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Obijective: The current treatment of atherosclerotic coronary heart disease with limus-eluting
stents can lead to incomplete endothelialization and substantial impairment of arterial healing
relative to treatment with bare-metal stents. The sustained and local delivery of ticagrelor,
a reversibly binding P2Y'12 receptor inhibitor, using hybrid biodegradable nanofibers/stents,
was developed to reduce neointimal formation and endothelial dysfunction.

Methods: In this investigation, a solution of ticagrelor, poly(D,L)-lactide-co-glycolide, and
hexafluoro isopropanol was electrospun to fabricate ticagrelor-eluting nanofibrous drug-eluting
stents. The in vitro and in vivo ticagrelor concentrations were measured using a high-performance
liquid chromatography assay. The effectiveness of ticagrelor-eluting stents was examined rela-
tive to that of sirolimus-eluting stents.

Results: Adequate ticagrelor levels were detected for four weeks in vitro. Less HES5-positive
labeling was found near the ticagrelor-eluting stented vessels (0.33£0.12) than close to the
sirolimus-eluting stented vessels (0.57+0.15) (p<<0.05). Four weeks after deployment, the
ticagrelor-eluting stent also exhibited an up-regulated local expression of SOD1 in the stenting
area (p<<0.001). The ticagrelor-eluting stent substantially preserved endothelial function and re-
endothelialization, minimized inflammatory responses, and inhibited neointimal hyperplasia.
Conclusion: Ticagrelor-eluting stents may provide an alternative route for treating patients at a high
risk of bleeding to preserve endothelial recovery and to reduce smooth muscle proliferation.
Keywords: ticagrelor, drug-eluting stents, electrospinning, endothelialization, neointimal
hyperplasia

Introduction
Several prototypical antiproliferative agents have strong antimitotic properties that
effectively prevent smooth muscle (SMC) proliferation and matrix formation and thus
reduce neointimal development and in-stent restenosis."? Although the use of drug-
eluting stents (DES) can reduce neointimal proliferation and restenosis, some concerns
about the risk of stent thrombosis as a result of inadequate platelet inhibition, fibrin
deposition, inflammation cell infiltration, incomplete re-endothelialization and inhibi-
tion of vascular repair, have arisen.* Additionally, DES platforms that utilize various
non-erodable polymeric coatings for drug delivery exhibit various responses with
respect to thrombogenicity, immunogenicity and biological compatibility.® Therefore,
a stent that inhibits neointimal formation, preserves post-procedural endothelialization,
and reduces the incidence of polymer-induced inflammation is highly desired.
Ticagrelor is an antiplatelet agent that reversibly inhibits the P2Y'12 receptors on
platelets and thereby ADP-induced platelet activation. Additionally, ticagrelor has
been linked to improvements in peripheral endothelial function and the inhibition of
both SMC proliferation and intimal hyperplasia.”'! Hence, drug delivery using stents
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can be hypothesized to favor the local release of ticagrelor to
the target site and to minimize possible systemic side effects
or drug-drug interactions.'?!?

This work develops poly(D,L)-lactide-co-glycolide
(PLGA) nanofiber-loaded stents that locally deliver ticagrelor
to injured arterial walls. PLGA is a non-cytotoxic and syn-
thesized biodegradable copolymer, which can be absorbed
over time without accumulating in the vital organs.'*! PLGA
can be degraded to form glycolic and lactic acids with a
minimal inflammatory reaction.'® This process reduces the
risk of any long-term effects of the non-erodable polymers
on the arterial wall.!” %

The in vitro and in vivo release rates of the nanofiber-
loaded ticagrelor were measured using a high-performance
liquid chromatography (HPLC) assay. The efficiency of the
local release of ticagrelor in inhibiting platelet activation was
evaluated. The inflammation of the tissue that was caused by
the hybrid stents was also investigated. The effects of drug
loading on the preservation of endothelial cell re-growth and
functional recovery, and on the inhibition of neointima for-
mation were examined using rabbit models. The efficacy of
ticagrelor was also compared to that of sirolimus, an anti-SMC-
proliferative agent that causes G, to S cell cycle arrest and
prevents intimal hyperplasia following vascular injury.?

Materials and method
Fabrication of ticagrelor-eluting

nanofibrous tubes

Commercially available PLGA (Resomer RG 503; lactide:
glycolide ratio of 50:50) was obtained from Boehringer
Ingelheim (Ingleheim, Germany). Ticagrelor was kindly
provided by AstraZeneca U.K. Ltd. (London, UK), sirolimus
and hexafluoro isopropanol (HFIP) was from Sigma-Aldrich
(Saint Louis, MO, USA). To electrospin the nanofibers,?!
PLGA/ticagrelor (high dose loading: 240/40 mg, w/w;
low dose loading: 240/20 mg, w/w) and PLGA/sirolimus
(240/40 mg, w/w) in a pre-set weight ratio were firstly dis-
solved in 1 mL of HFIP. Electrospinning was conducted
at 25°C. The electrospun drug-loaded nanofibrous tube
was installed on a Gazella bare metal stent (3.5%20 mm,
Biosensors International, Morges, Switzerland). To evaporate
the solvents, the fabricated stent was placed in a vacuum
oven (at 40°C for 3 days).

Mechanical properties and contact angle

of water
The mechanical properties of nanofibrous membranes that
were loaded with two doses of ticagrelor (high and low

drug loadings) were evaluated using a Lloyd tensiometer
(AMETEK, Berwyn, PA, USA) with the ASTM D638
standard.?

Tensile strength (MPa)
_ Breaking force (N)
Cross-sectional area of sample (mm?)

Elongation at breakage (%)

Increase in length at breaking point (mm) %100%
_ 0

Original length (mm)

The water contact angles of the nanofibers, in which
were embedded high and low doses of ticagrelor, were deter-
mined using an analyzer (First Ten Angstroms, Portsmouth,
VA, USA).»

In vitro and in vivo release

The in vitro release properties of ticagrelor from the nanofi-
bers were determined using an elution process for 30 days.
Samples with a diameter of 3.5 mm, a length of 20 mm with
two ticagrelor loadings (low and high doses) were put in glass
test tubes (n=3) with 1 mL of PBS.

Ticagrelor concentrations were obtained by performing
an HPLC assay using a Hitachi L-2200 Multisolvent Delivery
System. A Hypersil BDS C18 column (100x4.6 mm, 5 um)
was used to separate out the ticagrelor.?* Blood samples of
100 uL. were collected from rabbits (n=9) on days 7, 14,
21, and 28 days after they had been stented, in tubes that
contained an anticoagulant. Plasma was prepared within
30 minutes of blood sampling by centrifugation at 1,500x g
for 10 minutes at 4°C. The lower limit of quantification
(LLOQ) of the method was 0.00503 uM.

Effect of ticagrelor-eluting nanofibers on

platelet adhesion in vitro

Platelet-rich plasma (PRP) (2x10° cells/uL) was obtained
from healthy rabbits and centrifuged (150x g for 10 minutes).
A platelet suspension that contained 107 platelets was then
dripped onto the nanofibers (with high, low and no ticagrelor
loadings),” and incubated at 37°C for 180 minutes.

Surgical procedure and animal care

Twenty-four male New Zealand White rabbits (3.0£0.5 kg)
were used in an in vivo study. All animal procedures were
institutionally approved by the Committee of the Chang
Gung University (Approval Number CGU 14-208), and all
of the animals were cared for in a manner consistent with
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the regulations of the National Institute of Health of Taiwan
under the supervision of a licensed veterinarian.

Rabbits were firstly sedated and anesthetized using
inhalational anesthesia with 1%-3% isoflurane (Baxter
International Inc., Deerfield, IL, USA) and oxygen (2 L/min)
through a face mask.? The rabbit aorta for stent implantation
was used because of its diameter and the patency of small
arterial branches mimicked the coronary artery (both of
which are around 3.0 mm).?’® Using the puncture technique,
a 5 French sheath was inserted into the femoral artery. Briefly,
the vessel was located by arterial palpation. The overlying
skin was prepared with chlorhexidine before a small nick
was made in the skin at the site of needle entry. The femoral
artery was punctured and the needle was advanced slowly
until a pulsating blood flow was noted. After a guidewire had
been deployed, the needle was removed over the wire and a
SF catheter was advanced over the guidewire into the vessel.
The guidewire was then removed, leaving the catheter in
place. Finally, the success of artery cannulation was confirmed
by observing the pulsatile blood flow from the catheter.

Hybrid stents on which were mounted ticagrelor-eluting
nanofibers were employed for the in vivo animal studies.
For simplicity, nanofibers were loaded with a high dose of
ticagrelor. The rabbits were separated into two groups. The
ticagrelor group consisted of 12 rabbits, as did the sirolimus
group. All rabbits received ticagrelor or sirolimus-eluting
nanofibrous stents. They underwent endothelial denudation
to induce angioplastic balloon damage.”3! All animals
received aspirin (40 mg/day) that was given orally 1 day
before catheterization and per day after. Following stent
implantation, written records of any clinical or behavior
changes, daily body weight, hydration status, food and fluid
consumption, were maintained for each animal. Ketoprofen
(2 mg/kg) was subcutaneously injected twice with a 12-hour
interval for post-surgery pain relief.

In vivo evaluation of endothelial function
On day 28, the non-stented segments of the abdominal aorta
(5-10 mm) were evaluated for endothelium-dependent vaso-
motor function after the infusion of two doses of acetylcholine
(Ach, 0.05 and 0.5 pg/mL/min) through a marginal ear vein.*

Anesthetized animals were exsanguinated 4 weeks after
stenting. Areas close to the ticagrelor-eluting and sirolimus-
eluting stented vessels were prepared for immunofluores-
cence analysis.

Scanning electron microscope (SEM)
Photographs at a magnification of x40 were taken to estimate
the degree of endothelialization of the implant. The images

were further magnified (X200 magnification) to visualize the
endothelial cells. The coverage of the endothelial surface above
the stent struts was measured using ImagelJ imaging software
(National Institutes of Health, Bethesda, MD, USA).*

Histological examination and

characterization

Inflammation and vascular injury scores were used herein.>*3
Scores for all struts at 4 weeks were averaged to yield mean
scores (n=24).

Immunofluorescence

The primary antibodies against HESS, secondary Cy3-
conjugated antibodies (Chemicon International, Temecula,
CA, USA), were diluted in blocking solution. Nuclei were
visualized by staining with DAPI (n=3).

Western blot analysis

Western blotting was carried out using 20 g of protein that
was loaded onto 12% Sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-Page) gels and transferred to poly-
vinylidene difluoride membranes. After blotting, membranes
were blocked with Tris-buffered saline, containing 0.1%
Tween20% and 2% BSA, for 1 hour at room temperature,
and then incubated overnight at 4°C with anti-superoxide dis-
mutase 1 antibodies (ab13498) (SOD1) (Abcam, Cambridge,
MA, USA) as primary antibodies. The amount of protein of
interest was expressed relative to that of glyceraldehyde-3-
phosphate dehydrogenase (GAPDH).

Statistics and data analysis

All data are presented as meantSD. One-way analysis of vari-
ance was performed to identify statistically significant differ-
ences among groups (normal distribution). Within ANOVA, a
post hoc Bonferroni procedure for multiple comparisons was
used to detect significant differences between pairs. In the
absence of a normal distribution, non-parametric criteria were
used. Differences are considered to be statistically signifi-
cant at P<<(0.05. SPSS software (version 17.0 for Windows;
SPSS Inc, Chicago, IL, USA) was used to analyze the data.

Results

In vitro evaluation

Loaded ticagrelor-eluting and sirolimus-eluting stents
loaded were fabricated by electrospinning. Figure 1 presents
SEM micrographs, with a magnification of 3,000%, of the
electrospun nanofibrous membrane with a high ticagrelor
load (Figure 1A), a low ticagrelor load (Figure 1B), and
sirolimus (Figure 1C). A significant variation in the diam-
eter of the nanofibers among the three groups was identified
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Figure | SEM micrographs, at a magnification of 3,000x.
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Notes: (A) Electrospun nanofibrous membrane with ticagrelor dose |. (B) Ticagrelor dose 2, and (C) sirolimus (scale bars = 10 pm). (D—F) The distribution of nanofiber

diameters.
Abbreviation: SEM, scanning electron microscope.

(Figure 1D: high ticagrelor loading: 152.1+53.4 nm;
Figure 1E: low ticagrelor loading: 227.4491.3 nm; Figure 1F:
sirolimus 388.0+£198.0 nm, all ANOVA P<0.001). The
coefficients of variance of diameter distribution (ratio of SD
to mean value) were 35.1%, 40.2%, and 51%, respectively.
Figure 2A indicates that the tensile strength of nanofibers
that were loaded with a high ticagrelor dose (4.50+0.10 MPa)
exceeded that of those that were loaded with a low ticagrelor
dose (3.881+0.23 MPa) (P=0.013). After they had been rinsed
in PBS for 30 seconds, the nanofibers with both high and low
ticagrelor loadings exhibited remarkably increased strain
and reduced tensile strength (high loading: 392%122% and
2.2340.21 MPa, low loading: 320%%15% and 1.62+0.15 MPa).
The experimental results in Figure 2B and C also suggest that
the water contact angle of the electrospun nanofibers decreased
as the ticagrelor loading increased. Following the deployment
of the drug-loaded stents (Figure 2D—F), the coverage by nano-
fiber membranes remained intact completely (Figure 2G).
Figure 3 shows the % accumulated release of ticagrelor
from the drug-eluting nanofibrous membranes. The mea-
sured data suggest that the ticagrelor-eluting stents exhibited
continuous drug release for 3 days following an initial burst
release (reaching 33.4%*2.9% and 32.0%%2.0% for high

and low loadings, respectively), followed by a gradually
decline to 50% of the drug release at 10 days (62.0%*5.0%
and 55.8%12.9% for high and low loadings, respectively)
and 90% at 28 days. The in vivo ticagrelor level around
the stented part with high drug loading was measured to be
555445 ng/mL. Additionally, values of plasma ticagrelor
level below the LLOQ were noted.

The effectiveness of nanofibrous membranes, with high,
low and no ticagrelor loading, against platelet adhesion was
determined by SEM. The microphotographs in Figure 4
demonstrate that the ticagrelor that was released from the
highly loaded nanofibers inhibited the adhesion of platelets.
Remarkably fewer platelets adhered to the nanofibers with the
high ticagrelor loading than to those with the low ticagrelor
loading or with no loading (2.1£0.4 vs 3.440.3/um? vs
6.31£0.2x10° activated platelets/um?, all P<<0.001).

In vivo assessment of endothelial

morphology and function

Based on the in vitro results, high-dose ticagrelor-eluting
stents were used in the subsequent animal study. In vivo
studies were performed by deploying 12 stents that were
loaded with ticagrelor biodegradable nanofibers and 12 stents
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Figure 2 (A) Stress-strain curve of ticagrelor-eluting nanofibrous membranes. (B and C) Water contact angle of drug-eluting membranes. (D) Bare metal stent. (E) Nanofiber
mounted on stent. (F) Balloon inflation at 8 atm. (G) Bare metal stent with nanofibrous membrane (scale bars = 20 mm).

that were loaded with sirolimus-eluting biodegradable nano-
fibers in the descending abdominal aorta of rabbits.

At 1 month, re-endothelialization onto the surfaces of
struts differed between the two groups: coverage was sig-
nificantly greater in the ticagrelor-eluting group (high dose)
(96.4%=*2.1%) than in the sirolimus group (89.0%*2.6%)
(P<<0.001). The endothelial-dependent vasodilatory response
to Ach was also assessed following 4 weeks of stent implan-
tation. Endothelial function was significantly greater in the
ticagrelor-eluting group than in the sirolimus-eluting group
(P<<0.001) (Figure 5).

Histological examination and detection
of HES5

The histological examination and detection of HESS were
completed 4 weeks after the animals responded to injury.
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Figure 3 In vitro ticagrelor accumulated release curve.

By 4 weeks, an anatomically intact endothelium had been
nearly fully re-constituted, and no intimal hyperplasia or
inflammation response was observed in either group. However,
the ticagrelor group (Figure 6A, red arrows) exhibited a more
complete lining of endothelial cells than that which lined the
sirolimus group (Figure 6B, red arrows).

Immunofluorescent labeling of HESS, an SMC prolifera-
tion marker, was completed near stented arteries, and obser-
vations were made using confocal fluorescence microscopy
(Figure 6C-J). The specimens were co-stained with DAPI to
reveal cell nuclei (Figure 61-J). The HESS labeling index of
the interstitials of the intima and the elastic lamina of the aorta
was measured as the ratio of the density of the staining of
HESS to that of the DAPI-labeled nuclei. Less HES5-positive
labeling was found near the ticagrelor-eluting stented vessels
(0.3320.12) than close to the sirolimus-eluting stented vessels
(0.57£0.15) (P<0.05). Additionally, the amount of formed
neointima suggested that the proliferation of SMCs in the
media was lower in the ticagrelor group (Figure 6C and D:
merged image, white double arrow).

Local expression of SODI

Four weeks after deployment, the ticagrelor-eluting stent
exhibited up-regulated local expression of SODI in the
stenting area (P<<0.001) (Figure 7).

Discussion

In this work, biodegradable ticagrelor-eluting nanofibers
were developed from electrospun PLGA materials. In vitro
and in vivo analyses of the hybrid drug-eluting stent/PLGA
nanofiber demonstrated the local and sustained ticagrelor
delivery. The effectiveness of hybrid stents in recovering

International Journal of Nanomedicine 2018:13

submit your manuscript

6043

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Lee et al

Dove

Figure 4 (A) Dose | ticagrelor. (B) Dose 2 ticagrelor. (C) Non-drug eluting nanofiber.

Notes: Red arrows indicate activated platelets (scale bars = 10 um). Magnification 3,000x.

endothelial function and inhibiting the proliferation of SMCs
was verified. Released ticagrelor was shown to promote the
critical protective potency of functional endothelium and to
suppress the proliferation of SMCs.

Characteristics of nanofibers with a

ticagrelor loading

Both topographic and chemical characteristics of the
polymer surface affected the proliferation and spreading
of cells on it.** The nearby extracellular matrix (ECM)
affects endothelium cells more than other cells because of
the smaller amount of the endothelial ECM.?” Providing a
useful matrix for binding enables surrounding endothelial
cells to undergo the tubular migration and assembly. Aside
from polymeric topographical structures, the wettability of
nanofibrous matrix affects the migration and adherence of
endothelial cells to the nanofiber because these materials are
hydrophobic.*® Mixing with other materials reduces contact
angles and improves the attachment of cells to hydrophobic
polymers because of improved surface wettability.* The rate
of deformation of fabricated drug-eluting polymer deter-
mines the transient elastic deformation and the degree of

>

40x% 200x

-
:‘
[
-
O
(]
2
==

Sirolimus

1,000 pym

macromolecule extension. The extensive process continues
until the transition of polymeric connection to the rubber-like
status in place of the phase coil-stretch of macromolecules
in their inherent elastic deformations.* Nanofibers with a
higher ticagrelor loading thus showed more hydrophilic
characteristics and more extensive profiles of elongation
during balloon inflation than low ticagrelor one.

Release kinetics of ticagrelor

The release kinetics of ticagrelor from the PLGA nanofibers
exhibited two stages — an initial burst and a degradation-
dominated release. For two decades, PLGA has been among
the most favorable materials for fabricating devices for use
in tissue engineering and drug delivery.*! Biodegradation of
PLGA copolymer by hydrolysis following cleavage of the
backbone ester linkages with oligomers and monomers is
well known as an effective means of delivering numerous
pharmaceuticals.* The process of electrospinning causes
drugs to be distributed and stored among the nanofibers.
However, a small amount of the drugs may be localized on
the nanofibrous surface, leading to the initial burst. Thereaf-
ter, polymer degradation controls drug-release. Additionally,

B
8 -
g I Ticagrelor [ Sirolimus
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5
= = 41 * T
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— —
o
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c 04
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Ach
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Ach
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Figure 5 (A) SEM images of endothelial coverage and (B) acetylcystine infusion for endothelial function test (40x: scale bar = 1,000 pm; 200x: scale bar = 200 um).

Note: *P<0.001.
Abbreviations: Ach, acetylcholine; SEM, scanning electron microscope.
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Figure 6 Pathological sections of arterial lesions in two groups, stained by hematoxylin-eosin and HES5 markers at 4 weeks following stent implantation.

Notes: (A) The ticagrelor group (red arrows) exhibited a more complete lining of endothelial cells than the sirolimus group (B, red arrows). Based on confocal fluorescence
microscopy, the amount of formed neointima suggests that the proliferation of SMCs in the media was lower in the ticagrelor group (C and D: merged image, white double
arrow). Autofluorescence was observed on the tunica media (E and F; green) and immunofluorescent labeling of HES5 (G and H; orange); a smooth muscle proliferation
marker was noted close to the stented arteries, and observations were made using confocal fluorescence microscopy (C-J). The specimens were co-stained with DAPI to

reveal cell nuclei (I-)).
Abbreviation: SMC, smooth muscle.

Tica Siro

SOD1

GAPDH " —

0.6 1

0.3 1

Fold induction

0.0 -

Figure 7 Western blot for SODI.

Note: Four weeks following deployment, the ticagrelor-eluting stent exhibited more
up-regulated local expression of SODI in the stenting area than in the sirolimus
group (*P<0.001).

Abbreviations: SODI, superoxide dismutase |; Siro, Sirolimus; Tica, Ticagrelor.

when the speed of water penetration is greater than the
polymer degradation rate, the polymers are degraded
primarily through the uniform bulk of the matrix.*! The
drugs are delivered over time as the polymers degrade. The
ticagrelor-eluting nanofibers thus exhibited a decelerating
and stable release. The hybrid drug-eluting stents that are
developed herein can provide local and sustained delivery
of high concentrations of ticagrelor in vitro and in vivo for
4 weeks.

Effects of ticagrelor on endothelial

regeneration and SMCs inhibition

The effect of ticagrelor on endothelial regeneration in anti-
platelet treatment may involve the pleiotropic function of the
treatment.” The interaction of ticagrelor and platelets may
affect hemostasis and thrombosis, tissue repair and inflam-
mation either directly or through paracrine mechanisms
that involve other circulating blood cells.** Importantly,
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the interaction of circulating progenitor cells with platelets
plays a significant role in vascular homeostasis, including
differentiation mobilization, chemotaxis, and adhesion.®
Evidence of this interplay between progenitor cells and
platelets suggests that antiplatelet treatment may influence
endothelial repair.*® Therefore, ticagrelor-eluting stents
favor endothelial recovery and function much more than do
sirolimus-eluting stents.

Since adult vascular SMCs are not totally differentiated,
cell-matrix signaling, exogenous stimuli, and cell-cell
interaction are responsible for the modulation of their
phenotype.?’ Li et al demonstrated the coordinated regulation
of HESS effector expression in vascular SMC proliferation.*®
Ticagrelor is known to be linked with the inhibition of SMC
proliferation and, thus, reduced neointimal hyperplasia.*-!
The results of this study further provide evidence of ticagre-
lor’s beneficial inhibition of neointimal hyperplasia and
preservation of endothelialization.

SODI signal

Tribble et al*? and Liu et al* found that an elevated level of
SODI1 to protect endothelium from the release of NO also
protects against acute or chronic oxidative injury during
the build-up of fatty material in atherosclerosis. Studies of
SOD1 knockout mice have also demonstrated increased
expressions of vascular superoxide and peroxynitrite, aug-
mented vasoconstrictor responses, increased myogenic tone,
and compromised endothelium-dependent (NO-mediated)
relaxation in both large arteries and microvessels.* Oxidative
changes of arterial cells and lipoproteins have also been
associated with atherogenesis.> Therefore, ticagrelor-eluting
stents not only lessen vasoconstrictor responses, but also
augment NO-mediated vaso-relaxation.

Study limitations

Although the use of sirolimus-eluting stents has had consis-
tent effects in clinical trials,*®*” the release behavior in vitro
affects their efficiency in vivo and the amounts of sirolimus
released should be quantified. Moreover, based on our
other investigations, control of a stent without drug loading
increases the proliferation of SMCs and significantly delays
reendothelization.’® % At long-term follow-up, clinical out-
comes were significantly better with everolimus-treated than
with sirolimus-treated patients, largely due to a lower risk
of very late stent thrombosis.®'** Therefore, in the future,
everolimus-loaded and non-drug-loaded stents may be used
in a control group to develop a more precise methodology.

Conclusion

This work demonstrated that the sustained and local delivery
of ticagrelor via hybrid biodegradable nanofibers/stents
reduces neointimal formation and endothelial dysfunction.
The ticagrelor-eluting stent substantially preserved
endothelial function and re-endothelialization, minimized
inflammatory responses, and inhibited neointimal hyperpla-
sia. The further development of ticagrelor-eluting stents may
provide an alternative route for treating patients at high risk
of bleeding by preserving endothelial recovery and reducing
smooth muscle proliferation.

Highlights

e Effective ticagrelor levels were maintained in vivo for
4 weeks.

e Ticagrelor-eluting stents favor endothelial recovery and
function much more than sirolimus-eluting stents.

e Ticagrelor-eluting stents not only lessen vasoconstric-
tor responses, but also augment NO-mediated vaso-
relaxation.
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