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fluence of basil oil extract on the antioxidant and antifungal
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 Introduction

In recent years, despite the progress made in modern
edicine, an increase in fungal infections was noticed
,2]. The factors behind this increase include a weakened
mune system, the treatment with corticosteroids and
oad-spectrum antibiotics [3–5], the large number of
ncers that imply a long-term chemotherapy [6], and the
creased number of patients with chronic viral infections
] and with various metabolic conditions [8,9]. The need
 combat fungal infections makes the study of antifungal
tives of great interest. Antifungals may be used in topical
plication for systemic mycoses. A fungal infection in
munosuppressed patients involves a high consumption

of resources to eradicate fungi and a high risk of fatal
complications [10]. Thus, a major goal is to prevent the
progression of localized fungal infections towards system-
ic infections. This can be achieved by developing antifungal
drugs with local action and minimal toxicity to the body, in
order to limit and to eliminate the infections at the
entrance gate [11,12]. Among antifungal drugs, the most
important classes of antifungal compounds are polyenes,
azole and echinocandins derivatives [13]. Many natural
products, such as green tea [14], thyme [15,16], basil oil or
other herbs proved to be effective in the treatment of
topical fungal infections [17,18].

In this respect, two antifungals were selected in the
present research to develop nanostructured lipid carriers
(NLCs) able to combat fungal infections and free oxygen
radicals, e.g., basil oil extract and a biosynthesized
antibiotic, nystatin, produced by Streptomyces noursei.
Nystatin belongs to the class of polyenes (Fig. 1), which
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A B S T R A C T

The combination of basil oil, natural antifungal, and nystatin has the potential to prevent

the extension of topical fungal infections towards systemic infections. The aim of this

study was to develop formulations based on basil oil and nystatin with the desired

antifungal and antioxidant activity and low toxicity by using lipid nanocarriers. The

synthesized nanocarriers showed spherical and homogeneous particles with main

diameters less than 150 nm, as determined by TEM. The scanning calorimetric study

revealed an imperfect crystallization in the core of lipid nanocarriers. Quantitative results

suggested that basil oil concentration affects encapsulation efficiency. The prepared

nanocarriers guaranteed an increased nystatin encapsulation by using 3% basil oil content.

Chemiluminescence assay proved that the protective activity against oxygen free radicals

was influenced by nystatin concentration. The in vitro antifungal studies revealed a better

activity of the nanocarriers loaded with 1% nystatin in comparison with 0.5% loading.
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ave been used in antifungal therapy for over 50 years, but
eir use is limited because of their high toxicity versus the

uman body [19,20]. Nystatin acts by irreversible binding
 ergosterol and other specific sterols from the fungal cell
embrane, leading to the formation of membrane pores
rough which ions are lost [13]. This leads to the

estruction of the fungal cells.
Beside the antifungal action, the vegetable sources of

ctive compounds could act as valuable natural antiox-
ants, and not only. The entrapment of vegetable extracts
to various systems (e.g., liposome, nanostructured silica,

pid nanoparticles, etc.) has led to high fluorescent and
proved antioxidant properties [21–25]. Nanostructured

pid carriers (NLC) are colloidal carrier systems composed
f physiological lipid materials and surfactants accepted as
RAS [26,27] with high drug loading, encapsulation
fficiency and stability [28–30] and, most importantly,
ey may increase bioavailability and stability of bioactive

ompounds and provide controlled release of encapsulated
aterials [31,32]. They have been accepted by regulatory

uthorities for application in cutaneous drug delivery (e.g.,
pical, dermal and transdermal) for both cosmetic and

harmaceutical areas [33,34].
The aim of this research was to synthetize lipid

anocarriers based on basil extract and loaded with Nys
 order to reduce nystatin’s toxicity and to increase their

ntifungal and antioxidant efficiency. Basil oil extract was
sed in this research with a dual purpose, firstly as natural
ntifungal and antioxidant agent, and secondly, as a
omponent of the lipid matrix that will incorporate the
ntibiotic.

. Experimental

.1. Materials

Nystatin (Nys) was purchased from Antibiotics Iasi,
omania. Polyoxyethylene-sorbitan monooleate (Tween
0) was supplied by Merck (Germany). Synperonic PE/F68
lock copolymer of polyethylene and polypropylene

lycol) and L-a-phosphatidylcholine were obtained from
igma–Aldrich Chemie GmbH (Munich, Germany). Basil oil
xtract (BO) was purchased from Hofigal, Romania, and
s fatty acid content has been determined by gas

chromatography, using the derivatization method, which
involves the transesterification of the oil with NaOH
0.5 N in methanol. Fatty acid methyl esters that were
obtained after transesterification were subjected to gas-
chromatographic analysis (Agilent Technologies, 7890A)
coupled with mass spectrometry (Agilent Technologies,
model 5975C VL MSD). The separation was performed on
Supelco SPTM 2560 column (100 m, 0.25 mm internal
diameter and 0.2 mm film thickness) with helium as the
carrier gas (flow rate of 1.5 mL/min). The identification of
the peaks was made by comparing the retention times
with those of a standard mixture of 37 fatty acid methyl
esters (FAME Mix Component SupelcoTM 37). The fatty
acids of BO were: 61.88% linoleic acid, 28.73% oleic acid,
5.60% palmitic acid, 3.45% stearic acid, 0.33% behenic acid.
The solid lipids used were: n-hexadecyl palmitate (CP)
purchased from Acros Organics (USA) and glyceryl
monostearate (GMS) from Cognis GmbH.

2.2. Preparation of lipid nanoparticles

NLC were prepared using the melt emulsification
coupled with high-pressure homogenization (HPH) meth-
od, according to the procedure described elsewhere
[35]. Briefly, the aqueous phase containing a 2.5%
surfactant mixture was heated under stirring at 85 8C.
The lipid phase consisting of CP, GMS and BO was heated
under stirring at 85 8C. The active ingredient, Nys, was
added to the lipid phase and held for 15 min under stirring
at the same temperature. Then, the lipid mixture was
added to the aqueous phase, forming a pre-emulsion. The
pre-emulsion was maintained under continuous stirring
for 30 min at 85 8C, and then it was subjected for 2 min to
high shear homogenization (HSH) at 10,000 rpm (Lab
Homogenizer PRO250, 0–28,000 rpm, power of 300 W,
Germany) and 5 min at 600 bar in a high-pressure
homogenizer (HPH) (APV 2000 Lab Homogenizer,
Germany). The formed emulsion was allowed to cool
down at room temperature under continuous stirring to
form a dispersion of the NLC loaded with Nys. The
dispersion was freeze-dried in order to remove water by
freezing for 24 h at –25 8C and then freeze drying for 3 days
at –50 8C by using an Alpha 1-2 lyophilizer LD Freeze
Drying System (Germany). The composition of the lipid
carriers in the dispersion is shown in Table 1.

Fig. 1. Nystatin.
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. Characterization of size, uniformity and stability of NLC

Using the Zetasizer Nano ZS apparatus (Malvern
struments, Malvern, UK), particle sizes were determined

 dynamic light scattering method (DLS). The conditions
r measuring the mean particle size (Zave) and the
lydispersity index (PdI) of the samples were as follows:
attering angle of 908 and temperature of 25 8C. To obtain
e appropriate dispersion intensity, the samples were
luted with deionized water, and particle size evaluation
as performed using the intensity distribution. Average
ameters and polydispersity index of particles were
tained from an average of three measurements. Using
e same apparatus, measurements of electrophoretic
obility of NLC into an electric field has been made based

 the Helmholtz–Smoluchowski relationship in order to
termine the zeta potential (ZP).
NLC dispersions were diluted with deionized water and

e conductivity was adjusted to 50 mS/cm using a sodium
loride solution (0.9%, w/v). ZP is the average value of the
easurements made in triplicate at 25 8C.

. Transmission electronic microscopy

The morphology of NLC loaded with Nys was deter-
ined by using a transmission electron microscope
hilips 208 S, The Netherlands). Samples of the NLC in
spersion were diluted with ultrapure water in a ratio of
50. A drop of diluted solution was placed on a carbon-
ated copper grid, and after 15 min the sample was
otographed.

. Percentage of nystatin loaded into NLC

The entrapement efficiency of Nys into NLC was
aluated using the UV absorbance at lmax of Nys
cording to the Lambert–Beer law. The concentration of
e Nys from NLC loaded with 0.5, 1 and 2% antibiotic was
termined at lmax = 305 nm. Samples were prepared by
ding 0.03 g of lyophilized NLC–Nys in 10 mL of ethanol.
e filtrate was exposed to UV–Vis spectroscopy (UV–VIS–
R spectrophotometer type V570, Jasco) and analyzed
ing the calibration curve in the concentration range of
5 � 2 g/L Nys, with a correlation coefficient

R2 = 0.9996. The percent of entrapement efficiency was
calculated calculated using the following formula:

EE% ¼
CNys initial � Cfree Nys

CNys initial
� 100 (1)

2.6. Differential scanning calorimetry (DSC)

DSC analyzes the structural changes that appeared in
the lipid matrix due to temperature variation. It is a
technique used to obtain information about the physical
and energy properties of the compounds or formulations.
DSC analysis is useful to understand the interaction
between the active compound and lipids, as well as
between solid lipids and oils. DSC analysis was performed
using a differential scanning calorimeter, Jupiter STA 449C
(Netzsch). NLC samples (10 mg) were weighed in standard
aluminum vessels and an empty vessel was used as a
reference. The samples were heated with a temperature
rate of 5 8C/min, in the range of 30–100 8C.

2.7. Antioxidant activity of nystatin loaded NLC

Antioxidants are molecules that interact with free
radicals and break the chain reaction before damaging
essential molecules [36]. The antioxidant activity repre-
sents the capacity of the system to scavenge the reactive
oxygen species measured in vitro by a chemiluminometer
Tuner Design TD 20/20, USA. A cyclic hydrazine (luminol)
was used as a light amplifying substance, which emits light
when it is oxidized and it is converted in an excited
aminophtalate ion in the presence of oxidized species, such
as superoxide, hydrogen peroxide, hydroxyl radical, free
oxygen, and lipid peroxide radicals. The free radical
generator system used was composed of luminol and
hydrogen peroxide in buffer solutions of Tris–HCl (pH 8.6).
The samples were prepared by adding 0.0015 g of
lyophilized NLCs into 10 mL of dimethyl sulfoxide and
subjecting them to ultrasonication for 3 min. The antioxi-
dant activity (percentage of scavenged free radicals) of NLC
was calculated using the relation:

%AA ¼ I0 � Is

I0
� 100 (2)

where I0 is maximum chemiluminescence for the standard
sample at t = 5 s, Is is the maximum chemiluminescence of
the sample at t = 5 s.

2.8. Antimicrobial activity

The antimicrobial activity of NLC was tested in vitro
against human pathogenic microbes (pathogenic and
conditionally pathogenic species). In order to determine
the antifungal activity, the microbial strains used were
Candida albicans ATCC 10231 and Aspergillus niger ATCC
15475. The antibacterial activity of the samples was tested
by using Escherichia coli ATCC 8738.

Escherichia coli was grown in Luria Bertani Agar, LBA,
plates at 37 8C with medium composition (M1): peptone,
10 g/L; yeast extract 5 g/L, NaCl 5 g/L and agar 20 g/L.

ble 1

e composition of NLC loaded with different amounts of nystatin.

ipid

hase in

ispersiona

%)

Basil oil

concentration

in lipid

matrixb (%)

Nystatin (%)

0 0.5 1 2

0 10 NLC 1 NLC 2 NLC 3 NLC 4

20 NLC 5 NLC 6 NLC 7 NLC 8

30 NLC 9 NLC 10 NLC 11 NLC 12

2 10 NLC 13 NLC 14 NLC 15 NLC 16

20 NLC 17 NLC 18 NLC 19 NLC 20

30 NLC 21 NLC 22 NLC 23 NLC 24

Samples were synthetized with 2.5% (w/w) surfactant mixture,

een 80:poloxamer:phosphatidylcholine in a 4.67:1:1 ratio.

The lipid phase was composed of CP:GMS:BO with various

ncentrations of BO. The ratio CP:GMS was kept constant at 1:1.
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andida albicans was grown in Malt Extract Agar, MEA,
erck) with medium composition (M2): malt extract

7 g/L and agar 20 g/L. The mold Aspergillus niger was
rown in Potato-Dextrose-Agar, PDA, (Merck) with medi-
m composition (M3): potato infusion 4 g/L, dextrose 20 g/

 and agar 15 g/L. The stock culture was maintained at 4 8C.
he bacterial plates were incubated for 24 h at 37 8C while
ngal and yeast plates were incubated for 48 h at 28 8C.

The assay was done using the agar well diffusion
ethod [36]. Sterile agar plates were prepared by pouring
e sterilized media in sterile Petri dishes under aseptic

onditions. One millilitre of the test microorganism was
pread on agar plates. Using a sterile Durham tube with a
iameter of 6 mm, the wells were made according to the
umber of samples. The wells were inoculated with 50 mL
f sample. The antimicrobial activity was interpreted
ased on the size of inhibition zone (IZ) diameter, which
as measured in mm from observation of clear zones

urrounding the wells. Each test was done in triplicate.

. Results and discussion

.1. Particle size and morphology of Nys–NLC

In order to obtain NLC with a higher loading capacity of
e nystatin, the total amount of lipid mixture was
creased from 10% to 12% in the aqueous dispersion
/w). The influence of the basil oil amount on the particle

ize and loading capacity of the formulation was studied by
arying the proportion of the oil from the lipid mixture by
creasing its value from 1% to 3% (w/w of NLC in

ispersion). The particle sizes of NLCs prepared with
2% lipids are greater than those of NLCs with 10% lipids.
his effect could be due to an insufficient amount of
urfactant in the case of carriers prepared with a higher
oncentration of the lipid mixture (Fig. 2).

In general, by increasing the basil oil concentration
om 1 to 3%, the particle size of loaded NLC prepared with

 content of 12% lipids was decreased owing to the lower

viscosity (a better destruction of the emulsion droplets
during the homogenization procedure) and a better
solubility of lipophilic Nys in the lipid network. The
incorporation of 0.5% Nys into NLC determines an initial
reduction in the particles size of loaded nanocarriers as
compared with those of free NLC. By further increasing the
concentration of Nys to 1% and 2%, the particles sizes of the
resulted NLCs are increasing, the NLC with 2% Nys
presenting the largest particle sizes (e.g., 144 � 178 nm).

The best results in terms of size and polydispersity
index were obtained for NLC 22 and 23 prepared with 3%
basil oil and loaded with 0.5 and 1% nystatin, respectively.
In order to confirm the DLS measurements, TEM analysis
was performed (Fig. 3). The developed NLC showed
homogenous particles with spherical shape and diameters
around 100 nm for NLC with 3% BO and 0.5% (NLC 22) and
1% Nys (NLC 23).

3.2. Stability of Nys–NLC aqueous dispersions

Zeta potential measurements on Nys–NLC showed a
slight value variation (Fig. 4). In general, all NLC formula-
tions are stable with ZP values less than –25 mV, which
indicates a good stability of the aqueous dispersion and a
low risk for Nys–NLC to aglomerate. It can be observed that
by loading Nys into NLC leads to higher zeta potentials
when compared to unloaded NLC. Some examples of
electrokinetic potential distribution were shown in Fig. 5.

3.3. Stability over time of Nys–NLC

After preparation, the NLC aqueous dispersion was
stored under refrigeration at 4 8C and monthly the particle
size, PdI and zeta potential were examined during a period
of two months. In general, all Nys–NLC proved to be stable
during two months, with no particle agglomeration (Fig. 6).
Significant variations in particle size, but with no major
variations for PdI (data not shown), were noticed at two
months for 1% and 2% Nys encapsulated into NLCs
Fig. 2. (Color online.) Particle size (Zave) and polydispersity index (PdI) of free and Nys–NLC.
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veloped based on 12% lipids with different amounts of
ls.

All NLC showed a slow zeta potential decrease during
o months (Fig. 7), which demonstrates a good stability of
e lipid nanocarriers in dispersion. Taking into consider-
ion the variations in particle size of NLCs, it can be

concluded that the electrostatic particle charge is not the
single factor that can influence the formulation stability.

3.4. Entrapment efficiency of nystatin loaded into NLC

The entrapment efficiency of NLC with antibiotic was
influenced by the Nys concentration used for encapsulation
(Fig. 8). For instance, for both types of lipid matrix
(prepared with 10% or 12% lipid mixtures) with 10% basil
oil, a greater entrapment efficiency was obtained by
encapsulating 2% nystatin. This behavior was not observed
for the NLC prepared with 30% basil oil; in the latter case, a
decrease in encapsulation efficiency is noticed. Also, by
increasing the basil oil content in the lipid matrix from 1% to
3% led to an increased loading capacity of the lipid matrix,
by creating an additional disorder among lipid chains that
creates new spaces to better accommodate the antibiotic.

For NLC prepared with 12% lipids and loaded with
various concentrations of Nys, the entrapement efficiency
is lower than that for NLC prepared with a 10% lipid
mixture. The explanation of this behavior could be
attributed to the changes that occur within the lipid chains
of the matrix and to the fact that the amount of surfactant
per unit of lipids is less in the case of NLC with 12% lipids.

3.5. Structural arrangement of lipid matrix after Nys

encapsulation

The changes in the crystalline lattice of Nys–NLC were
analyzed by DSC. From Fig. 9, it can be seen that the
melting point of the lipid matrix of NLC 5–7 is lower than
that of the physical mixture (Fig. 9A). Also, lipid
nanocarriers undergo a narrowing in the melting range
and a decrease of the melting enthalpy as compared with
physical mixtures. These observations are attributed to the
presence of surfactants, which provides an ordered lipid
arrangement, and to the small size of particles, which
determines an increase in the specific surface area. The
formation of nystatin loaded lipid nanocarriers with a
melting temperature higher than the body temperature is
confirmed.

Fig. 3. TEM image for (a) NLC 22 and (b) NLC 23.
Fig. 4. (Color online.) Stability evaluation in terms of zeta potential (ZP) of free and Nys–NLC.
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As expected, the presence of the basil oil inside the
anostructured carriers results in a disordered lipid matrix
ith many imperfections, as confirmed by the DSC curves.

y observing the calorimetric curve, there is a decrease in
e intensity of the endothermic peak and in the melting
mperature of NLC as the amount of oil was increased

(Fig. 9B). A NLC lipid matrix consisting of 12% lipids shows
a melting point and an enthalpy higher than those of a NLC
with 10% lipids, and thus a larger particle size for NLC
prepared with 12% lipids [confirmed by DLS analysis,
(Fig. 9C)]. Thus, it can be assumed that an efficient
rearrangement of the liquid and solid lipids, associated

Fig. 5. (Color online.) Examples of electrokinetic potential distribution of free and Nys–NLC.

Fig. 6. (Color online.) Stability over time in terms of particle size of free and Nys–NLC.

Fig. 7. (Color online.) Stability over time in terms of ZP of free and Nys–NLC.
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with a more homogeneous lipid core, occurred after Nys
encapsulation into the lipid nanocarriers.

In general, the encapsulation of 1% Nys into NLC with
10% and 30% BO causes a slight increase in the melting
enthalpy, suggesting a more ordered matrix with a greater
expulsion capacity, while 1% Nys–NLC with 20% BO shows
a lower melting enthalpy and higher encapsulation
efficiency when compared to 0.5% Nys–NLC. Thus, the
concentration of 20% BO is optimal to obtain NLC with
appropriate disorder to provide a good encapsulation
efficiency for 1% Nys.

3.6. In vitro evaluation of antioxidant activity of Nys–NLCs

In order to determine the antioxidant activity of Nys–
NLC formulations, Nys–NLC, free NLC and basil oil were

. 8. (Color online.) Entrapment efficiency (EE%) depending on the

ncentration of Nys.
Fig. 9. (Color online.) The differential calorimetry curves for NLCs loaded with Nys.
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xposed to a free radical generating system. Free NLCs
resent a great antioxidant activity (83 � 93%), which
ight be associated with the fact that the basil oil has the

bility to develop a chain reaction lock. Both active
rinciples used in NLC synthesis, Nys and basil oil,
emonstrate an effective antioxidant activity (e.g., 69%
r BO and 74% for Nys) (Fig. 10).

For most nanocarriers loaded with Nys, the antioxidant
activity was maintained in the area of a high ability to
scavenge free radicals. The best results in terms of AA%
were obtained by encapsulation 0.5% Nys (e.g.,
AA = 93 � 96% for NLC 2, 6, 10 and 93 � 94% for NLC 14,
18, 28). The explanation for this behavior could be due to
the synergistic effect of basil oil and Nys brought to

ig. 10. (Color online.) Comparative antioxidant activity of native basil oily extract and NLC prepared with 10% and 12% lipid mixture and loaded with 0%,

.5%, 1% and 2% Nys.

ig. 11. (Color online.) In vitro antimicrobial activity of NLCs against various human pathogenic species. A. Inhibition zone (IZ) diameter. B. Images of Petri
ishes of various NLCs formulations: (a) NLC 7 against Candida albicans, (b) NLC 2 against Aspergillus niger, (c) NLC 2 against Echerichia coli.
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nometer size. By increasing the basil oil amount, a slow
hancement of antioxidant activity was observed. On the
her hand, the antioxidant activity of Nys–NLC was
creased by encapsulating high concentrations of Nys
.g., 2% antibiotic).

. In vitro determination of atimicrobial activity of Nys–

Cs

The developed NLC were tested in order to evaluate
eir properties to combat infections caused by certain
icroorganisms. Three kinds of microorganisms,
albicans ATCC 10231, A. niger ATCC 15475 and E. coli

CC 8738 were selected taking into consideration the
used infections. The antimicrobial activity of lipid
nocarriers with various concentrations of antibiotic
d basil oil is comparatively presented in Fig. 11. Among
e tested samples, NLC 7 based on 2% BO loaded with 1%
s provided the best activity against microorganisms

pe C. albicans ATCC 10231, with an inhibition zone of
.7 mm. For NLC 3 based on 1% BO the anti-Candida

tivity remains satisfactory, but the inhibition zone
ameter decreased by 21.3 mm, suggesting that the basil
l extract has itself a mild antifungal activity. The
capsulation of a lower Nys concentration (e.g., 0.5%,
C 2) led to a significant reduction in the antifungal
tivity, but it still remains in the area of antimicrobial
tivity (IZ diameter of 15.3 mm). Free NLC showed poor
ti-Candida activity (e.g., IZ diameter of 3.7 mm).
As reffering to the antifungal activity of nanocarriers

aded with Nys against A. niger ATCC 15475, worthy
sults were observed (Fig. 11A). The free nanocarriers
ibit a low antimicrobial activity (e.g., IZ diameter of

 mm), while loading them with 0.5% and 1% nystatin
sults in obtaining an effective antifungal activity (e.g.,

 = 20.2 mm for NLC 2 and 17.5 mm for NLC 3). These data
dicate that the antibiotic is mainly responsible for the
ti-Candida and antifungal activity and the basil oil
tract has a small contribution (the native basil oil extract
mples showed a weak antimycotic activity).
Testing the nanocarriers against E. coli ATCC

38 highlighted an appropriate antimicrobial activity
r both free NLC and native basil oil. However, the loading
 0.5% Nys into NLC has resulted in a slight increase of the

 diameter (e.g., 15.3 mm for NLC 1 and 18.3 for NLC 2).
e superior activity of basil oil extract against E. coli (IZ

ameter of 20.3 mm) is attributed to their antimicrobial
tivity, fact that is supported by the literature [12,18,19].

 Conclusions

The exploitation of vegetable oils with biological
fectiveness for obtaining lipid nanocarriers with targeted
operties represents an alternative to conventional liquid
ids, e.g., oleic acid, medium chain triglycerides. Nano-
uctured carriers based on a blend of basil oil extract and
lid lipids were successfully prepared in the present paper

 an appropriate encapsulation system for nystatin.
rmulation factors, such as the concentration of the basil
l extract, the concentration of the lipid phase in the

evaluated to produce lipid based nanocarriers with
enhanced antifungal and antioxidant activity.

The NLCs developed with oily plant extract have proved
an effective entrapping capacity of nystatin, an encapsula-
tion efficiency reaching 82% as the basil oil content was
increased from 1 to 3%. Both active ingredients used,
nystatin and basil oil, have resulted in the development of
effective NLCs that manifest the capacity to capture the
free oxygen radicals, with antioxidant activity ranging
between 93 and 96%.

Among the synthesized lipid nanocarriers, several of
them have proven their ability to exhibit remarkable in
vitro antimicrobial activity against three tested strains,
e.g., C. albicans, A. niger, and E. coli, the inhibition zone
being influenced by the antibiotic concentration and type
of microorganisms. The lipid nanocarriers based on 2%
basil oil and loaded with 1% Nys was found to be the most
active against C. albicans.
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