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