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Biodegradable polymeric nanocapsules (NC) present incredible characteristics as drug nanocarriers that optimize
drug targeting. However, However, a more detailed isolated effect of polymer-based nanoparticles as drug
carriers is required. This work aimed to evaluate the per se effect of blank-NC (NC-B) with different surface
characteristics both in vitro and in vivo toxicity. NC1-B (Polysorbate 80 coated poly(e-caprolactone) NC), NC2-B

PEG
Chitosan (polyethylene glycol 6000 coated poly(e-caprolactone) NC), NC3-B (chitosan-coated poly(e-caprolactone) NC)
Eudragit and NC4-B (Eudragit® RS100 NC) were prepared by nanoprecipitation method. Formulations were characterized

by particle size, zeta potential, and pH. The in vitro cytotoxicity tests against tumor cell lines were performed
(HepG2 and MCF-7). Antiviral activity was evaluated by MTT in Vero cells infected with HSV-1 (KOS strain). In
vivo evaluation was performed in apomorphine-induced stereotypy in Wistar rats and locomotor activity dis-
tance, head movements, and rearing behavior were measured. NC1-B, NC2-B, NC3-B, and NC4-B had a diameter
under 350 nm. The pH and zeta potential of formulations varied according to their coating. For in vitro evaluation
of antitumor activity and antiviral activity, one-way ANOVA showed no significant differences in cell viability. In
vivo tests showed low neurological effects. In conclusion, different surface characteristics of NC-B did not
demonstrate toxicity against the evaluated cell lines HepG2 and MCF-7, antiviral effect against HSV-1, and the
neurological effects in a stereotyping model were low and may be attributed to the per se effect of NC-B.

1. Introduction

Nanotechnology focused on drug delivery has been growing expo-
nentially since the beginning of the 21st century, with a wide variety of
nanocarriers such as microparticles and colloidal systems (liposomes
and nanoparticles). These nanosystems have been designed for the
treatment of the most diverse types of pathologies, including cancer [1,
2], malaria [3,4], and schizophrenia [5].

Historically, inorganic metallic nanoparticles were the first to be
described, in 1857, and are studied for their antimicrobial activity [6]
and as photoprotective agents [7], for example. Liposomes are vesicular

systems (multilamellar or unilamellar), first described in 1965 [8],
presenting micro or nanometric scale, used for the vectorization of
lipophilic and/or hydrophilic substances. Since then, other nanosystems
have been developed and reported for the diagnosis, cure, and treatment
of various conditions, such as dendrimers [9], nanoemulsions [10],
nanospheres [11], and nanocapsules [3,12].

Around the year 2000, the synthesis of polymeric nanocapsules (NC)
was reported as nanoparticles with submicrometric vesicular systems
and moving through Brownian motion. NC are nanoparticles with a
spherical shape, in which the lipid matrix (solid or not) is surrounded by
a polymeric wall, and they can be functionalized by a variety of coatings
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[13,14]. NC can be prepared using different constituents, such as poly-
mers, surfactants, oils, and these variations result in particles with
different physicochemical characteristics [14]. The use of different
polymers in the production of nanoparticles has been reported to present
better physical and biological stability, when compared to liposomes, for
example [15,16].

In general, NC are widely used as drug delivery systems, because
these nanocarriers can improve technological aspects, such as solubility
and stability [16], and optimize the drug targeting to the biophases,
from changes in drug bioavailability [16,17], with results a better
pharmacological efficacy. Changing the surface characteristics of NCis a
promising alternative for biopharmaceutical improvement, enabling
controlled and sustained release, altering the pharmacokinetics, and
vectoring of the drug [5,18,19].

Poly (e-caprolactone) (PCL) (Fig. 1A) is a lipophilic polymer widely
used in the synthesis of NC, due to its characteristics of biocompatibility,
biodegradability, and non-toxicity [20,21]. Due to its non-polar char-
acter, surface modifications are necessary to improve its stability in
water, such as the insertion of surfactants (e.g Polysorbate 80 (P80),
Fig. 1B) or other polymers [22,23]). Anionic polymers, such as poly-
ethylene glycol (PEG) (Fig. 1C), reduce the interaction with opsonins,
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increasing the blood circulation time of nanoparticles [5]. When used in
polymer-drug conjugates (PCL-PEG-drug), they were able to improve
drug release at lower pH, allowing greater drug accumulation at tumor
sites, for example [24]. In another study, this association reduced par-
asitemia and can be considered an efficient drug delivery system for the
treatment of malaria [25]. As well as the increase in the NC antipsy-
chotic effect of clozapine, a result reinforced by the increase in the
half-life (t;2) in the pharmacokinetic (PK) evaluation [5].

Chitosan (CS) (Fig. 1D), a biopolymer obtained from the alkaline
deacetylation of chitin [26] is biodegradable, biocompatible, and of low
toxicity [27]. Its cationic characteristics favor mucoadhesion [28],
allowing greater interaction with negatively charged membranes [29].
Both PEG and CS act as surface modifiers of PCL-based NC and can
improve their aqueous stability.

The Eudragit® RS100 (EUD) (Fig. 1E) is a cationic copolymer of
polymethyl methacrylate, approved by the U.S. Food and Drug Admin-
istration (FDA), water-insoluble, and non-toxic, commonly used to
obtain a prolonged release of drugs [29]. Eudragit®, especially RS100,
has been shown to improve the performance of polymeric nanocapsules
in a comparative study of mucoadhesive properties between PCL
nanocapsules, Eudragit® S100 and Eudragit® RS100, the latter showing
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Fig. 1. Chemical structures of (A) Poly (e-caprolactone) (PCL); (B) Polysorbate 80 (P80); (C) Polyethylene glycol (PEG); (D) Chitosan (CS); and (E) Eudragit® RS

100 (EUD).
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superior performance [30]. Eudragit® RS100 nanocapsules improved
the in vitro antifungal effect of clotrimazole [31], the antioxidant activity
of 3,3'-diindolylmethane [32], and the in vivo antimalarial activity of
quinine [33] showing that cationic charge is important for biological
activity.

To develop drugs loaded NC for pharmaceutical purposes, it is
advisable to test the activity of these NC without the drugs, to under-
stand if the nanocapsules already have a per se activity. NC without drug
are also called blank or unload NC (NC-B) and are usually used to
evaluate as a negative control of nanoencapsulated drugs [34,35].
However, there are currently few studies that evaluate the activities of
NC-B alone and that also evaluate the use of different polymers in their
composition [21,36,37].

Our research group developed curcumin-loaded NC with different
coatings, using PCL or EUD as polymer [12]. NC-B was used as control.
The physical-chemical characterization showed a particle size in the
nanometric range, a potential consistent with the coatings used (EUD
and CS were cationic; P80 and PEG were anionic). The Differential
Scanning Calorimetry (DSC), Fourier-Transform Infrared spectroscopy
(FTIR), and X-Ray Powder Diffraction (XRD) analysis reinforced that the
coating is on the surface of nanosystem and the predominance of weak
interaction forces in the coating and PCL.

Considering that the use of these polymers tends to induce significant
changes in the biological performance of nanocarriers; here we char-
acterized and evaluated the per se effect of different NC-B in an
apomorphine-induced stereotypy model in rats. In addition, it was
evaluated, in vitro, antitumoral activity against human liver cancer
(HepG2) and breast cancer cells (MCF-7); and antiviral activity in Af-
rican green monkey kidney cells (Vero) infected with Herpes simplex
virus type-1 (HSV-1; strain KOS).

2. Materials and methods
2.1. Chemicals

Poly (e-caprolactone) (PCL, Mw = 80,000 g.mol ™), caprylic/capric
triglyceride oil (MCT), sorbitan monostearate (Span® 60), polysorbate
80 (P80), low molecular weight chitosan (CS), Eudragit® RS100 (EUD)
and polyethylene glycol 6000 (PEG) were purchased from Sigma-
Aldrich (USA). All other chemicals and solvents utilized were of
analytical grade. Phosphate buffered saline (PBS), 2,5-diphenyl-3,-(4,5-
dimethyl-2-thiazolyl) tetrazolium bromide (MTT), dimethyl sulfoxide
(DMSO) and trypsin-EDTA solution (0.5 g porcine trypsin and 0.2 g
EDTA e 4Na per liter of Hanks' Balanced Salt Solution) were obtained
from Sigma-Aldrich (USA). Fetal bovine serum (FBS) and Dulbecco’s
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Modified Eagle’s Medium (DMEM), supplemented with L-glutamine
(584 mg/L) and antibiotic/antimycotic (50 mg/mL gentamicin sulfate
and 2 mg/L amphotericin B), were purchased from Vitrocell (Brazil).

2.2. Preparation, characterization, and stability study of NC-B

Blank formulations were prepared with different surface character-
istics, using the interfacial deposition of the preformed polymer method
[12] (Fig. 2A). Each formulation was prepared with a different
composition. For NC1-B, an organic phase was composed of PCL (1%
w/v), MCT (3.3% v/v) and Span® 60 (0.78% w/v). This phase was
dissolved in acetone at 40 + 1 °C in a water bath, under stirring, and
poured into the aqueous phase composed of distilled water and P80
(0.78% w/v), as surfactant. The solvent was evaporated on a rotary
evaporator until 10 mL and NC1-B was obtained. For NC2-B formula-
tion, the PEG (0.78%, PEG w/v) was added in the aqueous phase. For
NC3-B, a solution of CS (0.5%, w/v) was slowly dripped into the
formulation until a final concentration of CS 0.05% (Vieira et al., 2016).
For NC4-B formulation, the cationic polymeric nanocapsules were pre-
pared replacing PCL for Eudragit® RS100 and Span® 60 was not added
to the formulation [12].

The formulations were characterized about their mean diameter,
polydispersity index, zeta potential, pH, and number of particles. The
mean diameter and polydispersity were analyzed by laser diffractometry
(Mastersizer 2000®, Malvern Instruments, UK). For this analysis, 10 pL
of each suspension was diluted in 10 mL of distilled water. For analysis
by photon correlation spectroscopy, formulations were diluted in 0.9%
NaCl solution (1:100). Zeta potential was determined by electrophoretic
migration using Nanobrook 90PlusPals equipment (Brookhaven®). For
these determinations, 10 pL of sample was diluted in 10 mL of NaCl
solution (1 mmol L’l) and was expressed in millivolts (mV). The pH was
analyzed after preparation using a previously calibrated potentiometer
(Hanna Instruments, Sao Paulo, Brazil). The particle number was per-
formed using turbidimetry technique, according to Pereira and collab-
orators (2019)[37]. The physic-chemical stability was performed on
days 0, 10, and 30, evaluating in terms of particle size, zeta potential,
and pH. All analyzes were performed in triplicate.

2.3. Invitro evaluation of NC

2.3.1. Cells and virus culture

For the experiments, Vero cells (American Type Culture Collection,
ATCC, CCL-81) cultured in DMEM (Dulbecco’s Modified Eagle Medium)
were used, supplemented with 10% fetal bovine serum (FBS), 100 U/mL
penicillin, and 100 U/mL streptomycin. Cell cultures were kept in a
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Fig. 2. (A) General scheme of nanoformulation preparation by interfacial deposition of the preformed polymer method; (B) Illustration of structure nanoparticles
following the coatings (NC1-B, polysorbate 80; NC2-B, polyethylene glycol; NC3-B, chitosan; NC4-B, Eudragit® RS100).
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humid oven at 37 °C with a tension of 5% COj, in plastic cell culture
bottles. Cell ringing was performed as recommended by the ATCC
(American Type Culture Collection).

The tumor cell lines HepG2, and MCF-7 were grown in DMEM me-
dium (4.5 g/L glucose), supplemented by 10% (v/v) FBS, at 37°C with
5% CO,. They were routinely cultured in 75 cm? culture flasks and
harvested using trypsin-EDTA when the cells reached approximately
80% confluence.

Antiviral activity was evaluated on KOS strain of HSV-1 (clinical
isolate of oral lesion sensitive to acyclovir). Viral titers were determined
by titration and calculated as 50% tissue culture infectious dose
(TCIDsp)/mL, according to the protocol belonging to the Laboratory of
Microbiology Applied to Natural and Synthetic Products of Universidade
Estadual de Maringa (UEM-Brazil) [38].

2.3.2. Cytotoxicity assay

In cell monolayers, previously formed in 96-well plates, serial di-
lutions of the samples were added. In sequence, the plate was incubated
for 72 h at 37 °C with 5% COs. At the end of the incubation period, cell
viability was revealed by colorimetric MTT assay as previously
described. The absorbance was determined at 570 nm in a microplate
reader (Bio-Tek model Power Wave XS). The concentration of 50%
cellular cytotoxicity (CCsp) of the drugs was calculated by regression
analysis of the concentration-response curves.

2.3.3. Antitumor activity

HepG2 (6.5 x 10* cells/mL) and MCF-7 (8.5 x10* cells/mL) cell lines
were seeded into the 60 central wells of 96-well cell culture plates in
100 pL of complete culture medium. Cells were incubated for 24 h under
5% CO3 at 37 °C and the medium was then replaced with 100 pL of fresh
medium, supplemented by 5% (v/v) FBS, containing the treatment
(NC1-B, NC2-B, NC3-B, or NC4-B) in aliquots of different volumes. Un-
treated control cells were exposed to a medium with 5% (v/v) FBS only.
The cell lines were exposed for 48 h to each treatment, and their
viability was assessed by the MTT assay.

The cytotoxicity of each sample in each cell line was expressed as a
percentage of viability regarding untreated control cells (the mean op-
tical density of untreated cells was set at 100% viability) and in terms of
its ICs¢ (concentration causing 50% death of the cell population).

2.3.4. Antiviral activity

Cell monolayers were prepared in 96-well plates, and, after conflu-
ence, the cells were washed with PBS and infected with the TCIDsq
concentration of the viral suspension and incubated for 1 h, 37 °C, 5%
CO for viral adsorption. Afterward, two-fold serial dilutions of the
infected cells were added. Regarding virus control, only DMEM was
added. Incubated again for 72h, under the conditions already
mentioned. At the end of the incubation period, the plates were devel-
oped using the MTT colorimetric method. Acyclovir was used as a pos-
itive control. The ECs( (effective concentration of 50% to inhibit virus-
induced cytopathic effect) was determined by regression analysis of the
volume of treatment-response curves [38].

2.4. In vivo evaluation of NC

2.4.1. Animals

The experimental protocols for the in vivo efficacy were approved by
the Animals Ethics Committee of the Federal University of Pampa -
UNIPAMPA (036/2018). All the experiments follow the guidelines of the
Council for Control of Animal Experiments (CONCEA). Male Wistar rats
(90 days old), 200-250 g were purchased from Central Animal Facility
of Federal University of Santa Maria. Animals were housed (4 rats/cage)
with free access to food (Puro Trato®) and water ad libitum. They were
maintained at 22-25 °C under a 12:12 h light/dark cycle, with lights on
at 7:00 a.m.
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2.5. Stereotype induced by apomorphine model in rats

2.5.1. Design

To simulate a state of induced psychosis, male Wistar rats
(200-250 g, n = 6) received a single dose of apomorphine (APO) as a
stereotype-inducer (0.5 mg/kg i.p.) 10 min later of the first treatment.
The treatment consisted of saline (control group, NaCl 0.9%) or NC1-B;
NC2-B, NC3-B; NC4-B (3.33 mL/kg i.v.) and occurred at two moments:
0 and 40 min

The animals were evaluated individually in an Open Field apparatus
(Insight Ltd., Ribeirao Preto, SP, Brazil), for 5 min, at predetermined
times. The observations were made by trained researchers at 30 (Time 1
or T1), 60 (Time 2 or T2), 90 (Time 3 or T3), 120 (Time 4 or T4), 150
(Time 5 or T5), and 180 (Time 6 or T6) minutes after the first treatment,
as locomotor activity (total distance traveled, number of quadrants) and
head movements (number of head elevations) and rearing behavior.
Each animal was observed over 5 min [39,40].

2.5.2. Statistical analysis

Data are expressed as means + S.E.M. Comparisons between groups
were performed by one-way analysis of variance (ANOVA), followed by
Newman-Keuls Multiple Comparison Test (GraphPad Prism version 6 -
San Diego, CA, U.S.A). A value of p < 0.05 was considered significant.

3. Results

After preparation, the NC-B were characterized about their mean
diameter, polydispersity index, zeta potential, and pH. An illustration of
the structure of these nanoparticles is provided in Fig. 2B. The results of
the mean diameter and zeta potential are presented in Fig. 3 and Fig. 4,
respectively. NC-B showed similar diameter characteristics in the
nanometer range. The diameters obtained were 199 + 2, 201 + 1, 190
+ 2, and 125 4+ 1 nm for NC1-B, NC2-B, NC3-B, and NC4-B, respec-
tively. The polydispersity index was less than 2, indicating uniformity in
particle size distribution.

The zeta potential values for NC1-B and NC2-B were — 25.3 + 0.3
and — 25.2 £ 0.1, respectively. The negative charge was due to the
anionic characteristics of its coatings. The NC-B coated with CS and EUD
showed zeta potential values of 22.1 + 0.2 and 21.4 + 0.6, respectively,
conferring a positive charge on NC3-B and NC4-B. The formulations
showed slightly acidic pH, 5.1 + 0.03, 5.9 + 0.03, 4.3 £+ 0.01, and 5.3
+ 0.07 for NC1-B, NC2-B, NC3-B, and NC4-B, respectively. The particle
number was 3.9 x 10'2 ecm ™3 for the NC1-B, 3.8 x 10'? cm ™2 for the
NC2-B, 2.8 x 10'2 cm ™3 for the NC3-B, and 3.7 x 10'2 cm ™~ for the
NC4-B.

Abbreviations: DO, day 0; D10, day 10; and D30, day 30.

Data are expressed as means + S.E.M (One-way ANOVA/"Newman-
Keuls Multiple Comparison Test").

The results of the physical-chemical stability study are shown in
Fig. 5 (A-C). They were analyzed by comparing the parameters of day
0 with the others (10 and 30 days). Regarding particle size (Fig. 5-A),
NC1-B and NC4-B showed a significant difference between days 0 and 30
(199 £ 2 and 206 4 1 nm for NC1-B, and 125 4+ 1 and 122 4+ 1 nm for
NC4-B, respectively). NC3-B showed an increase in size on day 10 (from
201 + 1 nm on day 0-204 + 1 nm on day 10), with no change on day
30. NC4-B was stable during the 30 days analyzed.

Zeta potential analyzes (Fig. 5-B) demonstrated, for the anionic NC
(NC1-B and NC2-B), changes at day 30 (from —25.3 + 0.3 mV on day
0 to —21.4 + 3.7 mV on day 30) and 10 and 30 (—25.2 £ 0.1on day O,
—27.9 £ 0.1 on day 10 and —26.3 + 0.3 mV on day 30) respectively.
The anionic NC (NC3-B and NC4-B) showed changes on day 10 for NC3-
B (22.1 + 0.2 on day 0-17.9 + 0.2 mV on day 10) and on day 30 for
NC4-B (21.4 + 0.6 on day O and 25.2 + 1.7 mV on day 30). A pH
reduction on day 30 was visualized for NC1-B (from 5.17 4+ 0.03 on day
0-5 £ 0.03 on day 30), and a decrease followed by an increase on days
10 and 30 for NC2-B (5.95 + 0.03 on day 30). day 0, 5.83 + 0.03 on day
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10 and 5.53 + 0.08 on day 30). NC3-B showed a significant increase on
days 10 and 30 (4.29 + 0.01 on day 0, 4.33 & 0.02 on day 10, and 4.43
+ 0.02 on day 30), and NC4-B remained unchanged on the analyzed
days.

The in vitro tests were performed to evaluate the antiviral activity
and the antitumor activity of the NC (Table 1, and Table 2). For in vitro
evaluation of antitumor and antiviral activity, one-way ANOVA showed
low significant differences in cell viability between the groups. In vivo
tests of stereotypes induced by apomorphine with NC-B treatment were
performed; the distance of locomotor activity, head movements, and the
rearing behavior of the animals were evaluated. Fig. 6 shows the results
of the stereotype induced by apomorphine test, in terms of total loco-
motor activity and of all times studied. A one-way ANOVA revealed no
significant differences in total locomotor activity and all times studied
(Total (F1’36 = 1.63, p< 0.21, Fig. 6A), T1 (30 min) (F1’36 = 2.12,
p < 0.12, Fig. 6B), T2 (60 min) (F136 = 1.44, p < 0.25, Fig. 6C), T3
(90 min) (Fy 3 = 1.41, p < 0.26, Fig. 6D), T4 (120 min) (F; 3 = 0.41,
p < 0.74, Fig. 6E), T5 (150 min) (Fy 36 = 0.73, p < 0.54, Fig. 6F) and T6
(180 min) (F1,36 = 0.48, p < 0.69, Fig. 6G, respectively). Fig. 7 shows
the results of the stereotype induced by apomorphine test, in terms of
total head movements and of all times studied.

Similarly, statistical analysis demonstrated no significant differences
in total head movements for Time 2, Time 3, Time 4, Time 5 and Time 6

Table 1
In vitro antitumor activity of the nanocapsules.

NC ICso (*) (HepG2) ICso (*) (MCF-7)
NC1-B 3.3 x 10" +1.1 x 10'° 2.6 x 10'° + 3.7 x 10°
NC2-B 1.0 x 10'! + 8.6 x 10'° 4.3 %10 +£1.5 x 10'°
NC3-B 1.7 x 10'° + 1.4 x 10'° 1.27 x 101% £ 1.2 x 10°
NC4-B 5.2 x 10° + 2.7 x 10'° 5.5 x 10'° + 1.1 x 10'°

" Number of particles.cm™>; Data are expressed as means + S.E.M (One-way

ANOVA/"Newman-Keuls Multiple Comparison Test").

Table 2
In vitro antiviral activity, cytotoxicity, and selectivity index (SI) of the
nanocapsules.

NC CCsp (*) (Vero) ECso (*) (HSV-1 KOS) ST
NC1-B > 6.5 x 101! - -
NC2-B > 6.3 x 101 - -
NC3-B > 4.7 x 101 - -
NC4-B 5.9 x 10™ £ 1.1 x 10'° 2.5 x 10" + 9.2 x 10° 2.37

" Number of particles.cm™3; Data are expressed as means + S.E.M (One-way
ANOVA/"Newman-Keuls Multiple Comparison Test").

(Total (F136 = 0.29, p < 0.83, Fig. 7A), T2 (60 min) (Fy 36 = 2.72,
p < 0.07, Fig. 7C), T3 (90 min) (F1,36 = 1.51, p < 0.24, Fig. 7D), T4
(120 min) (Fy 36 = 0.44, p < 0.72, Fig. 7E), T5 (150 min) (F; 3¢ = 1.78,
p < 0.18, Fig. 7F) and T6 (180 min) (F1 3 = 1.34, p < 0.28, Fig. 7G).
For time 1, one-way ANOVA showed a significant difference induced by
NC (F1,35 = 8.14, p < 0.001, Fig. 7B). Still, Post hoc determinations
revealed that NC3-B and NC4-B were effective in blocking of hyper-
locomotion APO-induced at time 1, when compared to NC1-B and NC2-
B.

For rearing behavior, one-way ANOVA showed a significant differ-
ence induced by blank nanoformulations (total rearing, Time 1, Time 2,
Time 3, Time 4 and Time 6) (Total (F; 36 = 9.31, p < 0.001, Fig. 8A), T1
(30 min) (Fq,36 = 11.55, p < 0.001, Fig. 8B), T2 (60 min) (Fq,3¢ = 9.02,
p < 0.001, Fig. 8C), T3 (90 min) (F1 36 = 5.09, p < 0.001, Fig. 8D), T4
(120 min) (F1,36 = 8.59, p < 0.001, Fig. 8E) and T6 (180 min) (F; 36 =
8.93, p < 0.001, Fig. 8G, respectively). Statistical analysis demonstrated
no significant differences at time 5 (F; 36 = 1.17, p < 0.34, Fig. 8F). Post
hoc test showed that NC4-B was not able to block stereotyped head
movements APO-caused.
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Fig. 6. Evaluation of locomotor activity. (A) Total locomotor activity. (B) Time 1. (C) Time 2. (D) Time 3. (E) Time 4. (F) Time 5. (G) Time 6. Data are expressed as
means + S.E.M (One-way ANOVA/"Newman-Keuls Multiple Comparison Test"). * Denoted p < 0.05 when compared to NC1-B group. * Denoted p < 0.05 when
compared to NC2-B group. @ Denoted p < 0.05 when compared to NC3-B group.
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Fig. 7. Evaluation of head movements. (A) Total head movements. (B) Time 1. (C) Time 2. (D) Time 3. (E) Time 4. (F) Time 5. (G) Time 6. Data are expressed as
means + S.E.M (One-way ANOVA/'Newman-Keuls Multiple Comparison Test"). * Denoted p < 0.05 when compared to NC1-B group. * Denoted p < 0.05 when

compared to NC2-B group. @ Denoted p < 0.05 when compared to NC3-B group.
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Fig. 8. Evaluation of rearing behavior. (A) Total rearing behavior. (B) Time 1. (C) Time 2. (D) Time 3. (E) Time 4. (F) Time 5. (G) Time 6. Data are expressed as
means + S.E.M (One-way ANOVA/"Newman-Keuls Multiple Comparison Test"). * Denoted p < 0.05 when compared to NC1-B group. * Denoted p < 0.05 when
compared to NC2-B group. @ Denoted p < 0.05 when compared to NC3-B group.
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4. Discussion

In the present study, we investigated the per se effect of unloaded NC
in vitro and in vivo. For the in vitro study, to evaluate any signs of toxicity
and differences between coatings, we used HepG2, MCF-7, Vero cell
lines, and HSV-1 KOS strains. The in vivo study was carried out in rats
previously treated with apomorphine, to induce a pseudo-psychosis
state, and treated with different NC-B, to evaluate the difference be-
tween coatings in behavioral parameters and the possible per se effect.

Several studies address changing the surface characteristics of drugs
loaded NC to improve the delivery system, either favoring a controlled
release, increasing half-life [5,12], or increasing the effectiveness
against pathologies [33]. NC1-B, NC2-B and NC3-B were prepared with
PCL as wall. PCL is an aliphatic polyester that is widely used in the
manufacture of polymeric nanoparticles due to its well-known charac-
teristics of biocompatibility and slow biodegradation, which allows a
controlled and sustained release of drugs, when applicable. All known
PCL by-products are totally excreted at the end of the process, which
guarantees high safety in the use of this biopolymer [41,42] being FDA
approved for the synthesis of biomaterials.

The particle diameters in the present study ranged from 125 to
201 nm, pH from 5.9 to 4.3, and zeta potential from 22.1 to — 25.3 mV.
In addition, the number of particles was between 3.9 x 10'% to
2.8 x 10'2 em 3. Although the NC1-B nanoparticles are structurally
present with P80 on their surface (Fig. 2B), the negative character,
evidenced by the zeta potential occurs due to ionization of the PCL
carboxylic groups (Fig. 1A).

The positive charge of NC3-B (Fig. 2B, Fig. 4C) is justified by the
interaction between the negative charges of PCL, and positive of CS.
Similarly, the same is observed with the positive zeta potential of NC4-B,
where the surface charge is determined by the cationic character of the
polymer EUD (Fig. 2B). Izaguirry and collaborators (2016) developed
NC-B, with 203 + 1 nm of size and — 20.1 + 1.8 mV, also by the inter-
facial deposition of the preformed polymer method, and the NC-B
developed by them is similar to the NC1-B developed in the present
work, the only difference among them is the surfactant used, they uti-
lized Lipoid S45® and we utilize Span 60® [36].

NC toxicities can be predicted from physicochemical parameters,
such as diameter values, morphology, charge, functional groups, and
free energy, and, in this context, the zeta potential is widely used [43].
Generally, cationic particles are more toxic than anionic ones, probably
due to the greater cellular interaction with these systems since cells are
predominantly anionic [44]. In this study, none of the chemical com-
ponents showed any effect or toxicity related to the chemical structure
(Fig. 1), as well as to the physicochemical parameters evaluated
[45-47].

Physico-chemical stability is essential to be evaluated in relation to
the storage of formulations [45]. Therefore, the formulations were
stored protected from light and at room temperature ( + 25 °C). During
the 30 days, the formulations maintained the milky appearance of each
formulation, with no changes in color visuals, phase separation, or
flocculation.

Particle size must be evaluated due to the tendency of particle
aggregate formation and sedimentation over time [46]. To keep these
colloidal suspensions stable over time, surfactants such as P80 are used,
which have already demonstrated efficiency in maintaining the stability
of nanoformulations [47]. Here, despite a small difference in relation to
the initial value, all the formulations remained in the nanometric scale
and SPAN < 2, not indicating the formation of agglomerates of particles.
A similar result was reported by Dos Santos et al. (2015), in which
lycopene-loaded NC showed small changes in diameter, but there was no
evidence of flocculation in the formulation developed over the evaluated
period [48].

Zeta potential is related to the surface charge of the nanoparticles
and their stability [48]. NC1-B showed a decrease in values in the
module due to P80 auto-oxidation in aqueous medium, forming acetic
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acid, formic acid, and nonionic acids [49]. In NC2-B, the zeta potential
became more negative over time, which may be attributed to water
ionization during storage [50]. For NC3-B, zeta potential values changed
because of the protonation of the amino groups in the CS structure [51].
Despite the small changes in the zeta potential, values different from
zero, once again confirming that there was no agglomeration of the
particles over time in all formulations.

The pH measurement is a way of evaluating the chemical stability of
the formulation since the degradation of the polymer or another
component may be related to the changes in this value [52]. For NC1-B
and NC2-B, according to De Sousa Lobato et al. (2013), this reduction
can be explained by acidic compounds resulting from P80
self-degradation in aqueous media. Also due to the release of the poly-
ester monomer during the hydrolysis of PCL [53] In contrast, NC3-B
showed an increase in pH over time, correlated with zeta potential
values, which underwent a reduction in values, being explained by the
protonation of the amino groups present[51].

For the in vitro analyses, we used mammalian cell and viral isolates.
Different cell lines are used in in vitro models to evaluate and describe
different biological processes in normal and abnormal cells, including
therapeutic or toxic agents [54]. Vero is extensively used due to its easy
handling, high permissiveness to different xenobiotics, and being a good
predictor of cytotoxic agents, besides being genetically and physiologi-
cally well-established [54-56].

Cancer cell lines, such as HepG2, and MCF-7 lineage, are popularly
used to assess drug toxicity and metabolism, as they have high avail-
ability, and proliferation [57]. These cells have been reported to be
sensitive to drug nanocarriers, improving the delivery of different
molecules, because of enhanced permeation and retention (EPR), that
retain the active molecules inside solid tumors [58,59]; however, an
isolated investigation of the per se effect of polymer-based nanoparticles
as drug-carriers is required.

The antiviral activity was analyzed using HSV-1 strains KOS, a lytic
virus with high prevalence [60], to investigate the effect of coatings on
viral replication. The ICs observed for HepG2 and MCF-7 strains did not
show statistically significant differences (1.3 x10'°t0 1.0 x10*! cm™3).
The antiviral effects are evaluated by SI (selectivity index), which
showed a value of 2.37 for NC4-B, with a per se effect of NC against
HSV-1 strains.

In a study carried out by De Gomes and collaborators (2020), the
toxicological and behavioral effects of NC-B coated with P80 (NC1-B),
CS (NC3-B), EUD (NC4-B), and PEG (NC2-B) in female rats were eval-
uated. The study was carried out for 14 days, and the animals received
the dose daily per oral route (10 mL/kg). Considering that biochemical,
histopathological, and behavioral analyzes were performed, it can be
demonstrated that there was no significant change in biochemical and
histopathological parameters for any of the formulations, and there was
also no behavioral change for any of the groups [21]. Another study by
Pereira and collaborators (2019), when evaluating the toxicity of the
same group of blank nanocapsules (NC1-B, NC2-B, NC3-B, and NC4-B),
in male Wistar rats, showed that different general surfaces did not cause
alterations in body and organs weight, and histopathological analysis.
But when analyzing the lipid profile of the animals, the NC2-B demon-
strated an increase in HDL cholesterol levels and NC3-B increased ferric
ion reducing antioxidant power levels, with antioxidant action demon-
strated in kidneys. As general results, the surfaces demonstrated low or
no toxicity in male Wistar rats [37].

De Gomes et al. (2020) and Pereira et al. (2019) investigated the
effect of NC-B in an unprecedented way, as they analyzed only these
groups, unlike Pacheco et al. (2022) who used NC-B as a negative control
for nanocapsules containing curcumin in the experiments. Pacheco et al.
(2021) developed anionic and cationic NC coated with d-a-tocopherol
1000 polyethylene glycol succinate (TPGS) and evaluated apomorphine-
induced stereotyped behavior in rats. The surface structure used was
different from that developed in our work, as it has a copolymer and a
co-surfactant in its composition and is functionalized with TPGS. The
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dose and route of administration used by them were the same, resulting
in changes in total rearing (T3 and T4), head movement (T4), and lo-
comotor activity (T4) of the animals by the NC-B, as well as in our work,
in which NC-B also affected rearing behavior (T5) and head movements
(T1), whereas NC4-B was not able to block the stereotyped head
movements caused by APO. This demonstrates that NC-B may have an
effect per se and that it may not be an ideal negative control [61].

Izaguirry and collaborators (2016) compared the toxicity of quinine
and quinine-loaded nanocapsules (Q-NC) on the reproductive system of
male and female rats, and they used NC-B as a negative control in the in
vivo experiments. The NC-B developed by them is similar to the NC1-B
developed in this work, the only difference between them is the sur-
factant used. And when using the NC-B to evaluate the toxicity in the
reproductive system of female and male rats, they found unexpected
results, such as alterations in the biochemical parameters of the ovarian
and testicular tissues, histological alterations in the testicular tissue, and
alterations in the epididymal semen [36]. These results were not ex-
pected, as most articles use NC-B as negative controls and do not
consider the possibility that these nanoparticles have an effect per se.

As already mentioned, nanocarriers improved brain delivery [62].
The stereotype induced by apomorphine model in rats simulates a state
of dopaminergic imbalance, common in psychotic conditions, in which
hyperexcitation and repetition of movements (stereotyped movements)
are observed [63].

The treatments in general did not significantly alter the locomotor
activity, head movements, or rearing behavior, in rats with induced
stereotypy. But in a specific way, post hoc determinations revealed that
NC3-B and NC4-B were effective in blocking APO-induced hyper-
locomotion at Time 1 (30 min), when compared to NC1-B and NC2-B
and that NC4-B was not able to block stereotyped APO-caused head
movement.

5. Conclusion

In conclusion, the current study evaluated the effect of NC-B with
different polymers (NC1-B, NC2-B, NC3-B, and NC4-B) on in vitro cyto-
toxicity against tumor cell lines, in vitro antiviral activity and in vivo
stereotype test induced by apomorphine in rats. Studies that only assess
their effects are of great importance because some polymers used in
nanotechnology can improve drug release, pharmacokinetics, and drug
targeting profiles. In an unprecedented way, through this study, it was
possible to demonstrate that the NC regardless of the coating used, did
not demonstrate toxicity against the evaluated cell lines HepG2 and
MCEF-7, however the treatment with NC4-B proved to be selective
against KOS HSV-1 strains. The neurological effects in a stereotyping
model in general are low, but they can occur in an isolate way, according
to the administered NC-B or evaluated parameter. These effects that
occur in isolation may be because effect per se and need to be studied in
more detail. Thus, further studies are needed to verify the possible
mechanisms by which NC coatings can cause behavioral changes in vivo.
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