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ABSTRACT

This study was aimed to evaluate the role of PLGA nanoparticle that was
prepared by two procedures involved nanoprecipitation methods. The study
evaluated the effect of the organic phase with different concentration and
different type of aqueous phase on particle size and Encapsulation Efficiency
(EE), Polydispersity index (PDI) and Loading Efficiency (ID). Our data
showed that using of acetone alone as well as when mixed with Dimethyl
Sulfoxide (DMSO) and 0.03% TPGS that produced small diameter particle
size as well as with suitable ID and EE reached ED to 110 nm, 9.89 %, and
95.9% , respectively.

Fifty adult male rats were divided randomly in to five equal groups (5
animal /each group), the first group (CNTR) was a negative control , the
second group (T1) administrated high fat die 2 % with 0.5 % of H:0:as a
positive group, third group (T2) was received high fat die 2 % with 0.5 % of
H:O: treated with a daily dose of 1.1mg/kg empty nanoparticles, fourth group
(T3) administrated high fat die 2 % with 0.5 % of H:0: and treated with a
daily dose of 0.38mg/kg of ordinary Vorapaxar, and five group administrated
high fat die 2 % with 0.5 % of H:0: and treated with a daily dose of
Zontivity Loaded by PLGA at dose of 0.11mg/kg. The experiment was
persistent for 10 weeks. In vivo study showed that Zontivity loaded PLGA
appear has ability to promote antioxidant parameter as SOD and GPX, as
well as reduction serum troponin. The data of serum chloride showed a
significant reduction in positive control and empty PLGA groups than
treated groups.

Moreover, histopathological changes of nanoparticles presented a cardiac
hypertrophy and infiltration of inflammatory cells that didn’t show any
vaculation or necrosis in comparison with other groups, and that may
support the histopathological architecture of pulmonary tissue which
showed only minor thickening in alveolar septa.
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INTRODUCTION

Poly lactic-co-glycolic acid (abbreviated as
PLGA), is a copolymer that has been widely
studied in the last ten years. PLGA is a
biocompatible copolymer and has been
recently approved by the Food and Drug
Administration (FDA) for use in human
medical purposes. It is biodegradable, and
its degradation time can be controlled [1].
PLGA can be moulded into roughly any
shape, and its surface can be handily
adjusted [2].

The highly beneficial properties of PLGA
have attracted much attention, especially in
the scope of drug delivery and tissue
engineering.  Surprisingly,
research articles investigated pure PLGA
particles or Vitamin E TPGS-coated drugs at
the
cardiovascular dysfunction. In fact, D-a-
tocopheryl polyethylene glycol succinate
(vitamin E TPGS or TPGS) has been
approved by FDA as a safe adjuvant and is
being used more widely in drug delivery
systems because of its high biocompatibility,
increased drug solubility, and the fact that it
serves to ameliorate drug penetration [3].
PLGA is a non-immunogenic biocompatible
polymer and can be biodegraded to exist as
non-toxic compounds in nature [2].
However, the hydrophobicity of PLGA and
rapidly filtrated in liver and captured by the
reticuloendothelial system. These properties
can be masterfully evaded with the aid of
TPG [4].

American

rarely have

level of atherosclerosis and

Heart Association (AHA)
reported that more than 17 million people
died in 2013 due to cardiovascular disease,
representing the first aetiology of death in
the world [5]. In the United States,
cardiovascular disease occupies
approximately 31% of all deaths in2013 [5].
The value cost for the treatment of CVD can
be as elevated as 200 billion Euro every year.

It predictable that by 2030, nearly 23.6

million people will die from CVD
worldwide (WHO statistics, 2012).

Zontivity functions as a thrombin receptor
antagonist, working against the protease
activated receptor PAR-1 to inhibit platelet
aggregation without affecting haemostasis
[7]. Ungar and coworkers [29]
that treatment with Zontivity was associated

confirmed

with an increased rate of hemorrhagic stroke
especially intracranial hemorrhage type.
Moreover, Zontivity has many adverse
effect such as bloody or black feces,
constipation, severe stomach pain and signs
of an allergic reaction [8]. The recent studies
suggested that high dose of Zontivity lead to
iron deficiency anemia via interfere with
absorption of calcium from intestine. The
aim of this study was designed to prepare
an important new drug used in veterinary
field to treat one important cardiovascular
disease. In addition to Preparation of PLGA
nanoparticles loading with Zontivity to
overcome the side effects of ordinary
Zontivity via reduce the therapeutic dose.

MATERIALS AND METHODS
MATERIALS

PLGA 50:50 (PURASORB PDLG 5010),
Vitamin E TPGS NF Grade and Zontivity
were obtained as from medical express
chemistry (MEC, USA). Nanoparticles were
prepared by the nanoprecipitation technique
according to Gaonkar,2017 [10] and Jasim et
al. (2019) [11] with some modification in the
organic phase replace type of solvent.
Briefly, an organic solution of PLGA (10 mg)
and Zontivity (1 mg) in a acetone (3 ml and
1ml) respectively, then added to an aqueous
part of 0.03% vitamin E TPGS solution (20

ml,  different w/v) under highly
magnification. The solvent was permitted to
evaporate overnight. The suspension

obtained was filtered (Whatman filter paper
1) to discard any precipitate and centrifuged
at 14,000 rpm at 4°C.The free drug in
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supernatant part was removed; the pellet
washed 3-4
deionized water and lyophilized for two
days to get a free-flowing powder. Empty
PLGA were prepared according to the same
above manner. Stability of PLGA was
determine by long-term stability of Zontivity
-NPs destined by nanoprecipitation method,
and were stored at RT, 4 = 2 °C for two
months. Samples were analyzed, after these
periods to determine zeta potential value
that was record (=30 + 2). and particle size as
per the already described method.
Experiments were performed in triplicates

obtained was times with

showed that particle size was 110 + 6.5 nm of
prepared by
organic phase while after storage showed at
119.3 £ 7.3 nm fig.(D).

Induction of oxidative stress:

Seventy-two albino male rats were supplied

nanoparticles acetone as

by the animal house of AL —Qasim Green
University. Their ages at the start of
experiments were 15 weeks, and their
weight was 250 -300 grams. In this
experiment  sixty-six rats given
hydrogen peroxide 0.5% in drinking water
and high fed diet (1.50%
cholesterol) daily for three weeks. In
addition, single a dose of triton 10mg/kg
were added at end last three weeks of the
experiment, the animals of control group
were fed with standard laboratory diet the
experiment was persistent for four weeks(9-
12).The heart and lung tissue were smoothly
collected and were put in 10% formalin
solution for histopathological study.
Experimental design:

Fifty rats were randomly divided into five
equal groups. First group (CONTR): animals
in this group received normal saline as
negative control. Second group (T1): animals
in this group were offer to oxidative stress
and treated with distilled water as a positive
group. Third group (T2): animals in this
group exposed to oxidative stress and
treated with a daily dose of 1.1mg/kg empty

were

cholesterol

nanoparticles given orally. Fourth group
(T3) rats in this group was offer to oxidative
stress and received of 0.38mg/kg of ordinary
Zontiviy. Fifth group (T4) rats in this group
offer to oxidative stress and received
Zontivity loaded with PLGA daily at dose of
0.11mg/kg given orally by stomach tube.
Finally, the experiment was carried out for
10 weeks.

RESULTS

Synthesis and characterization of
Zontivityloaded PLGA NPs: Table (1)
summarized the effective of average particle
diameter, drug loading, and encapsulation
efficiency of Zontivity-NPs. It can be seen
from the figure and the table that nan
precipitation technique states formation of
Zontivity-NPs with almost narrow particle
size distribution (110+ 7 to 910 +68) with
poly dispersity index value around (0.26 to
0.005 and favorable zeta potential (-30 + 2).
The average diameter of the obtained NPs
evaluated by SEM showed diameter range
from 28 to 200 nm. On the other aspect TEM
images had a distinct spherical form and
mono scatter size distribution of NPs with
crystallite size varied from 59 to 200 nm. The
free-flowing powder of Zontivity-NPs was
getting after lyophilization at 4 °C for for
The
particle size was negligible elevated (Table
1) around 100 nm with a slightly change in
PDI value, whereas this suggested the
satisfactory stability of Zontivityloaded
PLGA NPs during storage. Thus, utilization
of low concentration of emulsifier at a
concentration 0.03 %Vitamin E-TPGS in the
emulsifying phase led to production of
smaller particles range from(264 +3.7 to 110+
6.5) as well as the higher concentration of
emulsifier, In general, the experiments have
appeared that acetone produces
smaller and more wuniformly sized
nanoparticles (264 +3.7) after using DMSO.

detection particle size assessment.

been
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Table 1

Effect of type of organic phase and emulsifier concentration on the polydispersity index (PDI), particle size
distribution, encapsulation efficiency (EE) and drug loading (DL) of Zontivity loaded PLGA nanoparticles

using solution o

different concentrations of aqueous

phase of Vitamin E TPGS

Ref Aqueousphase | Organic Drug;: Particle size PDI* DL %%
(TPGS) phase polymer (nm)
a (5-0) 0.03% DMSO + 1:10 264 +3.7 0.102 9.89
acetone
b (5-1) | 0.03% Acetone 1:10 110+ 6.5 0.264 9.74

polydispersity index (PID), drug loading, dimethyl sulfoxide DMSO

T
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Figure (a), (b) refer to TEM of zontivity nanoparticles, appear ovoid shape PLGA loaded zontivity

under SEM at size 200 nm
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Figure (C) refer to long term stability of PLGA nanoparticles to recorded nano size at 127nm using

zeta sizers
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Figure (C) refer to particles sizers of nanoparticles to recorded nanosize at 131nm after loaded by

serum concentration of T1 and T2 were
significantly (P<0.05) reduction as compared
to the negative control group and other
treated group. The long-term administrated
with Zontivity at 0.38 mg/kg B.W and
PLGA loading Zontivity at 0.11 mg/kg B .W
and showed no a significant difference at
(p<0.05) in SOD (1.30+0.19 and 1.70+0) and
GPX (57.584+2.99 and 63.03+3.15) in mean,
respectively as compared with negative
control group.

PLGA
Table 2
Effect of Zontivity and PLGA loading Zontivity in electrolyte and antioxidant parameter in male rats high feed
diet
Groups T1 T2 T3 T4 T5 LSD
Parameters
Chloride 1082+2.1 88.4+3.1 90.1+3.1 99.4+1.7 101.1+1.3 5.7
A C C B B

Superoxide 1.88+0.66A 0.67+0.14C 0.63+0.11C 1.30+0.19B 1.70+0.15A 0.161
dismutase pg/ml
Glutathione 72.73+5.66A 38.28+7.0C 41.34+4.9C 57.58+2.99aB 63.03+3.15aA 11.72
peroxidase IU/ml
Highly sensitive | 2.75+0.60B 19.47+4.65A 17.91+4.63A 8.82+2.52B 6.045+1.07B 7.60
troponin I
(TNHS)ng/dl

The value represents mean+SE

N=10 for each group

Different capital letters indicate significant (P<0.05) among groups

The antioxidant data of superoxide  The results of serum troponin I

dismutase and glutathione peroxidase concentration in this study showed there is

no significant difference (p<0.05) among the
following treated groups (T3, T4 and control
group T1), in mean values (8.82+2.5,
6.045+1.07 and 2.75+0.60) respectively.
Whereas there is a significant increase
(p<0.05) in serum troponin I concentration of
untreated groups (T2, T3) when compared
to all other groups in mean values
(19.47+4.65 and17.91+4.63) respectively. As
explained in table (2).
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Figure 1. Histopathological change in the Figure 2: Histopathological change in the
section of the heart of control positive groups section of the heart group treated with empty
show necrosis with infiltration inflammatory nanoparticles show cardiac hypertrophy,
cells with vacuolation within cardiac muscles vaculation and infiltration inflammatory cells

fibers (H & E stain, X20). loss myofibers (H & E stain, x40).

. @) SHOT ON MI&X
MIDUAL CAMERA

.O SHOT ONMI6X §
)@ MIDUAL CAMERA

Fig 3. Histopathological change in the section of

the hart group treated with Zontivity show Fig 4. Histopathological change .1n the section
. .. . of the heart group treated with empty
cardiac hypertrophy and variations in myocyte , ]
S S, . nanoparticles show cardiac hypertrophy and
size, infiltration inflammatory cells with nfiltration infl ¢ Ils (H & E stai
vacuolation (H & E stain, stain, X40). Inititration inffammatory cells stam,

x40).
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Figure 5: Histopathological change in the section Figure 6: Histopathological change in the
of the lung section of the lung of control positive empty nanoparticles show lymphoid tissue
show infiltration inflammatory cells and hyperplasia of peribronchiolar diffuse
deposition of protein material with congestion of cellular infiltrate within the interstitial
blood vessels (hematoxylin-eosin stain, x20). (H&E stain, X20).

Figure 7: Histopathological change in the Figure 8: Histopathological change in the
section of the lung group treated with section of the lung group treated with
zontivity show infiltration inflammatory nanoparticles show thickness alveolar septa
cells and alveolar emphysema with with infiltration inflammatory cells (H&E

thickness alveolar septa (H &E stain, X20). stain, X40).
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DISCUSSION

The nanoprecipitation technique produced
nanoparticles (NPs) of approximately 110
nm in size, which is optimal for the ability of
NPs to be used for oral administration and
passive targeting to the aorta; this result was
in an agreement with [12].The present study

and others have used a variety of
emulsifying and  stabilizing  agents,
including vitamin E-TPGS9 and

poloxamers[1].Our study used a 1:10 a drug-
polymer ratio , this result is agreement with
result reported by Gaonkaret al.[10] who
demonstrated that a 1:10 ratio is optimal for
a PLGA delivery
loading drug rather than 1:20, and the
percentages of DL and EE were more
significant for a drug-polymer ratio of 1:10.
The size of NPs had a direct influence on

system for Garcinol

mechanisms of particle internalization by
cells, as well as their distribution in tissue,
which resulted
differences effectiveness[13].
Delivery of small NPs might also be
facilitated passive targeting of vessels via
the enhancing permeation and retention

can be in dramatic

in delivery

effect as well as reducing drug
administration frequency [14]. In present
study the nanoprecipitation technique

produced a drug encapsulation efficiency
varies widely depending on the properties
of the specific drug, the size of the particle,
and the emulsifier.

The  present study showed  that
concentration of SOD and GPX were more
markedly high in T4 that long-term
administrated with Vorapaxar at 0.38 mg/kg
B.W. and T5 that received the PLGA loading
zontivity at 0.11 mg/kg B.W. This result can
be attributed to antioxidant activity of
Vorapaxar and was in agreement with [11]
who reported that Zontivity has reduce
DPHH oxidative stress in vitro and recorded
scavenger activity near adcorbic acid acted
as standard Furthermore,
Zontivity acted as a potent inhibition of

antioxidant.

platelet. Thus, that inhibition of platelet may
become synergism of antioxidant that also
confirmed in Zontivity in vitro study [11].

Moreover[2] confirmed GPx activity
potentiates the inhibition of platelet
activation by nitric oxide in healthy

contributor. A case report study arterial
thrombosis set reduction in levels of plasma
GPx activity, an increased scale of H202,

and mitigation of platelet inhibitory
response to NO. As well as deficiency
antioxidant ~GPx-3  related with a

prothrombotic state and dysfunction of
vascular special thickening of the aorta that
encourage  platelet-dependent  arterial
thrombosis [15]. Many of reports clarify the
importance of this enzyme, antioxidant in
plasma about platelet activity arrange,
platelet-dependent thrombosis, vascular
thrombotic propensity endothelial
function [4,16]. The present study was an
agrees with [28] that reported that the
efficacy of liver antioxidant enzymes GPX,
glutathione reductase (GR) and GST
recorded a significant reduction in

atherosclerosis induced rats when compared

and

to ordinary rats.

The troponin I
concentration in this study showed there is
no significant elevation in both treated (T3,
T4) groups as compared with control group.
Our result confirmed there is positive

results of serum

relationship between baseline levels of
serum troponin and cardiovascular defect.
These data was come with an agreement
with [17] that reported that elevated serum
levels of cardiac troponin I and
inflammatory biomarkers celebrated
different aspects of unstable coronary artery
disease early in the course of non-ST
elevation acute myocardial infarction. Some
clinical studies showed there is a significant
relation between the level of troponin and
the existence of atherosclerotic injury to the

coronary arteries[18,19]. Eisenet al.[20]
reported that animals with stable
atherosclerosis,taken ~ Zontivity = showed



2746

EAST AFRICAN MEDICAL JOURNAL

June 2019

absolute improvement in net clinical
outcome. Although high-risk animals with
prior MI fixed by elevation hs-Tnl had
before received zontivity as well as an
essential, absolute ameliorate after treatment
with Zontivity [20]. Our result revealed that
Zontivity nanoparticle appeared clear,
prominent at the level of serum troponine I,
that
evaluating efficacy of cardiovascular system.
Novel antiplatelete Zontivity, that only
ready PAR-1 antagonist, may be supplied
clinicians with an effective treatment for
patients with strong risk factors, such as
diabetes and PAD [21].
The present study
section of heart appear change in control
positive  groups show necrosis  with
infiltration  inflammatory  cells  with

vacuolation within cardiac muscles fibers

considered gold parameter for

of histopathological

while  nanoparticles =~ showed  clear
improvement in the histological section with
minor inflammatory response.Jasimet al.,[11]
reported that animal received zontivity at
dose 0.38 mg/kg showed mild fatty
degeneration with presence of radially
arrangement of hepatocyte around of central
vein, some hepatocyte showed normal with
hexagonal chain , Moreover hereported that
may be due to zontivity had antioxidant
activity that confirmed in vitro and in vivo
through return the antioxidant enzyme to a
value near from control such as anti-
inflammatory cytokines (IL10), SOD and
GPX. the same result recorded by [22] when
they confirmed that PAR1 exerted a pro
inflammatory turn in colitis in both humans
and animal by elevating a Thl7-type
immune response, potentially by supporting
the output of IL-23. The use of vitamin E-
TPGS offers several possible advantages by
improved drug stability, emulsification and
encapsulation efficiency [23]. Other groups
have reported utilized of Vitamin E-TPGS,
including the P-gp, a
transmembrane efflux protein, which is
known to has role in drug resistance by

inhibition of

shuttling drugs out of target cells [23]. Our
study was in agreement with recent study
noted that PAR-1 expression is elevated in
upon diabetes. A stimulation of PAR-1 in
mesangial cells induced their proliferation
and leads to the production of extracellular
matrix [24]. Waasdorpet al. [24] confirmed
that treated diabetic
diminished albuminuria and mesangial
expansion, thus
glomerular fibronectin, as well as prevented
kidney damage with return the level of
glucose to normal limits. Finally, recent the
modern studies reported that Vorapaxar had
the ability to potent inhibit PAR-1 and
prevented the bleomycin induce pulmonary
fibrosis [26]. The histopathological change in
the section of the lung group treated with
nanoparticles show thickness alveolar septa
with infiltration inflammatory cells, the

Vorapaxar mice

prevented  deposition

outcome was perfect rather than lymphoid
tissue hyperplasia of peribronchiolar diffuse
cellular infiltrate within the interstitial in the
rats received only empty nanoparticles [27].
Finally, recent the modern studies reported
that Vorapaxar had the ability to potent
inhibit PAR-1 and prevented the bleomycin
induce pulmonary fibrosis [25].

CONCLUSION

From this study concluded the concentration
(0.03%) -TPGS consider
optimal as a stabilizer and coating PLGA.
Using TPGS- PLGA loading Zontivity leads
to reduce particle size especially with
organic phase acetone rather than DMSO. In
vivo study showed that Zontivity loaded
PLGA appears improvement on antioxidant
status to rats, as well as improve function
and tissue repair of the cardiopulmonary

of Vitamin E

system through reducing cardiomyopathy
and alveolar damage induced by oxidative
stress.



June 2019 EAST AFRICAN MEDICAL JOURNAL 2747
REFERENCE prevention of atherothrombotic events.
1. Makadia, H. K. and Siegel, S. J. (2011). Poly Drugs, 75(7), 797-808.

lactic-co-glycolic acid (PLGA) as
biodegradable controlled drug delivery
carrier. Polymers, 3(3), 1377-1397.

Jin, R. C,;Mahoney, C. E.;Anderson,
L.;Ottaviano, F.;,Croce, K,Leopold, ].
A.;Zhang, Y.-Y.;Tang, S.-S;Handy, D. E.
(2011).  Glutathione
peroxidase-3 deficiency promotes platelet-

andLoscalzo, ]J.

dependent thrombosis in vivo. Circulation,
123(18), 1963-1973.

Yang, C;Wu, T.;Qi, Y. andZhang, Z. (2018).
Recent advances in the application of
vitamin E TPGS for drug delivery.
Theranostics, 8(2), 464.

Cui, G.Shan, L.Guo, L.Chu, I K;Li,
G.,Quan, Q.;Zhao, Y.;,Chong, C. M.;Zhang,
Z. andYu, P. (2015). Novel anti-thrombotic
agent for modulation of protein
disulfideisomerase family member ERp57
for prophylactic therapy. Scientific reports,
5, 10353.

Mozaffarian, D.;Benjamin, E. J];Go, A.
S.;Arnett, D. K;Blaha, M. ].;Cushman,
M.;Das, S. R.;De Ferranti, S.;Després, J. P.
andFullerton, H. J. (2016). Executive
heart disease stroke
statistics-2016 update: a report from the

summary: and
American Heart Association. Circulation,
133(4), 447-454.

Voelter-Mahlknecht, S. (2016). Epigenetic
associations in relation to cardiovascular
prevention and therapeutics. Clinical
epigenetics, 8(1), 4.

Chintala, M.; Strony, J.;Yang, B.;Kurowski,
S. andLi, Q. (2010). SCH 602539, a protease-
activated receptor-1 antagonist, inhibits
thrombosis alone and in combination with
cangrelor in a Folts model of arterial
thrombosis in cynomolgus monkeys.
Arteriosclerosis, thrombosis, and vascular
biology, 30(11), 2143-2149.

Diehl, P.;Bode, C. and Duerschmied, D.
(2015). Clinical potential of vorapaxar in
cardiovascular risk reduction in patients
with Therapeutics
clinical risk management, 11, 1133.
Frampton, J. E. (2015). Vorapaxar: a review
of its use in the long-term secondary

atherosclerosis. and

10.

11.

12.

13.

14.

15.

16.

17.

Gaonkar, R.H. (2017). Garcinol loaded
vitamin E TPGS emulsified PLGA
nanoparticles: preparation, physicochemical
characterization, in vitro and in vivo
studies. Scientific reports. 7(1): p. 530.

Jasim, A. M., Hasan, H. F., &Awady, M. J.
(2019).  Preparation of Vorapaxar loaded
with Vitamin E TPGS and PVA emulsified
PLGA nanoparticles
Research Journal of Pharmacy
Technology, 12(9), 4503-4510

Rafiei, P. and Haddadi, A. (2017). Docetaxel-
loaded PLGA and PLGA-PEG nanoparticles

In vitro studies.

and

for intravenous application:
pharmacokinetics  and  biodistribution
profile. International journal of

nanomedicine, 12, 935.
Mundargi, R. C.;Babu, V. R,;Rangaswamy,
V.Patel, P. andAminabhavi, T. M. (2008).
Nano/micro technologies for delivering
macromolecular therapeutics using poly (D,
L-lactide-co-glycolide) and its derivatives.
Journal of Controlled Release, 125(3), 193-
209.
Zhang, Z;Wang, X,Li, B.;Hou, Y.Cai,
Z;Yang, J. andLi, Y. (2018). Paclitaxel-
loaded PLGA microspheres with a novel
morphology to facilitate drug delivery and
antitumor efficiency. RSC advances, 8(6),
3274-3285.
Ighodaro, O. andAkinloye, O. (2018). First
line defence antioxidants-superoxide
(SOD), catalase (CAT) and
peroxidase  (GPX):  Their
fundamental role in the entire antioxidant
defence grid. Alexandria
medicine, 54(4), 287-293.
Holley, A. S. (2016). Glutathione peroxidase
in acute coronary syndromes.
Zairis, M. N.,Lyras, A. G.Bibis, G.
P.Patsourakos, N. G.Makrygiannis, S.
S.;Kardoulas, A. D.;Glyptis, M. P.;Prekates,
A. A.;Cokkinos, D. V. and Foussas, S. G.
(2005).  Association of inflammatory
biomarkers and cardiac troponin I with

dismutase
glutathione

journal of

multifocal activation of coronary artery tree
in the setting of non- ST-elevation acute
myocardial  infarction.  Atherosclerosis,
182(1), 161-167.



2748

EAST AFRICAN MEDICAL JOURNAL

June 2019

18.

19.

20.

21.

22.

23.

24.

Dane€k, J.; Hnatek, T.; Maly, M.; Taborsky,
M.; Bélacek, ].;gkvaril, J.;Pospisilova,
L.;Cernohous, M.;Sedlori, P. andHajsl, M.
(2017). Troponin levels in patients with
stable CAD. Cor et Vasa, 59(3), €229-e234.

Goldstein, S. A,;Newby, L. K;Cyr, D.
D.Neely, M.Liischer, T. F.Brown, E.
B.;White, H. D.;,Ohman, E. M.;Roe, M. T.

andHamm, C. W. (2017). Relationship
Between Peak Troponin Values and
Long-Term Ischemic Events Among

Medically Managed Patients with Acute
Coronary Syndromes. Journal of the
American Heart Association, 6(4), e005334.
Eisen, A.; Bonaca, M. P.; Jarolim, P.; Scirica,
B. M,;White, H. D.;Tendera, M.;Dellborg,
M.;Nicolau, J. C.;Morais, ]J. andFox, K. A.
(2017). High-sensitivity troponin I in stable
patients with atherosclerotic disease in the
TRA 2° P-TIMI 50 trial. Clinical chemistry,
63(1), 307-315.

Gryka, R. J;Buckley, L. F. andAnderson, S.
M. (2017).Vorapaxar: The current role and
future directions of a novel protease-
activated receptor antagonist for risk
reduction in atherosclerotic disease. Drugs
in R&amp;D, 17(1), 65-72.

Saeed, M. A,;Ng, G. Z.Dabritz, J.;Wagner,
J.;Judd, L.;Han, J.-X.;Dhar, P.;Kirkwood, C.
D. andSutton, P. (2017). Protease-activated
Receptor 1 Plays a Proinflammatory Role in
Colitis by Th17-related
Immunity. Inflammatory bowel diseases,
23(4), 593-602.

McCall, R. L. andSirianni, R. W. (2013).
PLGA nanoparticles formed by single-or

Promoting

double-emulsion with vitamin E-TPGS.
Journal of visualized experiments: JoVE(82).
Waasdorp, M.;Duitman, J.;Florquin, S. and
Spek, C. (2016). Protease-activated receptor-

25.

26.

27.

28.

29.

1 deficiency protects against streptozotocin-
induced diabetic nephropathy in mice. Sci
Rep. 2016; 6: 33030. Epub 2016/09/13.
https://doi. org/10.1038/srep33030 PMID:
27618774.

Knight, E. (2016). The Development of
Novel Vorapaxar Analogues as Topical
Protease Activated Receptor-1 Antagonists
for the Treatment of Idiopathic Pulmonary
Fibrosis. UCL (University College London).
Jellinger, P. S.;Handelsman, Y.;Rosenblit, P.
D.;Bloomgarden, Z. T.;Fonseca, V.
A.Garber, A. ]J;Grunberger, G.;Guerin, C.
K.;Bell, D. S. andMechanick, J. 1. (2017).
American Association of Clinical
Endocrinologists and American College of
Endocrinology guidelines for management
of dyslipidemia
cardiovascular disease. Endocrine Practice,
23(s2), 1-87.

Algahtani, F. H. (2017). Clinical use of
vorapaxar as an emerging antithrombin
agent:
evidence. Journal of Applied Hematology,
8(4), 127.

Kamesh, V. andSumathi, T. (2012).
Antihypercholesterolemic effect of
Bacopamonniera linn. on high cholesterol
diet induced hypercholesterolemia in rats.
Asian Pacific Journal of Tropical Medicine,
5(12), 949-955.

Ungar, L., Clare, R. M., Rodriguez, F., Kolls,
B. J., Armstrong, P. W.,, Aylward, P, ... &
Wallentin, L. (2018). Stroke outcomes with
vorapaxar versus placebo in patients with

and prevention of

Aliterature review of current

acute coronary syndromes: insights from
the TRACER trial. Journal of the American
Heart Association, 7(24), e009609.



