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ABSTRACT: Nanoparticles (NPs) of poly(p,L-lactic-co-gly-
colic acid) containing the compound 3-(benzoxazol-2-yl)-7-
(N,N-diethyl amino)chromen-2-one (C2) were prepared by
the solvent-evaporation technique with a mean loading effi-
ciency of 74.0 * 3.0%. Size distribution studies, done with
dynamic light scattering and scanning electron microscopy,
revealed that these particles were spherical in shape, with a
mean diameter of 253 nm, a low polydispersity, and a tend-
ency toward aggregation; the last was confirmed by the low
¢ potential. A low release profile was observed for C2 when
the NPs were dispersed in Hank’s buffer (pH = 7.4); this
was related to the low porosity of the NPs and the extremely
low diffusivity of C2 in water. Differential scanning calorim-
etry data presented a glass-transition temperature depres-
sion caused by an increase in the NP molecular mobility af-
ter the incorporation of C2. Spectroscopic and photophysical

data exploring the capabilities of C2 as a fluorescent probe
suggested a high microviscosity for the environment in
which the probe was allocated, which was most likely due
to strong polar interactions involving ester groups from the
polymer and the diethylamino moiety from C2. The cellular
toxicity and uptake of C2 and NP-C2 systems were eval-
uated with B16-F10 murine cells, which showed that C2 (in
solution or encapsulated) was nontoxic and able to be
located inside the neoplasic cells. Besides, the encapsulation
method was capable of maintaining the drug’s properties
and improved the drug delivery to the target cell. © 2007
Wiley Periodicals, Inc. ] Appl Polym Sci 105: 964-972, 2007
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INTRODUCTION

The study of nanoparticles (NPs) prepared from a poly-
ester, poly(pL-lactic-co-glycolic acid) (PLGA), has
attracted increasing interest because of their biodegrad-
ability, biocompatibility, and capacity to efficiently
accommodate and transport drugs.' The in vivo deg-
radation of such materials occurs by the hydrolysis of
the ester linkages under acid-, base-, and enzymatically

Correspondence to: A. de Jesus Gomes (anderson@iqufu.
ufu.br) or A. E. da Hora Machado (aeduardo@ufu.br).

Contract grant sponsor: Conselho Nacional de Desenvol-
vimento Cientifico e Tecnolégico (through a postdoctoral
grant to A.J.G.); contract grant number: 303911/2003-4.

Contract grant sponsor: Conselho Nacional de Desenvol-
vimento Cientifico e Tecnologico (to A.E.H.M.).

Contract grant sponsor: Fundagdo de Amparo a Pesquisa
do Estado de Minas Gerais (to A.E.H.M.).

Journal of Applied Polymer Science, Vol. 105, 964-972 (2007)
©2007 Wiley Periodicals, Inc.

ST GIWILEY .

... InterScience’

DISCOVER SOMETHING GREAT

catalyzed processes, lactic (CzHqO3;) and glycolic
(CoH40O3) acids being degradation intermediates,*®
resulting subsequently in CO, and H,O via the Krebs
cycle.” In particular, NPs could offer a number of
advantages with respect to other delivery systems
because (1) they maintain unaltered their physicochem-
ical characteristics for long periods, allowing long-term
storage; (2) according to their composition, they can be
administered in different ways (orally, intramuscu-
larly, or subcutaneously); and (3) they are suitable for
industrial production.'""

In an attempt to enhance the therapeutic efficacy of
NP-encapsulated therapeutic agents, the understand-
ing of the mechanisms of their intracellular and tissue
distribution is fundamental.®

Coumarin is a family of compounds extensively
studied because of their practical applications, which
include biological and chemical sensors, fluorescent
probes, dye lasers, optical brighteners, and sensitizers
in phototherapy.'>?' In particular, the use of fluores-
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cent probes allows us to access structural and physico-
chemical parameters related to the structure of organ-
ized microenvironments,?? such as micelles, vesicles,
microparticles, and NPs.

Despite other classes of organic compounds used as
fluorescent probes,”** the 7-aminocoumarins have
attracted attention because of their unusual solvato-
chromic and photophysical characteristics,'*'>* %’
which tend to make them advantageous for this aim.

Considerable attention has been given in our
research group to the study of the luminescent proper-
ties of the compound 3-(benzoxazol-2-yl)-7-(N,N-
diethylamino)chromen-2-one (C2; Scheme 1), which
has demonstrated potential as a fluorescent probe.'*"”
Gao et al®® estimated Ep(30), polarity parameter
defined as the molar transition energy corresponding
to the longest-wavelength, values in the range
between 52.7 and 57.7 kcal/mol for micelle envi-
ronments formed by sodium dodecyl sulfate in water,
using three 7-amino-substituted hetocoumarins. Using
C2, under similar conditions, we estimated an E1(30)
value of 55.7 kcal/mol,'® whereas in a buffered me-
dium (a phosphate buffered saline, PBS) the estimated
value was 61.3 kcal/mol,'* showing the good sensiti-
vity of this probe.

In this work, PLGA NDPs were characterized with
different techniques. The effect of C2 encapsulation on
their physical properties (e.g., surface charge and par-
ticle size) and on NP cellular uptake was evaluated.
Also, on the basis of the capability of C2 as a chemical
sensor, some physical characteristics of the NPs could
be evaluated by differential scanning calorimetry
(DSC) and spectroscopic techniques.

EXPERIMENTAL
General

Compound C2 was synthesized by Oliveira-Campos
et al.31 PLGA (50 : 50, weight-average molecular weight
= 17 kDa) was purchased from Sigma Chemical, Inc.
(St. Louis, MO). Poly(vinyl alcohol) (PVA; 13-23 kDa,
87-89% hydrolyzed) was supplied by Aldrich Chemi-
cal Co. (Milwaukee, WI). Dichloromethane and all
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Scheme 1 Representation of compound C2. [Color figure
can be viewed in the online issue, which is available at
www.interscience.wiley.com.]
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other chemicals were analytical-grade, were supplied
by Vetec (Rio de Janeiro, Brazil), and were used with-
out further purification.

Preparation and characterization of the NPs

The methodology for the preparation of NPs contain-
ing C2 (10 uM) was based on a previous work.* The
particle size and morphology were assessed by pho-
ton correlation spectrometry (Zetasizer 3000, Malvern
Instrument, Worcestershire, UK) as well as scanning
electron microscopy (SEM; ESEM 2020, Philips, Eind-
hoven, The Netherlands). The { potential of the NPs
(1.0 mg/mL) in 0.1 mM Hank’s buffer (pH 7.4) was
determined with a ZetaPlus (Malvern Instrument).

The amount of C2 incorporated into the NP was
estimated spectrophotometrically (UV-250 1 PC, Shi-
madzu, Kyoto, Japan) by a direct method that con-
sisted of the dissolution of aliquots containing 10 mg
of C2-loaded NPs (NP-C2) in methylene chloride and
the assessment of the drug concentration by means of
its absorbance at 450 nm. The drug incorporation effi-
ciency was expressed as the percentage of incorpo-
rated C2 with respect to the total amount of drug
added. The loading efficiency [L (%)] was calculated
as follows:

L (%) = (La/Lr) x 100 1)

where L, is the amount of C2 in the NP and L7 is the
total amount of the drug added.

The residual amount of PVA associated with the
NPs was determined by a colorimetric method pro-
posed by Sahoo et al.*

The physical state of the aminocoumarin inside the
NPs was characterized by thermal analysis (DSC SP,
Rheometric Scientific, New Jersey). The samples were
sealed in aluminum pans with lids and purged with
ultrapure dry nitrogen at a flow rate of 20 mL/min.
The temperature ramp was set at 10°C/min, and the
heat flow was recorded in the range between 30 and
100°C. Indium was used as a standard to calibrate the
temperature and energy scales of the DSC instrument.

C2 release kinetics

The C2 release kinetics were determined in Hank’s
buffer at 37°C. The released aminocoumarin was quan-
tified by the monitoring of its fluorescence (F4500, Hita-
chi, Tokyo, Japan) in the supernatant after centrifuga-
tion. For this, after centrifugation, the supernatant was
evaporated at 25°C. After that, it was dissolved in an ali-
quot of 2 mL of dichloromethane, the fluorescence spec-
trum being measured in the range between 450 and 700
nm (excitation wavelength = 442 nm). The amount of
released material could be estimated with a standard
curve. All measurements were done in triplicate.

Journal of Applied Polymer Science DOI 10.1002/app
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Spectrophotometric and fluorescence assays

A PerkinElmer (Norfolk, CT) Spectrum 1000 Fourier
transform infrared (FTIR) spectrophotometer was used
to record the IR spectra of the polymers, NPs, and cou-
marin derivative. The samples were prepared by the
mixing of the materials with KBr in a proportion of 1 :
100 (w/w). For all spectra, 32 scans were accumulated
with a 4-cm ™! resolution.

The ultraviolet-visible absorption attributed to the
coumarin incorporated into the NPs was determined
by the deconvolution of the NP-C2 absorption spec-
trum with a program based on the self-modeling fac-
tor analysis method.**

The fluorescence quantum yield (@) values of C2
were estimated from the corrected fluorescence spec-
tra with the secondary standard method.** The fluo-
rescence standard was 9,10-diphenylanthracene in
cyclohexane (®r = 0.90 at 293 K). The solutions were
prepared in such a way as to keep the absorbance
below 0.100 at the excitation wavelength to avoid light
reabsorption effects.

C2 and NP-C2 cytotoxicity and NP uptake

To evaluate the C2 and NP-C2 cytotoxicity, a B16-F0
cell line was seeded at 5000 cells/well in 96-well
plates. The cells were kept in 100 pL of fresh HAM-
F10 media (supplemented by 10% fetal calf serum and
antibiotics at 100 U/mL) for 24 h to allow cell adhe-
sion and environmental adaptation. Subsequently,
these cells were treated with an additional 100 pL
of HAM-F10 containing different concentrations of
C2 and NP (0-1 mg/mL) for 24 h. After this inter-
val, the medium was removed, and the wells were
washed three times with PBS media alone before the
addition of 50 uL of a 1 mg/mL yellow tetrazolium
dye [3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazo-
lium bromide (MTT)]. After that, the plates were
returned to the incubator for a period of 4 h. The resid-
ual MTT solutions were removed from wells, and
then 200 pL of dimethyl sulfoxide was added to
each well. The plates were stored at room temperature
in a dark place for more 30 min before being read
at 570 nm with an XFluor Plate Reader (Tecan US,
Inc., Durham, NC). The cell viability percentage was
calculated with respect to control cells incubated with-
out C2 and NP. All experiments were performed in
triplicate.®

The NP uptake was determined by the incubation
of B16-F10 cells with NP-C2 for 2 h under the same
conditions employed for the dark toxicity assay. After
incubation, the cells were observed by phase-contrast
and fluorescence microscopy [the fluorescence label
was observed with a Nikon Elipse (Tokyo, Japan) TS
100 microscope equipped with 1.4 numerical aperture
63x and 100x objectives (Zeiss, Oberkochen, Ger-
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Figure 1 Surface morphology of coumarin-derivative-
loaded NPs prepared by the solvent-evaporation method.
The original magnification was 35,000x by SEM. The scale
bar is equal to 100 nm.

many) and recorded with a Photometrics cooled
charge-coupled device camera].

Quantum mechanical calculations

Quantum mechanical calculations were performed for
the isolated molecule in the ground state with a den-
sity functional theory method (B3LYP) and a doubly
polarized basis function [6-31G(d,p)] from the Gaus-
sian 03W suite of programs.”” The Berny analytical
gradient was used in the optimization. From the opti-
mized structure, the electron density map for the mol-
ecule was built.

RESULTS AND DISCUSSION

Preparation of the PLGA NPs and evaluation of their
morphology

Figure 1 shows a representative micrograph of NP-C2
magnified at 35,000x. In all preparations reported in
this article, the NPs were spherical in shape, display-
ing a smooth surface. No meaningful difference was
found between C2-containing PLGA NPs and the
empty nanoparticle (ENP) used as a control, except
for size variations.

Efficiency of the drug entrapment and PVA assay

The C2 incorporation was 74.0 = 3.0% (i.e., 3). In gen-
eral, high encapsulation rates of hydrophobic drugs
are relatively easy to reach with hydrophobic poly-
mers such as PLGA because of their limited drug loss
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Figure 2 Electron density map of C2 calculated with a
method from density functional theory. The regions in red
present high electronic density, whereas the regions in blue
reflect a strong concentration of positive charge density.
[Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]

to the aqueous phase. Additionally, the encapsulation
efficiency reached for this aminocoumarin can be
attributed to the use of 3.0% PVA in the formulation,
unlike what was proposed by Schlicher et al.*®
According to Kompella et al.,** PVA stabilizes oil-in-
water emulsion globules, thereby reducing a drug’s
diffusion to the aqueous medium. In fact, it has been
shown that when PVA is used as a surface stabilizer
for PLGA NPs prepared by a double-emulsion and
solvent-evaporation method, a fraction of PVA forms
a stable network on the polymer surface that cannot
be removed during a washing procedure. It is impor-
tant to point out that PLGA is negatively charged
because of the presence of carboxylic groups. There-
fore, the fraction of residual PVA on particle surfaces
should shield the surface charge as well as the other
polymers able to coat PLGA particles.*’ The estimated
percentage of residual PVA is in the range of 1.2-3.1%
(w/w) for these formulations.

Particle size and surface charge ({ potential)

The solvent-evaporation method produces particles
with a mean diameter around 253 nm (+42 nm) when
loaded with the aminocoumarin, which is slightly
higher than the size of the ENPs, which is around
207 nm (=38 nm).>* For all formulations analyzed by
dynamic light scattering, a unimodal size distribution
was observed, with a polydispersity index lower than
0.5. The particle size is an important property that
affects the intracellular uptake of NPs, with smaller
particles in general having higher uptake rates. Thus,
the particle size could also affect the efficacy of NP-
encapsulated therapeutic agents.®

The colloidal stability was analyzed by the measure-
ment of the { potential of the NPs. In this study, the
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coumarin-free NPs are negatively charged, presenting
a { potential of —1.3 mV at pH 7.4, whereas NP-C2
presents a slightly positive { potential (+0.5 mV), sug-
gesting that C2 does not show a trend to suffer aggre-
gation inside the NPs. The positive { potential should
be due to polar interactions between C2 and carbox-
ylic groups present at the surface of PLGA particles.

The analysis of a C2 electron density map (Fig. 2)
suggests that this interaction involves specifically the
diethylamino moiety, which possesses a strong con-
centration of positive charge density (blue color). It is
known that C2 is a typical electron-donor/acceptor
molecule because of intramolecular charge transfer.'?

It is currently accepted that suspensions with {
potentials lower than —30 mV or greater than +30 mV
are not likely to aggregate.** Under most conditions,
the higher the absolute value is of the { potential of
the NPs, the larger the charge is on their surface, lead-
ing to stronger repulsive interactions between the dis-
persed NPs and resulting in higher stability and a
more uniform size.>”*°

FTIR

Figure 3 presents the FTIR spectra of PVA, ENPs, and
NP-C2. As PLGA is the main component of the NPs,
the FTIR spectrum of ENPs must be very similar to
that obtained for this compound. Thus, the typical
FTIR bands of PLGA (two medium intensity signals at
3650 and 3514 cm ™! attributed to O—H bond stretch-
ing, an intense and bifurcated signal at 3004 and
2954 cm ™ related to C—H stretching, an intense sig-
nal at 1760 cm ™' due to the C=O stretching from
ester, and a set of signals between 1456 and 1380 cm ™!
corresponding to C—H bending and at 1130 and
1090 cm ' related to C—O stretching) are essentially
the same as those observed in the ENP FTIR spectrum.
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Figure 3 Superposition of FTIR spectra of (1) PVA, (2)
ENPs, and (3) NP-C2.
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Figure 4 Cumulative release profile of coumarin from
PLGA NPs into Hank’s buffer medium (pH 7.4) in a period
of 15 days.

On the other hand, as residues of PVA remain in the
composition of the NPs after preparation and even
after several washes,?>*! the bands related to PVA are
superimposed to the FTIR spectrum of ENPs.

The presence of small amounts of PVA in the for-
mulation is desirable because it may be used to modu-
late the physical and cellular uptake properties of
NPs. Panyam and Labhasetwar® suggested that the
remaining PVA content associated with the NP sur-
face affects positively the capability of cellular uptake,
in comparison with particles with a lower amount of
associated PVA.

On the other hand, because of the extremely small
concentration of incorporated C2, the FTIR spectrum
of the NPs loaded with C2 did not present important
changes when compared with the ENP spectrum.

In vitro drug release

The release of C2 from PLGA NPs presents a biphasic
pattern (Fig. 4). The day-to-day release was evaluated to
obtain quantitative information on the C2 release profile
in a disperse system in a period of 15 days. This was
done in Hank’s buffer. The burst effect in the initial
phase of the release might be attributed to nonen-
trapped coumarin molecules adsorbed to the surface of
the NPs or molecules able to be released through pores
and channels that formed during its preparation.

The slow release of the encapsulated C2 should be
due to the low porosity of the NPs, which is influ-
enced by the nature of the formulation. This fact can
be explained by the degradation of the PLGA poly-
mer, which results in a sustained release of C2 to the
bulk. Similar results were obtained with a benzopsora-

len incorporated into microparticles and NPs,*** sug-
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gesting that the low porosity, observed by SEM data,
is a characteristic of the mode by which the PLGA
NPs are prepared because the studied benzopsoralen
presents a similar hydrophilic character.

DSC

This technique is frequently used to analyze the physi-
cal state of drugs encapsulated in polymeric NPs.**
This analysis was performed to evaluate a possible
interaction between the drug and the polymer. The
first DSC thermograms (Fig. 5) for the empty and C2-
containing NPs show a single endothermic peak close
to the glass-transition temperature (T,). A comparison
with the calorimetric profile of the polymer suggests
that this endotherm is related to the kinetic overshoot,
which is superimposed to the polymer T,.** This can
be observed in a second scan of the DSC thermogram,
which shows a decrease in the endothermic peak close
to T, (Fig. 5, inset). NP-C2 showed similar behavior.

The decrease in the T, values for the ENP and NP
containing C2 (NP-C2) in two sequential scans (in the
first scan, Tyenp) = 45.9°C and Tynp-c2) = 41.4°C,
whereas in the second scan, Tyenp) = 42.3°C and
Tonp-c2) = 39.9°C) suggests the occurrence of an inter-
action between the polymer (PLGA) and C2. The
incorporation of C2 increases the NP mobility because
the polymer requires less energy to present collective
movement of the chain segments, which results in the
observed T, depression.

The increase in the NP mobility due to the incorpo-
ration of C2 is followed by a reduction in the C2 mo-
bility due to the highly viscous microenvironment in
which it is allocated into the NPs, as verified by spec-
troscopic and photophysical data.
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Figure 5 DSC thermograms of (- - -) empty PLGA NPs and
(—) PLGA NPs containing coumarin. Pure PLGA was used
as a control. The inset shows the second scan.
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Figure 6 (—) Normalized absorption spectrum of couma-
rin in dichloromethane and (- - -) deconvoluted spectrum of
coumarin. The inset shows PLGA NPs with coumarin in
water.

Spectrophotometric and fluorescence assays

The long wavelength absorption of C2, attributed to an
Sy—S; transition,'? is characterized by an intense, broad,
and nonstructured band sensitive to the solvent polar-
ity, which is typical of '(m,n*) transitions.***” Tt pos-
sesses systematically high values of molar absorptivity
between 40,000 and 54,000 L mol™* ecm™?!, which are
also observed for analogue compounds.'*'>1%%

Seixas de Melo et al.,*® studying the photophysics of
coumarins, concluded that, for this class of com-
pounds, the S; state is typically '(n,n*) and that the
energy gap between the S; and S; states is very close.
In view of this, substitutions or changes in the solvent
polarity may reduce the energy gap between these
states, promoting the mixing or even the inversion.
This explains the spectroscopic behavior of C2, which
suggests that S, is a m,n* state. This has been attributed
to the combination of the electronic effects caused by
the diethylamino and benzoxazole groups on the cou-
marin ring.'>

The absorption spectrum of the NP-C2 in solution
is characterized by an overlap of absorption bands in
the UV, with considerable light scattering below
300 nm due to the NPs suspended in water. Using a
deconvolution technique described elsewhere,34 we
can show that the spectrum of NP-C2 is a linear com-
bination of only two spectra (Fig. 6). An inspection of
the data indicated that the experimental and calcu-
lated spectra were perfectly superimposable,® with
the sum of squares of the differences never exceeding
2.6 x107°,

The C2 absorption spectrum in methylene chloride
shows the long wavelength absorption band with a
maximum at 439 nm, whereas when it is loaded into
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the NPs, this value is hypsochromically shifted to
430 nm (Fig. 6). This spectral shift confirms the occur-
rence of favorable polymer—C2 interactions in the
microenvironments formed by the NPs, as suggested
by the analysis of DSC and {-potential data, promot-
ing the relaxation of the ground state and conse-
quently an increase in the energy gap between this
and the Franck—Condon state.

The small energy gap between the low-lying adja-
cent excited states of C2 plays an important role in the
behavior of the excited state and consequently in the
solvatochromic characteristics of this compound.'?
Despite the sensitivity of this compound to changes in
the solvent polarity, the mixing of states tends to
reduce the spectral shift of the absorption maximum
corresponding to the Sp—S; transition. This indicates
that the use of a correlation between the transition fre-
quency (or wave number) of C2 and some empirical
solvent polarity scale for probing a given system may
result in less reliable data. On the other hand, the
change in @ as the solvent polarity varies is very ex-
pressive.'? It is well established that ®p for 7-amino-
coumarins is usually high, in some cases even close to
unity.49_51 The correlation between ®r and the E+(30)
empirical solvatochromic scale® has given a useful
and safe correlation for this aim.'*'?

Figure 7 presents the normalized fluorescence spec-
tra of C2 in dichloromethane and incorporated into
the NPs. These fluorescence spectra are very similar in
shape but present an emission maximum at 482 nm in
dichloromethane and a redshifted value, with a peak
around 487 nm, for NP-C2, suggesting that the inter-
actions between C2 and the NPs result in good stabili-
zation of the excited state, with its consequent relaxa-
tion. This is confirmed by the Stokes shift, which is
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Figure 7 Normalized fluorescence spectra of (—) C2 in
dichloromethane and (- - -) PLGA NPs.
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Figure 8 Cell viability quantified by an MTT assay: ([J) C2
and (H) NP-C2. B16-F10 cells were incubated with different
coumarin concentrations in Hank’s medium.

higher for NP-C2 than for C2 in dichloromethane. As
S; of C2 is a more polar state than So,'? we can con-
clude that these interactions involve polar groups
from NPs.

The shape of the observed emission spectra for NP—
C2 and C2 in dichloromethane seems to be character-
istic of the S, [intramolecular charge transfer (TICT)]
state, also suggesting the occurrence of polar solute—
solvent interactions performed by these two different
media, capable of shifting the dynamic equilibrium
between the S; [locally excited (LE)] and Sy(TICT)
states toward the Sy(TICT) state.'?

The comparison of the value of ®r (0.79) for NP-C2,
slightly lower than that in dichloromethane (®f
= 0.86), also shows that C2 performs more favorable

DE JESUS GOMES ET AL.

polar interactions inside the NPs than with dichloro-
methane. It is known that specific intermolecular polar
interactions involving the diethylamino group of
electronically excited C2 implies an increase in the
vibronic coupling, reducing ®; and consequently
increasing the rate of internal conversion.'” This can,
under extreme conditions (e.g., intermolecular hydro-
gen bonding), lead to the formation of a hydrogen-
bonded state (HICT).'>°® Thus, it is plausible to con-
sider that the decrease in the value of ®r should be
related to polar intermolecular interactions inside the
NPs, involving preferentially the ester groups from
the NPs and the diethylamino moiety from C2.

The light scattering induced by the NPs in a suspen-
sion does not affect significantly the fluorescence
measurements because the emission spectra were
obtained with sufficiently diluted solutions and sus-
pensions with the aim of avoiding internal filter
effects.” Besides, the excitation wavelength (442 nm)
is sufficiently shifted from the range at which strong
light scattering is observed.

The E(30) value (35.78 kcal /mol), estimated for the
microenvironments inside the NPs by the use of the
correlation between ®r of C2 and E(30) for different
solvents,'® suggests the existence of environments
able to perform polar interactions with guest mole-
cules. This value is lower than that attributed to
dichloromethane® but in the range of moderately po-
lar solvents, such as 1,4-dioxane. Additionally, using
the ratio of the solvent viscosity to Er(30),"> we could
estimate the microviscosity of these environments as
being equal to 258.92 cP, a typical value for extremely
viscous environments, capable of reducing substan-
tially the C2 mobility. The lower ®r value for C2 incor-
porated into the NP is probably due to additional
vibronic coupling, a result of the interactions between

Figure 9 Cellular uptake and distribution of PLGA NPs with coumarin in B16-F10 cells incubated for 2 h: (A) phase-contrast
and (B) fluorescence microscopy. The original magnification was 400x. The scale bar is equal to 3 pm. [Color figure can be
viewed in the online issue, which is available at www.interscience.wiley.com.]
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C2 and polar moieties associated with the structure
of the NPs. In a previous work, this probe was shown
to be able to estimate the microviscosity of cationic
and anionic surfactants, typical models of organized
systems.'” The values found were compatible with
the expected values, of we consider that for sodium
dodecyl sulfate micelles, the reported value for
the hydrophobic environment varies between 4 and
193 cP.>+*!

Cytotoxicity and cellular uptake of NPs

As shown in Figure 8, the cell viability after 24 h of
incubation (measured via the metabolism of MTT to a
purple formazan dye by mitochondrial succinate de-
hydrogenase in viable cells) was not significantly
reduced in cultures containing coumarin (1 x 10~° to
1 x 107° mol/L). With the maximum concentration
considered in these assays, the maximum reduction in
the cell viability was 15.8 * 6.7%. The cytotoxicity
effect of C2 over B16-F10 murine cells also diminished
when C2 was encapsulated in NPs, suggesting effi-
cient drug entrapment.

The great advantages of C2’s low toxicity and high
®f value make this system feasible for use as an intra-
cellular fluorescence probe. The encapsulation method
evaluated in this report for C2 loaded in PLGA has
been shown to be effective, giving stable spectroscopic
characteristics, good physicochemical stability, and ef-
ficient uptake by neoplasic cells, as shown in Figure 9.

CONCLUSIONS

PLGA NPs were successfully prepared with the sol-
vent-evaporation technique. A high level of drug
incorporation (up to 70%) could be reached for the
incorporation of C2, a hydrophobic compound. The
observed release profile is slow and self-sustained and
is probably influenced by the low porosity of the NP,
as observed by SEM measurements, and the hydro-
phobicity of the encapsulated drug. NP-C2 presented
a mean diameter of 253 nm, slightly higher than that
of the ENP, a low polydispersity, and a low tendency
to suffer aggregation; the last was suggested by the
slightly positive { potential. The NP-C2 FTIR spec-
trum does not show important changes when com-
pared with the ENP spectrum, most likely because of
the small concentration of aminocoumarin. However,
DSC, spectrometric, and photophysical data have
been shown to be sufficiently sensitive to reveal that
C2 interacts dynamically through polar intermolecu-
lar interactions, most likely involving the diethyla-
mino moiety and ester groups from the NPs, as sug-
gested by the analysis of the electron density map of
C2.

The use of C2 as a fluorescent probe furnished im-
portant information about the nature of the environ-
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ments created during the preparation of the NPs, con-
firming its versatility and good sensitivity. The polar-
ity of the microenvironments in which C2 was
allocated, expressed in terms of the E1(30) scale (35.78
kcal/mol), suggests that they are moderately polar,
whereas the probing of the viscosity shows that they
are strongly viscous (258.92 cP), reducing substan-
tially the mobility of the probe.

The increase in the NP mobility induced by C2
incorporation and the vibronic coupling, resulting
from the intermolecular interactions between C2 and
ester groups from the NPs, are not sufficient to cause a
substantial decrease in the value of ®f of C2, preserv-
ing its photophysical properties.

The light scattering induced by the NPs in a suspen-
sion did not affect significantly the fluorescence meas-
urements because the emission spectra were obtained
with sufficiently diluted solutions and suspensions
with the aim of avoiding internal filter effects, and the
excitation wavelength was sufficiently shifted from
the range in which strong light scattering was
observed.

NP-C2 was uptaken by B16-F10 cells and shown to
be nontoxic at the evaluated concentrations, and this
suggests that the NP-C2 system is a promising candi-
date as a cytoplasmatic fluorescent probe.
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