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Abstract Diseases and disorders of the nervous system,
like Parkinson disease (PD) and other neurodegenera-
tive pathologies, are widespread in our society. The
arsenal of treatments against these pathologies continues
to increase, but in many cases, its use is limited. This is
due to the blood-brain barrier (BBB), which acts by
limiting the penetration of drugs into the brain. To
overcome this handicap, in the current research, solid
lipid nanoparticles (SLNPs) able to encapsulate drugs
and to cross the blood-brain barrier have been designed
to transport and release these drugs into their targets.
These SLNPs were synthesized by a sonication method
and high agitation process searching the most adequate
physicochemical profile to achieve the objectives set.
Today, the most efficient treatment for PD consists of
providing the dopamine (DP) that is lost by neurode-
generation; however, the nature of this neurotransmitter
prevents its crossing of the BBB. Therefore, DP may be
considered as a good candidate to be encapsulated in
SLNPs while studying how the loading drug could
affect such nanoparticles. Based on these antecedents,
in this research, both empty and DP-charged SLNPs
were characterized physicochemically. The results
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obtained indicated a great stability of the nanoparticles
loaded with DP when drug was used at 0.2 to 0.05%;
these concentrations barely affected its size, polydisper-
sity, and C-potential, and the SLNPs elaborated in this
research were high appropriate to be injected systemi-
cally. Finally, empty SLNPs labeled and administered
systemically to adult male Wistar rats demonstrate their
penetration ability into the brain parenchyma.

Keywords Dopamine - Nanoparticles - Brain—blood
barrier - Neurodegenerative diseases

Introduction

Neurodegenerative diseases represent a major issue in
our society, so the development of novel strategies
aiming to achieve effective methods for their treatment
is crucial. Although many treatments are being devel-
oped constantly, many of them face difficulties in
reaching their therapeutic targets, mainly due to the
blood-brain barrier (BBB), an effective obstacle for
many of the drugs designed to act on the central nervous
system (CNS). In fact, when these drugs are adminis-
tered, they first must go through the cerebral capillary
endothelium formed by polarized endothelial cells high-
ly glued to each other by tight connections. They also
must cross the astroglial barrier, the pericytes, and in
some cases even the perivascular mast cells (Masserini
2013). In addition, a large quantity of molecules, al-
though may cross the BBB, they have a low rate of
permeability showing difficulties to reach the nervous
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parenchyma (Rehman et al. 2013; Pardridge 2015).
Particularly, most hydrophilic molecules fail to cross
the BBB because of the tight connections between cells,
which limits transport (Niu et al. 2019). In fact, 98% of
the potential drugs that could improve the treatment of
many CNS diseases are not actually effective because of
their inability to cross the BBB (Pardridge 2012).

To overcome these difficulties, nanoparticles (NPs)
have been designed with materials that achieve the
purpose of crossing the BBB. Among these materials,
chitosan stands out as a cationic polymer that provides
positive charge to NPs while also being biodegradable,
biocompatible, and non-toxic (Naskar et al. 2019); in
addition, surfactants have a fundamental role in the
biosynthesis of these NPs, given that they are responsi-
ble for determining their structure. Polysorbate 80
(Tween® 80) facilitates endocytosis, since once it is
adsorbed on the surface of the NPs, it is able to bind to
apolipoprotein E (apoE), a membrane receptor substrate
of'the LDL protein (Tian et al. 2018). Finally, one of the
main lipids contributing to the biosynthesis of NPs is
glycerol tripalmitin; it is classified as “Generally Rec-
ognized as Safe” (GRAS) because it is a physiological
type of lipid (Kakadia and Conway 2015). Therefore,
the synthesis of drug-carrying lipid NPs synthetized
from these materials offer many advantages, some of
which are their low cost, high drug loading in compar-
ison with others types of NPs, controlled released, sim-
ple synthesis, and the possibility of an intravenous ad-
ministration with a constant release of the drug, which
allows a possible reduction of side effects and reduction
in the frequency of administrations. In fact, these types
of NPs have the ability to cross the BBB and release the
drug in the nervous parenchyma (Kuo and Rajesh 2018;
Alyautdin et al. 2014).

There are various methods of NP preparation, includ-
ing solvent injection, supercritical fluid technology,
droplet-phase aerosol synthesis, microemulsion, mem-
brane contactor method, and high-pressure homogeni-
zation among others (Ghasemiyeh and Mohammadi-
samani 2018). In choosing a method for the preparation
of NPs, the best option should as much as possible to
avoid degradation of the drug and be easily reproduc-
ible. Following these objectives, we have used a
nanoemulsion by ultra-sonification and high agitation
method for the preparation of our NPs. This method is
one of the most efficient approaches to preparing
nanoemulsions due to the possibility of providing a high
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amount of energy locally through cavitation (Kumar
et al. 2018).

We decided to complete the study by encapsulating
dopamine (DP) in these NPs. In fact, DP is an ideal
candidate in the development of a pharmaceutical form
that allows drugs unable to cross the BBB reach the
brain parenchyma and subsequently release an adequate
dose of the drug while also protecting it and preventing
its degradation (Pahuja et al. 2015).

Parkinson’s disease (PD) is one of the most common
neurodegenerative pathologies, and its most frequent
treatment is to administer L-Dopa (DP precursor) be-
cause DP, as it has been mentioned, is unable to cross
the BBB. L-Dopa is capable of crossing the BBB
through a specific brain transport (6); once L-Dopa is
located inside the brain parenchyma, a L-amino acid
decarboxylase converts L-Dopa into DP. The great ad-
vantage of L-dopa is that it can go through the BBB and
reach neurons. However, it has some disadvantages
such as the loss of efficacy over time, sensitivity to
oxidation, and the appearance of extrapyramidal symp-
toms like nausea or dyskinesia related to the metabolism
of L-dopa outside the central nervous system (Trapani
et al. 2011). Other alternatives for the treatment of PD
consist in preventing the degradation of DP, but this
option does not represent a long-term solution due to the
effect of the neuronal degeneration progress (Zhou et al.
2018). These approaches aim to increase DP levels or
regulate the synthesis of another neurotransmitter that
influences motor symptoms. In fact, some drugs may
improve DP levels in the brain in two ways: first, as DP
precursors and second, by inhibiting enzymes that pre-
vent the recapture of the DA (Ellis and Fell 2017).

Based on this background, the objective of this study
was the design and development of solid lipid nanopar-
ticles (SLNPs) capable of transporting different thera-
peutic molecules to the cerebral parenchyma affected by
neurodegenerative diseases. The elaboration process
was developed, and once prepared, the NPs were ana-
lyzed and physicochemically characterized. In addition,
due to the prevalence of PD, one of the best drugs that
could be used to treat this pathology would be DP;
however, due to its nature, DP is unable to reach its
therapeutic targets. So, we have encapsulated the DP
inside of these SLNPs and we have studied them to
ascertain if this SLNPs loaded with DP retain the same
physicochemical properties as the empty ones. Finally,
the empty SLNPs were marked and injected
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systemically into control animals to demonstrate its
ability to cross the BBB and reaching the brain cells
successfully.

Material and methods
Materials

Dopamine hydrochloride (DP), Octadecylamine
(OA), Glycerol Tripalmitin (GT), and Chitosan
(CS) (low molecular weight) were purchased from
Sigma-Aldrich Quimica SL (Madrid, Spain);
Tween® 80 were obtained from Guinama (Valencia,
Spain). Rhodamine-123, 2,3,5-Triphenyltetrazolium
chloride, and PBS were obtained from Sigma-
Aldrich Quimica SL (Madrid, Spain). Dichlorometh-
ane (DCM) was purchased from VWR (Barcelona,
Spain), ketamine (Imalgene 100 mg/ml) from Merial
Laboratorios S.A., and xylacine (Rompun®) from
Bayer. Uranyl Acetate was obtained from Electron
Microscopy Sciences (Hatfield, PA, USA), and dis-
tilled water was prepared by a Millipore (Billerica,
MA, USA) system.

Synthesis of SLNPs

SLNPs were prepared according to a sonication method
followed by the use of the high-speed homogenizer
Silent Crusher-M from Heidolph. In a first step, an
aqueous phase and an oily phase were mixed. On the
one hand, the aqueous phase was composed of 7.5 ml of
Tween® 80 solution (0.20 % w/v), 7.5 ml of CS solu-
tion (0.05 % w/v), and 10~* M rhodamine but only in the
empty SLNPs. In the case of NPs loaded with DP, it was
used different concentrations of DP elaborated from an
initial solution, reaching concentrations of (0.2 to 0.03
mg/ml). On the other hand, the oily phase was com-
posed of GT (0.35 % w/v), OA (0.134% w/v), and 1ml
of DCM.

The union of both phases is subjected to sonication
during 6 min in parameters of 30 duty cycle and 3 out of
control. Subsequently, it was subjected to agitation on a
Silent Crusher M stirrer at 5500 rpm for 10 min.

Once elaborated, the DCM is eliminated by evapo-
ration in a laminar flow hood at room temperature.

Characterization of SLNPs

Particle size, polydispersity index (PDI), and Zeta
Potential ((-potential) measurement

The size and PDI of the SLNPs were determined by
means of dynamic light scattering with Non-invasive
Backscattering Optics (NIBS). For this, the mean parti-
cle size was determined by Malvern Zetasizer Nano
ZS® (Malvern Instruments Ltd, Malvern, UK), at
25.0°C £ 0.5°C. The average size is expressed in nano-
meters (nm).

The measurement of (-potentials has been carried out
in the same device (Malvern Zetasizer Nano ZS®;
Malvern Instruments Ltd, Malvern, UK) using electro-
phoretic light scattering and a molecular weight analyzer
with static light scattering. The colloidal dispersion is
introduced partially diluted. C-potential is expressed in
millivolts (mV).

In both cases, Malvern Instruments software was
used; this software adapts automatically to the attenua-
tion of the dispensing. Three measurements of each
sample were made. These three measurements are the
average among 10 to 15 repetitions depending on the
sample.

Microphotographic analysis

SLNPs are arranged in the suitable supports (grids)
for viewing under microscopy. The devices used
for this study have been transmission electron mi-
croscope (TEM): CARL. ZEISS LEO 906E and
Scanning Electron Microscope (SEM): Hitachi
S-510. The Scientific Instrumentation Center
(CIC) of the University of Granada (Spain) has
facilitated both microscopes.

For TEM, the sample was prepared via negative
staining. The dispersion was incubated in a grid
with carbon support film for 5 min in a Petri dish
and contrasted with 1% uranyl acetate in aqueous
solution.

For SEM, a drop of the colloidal dispersion of
SLNPs was deposited on a corresponding support
for the FESEM (pin stub mount) allowing it to dry
at room temperature. Subsequently, they were
sputtered with carbon with Carbon Coater (Polaron
CC7650).
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Determination of drug encapsulation efficiency

To determine the efficiency of encapsulation perfor-
mance of NPs, the dispersion was centrifuged using a
centrifuge (Eppendorf AG 5804—Hamburg) at
14000 rpm for 20 min until we got a solid precipitate.
The drug content in the supernatant was analyzed spec-
trophotometrically at 280 nm using a UV—-VIS spectro-
photometer (UV-Vis Perkin Elmer Lambda 25) against
the blank.

The encapsulation was determined using the follow-
ing formula:

Encapsulated percentage = (Actual drug content/
theoretical drug content) x 100.

In vitro drug release study

In vitro drug release study was performed using a dial-
ysis membrane (2 kDa molecular weight cutoff Spectra/
Por® 6) containing 25 mL of pH 7.4 phosphate buffer.
About 5 mL of SLNP dispersion was placed in the
dialysis membrane, and both ends were sealed with
magnetic weighted closures (Spectra/Por Clousures®).
Then, the dialysis bag was kept in the receptor compart-
ment containing dissolution medium (pH 7.4 phosphate
buffer) at 37°C £ 0.5°C, which was stirred at 100 rpm
for 168 h.

At regular time intervals, 1-ml samples were with-
drawn and replaced with freshly prepared pH 7.4 phos-
phate buffer. The drug contents in the samples were
analyzed spectrophotometrically at 280 nm by using a
UV-VIS spectrophotometer (UV-Vis Perkin Elmer
Lambda 25) against the blank.

In vitro drug release kinetics

Different mathematical models were tested to choose
the one, which most reliably explains the release kinet-
ics. Data was analyzed according to zero-order kinetics,
first-order kinetics, Higuchi and Hixson Crowell models
to search the model that best explains the diffusion
process (Doménech Berrozpe et al. 2013); therefore,
the Akaike Information Criterion (AIC) allows us to
find the function that more accurately fits to the drug
release process (Portet 2020). The criterion identifies the
model that best fits the data as the one with the minimum
value of AIC and was calculated applying the following
equation:

@ Springer

AIC =n-InSSQ + 2p

n number of pairs of experimental values

In Neperian logarithm

SSQ  sum of residual squares

p number of parameters of the adjustment function
The model that best fits the data was that with the

lowest AIC.

Stability study

A solution of DP in water 0.034mg/mL was prepared.
Three aliquots were taken:

A: It was kept at 4°C and in the absence of light.
B: It was kept at 25°C and in the absence of light.
C: It was kept at 25°C and in the presence of light.

All aliquots were measured 24 h and 1 week after
their preparation. It was analyzed spectrophotometrical-
ly at 280 nm by using a UV-VIS spectrophotometer
(UV-Vis PekinElmer Lambda 25) against the blank.

Experimental animals

The in vivo experimental procedures to assess the pen-
etration of the empty SLNPs (eSLNPs) in the brain have
been developed in adult male Wistar rats (Charles Riv-
er). All procedures have been carried out in the Centre
for Animal Production and Experimentation of the Uni-
versity of Jaen (CPEA) and previously approved by the
local Animal Care Committee and performed in com-
pliance with the Spanish legislation and in accordance
with the EU Directive 2010/63/EU (2010).

Histology and microscopy

Histology and confocal microscopic analysis were car-
ried out in the Research Support Services of the Univer-
sity of Jaén (SCAI).

To assess the efficiency of uptake of eSLNPs into the
brain parenchyma, rhodamine-123-fluorescence-la-
beled-eSLNPs, prepared following the sonication meth-
od previously described, were injected in the animals
throughout the radial tail vein. After 2h from the sys-
temic NPs injection, animals were sacrificed; the brains
were removed and cut into slices of 20 um with a
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cryostat (Leica CM1950). Then, slices were washed
twice in phosphate-buffered saline (pH 7.4) for 15 min
each and stained with DAPI (Sigma-Aldrich). Then,
sections were mounted on slides for examination under
confocal laser scanning microscope (Leica TCS SP5 II).
eSLNPs appeared in red due to rhodamine (Excitation
507, Emission 525), whereas the cell nuclei were visu-
alized in blue due to DAPI staining (Excitation 358,
Emission 529).

Results and discussion

Physicochemical characterization of NPs: particles size,
PDI, and particle zeta potential

In the macroscopic analysis, the dispersion of SLNPs
appears with a light, uniform, whitish color, in which the
formation of agglomerates is not seen. In addition, the
colloidal dispersion shows stability throughout the
study. Both eSLNPs and SLNPs with different concen-
trations of DP were prepared following the previous
detailed synthesis method. The results corresponding
to the analysis of its size and charge are presented in
Table 1.

As can seem in Table 1, the SLNPs have an appro-
priate size to be injected systemically and be used as
pharmaceutical preparation; in this sense, SLNPs with a
size between 100 and 200 nm are easily captured by
endocytosis, and particles >300 nm are captured by
phagocytosis (Decuzzi et al. 2009); therefore, both
eSLNP and DP-loaded SLNP should have an ideal size
below 300 nm. In fact, the SLNP size is a critical feature
to allow it crossing the BBB (Curtis et al. 2018). In fact,
as have been published, the interval from 100 to 300nm
are the most adequate (Decuzzi et al. 2009), being the
optimal size for reaching brain cells around 200nm (Liu
and Zhang 2019). The size of SLNPs can be quite varied
depending on their nature, and they can be anywhere
ranging from 50 to 1000nm in diameter (Ganesan and
Narayanasamy 2017); the size, however, can be con-
trolled via various synthesis techniques (Kumar et al.
2018; Sawtarie et al. 2017).

The eSLNPs elaborated without DP had an approx-
imate size of 200 nm; in relation to the NPs loaded with
DP, the values obtained, as can be seen in Table 1, were
quite similar among them, increasing till 325 nm in the
most diluted concentration of DP. The SLNPs loaded
with DP resulted in sizes above 200nm, with the

exception of the SLNPs that contained the highest con-
centrated formulation of DP. This may be due to the fact
that DP slightly affects the size of the samples, specifi-
cally in the process of synthesis, in which the size of the
SLNPs would be altered by the drug (Calija 2017).

The PDI were also analyzed for all samples. All
measurements show a unimodal curve around the aver-
age size obtained. The polydispersity is around 0.3,
which is considered quite correct. In the case of the
SLNPs with the lowest concentration of DP, the poly-
dispersity values are slightly larger, reaching 0.495,
which could also be related to their bigger size. The data
obtained in polydispersion are the result of the materials
used and the energy used in the sonification process
(inversely related) (Tapeinos et al. 2017). In addition,
the data reflect the stability of the SLNPs and they are
crucial when analyzing their degradation and release
kinetics (Busatto et al. 2018).

The (-potential is an indicator of the colloidal
stability of a system (Wuttke et al. 2017). A (-
potential with a greater absolute value creates sta-
bility in the preparation (Dave et al. 2019). It also
becomes a fundamental parameter to cross cell
membranes and particularly the BBB; this is due to
the presence of proteoglycans, mucopolysaccha-
rides, glycolipids, flucoproteins, sulfates, and sialic
acids, all of which give the cell endothelial mem-
brane a negative charge at physiological pH. Thus,
electrostatic interaction between the positively
charged part of the SLNPs and the negatively
charged of the cell membrane could favor its ab-
sorption and transportation through the endothelial
cells, facilitating its arrival to the brain parenchyma
(Cetin et al. 2017).

In the case of our SLNPs, very similar values are
presented for all preparations. All of them have a posi-
tive charge, as can be seen in Table 1, with an approx-
imate average of 60mV. The empty SLNPs without DP
present a higher C-potential value, and they decrease
slightly in all preparations as DP concentration decrease.
In both cases, its positive charge will facilitate internal-
ization compared to neutral or negative charges (Jo et al.
2015).

TEM and SEM analysis
Empty SLNPs were photographed with SEM and TEM

microscopy to ascertain its shape as well as to compare
with the size data obtained in previous techniques.

@ Springer
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Table 1 Average values of size, polydispersion, and zeta potential of NPs studied
eSLNP(no DA) SLNP DA 0,2% SLNP DA 0,1% SLNP DA 0,05% SLNP DA 0,03%
(W) (W/v) (W/v) (W/v)
Size average (nm) 200.1 +3.821 174.8 + 14.4 273.1+15.22 275.0 £9.237 3255+ 12.86
Polydispersion 0.31+0.03 0.30 +£0.07 029+0.1 0.404 +0.03 0.495 +0.05
C-potentials (mV) +68.2 £ 1.85 +66.5 £2.5 +544+ 144 +54.9+£1.27 +57.4+£1.25
Figure la shows the SLNPs in SEM microscopy. Stability of dopamine

Large clusters formed by the accumulation of SLNPs
are visible. These aggregates may be due both to the
treatment for visualization by microscopy and to the
high concentration of SLNPs (Chantaburanan et al.
2017), since the polydispersity and size measurements
show a high stability parameter. These SLNPs have a
spherical and slightly oval shape, with a smooth surface,
and their size is within the parameters analyzed in Ta-
ble 1. Homogeneity in sizes is evident. Figure 1b focus-
es on a single SLNP by TEM microscopy. It has a
spherical shape and an approximate equivalent size to
the data of the previous zetasizer.

The initial spherical shape of these NPs is due, among
other things, to the polysorbate 80 which acts as an
emulsifier (Sjostrom et al. 1995). Variations have been
observed with respect to the original spherical shape,
with the SLNPs tending to adopt an oval shape due, on
the one hand, to the beam of light used in SEM and TEM
that can deform the particles and even melt them, and on
the other hand, due to polymorphism phenomena
(Gordillo-Galeano and Mora-Huertas 2018).

EHT = 5.00 kV
WD = 29 mm

Signal A = InLens
Mag= 47.95KX

Date :21 Jun 2018
Time :10:04:31

Fig. 1 Empty NPs. a SEM. b TEM
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Table 2 presents the averages of the results obtained for
stability of DP in the different samples and based on
temperature and time. All samples began with a solution
of DP in water with a concentration of 0.034mg/mL.
This concentration was chosen based on its correspon-
dence with the lowest concentration used in the synthe-
sis of NPs.

In Table 2, it can be observed how both time and
temperature play a crucial role in the loss of DP. The
oxidation is the main process by which DP is lost
(Sanchez-Rivera et al. 2003), and it is evidenced in
sample A, which was kept at a temperature of 4°C for
24 h and a week and demonstrates less degradation than
samples B and C, which were stored at 25°C at the same
times. Light also plays an important role in the oxidation
of molecules due to the energy contribution of photons.
However, the results of samples B and C are very similar
both at 24 h and after 1 week. It is worth mentioning that
in samples B and C, which were kept at 25°C, the DP is
practically completely degraded after a week.
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Table 2 Percentage of lost dopamine for the different simples (A:
4°C and absence light, B: 25°C and absence light, C: 25°C and
presence light)

Time Sample Percentage of lost dopamine (%)

24h 4.8% + 0.40%
7.6% +0.31%
7.5% + 0.34%
28.9% £ 1.57%
97.5% £ 0.91%

98.4% + 1.22%

1 week

O w» 0w >

In contrast, the effect of pH is no significant differ-
ence in different dopamine samples, although if it is
observed that this slightly decreases the amount of do-
pamine added is higher. There is no difference in pH
after a week of synthesis

Determination of drug encapsulation efficiency
(DEE, %)

The amount of drug that can be encapsulated in SLNPs
is one of the crucial parameters when determining the
dose necessary to obtain the desired effect. The encap-
sulation should be as large as possible to decrease the
amount of formulation administered.

80

Figure 2 shows the average values corresponding to
the encapsulation for the different concentrations of DP
assayed. For our study, we considered studying concen-
trations of around 0.12 mg/mL due to previous revisions
(Pahuja et al. 2015). Since it is not administered directly
in humans, there is no definite specific dose.

It can be seen that the level of every encapsulation is
above 60%, reaching the maximum encapsulation at a
concentration of 0.05 mg/mL where it reaches almost a
70% encapsulation. This value is quite good considering
the hydrophilic nature of DP. In addition, this is attrib-
utable to the synthesis process by the method of emul-
sification by ultrasonication. In the field of SLNPs %,
DEE is a good value, and other authors achieve success-
ful encapsulations with 63% (Pillay et al. 2009).

In vitro dopamine release

The drug release pattern is a very important parameter
for any study concerning drug delivery carriers, includ-
ing lipid SLNPs. Figure 3 shows the percentages of DP
released over 168 h.

In the first time frame from O to 6 h, the release occurs
quickly. This may be due to the rapid dissolution of the
existing DP in the areas closest to the surface of the
SLNPs (Ganesan and Narayanasamy 2017). Then the
curve becomes flatter and the release becomes more

60

50

40

% DEE

30

20

10

0 0,05 0,1

0,15 0,2 0,25

DA concentration (mg/mL)

Fig. 2 Percentages of encapsulation for the different DP concentrations
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25

20

15

10

% Dopamine release

0 20 40 60 80

100 120 140 160 180

Time (hours)

Fig. 3 Percentages of dopamine released over time

sustained over time. The results in this time period from
6 to 168 h are only increased by 4 points. This may be
due to the degradation of DP. In the stability study, it can
be seen that the concentration of DP decreased with
temperature, playing this variable a fundamental role.
In this experiment, the temperature is 37°C, which could
explain the release of most of the DP and its subsequent
degradation, so that, we only come to appreciate 20% of
its release when it is already completed.

The experimental data has been adjusted to each of
the mathematical methods using the Akaike discrimina-
tory criterion (AIC), in which the method with the
lowest AIC value best explains the diffusion process.
Table 3 shows the AIC values for the different
formulations.

The lowest value is presented by the square root
kinetics. This type of kinetics is adjusted to drugs for-
mulated in modified release systems or semi-solid phar-
maceutical forms. In both cases, the amount of drug
differed as a function of time is determined by the
application of the Higuchi equation:

Table 3 Release kinetics of DP SLNPs

Order 1 Higuchi Hixon-Crowell ~ Order 0

71.87+£2.69 5346+1.88 64.89+1.07 73.13+£1.82

@ Springer

0 = /(2Cy—C;)Cs*D(t—ty)

in which

D s the drug diffusion coefficient
Co The initial amount of drug per unit volume of the
matrix

C, the solubility of the drug in the matrix

This model shows that liberation is not constant, but
is time dependent. It will be modified with the square
root of time. This type of kinetics is typical of inert
matrix systems in which we have a drug and polymer
mixtures homogeneously. From that matrix, the drug is
released by diffusion. As the molecules inside the matrix
must travel a longer path out of the matrix than the
shallower molecules, it is why it modifies the release
with the square root of time.

Estimation of rhodamine fluorescence of e-SPNPs
in the cerebral parenchyma

As observed under confocal microscope (Fig. 4),
the empty SLNPs are able to cross the BBB; they
appear as red vesicles due to the rhodamine fluo-
rescence within the cerebral parenchyma. Despite
the short time elapsed since the injection of the
SLNPs (2 h), they can be observed inside the
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cytoplasm of the nervous cells, probably associated
with the endomembrane cellular system (Fig. 4a);
however, some of them are still detected in the
lumen of the vessels and inside the vascular wall
(Fig. 4b).

Different receptors in endothelial cells could be in-
volved in the mechanisms responsible for the capture of
the SLNPs to be transported through the BBB to the
brain parenchyma (Alyautdin et al. 2014; Trapani et al.
2011). Nevertheless, these mechanisms are not yet fully
known, so more research in this field will be require in
the future (Pardridge 2015; Alyautdin et al. 2014).

4A T

4B —

Control Zoom 3.3

—

Fig. 4 Confocal microphotographs of a brain sections showing
the rthodamine fluorescent eSLNPs in the cerebral parenchyma. a
The SLNPs as red vesicles inside the nervous cells (probably

Conclusions

* The SLNPs loaded with concentrations of DP be-
tween 0.2 and 0.05% have sizes below 300nm being
suitable for penetration through the blood-brain
barrier.

* The surface charges of the SLNP were positive in all
cases; these values endorse the stability of the dis-
persion and favor the internalization into cells.

*  SLNPs show a spherical shape, and the DP release is
sustained over time resulting adequate to be used as
pharmaceutical preparation.

Control Zoom 9.3

neurons) (1) and in the vasculature (2). b SLNPs inside the
vascular wall and also in nervous cells
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* At the concentrations studied, the encapsulation
concentrations were around 60%.

* SLNPs are able to reach the brain, proving the
ability to cross the blood brain barrier.
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