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The  value  of  propolis  is  scientifically  and  commercially  measured  through  the  content  of  biologically
active  molecules  as  phenolic  compounds  and  flavonoids;  on  the  other  hand,  a high  percentage  of waxes
in  the  propolis  composition  makes  it a  substandard  beekeeping  product.  Colombian  propolis  is charac-
terized  by  a high  content  of  waxes;  however,  this  drawback  turns  into  an  advantage  when  this  material
is  used  for  preparing  lipid  nanocarriers.  Accordingly,  in  this  research  work, a  propolis-extracted  material
obtained  by  Randall  method  is  characterized  by differential  scanning  calorimetry,  infrared  spectroscopy,
X-ray  diffraction,  and 1H-Nuclear  Magnetic  Resonance.  Then,  it is  used  for  obtaining  nanostructured
lipid  carriers  by  the  emulsification–diffusion  technique,  whose  recipe  and  operating  work  conditions
were  established  by a Plackett–Burman  statistical  screening  design.  The obtained  particles  exhibit  sizes
olid lipid nanoparticles

rug carriers
lackett-Burman design

less  than  300  nm, polydispersity  indices  around  0.1, zeta potential  values  less  than  ±2 mV,  good  physical
stability  and  they  show  to be safe in the in  vitro irritation  test.  Thus,  Colombian  propolis  arises  as an
attractive  natural  source  for obtaining  lipid  carriers  that  could  be used  in  pharmaceutical  or  cosmetic
industries  for  developing  innovative  products.

©  2019  Sociedade  Brasileira  de Farmacognosia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
he  CC
access  article  under  t

ntroduction

Propolis is a resinous hive product, made with exudates, waxes,
arts of plants, and metabolites of the bees (Marcucci, 1995;
ankova et al., 2000; de Groot, 2013). Diverse factors such as
he surrounding flora and the geographic location of the hive
Salatino et al., 2011), seasonality (Sforcin et al., 2000; Teixeira et al.,
010), illumination, altitude (Toreti et al., 2013), race of bees (Silici
nd Kutluca, 2005), harvesting methods (Papotti et al., 2012) and
ctivities developed during propolis exploitation (de Groot, 2013)
ffect its composition.

Usually, propolis is highly valued because of its content of active
ompounds (Wagh, 2013). However, this concept has changed over
ime, because other substances present in propolis have been inves-

igated for taking advantage of its composition (Abdulkhani et al.,
015; Chao et al., 2018; Jaganathan et al., 2018; Roh and Kim, 2018).

n the special case of the waxes, these can be used as a novel ingredi-
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ent for lipid carriers (Rassu et al., 2015; Correa González et al., 2016;
Kammari et al., 2017; Soleimanian et al., 2018); they are a kind of
delivery systems that attract the attention to develop pharmaceu-
tic and cosmetic products because could improve the solubility and
bioavailability of lipid-soluble active substances. Particularly, the
Nanostructured Lipid Carriers (NLC) are of interest because of their
high drug-load capacity, stability, biocompatibility and biodegrad-
ability (zur Mühlen et al., 1998; Mehnert and Mäder, 2012; Ganesan
and Narayanasamy, 2017; Ghasemiyeh and Mohammadi-Samani,
2018; Gordillo-Galeano and Mora-Huertas, 2018).

In this sense, knowing that some samples of Colombian propolis
characterize for having a high content of waxes, this research work
investigates their use in the preparation of NLC. Firstly, the propo-
lis lipid material was extracted by the Randall method using ethyl
acetate as solvent for obtaining a “propolis-extracted material”.
Then, NLC from the propolis-extracted material were developed
using a statistical experimental design and their size, zeta poten-
tial, stability and cytotoxicity were characterized. It is our purpose

to generate an added value to the Colombian propolis by develop-
ing novelty delivery systems of interest in the pharmaceutical and
cosmetic fields.
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Table 1
Plackett–Burman screening design to define some variables associated with the formulation and the work conditions for preparing NLC based on propolis-extracted material
by  using the emulsification–diffusion method.

Test number PVA (%) PLX (%) CCT (%) Sesame oil (%) Emulsification time
(min)

Emulsification stirring
rate (rpm)

1 + − + − − −
2  + + − + − −
3  − + + − + −
4  + − + + − +
5  + + − + + −
6  + + + − + +
7  − + + + − +
8  − − + + + −
9  − − − + + +

10  + − − − + +
− 
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11  − + − 

12  − − − 

aterials and methods

aterials

Raw propolis was collected from hives of Apis mellifera in Con-
nes, Santander, Colombia (6◦21′ 23,825′′ N, 73◦ 14′ 30,634′′ W,
levation 1498 m)  and it was stored at −20 ◦C. Also, caprylic/capric
riglycerides (CCT, LabrafacTM Lipophile WL  1349, gifted by Gatte-
ossé), sesame oil of pharmaceutical quality, poloxamer 188 (PLX,
olliphor

®
P188, BASF; gifted by Handler Colombia), polyvinyl alco-

ol 31–51 kDa with 87–89% of hydrolysis (PVA, Sigma–Aldrich),
thyl acetate (EtAc, Tedia

®
), Dulbecco’s modified eagle’s medium

DMEM, Sigma–Aldrich), fetal bovine serum (Eurobia) and peni-
illin and streptomycin (Life Sciences) were used. Distilled water
as used in all experiments (Boeco distiller WS8000).

ethods

btention and characterization of the propolis-extracted material

Propolis-extracted material obtention: The extraction of the
ropolis was carried out in a solvent extractor Velp

®
Scientifica

ER 148 (solvent: ethyl acetate; immersion time: 60 min; washing
ime: 50 min; solvent recuperation time: 10 min). The results are
eported as the mean of two independent determinations with a
5% confidence interval.

Characterization of the propolis-extracted material: Differential
canning Calorimetry (DSC) was carried out in an inert atmosphere;
sing around 12 mg  of propolis-extracted material (DSC 1 STARe

ystem – Mettler Toledo; heating and cooling rates: 5 ◦C/min; nitro-
en flow: 50 ml/min; the samples were heated from −20 ◦C up to
0 ◦C, they were maintained 2 min  in the last temperature and
hen, the samples were cooled to −20 ◦C). Infrared spectroscopy
IR) analysis was performed by diluting the samples with dried KBr
IRAffinity-1 FT-IR Shimadzu; range of scanning: 400–4000 cm−1;
canning resolution of 4 cm−1; scans number: 45). X-ray diffrac-
ion (XRD) pattern was obtained from 2� of 10◦ to 80◦ (X’PertPRO
ANalytical; X-ray source: CuK�; scan angular speed (2�/min) of
5◦/min; step width: 0.0286◦; operating voltage: 40 kV; electrical
urrent: 40 mA). 1H-Nuclear Magnetic Resonance (1H-NMR) was
arried out at 400 MHz  (Bruker Advance 400). Propolis-extracted
aterial (20 mg)  was dissolved in deuterated chloroform.

reparation and characterization of NLC based on
ropolis-extracted material
Preparation of propolis-based NLC: For this purpose, the
mulsification–diffusion technique proposed by Quintanar-
uerrero et al. (2005) was used with some modifications. First,
− +
− −

the organic solvent (EtAc) and water were mutually saturated for
at least 30 min. Then, two  phases were prepared: an organic and
an aqueous. For the organic phase, 100 mg  of propolis-extracted
material was  dispersed in 10 ml  of water-saturated organic solvent
(Ika

®
C-Mag HS 7; 500 rpm, room temperature); that dispersion

was filtered through Whatman No. 3 filter paper and the required
quantity of fixed oil (CCT or sesame oil) was added. On the other
hand, the aqueous phase was  a solution of the stabilizing agent
(PLX or PVA) in 40 ml  of solvent-saturated water. To prepare the
NLC, the organic phase was  added to the aqueous phase, and
the mix  was emulsified at high shear force (Ultra-Turrax

®
T18

IKA
®

, 11,200 rpm, 5 min). The obtained emulsion was quickly
added to 250 ml  of distilled water (Ika

®
C-Mag HS 7; stirring

rate: 500 rpm) and the particles were immediately formed. EtAc
and part of the water were retired by vacuum distillation (Hei-
dolph Hei-VAP Precision; 130 rpm, 40 ◦C) up to a final volume of
80 ml.

The adequate conditions for preparing NLC were established
by using a Plackett–Burman statistical screening design of twelve
experiments (Table 1). The six selected factors were PLX (2.5%
and 5.0%), PVA (2.5% and 5.0%), CCT (0 mg  and 10 mg), sesame
oil (0 mg  and 10 mg), emulsification stirring rate (11,200 rpm
and 15,600 rpm), and emulsification time (5 min and 10 min).
The response variables were mean particle size, polydisper-
sity index (PDI), and percentage of the main peak of particle
size (searching monomodal distributions). The results were
processed with the statistical software Statgraphics Centurion
V17.1.02.

Lyophilization of propolis-based NLC: the solvent EtAc was  retired
of the NLC with a distillation at reduced pressure (Heidolph Hei-
VAP Precision; 130 rpm, 40 ◦C), the resultant dispersions were
disposed in glass containers and they were frozen at -20 ◦C (Daewoo
fridge). The frozen samples were lyophilized during 48 h (Labconco,
Freeze drying/Shell Freeze drying).

Characterization of propolis-based NLC: Particle size and poly-
dispersity index were measured in samples without preliminary
dilution by photon correlation spectroscopy (Zetasizer Nano ZS,
Malvern Instruments; 5 measures/sample, 5 runs of 10 s/measure
at 25 ◦C, scattering angle at 173◦). Zeta potential was deduced
from the electrophoretic mobility measurement by laser Doppler
velocimetry (Zetasizer Nano ZS; 5 measures/sample, 10 runs of
10 s/measure at 25 ◦C); the samples were highly diluted in sodium
chloride 1 mM and zeta potential was  determined as a function
of the pH (ranging between 3 and 9). On the other hand, the
stability of the NLC dispersions was  evaluated for 30 days, at

intervals of 15 days ± 1 day. The samples were stored in transpar-
ent glass containers at room temperature (18 ◦C ± 3 ◦C) and in an
oven at 40 ◦C ± 1 ◦C (Jouan IG150). In addition, lyophilized propolis-
based NLC were characterized by DSC, IR, XRD, and 1H-NMR using
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Table 2
Plackett–Burman screening design to develop NLC based on propolis-extracted
material: Results for the response (dependent) variables.

Test Particle size (nm) PDI Main peak (%)

1 244 ± 4 0.046 ± 0.034 100.0 ± 0.0
2  238 ± 3 0.185 ± 0.025 98.6 ± 0.8
3  170 ± 3 0.064 ± 0.042 100.0 ± 0.0
4  134 ± 2 0.059 ± 0.011 100.0 ± 0.0
5  255 ± 9 0.222 ± 0.020 98.9 ± 1.6
6  96 ± 2 0.161 ± 0.023 100.0 ± 0.0
7  127 ± 2 0.098 ± 0.036 100.0 ± 0.0
8  172 ± 3 0.099 ± 0.038 100.0 ± 0.0
9  149 ± 2 0.135 ± 0.022 100.0 ± 0.0
10 131 ± 2 0.187 ± 0.017 99.3 ± 1.0
11  125 ± 1 0.169 ± 0.028 99.4 ± 0.9
12  222 ± 4 0.087 ± 0.049 100.0 ± 0.0

T
P

Y.X. Correa et al. / Revista Brasileir

he same work conditions previously described for the extracted
aterial. Complementary, lyophilized propolis-based NLC were

bserved by Scanning Electron Microscopy (SEM, Tescan Vega 3;
cceleration voltage 20 kV; coating: gold/palladium).

Finally, cytotoxicity of lipid nanoparticles was evaluated by
eutral Red Uptake (NRU) assay on BALB/c-3T3 mouse fibroblasts
nd by (4,5-dimethylthiazol-2-yl) 2,5-diphenyl-tetrazolium bro-
ide (MTT) assay on human keratinocytes. For the NRU assay, cells

n exponential growth were cultured in 96-well microtiter plate
ith supplemented medium (Dulbecco’s Modified Eagle’s Medium

 DMEM, 5% fetal bovine serum, 1% penicillin-streptomycin antibi-
tics) at a seeding density 1.5 × 104 cells/well. Cells adhered during
0 h ± 4 h and the medium was removed from the plates after incu-
ation and replaced by one fresh. Subsequently, the NLC were
irectly added to the cells in concentrations between 50 ppm and
000 ppm, and they were incubated under standard conditions
37 ◦C, 65% relative humidity, 5% CO2). After 24 h ± 2 h of incubation,
ells were observed by inverted microscopy (Nikon ETS-100) for
valuating possible damages or changes in the cellular morphology.
hen, the dispersions of lipid particles were taken off and neu-
ral red dye was added to the cells, that were newly incubated for

 h ± 0.5 h under the mentioned standard conditions; the cells were
ashed, and the neutral red dye was extracted. The absorbance of

he extracted dye was measured at 550 nm,  for determining the
ercentage of cell survival that was compared with the obtained
bsorbances from control cell of growth (blank cells). In the study,

 nonlinear regression analysis of the percentage of survival ver-
us concentration was done for obtaining the values of effective
oncentrations EC90 and EC50 (Belcorp, 2012a).

On the other hand, for the MTT  test, human keratinocytes
n exponential growth were cultured in 96-well microtiter plate
t a seeding density 5 × 103 cells/well and with supplemented
edium (DMEM, 5% fetal bovine serum, 1% penicillin-streptomycin

ntibiotics). Cell adherence was allowed during 20 h ± 4 h and
he replacement of medium was done. The NLC dispersions were
irectly added to the cells in concentrations between 50 ppm and
000 ppm; and the samples were incubated in standard conditions
37 ◦C, 65% relative humidity, 5% CO2). After 24 h ± 2 h of incubation,
ells were observed by inverted microscopy for evaluating possi-
le damages or changes in the cellular morphology. The treatments
ere removed and MTT  dye was added. Cells were incubated for

 h ± 0.5 h under the mentioned standard conditions. The formed
ormazan crystals were extracted with isopropanol and quantified
t 575 nm.  For estimating EC90 and EC50 values, the absorbances

btained by the test with lipid particles were related to controls
f growth (blank cells) through a nonlinear regression analysis of

 curve of percentage of survival versus concentration (Belcorp,
012b).

able 3
lackett-Burman screening design to develop NLC based on propolis-extracted material: S

PVA (%) PLX (%) CCT (%) 

Response variables
Particle size Sum of squares 1497.7 134.3 2614.9 

Mean square 1497.7 134.3 2614.9 

F  ratio 3.10 0.28 5.41 

p-value 0.1387 0.6208 0.0676 

PDI Sum of squares 0.0036 0.0068 0.0175 

Mean square 0.0036 0.0068 0.0175 

F  ratio 4.83 9.13 23.42 

p-value 0.0793 0.0294a 0.0047a

Main  peak Sum of squares 0.56 0.48 1.20 

Mean square 0.56 0.48 1.20 

F  ratio 8.62 7.35 18.42 

p-value 0.0324a 0.0423a 0.0078a

a Statistically significant effects. p-value <0.05.
Statistical parameters of the model
p-value 0.0105 0.0215 0.0304
R2 (%) 92.60 90.00 88.40

Results and discussion

In general terms, raw propolis is composed by 20%–40% of waxes
(Woisky and Salatino, 1998; Pietta et al., 2002; Sforcin, 2007; de
Groot, 2013; Pujirahayu et al., 2014). However, a significant content
of waxes (72%) was found in Colombian propolis, based on what this
material is labeled as poor quality. Nevertheless, taking advantage
of this drawback, innovative carriers for active compounds could
be investigated. As a contribution in this sense, this research work
has been focused on NLC, a kind of lipid particles that includes in its
composition a mixture of solid and liquid lipids. For this purpose,
the extraction and characterization of propolis-extracted material
were carried out and then, lipid particles were prepared.

The extraction of the lipid material from propolis enables a more
refined raw material to be used for preparing lipid nanoparticles.
For this purpose, the Randall extraction method was  selected due
to its accelerated extraction mechanism (Anderson, 2004) and EtAc
was chosen as the extraction solvent because it is the most com-
mon  organic solvent used for the nanoparticles preparation via the
emulsification–diffusion technique (Mora-Huertas et al., 2012). The
result of the extraction process was 80.8% ± 2.6%, that corresponds
to lipid material and perhaps includes other propolis’s components
also soluble in EtAc.

The extracted material was then used for investigating the more
suitable conditions to prepare NLC. In this way, a Plackett–Burman
screening design was  carried out. The obtained results are compiled

in Tables 2 and 3, and in Fig. 1.

In general terms, the Plackett–Burman models adjusted by
the Software Statgraphics Centurion V17.1.02 are statistically sig-
nificant (p-values highest than 0.05) and the variations of each

tatistical parameters obtained for each variable of interest (independent variables).

Sesame oil (%) Emulsification time
(min)

Emulsification stirring
rate (rpm)

609.7 1163.1 24240.6
609.7 1163.1 24240.6
1.26 2.41 50.13
0.3125 0.1816 0.0009a

0.0006 0.0042 0.0009
0.0006 0.0042 0.0009
0.79 5.60 1.25
0.4154 0.0642 0.3136
0.12 0.003 0.12
0.12 0.003 0.12
1.84 0.05 1.84
0.2333 0.8302 0.2333
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Fig. 1. Standardized Pareto charts of the investigated variables by the Plackett–Burman screening design for determining the conditions of NLC preparation. I: PVA; II: PLX;
III:  CCT; IV:  sesame oil; V: emulsification time; VI:  emulsification stirring rate. The stars point out the variables with significant effects.

Table 4
Interpretation of the results from Plackett–Burman design for formulating NLC based on propolis-extracted material.

PVA conc. PLX conc. CCT conc. Sesame oil conc. Emulsification
time

Emulsification
stirring rate

Response
variables

Particle size Low High High Low High Higha

PDI Low Lowa Higha Low Low Low
a a Higha Low High High

d
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e
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a
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T

Percentage main peak Low Low

a Statistically significant effects. p-value <0.05.

ependent response are explained by these models in percent-
ges bordering 90%, that is adequate for making decisions on the
ariables of interest investigated. In this sense, emulsification rate
xhibits a significant effect on particle size, PLX and CCT determine
he polydispersity of the systems and the concentration of PVA, PLX
nd CCT governs the percentage of the main signal.

A single integrated view of the results (Table 4) facilitates to
ake decision on the recommended level of each variable of inter-

st for obtaining particle dispersions exhibiting the smallest size
nd polydispersity index and the highest percentage of the main
eak. Accordingly, the emulsification time does not have an impact
n the evaluated characteristics of the particles; therefore, the cho-
en emulsification time was 5 min. On the other hand, the stirring
ate was selected in its low level because the decrease in particle
ize was not significant in practical terms. Regarding the starting
aterials, the most adequate option of liquid lipid is CCT, a medium

hain triglyceride. Even though the sesame oil is an attractive natu-
al alternative for preparing the particles intended in this research
ork, this oil should not be incorporated in the formulation prob-

bly because of its composition that includes linoleic acid, stearic
cid, and linolenic acid (Jannin et al., 2008). All of them are long-
hain triglycerides causing a significant increment of the particle
ize. Finally, the quantity of the PVA and PLX polymers is recom-
ended to be at the low level.
Overall, the selected conditions for obtaining NLC characterized

y the lowest size (214 nm ± 3 nm), the lowest PDI (0.09 ± 0.02),

nd monomodal distributions were 100 mg  of propolis-extracted
aterial, 10 mg  of CCT, 10 ml  of water-saturated EtAc, and 40 ml  of

olvent-saturated water; that contains 0.5 g of PLX and 0.5 g PVA.
he preferred emulsification conditions are 11,200 rpm for 5 min.
Fig. 2. Zeta potential of NLC based on the propolis-extracted material.

The zeta potential of the particles was  measured as a function of
pH and values near to neutrality were achieved in all cases (Fig. 2).
However, a negative zeta potential was expected for instance,
because of the free fatty acids present in propolis. An explana-
tion on this respect may  be found in the use of non-ionic polymers
in the formulation (PVA and PLX), which could shield the electri-
cal charges due to ionized molecules located at the surface of the
particle (Napper, 1969; Lourenco et al., 1996). In fact, we have pre-
viously reported (Correa González et al., 2016) that propolis-based

NLC dispersions exhibit the typical behavior of steric stabilization
mechanism with an aggregation critical concentration of 0.7 mM of
Na2SO4.
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ig. 3. Particle size behavior of NLC based on the propolis-extracted material during
he  stability test.

In addition, the stability of the propolis-based NLC dispersions

as investigated for 30 days at two conditions: 18 ◦C ± 3 ◦C and

0 ◦C ± 1 ◦C. As shown in Fig. 3, although the particle hydrodynamic
iameter increases at the end of the study, this change does not

Fig. 4. DSC thermogram of EtAc-extracted material (black) 

able 5
esults of DSC analysis for EtAc-extracted material and for NLC based on propolis-extract

Melting range 

Onset (◦C) Peak (◦C) Enset (◦C) En

EtAc-extracted material 46.4 58.7 61.8 40
Propolis-based lipid particles 45.3 50.0 53.2 51

Fig. 5. IR spectra (KBr) of EtAc-extracted material (upper) and
rmacognosia 29 (2019) 381–388 385

exceed 40 nm;  what is not significant for this kind of nanoparticu-
lated systems.

On the other hand, the extracted starting material obtained from
propolis was  compared against the lyophilized NLC by using DSC
analysis. Regarding the starting material, the wide signals obtained
could be attributable to the melting and solidification processes
(Fig. 4 and Table 5); and the two signals found for the solidifi-
cation process could be explained by the mix  of substances and
possible solid–solid transitions for some compounds; for instance,
those changes among the crystallographic forms of alkanes could
take place (Dorset et al., 1984; Chazhengina et al., 2003; Kameda,
2004). Respect to the lyophilized NLC, their melting interval was
displaced to lower temperatures due to the presence of the stabi-
lizing polymers and the CCT. In this sense, it has been demonstrated
that the incorporation of CCT modifies the thermal profile of lipid
nano-systems (Jenning et al., 2000; Pattarino et al., 2014).

Likewise, infrared spectroscopy allows an initial estimate of the
(Fig. 5). In the case of the extracted material, the intense signal
between 1700 cm−1 and 1750 cm−1 could be attributed to car-
bonyls. The band between 3000 cm−1 and 2800 cm−1 corresponds

and of NLC based on the propolis-extracted material.

ed material.

Solidification range

thalpy (J/g) Onset (◦C) Peak (◦C) Enset (◦C) Enthalpy (J/g)

.2 55.8 52.8 49.2 33.6

.6 30.4 26.7 22.9 −46.3

 of NLC based on propolis-extracted material (bottom).
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Fig. 6. XRD of propolis-extracted material (A) and of NLC based on propolis-extracted material (B).
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Fig. 7. 1H-NMR spectra (400 MH

o stretching vibrations of C H bonds, complemented by vibration
f deformation of C H at 1462 cm−1 and hydrocarbon deformations
f long chains at 721 cm−1 (Silverstein et al., 2005). These results
re in line with those previously reported for beeswax (Birshtein
nd Tul’chinskii, 1977; Zimnicka and Hacura, 2006; Lakshmi et al.,
012; Kajjari et al., 2014). Regarding the NLC, less intense bands
han those observed for the extracted material are shown. Thus,
he band in the region between 3000 cm−1 and 2840 cm−1 could be

ssigned to the stretching vibrations of C H bonds. In the same way,
he band at 1465 cm−1 is common for CH scissoring of methylene
roups. The weak absorption of C C stretching of non-conjugated
lkenes appears at 1640 cm−1. In addition, absorption at 3700 cm−1
l3) for EtAc-extracted material.

and 3200 cm−1 is related with O H stretching vibrations and there
is a sharp signal at 1735 cm−1, attributable perhaps to carboxyl
groups belonging to esters. The signals of the stabilizing poly-
mers are represented by the bands at 1110 cm−1, 840 cm−1, and
948 cm−1; corresponding to C O bonds (Silverstein et al., 2005).

When propolis-extracted material and nanoparticles were ana-
lyzed by XRD, in both cases crystalline regions were evidenced
(Fig. 6), but their performance is mainly amorphous. Neverthe-

less, the observed behaviors are different. The typical 2� angle at
16.8◦ of extracted material disappeared in the diffractograms of
NLC. Probably, this is due to the crystalline behavior of PVA (Bunn,
1948; Tretinnikov and Zagorskaya, 2012) and PLX (Ramadhani
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Table  6
Results of the cytotoxicity tests for propolis-based NLC.

Cytotoxicity in BALB/c-3T3 mouse fibroblasts (red neutral uptake)

Used concentration HTD (ppm) EC90 (ppm) Final concept

Eight different concentrations between 50 ppm and 2000 ppm >2000 >2000 Minimum irritant

Cytotoxicity in human keratinocytes (metabolic reduction of MTT)

Used concentration EC50 (ppm) EC90 (ppm)

Eight different concentrations between 50 ppm and 2000 ppm 839.5 324.3

F
(

e
(

e
t
e
f
e
o
m
s
m

s
(
p
a
a
g
t
t
d
w
g
E
t
p
l
o
e
r

f

ig. 8. Comparison of 1H-NMR spectra (400 MHz, CDCl3) for EtAc-extracted material
A) and NLC based on propolis-extracted material (B).

t al., 2014) that influences the crystalline structure of the particles
Malaki Nik et al., 2012; Malamatari et al., 2015).

1H-NMR has been used for propolis characterization (Watson
t al., 2006; Cuesta-Rubio et al., 2007; Bertelli et al., 2012), and
herefore, this technique was used to characterize the propolis-
xtracted material and NLC. For the starting material, the signals
ound between 0.5 ppm and 2.0 ppm are coherent with the pres-
nce of hydrocarbon material (Fig. 7). The presence of hydrogens
f alkenes, in the ranges of 4.5 ppm–6.5 ppm (R C C H), and aro-
atic protons, identified by the signals between 7 ppm and 8 ppm,

uggest the existence of phenolic compounds in the extracted
aterials.
On the other hand, the 1H-NMR spectrum for the NLC (Fig. 8)

hows a predominant acyclic aliphatic region for the chemical shift
ıH) between 0.5 ppm and 2.0 ppm; and protons of aromatic com-
ounds or near to heteroatoms are present (6.0 ppm–9.0 ppm),
s in the extracted material. The peaks at 3.5 ppm, 3.63 ppm,
nd 3.8 ppm are intense. They could be attributable to hydro-
ens adjacent to oxygen, as those of ethers, esters, or hydroxyls;
hat are present in the structure of PLX and PVA. Concerning
o PVA, the reported research works of Petit and Zhu (1996) in
euterated aqueous solutions of PVA evidenced that there is a
ide signal between 3.9 ppm and 4.1 ppm of C H near to oxy-

en, while the ıH near to 3.7 ppm corresponds to the hydroxyls.
qually, for PLX, it has been reported a signal around 3.7 ppm for
he groups C H2 and CH, present in the three monomers of the
olymer (Forshed et al., 2005). Complementarily, using SEM, the

yophilized propolis-based NLC with gold-palladium coating were
bserved embedded in its surrounding polymeric matrix (Fig. 9),
xhibiting rounded or lentils shapes with sizes in the nanometric

ange.

Finally, considering the possible use of the propolis-based NLC
or developing delivery systems of interest in pharmaceutics and
Fig. 9. Microphotography of lyophilized NLC based on propolis-extracted material
inside of a polymeric matrix.

cosmetics, the in vitro cytotoxicity of lipid nanoparticles was inves-
tigated. The results reveal that the NLC investigated do not have a
toxic effect on BALB/c-3T3 mouse fibroblasts (Table 6), in concor-
dance with the parameters previously reported (Belcorp, 2012a,b),
where a “minimum irritant” is the substance whose highest tol-
erated dose (HTD) is higher than 200 ppm and its EC90 is more
than 500 ppm. The development of both NRU assay and MTT  assay
in this research work is complementary; they are simultaneously
used because of their different basic principles (Doktorovova et al.,
2014). Thereby, MTT  is converted by the mitochondrial succinate-
dehydrogenase enzyme to formazan, in metabolically active cells
(Mosmann, 1983); whereas neutral red dye is accumulated in lyso-
somes of living cells (Repetto et al., 2008).

Conclusions

The Colombian propolis obtained from hives of Apis mellifera
in Confines (Santander, Colombia) can be successfully used in the
preparation of NLC via the emulsification–diffusion method. The
obtained particulate systems exhibit unimodal distributions and
achieved a nanometric range with values of polydispersity lower
than 0.1. Differences were detected when the propolis-extracted
material was  compared with NLC using DSC, IR, XRD, and 1H-NMR.
Likewise, the evaluation of cytotoxicity in vitro of lipid nanoparti-
cles allowed to classify them as a minimum irritant.
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