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HIGHLIGHTS
¢ Cilostazol-loaded nanocapsules provided no effect on abdominal aortic tunics.
¢ Cilostazol-loaded nanocapsules improved HLD-c value as well as pure drug.

o Cilostazol-loaded nanocapsules showed the lowest value for triglycerides.

Abstract: Cilostazol (CLZ) is a phosphodiesterase Il inhibitor with antiplatelet and vasodilator properties. It
has been recently verified that CLZ plays a significant role in the arteries by inhibiting the proliferation and
growth of muscle cells, increasing the release of nitric oxide by the endothelium and promoting angiogenesis.
Considering these promising effects, the use of nanocapsules may be an interesting strategy to optimize its
pharmacokinetics and pharmacodynamics at the vascular level for preventing atherosclerosis. The aim of
this study was to evaluate the effect of cilostazol-loaded nanocapsules in the abdominal aortic tunics and on
the lipid profile of Wistar rats in order to investigate its potential role in the prevention of atherosclerosis.
Thirty-two animals were divided into four groups of eight animals, with 30-day treatment. Group 1 received
nanoencapsulated CLZ; Group 2, control nanocapsules with no drug; Group 3, propylene glycol and water;
and Group 4, a solution of CLZ in propylene glycol and water. After 30 days, there was no statistically
significant difference between the groups regarding the cellularity and thickness of the arterial tunics of the
abdominal aorta. However, the group that received nanoencapsulated CLZ (Group 1) had an improvement
in HDL-c and triglyceride values compared to unloaded nanocapsules (Group 2).
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INTRODUCTION

Peripheral arterial occlusive disease (PAOD) is a chronic pathological process with an estimated
prevalence around 15 to 20% of the patients over 65 years-old, which results from an arterial obstruction
secondary to systemic atherosclerotic events [1,2]. It occurs more oftenly in hemodynamically vulnerable
sites, such as bifurcations and arterial bends. The change from the blood laminar flow to turbulent flow at
these sites causes endothelial stress that culminates with endothelial vasodilation and chemokines secretion.
These events favor the entry of low-density lipoproteins (LDL-c) and its subsequent oxidation in the
subendothelial arterial layer, with consequent local proliferation of muscle cells and fibrous tissue. The
association of this proliferation with the development of the atheroma plaque causes the chronic obstruction
that characterizes PAOD [3,4].

Aortoiliac Occlusive Disease (AOD) is the PAOD that develops in the aorta and iliac arteries [5,6],
characterized mainly by intermittent claudication, and may be associated with erectile dysfunction and a
reduction of the peripheral pulse amplitude [7]. The diagnosis is based on clinical presentation and confirmed
by imaging (angiotomography, magnetic resonance imaging, ultrasonography) [6,8]. In 2007, a document
(TASC II) was drawn which classifies AOD into four types (A, B, C, D), depending on the site and degree of
arterial stenosis [9]. Its treatment involves clinical measures, associated or not with specific surgical
therapies, such as endovascular therapy or surgical revascularization - that may be applied to the most
severe subtypes (cases of critical ischemia) of the disease [5,9].

The clinical treatment involves the management of risk factors (smoking, diabetes, hypertension,
hyperlipidemia), supervised exercise, medication (antiplatelet drugs, statins, and angiotensin-converting
enzyme inhibitors) to reduce the risk of cardiovascular events [6,10-13], since all forms of PAOD may be
interpreted as markers of generalized systemic atherosclerosis, a predictive factor for ischemic events, such
as stroke and myocardial infarction [1].

In this context, some drugs have shown to be effective in improving intermittent claudication and pain-
free walking distance [6,11-14]. An example is Cilostazol (CLZ), a phosphodiesterase Il (FDE3) inhibitor.
The drug acts by decreasing calcium intracellularly by increasing cAMP levels [15-17].

In addition to being a platelet antiaggregant [15-17], it has been found out that this drug inhibits the
proliferation and growth of smooth muscle cells of arteries by regulating the E2F transcription factor [18-20].
Studies have also shown that cilostazol increases the release of nitric oxide by the endothelium, by activation
of the cAMP/protein kinase A (PKA) system, resulting in vasodilation [21]; as well as promotion of
angiogenesis by serum increase of vascular endothelial growth factor (VEGF) [22]. Therefore, cilostazol has
antiplatelet, antiproliferative, and vasodilatory properties.

In vivo studies indicate that cilostazol reduces serum triglyceride levels and increases the high-density
lipoprotein (HDL-c), an effect that appears to be mediated by increased serum lipoprotein lipase (LPL) levels;
but does not have significant effects on low-density lipoprotein (LDL-c) [23,24].

However, the therapeutic regimen may be impaired by the side effects of the drug - headache, diarrhea,
abdominal pain, tachycardia, nausea, peripheral edema - due to administration in two daily doses of 100 mg
[15]. In addition, it is contraindicated in cases of heart failure (HF), since it has positive chronotropic effects,
and a higher morbimortality in patients medicated with PDES3 inhibitors [15,23].

Due to the large number of side effects and its contraindication to heart disease, there is an interest in
optimizing its pharmacokinetic and pharmacodynamic. Accordingly, the use of polymer nanocapsules can be
an effective strategy, since these nanomeric therapeutic systems can increase the bioavailability, promote
prolonged release and direct its distribution [26-30]. Therefore, this study had aimed to evaluate the
pharmacological effect of nanoencapsulated cilostazol on abdominal aortic artery tunics (thickness and
cellularity) and on the lipid profile of healthy Wistar rats, studying the impact of this formulation in the
proliferation of muscle cells and in its possible therapeutic use in PAOD.

MATERIAL AND METHODS

Pure cilostazol was purchased from IPCA Laboratories Limited, Mumbai, India, with 99.91% purity.
Poly(e-caprolactone) (PCL, Mw= 10,000-14,000 g/mol, Sigma-Aldrich, St. Louis, MO, USA) and
poly(ethylene glycol) (PEG, Mw= 5400-6600 g/mol, Cromato Produtos Quimicos, Diadema, Brazil) were
used as received. The cilostazol-loaded PCL-PEG nanocapsules at 12 mg/mL were obtained by the
interfacial deposition of preformed polymer method as described by Gomes and coauthors. [28]. This
formulation was previously characterized by particle size, zeta potential, encapsulation efficiency, X-ray
diffraction and infrared spectroscopy [28], with the purpose of assuring the quality requirements for the
proposed use. The propylene glycol solvent was also acquired from Sigma-Aldrich (St. Louis, MO, USA) and
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used as received. Ultrapurified water was obtained by Milli-Q® reverse osmosis system (Millipore, Bedford,
MA, USA).

For the in vivo assay, 32 healthy, 60-day-old male Wistar rats (Rattus norvergicus) were kept in cages
containing four animals each and maintained at an environment with temperature (22 + 2° C) and light-dark
cycle of 12/12 h (automatically controlled), water and commercial feed (Nuvilab ®) ad libidum. The
experimental protocol was previously approved by the Ethical Committee of State University of Ponta Grossa
(protocol number 6378/2016).

The animals were divided into four experimental groups, in order to obtain homogeneous groups
regarding body mass and according to the administered formulations. Group 1 received cilostazol-loaded
PCL-PEG nanocapsules at a dose of 50 mg/kg/day; Group 2 received PCL-PEG nanocapsules with no drug
(unloaded nanocapsules); Group 3 received propylene glycol and water (70/30 v/v) (vehicle); and Group 4
received a suspension of cilostazol (pure cilostazol) in propylene glycol and water (70/30, v/v) at a dose of
50 mg/kg/day. The doses were administered by gastric gavage two times a day (07 and 19 hours), for a 30-
day period.

After twenty-four hours from the last dose administration, rats were sacrificed by anesthetic overdose
with ketamine and xylazine (75 mg/kg and 15 mg/kg intraperitoneally, respectively). Five milliliters of blood
were collected by left ventricular puncture. Plasma was then stored in tubes without anticoagulant and
immediately submitted to lipid profile analysis (triglycerides, total cholesterol and LDL-c and HDL-c fractions).

The abdominal aorta was surgically removed through a median longitudinal laparotomy, followed by
divulsion and dissection by planes. Histological preparation included 10% (v/v) formaldehyde storage,
dehydration with increasing alcohol concentrations and paraffin inclusion to obtain 5-7 um serial sections,
which were stained with hematoxylin-eosin (HE).

The histological analysis was performed by a blinded examiner, using an optical microscope (Olympus
BX 41) attached to a camera (Olympus DP72), under 400 times magnification. In each slide 5 different regions
were analyzed, covering the three arterial tunics, with emphasis on the medial. The images were digitalized
through the CellSens Standard® program, obtaining the measurements in pixels, which were converted to
micrometers.

A guantitative analysis of the presence of inflammatory response was performed through ImageJ®
Software (NIH, Bethesda, MD, USA) through the visualization of cell nuclei in the aortic artery tunica media,
as well as the quantitative analysis to determine its thickness. Measurements to determine the thickness of
the tunica media were performed at 10 points, perpendicular to the muscle fibers, with a 20 micrometer
interval between them. The cellularity measurement was performed in an area of the tunica media equivalent
to 800 micrometers, in each one of the slides.

Statistical analysis was done using SPSS® program, Version 23.0. (IBM Corp., Armonk, NY, USA). After
the evaluation of the normality of the data, one-way ANOVA test was used and Bonferroni multiple
comparison test for post-hoc comparison. A P <0.05 was defined as statistically significant. The variables
were presented by mean and standard deviation.

RESULTS

In Figure 1, we can observe the mean and the SD of the cellularity values. Although the group with
unloaded nanocapsules (Group 2) presented the highest values (mean = 30.16 cells) and the group with only
propylene glycol (Group 3) the lowest (mean = 25.25 cells), there was no statistically significant difference
(p> 0,05) among the treatments in this aspect.

In figure 2, the mean values of abdominal aortic artery thickness are observed. The unloaded
nanocapsules group (Group 2) had the highest mean values (mean = 57.23 pym), while the group with
nanoencapsulated cilostazol (Group 1) presented the lowest values (mean = 49.79 um).

The one-way ANOVA test revealed a statistically significant difference among the groups (p = 0.043);
however, when the Bonferroni multiple comparison test was applied, there was no significant difference
between the groups.

The correlation between the variables was evaluated using Pearson's correlation test, which showed a
slight positive correlation (0.333) between the variables aortic artery thickness and cellularity, but without
statistical significance (p = 0.97).

Table 1 presents the mean values (SD) of Total Cholesterol, HDL-c, triglycerides, LDL-c in mg/dL. The
one-way ANOVA test revealed statistical significance between the experimental groups for triglyceride (p =
0.001) and HDL-c (p = 0.001). When applying the Bonferroni significance test for paired comparison,
statistical differences were found between Group 1 and Group 2 (p = 0.002), and between Group 2 and Group
4 (p = 0.004) for triglyceride variable. Group 1 had the lowest mean value and Group 2 demonstrated the
highest value for this biochemical parameter. Groups 1 and Group 2 also presented statistical difference (p
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=0.001) for HDL-c variable, as well as Group 1 and Group 3 (p = 0.014). Concerning HDL-c, Group 1 showed

the highest mean value while Group 2 had the lowest one.
No statistically significant differences were observed for the dependent variables total cholesterol and

LDL-c among the evaluated groups.
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Figure 1. Cellularity Mean (SD) of the aorta artery for the experimental groups
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Figure 2. Thickness Mean (SD) of the aorta artery for the experimental groups

Table 1. Mean values (SD) of the lipid profile parameters for the experimental groups. Groups followed by distinct letters
presented statistically significant differences. (p < 0,05).

Group Total cholesterol Mean (SD) HDL-c Mean (SD) Triglycerides Mean (SD) LDL-c Mean (SD)

1 110.57 (19.77)a 68.14 (9.74)a 78.85 (31,45)a 26.28 (12.51)a

2 114.75 (11.96)a 49.45 (6.91)b 171.75 (49,43)b 40.12 (15.16)a

3 108.00 (15.95)a 52.00 (8.37)b 128.60 (57,39)ab 34.60 (15.24)a

4 100.25 (26.40)a 59.90 (6.77)ab 88.12 (33,95)a 31.50 (24.04)a
DISCUSSION

Cilostazol (CLZ) is a phosphodiesterase |1l inhibitor, characterized by its antiplatelet, antiproliferative and
vasodilatory effects. It has demonstrated beneficial effects on the arteries, inhibiting the proliferation and
growth of smooth muscle cells, increasing the release of nitric oxide by the endothelium and promoting
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angiogenesis [15-22], with limitations due to general side effects (headache, diarrhea, nausea) and its
contraindication in heart failure [15,25]. In an attempt to improve pharmacotherapy, the use of the drug-
loaded nanocapsules may allow the minimization of side effects, a prolonged action and a reduction in the
dosing frequency [26,27].

However, there is still no wide references on the safety of nanocarriers and their toxicodynamic and
toxicokinetic characteristics, as well as the efficacy of nanoencapsulated CLZ in relation to histological
parameters, such as thickness and cellularity of the abdominal aorta and lipid profile. This lack of knowledge
demands more scientific attention to investigate its efficacy in vascular surgery treatment.

In this sense, this work was designed to pre-clinically evaluate the effects of cilostazol-loaded
nanocapsules (Group 1) on the morphological aspects of the aortic artery tunics of healthy rats and changes
in the biochemical parameters of these animals in order to compare with the others groups of animals that
received unloaded nanocapsules (Group 2), propylene glycol (Group 3) and pure cilostazol (Group 4).

Cilostazol is associated with decreased migration of smooth muscle cells into the endothelium, as well
as its growth and proliferation [18-20]. In this context, it was expected that animals receiving the drug (Group
1 and Group 4) would present a smaller thickness of the aortic artery, since it is formed by smooth muscle
cells. It was observed in the present study that the group treated with nanoencapsulated cilostazol (Group 1)
presented the lowest mean thickness and the unloaded nanocapsules (Group 2) the highest; however, there
was no statistical significance.

Regarding cellularity, there was no statistically significant difference in the amount of aortic artery cell
nuclei among the groups evaluated. The groups that received cilostazol (Group 1 and Group 4) were
expected to have the lowest mean values of cellularity, since the drug inhibits the proliferation and growth of
muscle cells [18]. However, the group that received propylene glycol (Group 3) presented the lowest means,
whereas the group with unloaded nanocapsules (Group 2) had the highest. In addition, Pearson's correlation
test showed only a slight correlation, with no statistical significance between the variables thickness and
cellularity.

The weak statistical significance in both the comparison of the cellularity means and the arterial thickness
may be consistent with the age and conditions of the rats used (young rats, with no comorbidities nor
hyperlipid diet) and the sample size. In addition, the short treatment time (1 month) may have contributed to
the under-development of histological changes.

The use of cilostazol (Group 1, Group 4) promoted an improvement of the lipid profile when compared
to the vehicle (Group 3), as found in the literature [23,24]. Likewise, the nanoencapsulated drug (Group 1)
had positive responses in the lipid profile, with a statistically significant difference in relation to the unloaded
nanocapsules (Group 2) and propylene glycol (Group 3) in the HDL-c parameter. Although the numerical
results of the nanoencapsulated drug group (Group 1) were the most desirable, it should be noted that no
statistical differences were observed between pure cilostazol (Group 4) and its nanoencapsulated form
(Group 1). Perhaps a longer time of treatment or its application in older rats or with induced chronic diseases
can discriminate the effects between the two groups.

Another relevant consideration is that the group in which unloaded nanocapsules were administered
(Group 2) had the worst triglyceride values, statistically different from Group 1 and Group 4, treated with
cilostazol. In this aspect, two issues must be highlighted. Firstly, the nanocapsules consist of an oily nucleus,
wrapped in a polymeric shell [26], which may justify the increase in the triglycerides means in that group.
Secondly, the nanocapsules containing cilostazol, due to the drug action mechanisms, avoided elevation of
the mean value for this parameter, compensating the expected increase due to the presence of medium-
chain triglycerides in the composition of this carrier system.

Regarding the mean serum total cholesterol and LDL-c, no statistical difference was found between the
groups, which agrees with studies in the literature that reported that cilostazol does not affect these
biochemical parameters [24].

Future studies may evaluate the use of cilostazol in rats on an hyperlipidic diet with atherosclerotic
disease and more advanced age; as well as to carry out the treatment for a longer time. The understanding
of the therapeutic properties and effectiveness of cilostazol associated with this new carrier system is crucial
to verify its potential use in the PAOD treatment.

CONCLUSION

Polymeric nanocapsules containing cilostazol did not promote morphological changes in the cellularity
and thickness of aortic artery arterial tunics of healthy and young Wistar rats. Concerning the lipid profile, this
formulation statistically improved the HDL-c values, as well as the pure drug. Regarding the triglyceride
values, cilostazol nanocapsules demonstrated a positive effect on this biochemical parameter.
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