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Abstract
Anacardic Acid (AA) and Cardol (CD) are the main constituents of the cashew nut shell liquid, which presented several
biological activities. In this study, a 23 factorial experimental design was employed in order to evaluate the influence of
the reaction conditions in the nanoencapsulation of AA and CD using Chitosan (CH), Alginate (ALG) and Arabic Gum
matrices. The nanoparticles (NPs) with higher stability and encapsulation efficiency were those with ALG as an outer
coating and with lower content of surfactant. The NPs presented nanometric size with 90% of the distribution ranging
from 70 to 250 nm. The in vitro kinetics revealed that CH-ALG/AA and CH-ALG/CD NPs followed zero-order kinetics
model, showing a significantly slow release rate, with values of 33% and 63%, respectively, after 240h. Particularly,
CH-ALG/CD NPs presented higher inhibitory capacity for all strains of dermatophytes due to their release rate, with
promising results for antimicrobial control.
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1. Introduction
‘Anacardic acid and cardol, which are major constituents
of the natural cashew nut shell liquid (CNSL), are part of a
group of phenolic lipids that has anticancer and antimicrobial
activity, among several other activities[1-3]. Anacardic
acid is a mixture of 6-alkyl salicylic acids and cardol,
which is a mixture of alkyl-resorcinols with variations in
the unsaturation of their side chain[4]. Muroi and Kubo[5]
reported antimicrobial activities against Staphylococcus
aureus, Streptococus mutans and Helicobacter pylori, also
acting in mechanisms that promote the physical rupture of
bacterial cell membrane due to their surfactant action[6,7].
Anacardic acid displays antimicrobial and anthelmintic uses
among others and can be used in large scale; however, it
presents a certain instability related to the decarboxylation
process, which happens when it is heated. In order to avoid
this undesirable reaction, this active compound could be
encapsulated using polymer matrixes which could preserve
their physical-chemical characteristics. Biopolymers such
chitosan and alginate are desirable for encapsulation and
has been used for this purpose in the past 20 years[8,9].
According to Peniche and Arguelles-Monal[9] the ability of
alginate and chitosan to form polyelectrolyte complexes allows
the development of biomaterials, generating tridimensional
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matrices known as cross-linked gel. Chitosan (CH), a
polycation, and alginate, a polyanion, are some examples
of polysaccharides used in the preparation of nanoparticles
(NPs)[9]. In this work, polysaccharide nanoparticles based
on chitosan, alginate and arabic gum were prepared with
anacardic acid and cardol. A 23 experiment design was applied
in order to optimize the encapsulation efficiency (EE) of
the nanoparticles, in vitro release profile and antimicrobial
activity was also tested, aiming the production of devices
with prolonged antimicrobial action.

2. Materials and Methods
2.1 Materials
The polymers Chitosan (CH) (Polymar, 72.3% DD),
Alginate (ALG, Dynamic), and Arabic gum (AG, Dynamic)
were used. Sodium tripolyphosphate (TPP) (Dynamic) and
Tween 80 (Dynamic) were also used. Natural CNSL was
obtained by maceration of cashew nuts with hexane for one
week at room temperature (28 °C). Anacardic acid (AA)
and Cardol (CD) were isolated from the natural CNSL by
precipitation of AA calcium salt and separation of cardol
by solvents extraction[10].
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2.2 Nanoparticles preparation
The NPs were prepared according to the following
methodology[11]: A solution containing 50 mL of 1%
Chitosan and 100 uL of Tween 80 (Sigma-Aldrich) were
subjected to mechanical stirring. Subsequently, AA or CD
was added to the solution and submitted to the ultrasonic bath
(Ultra 800, Ciencor Scientific Ltda, São Paulo, Brazil) for
15 min, using Tween 80:AA with a proportion of 1:3 or 1:1.
Subsequently, it was added 0.1% TPP dropwise, using a
mass ratio of chitosan:TPP (50:1) and the solution was
subjected to magnetic stirring for 30 min. Subsequently 1%
(w/v) ALG or AG gum was added in the solution using a
mass ratio chitosan:ALG of 10: 1 ratio and the solution was
subjected to magnetic stirring for another 30 min. At last,
the solution was centrifuged (Kasvi K14-4000, Curitiba,
Brazil) at 4000 rpm for 20 min. The NPs were frozen and
lyophilized (L101, Liobras, Brazil).

2.3 Characterization of NPs
The reaction yield of NPs production was determined by
the ratio of the freeze-dried mass of the NPs regarding the
total mass of reagents added. The concentration of compound
in the NPs was determined by UV-Vis spectroscopy (Thermo
Scientific – Genesys 102S) according to the following
procedure: 5 mg of each sample were placed in 5.0mL of
ethyl alcohol for 48 hours in a hermetic vial. The drug loading
was calculated using calibration curves of anacardic acid
and cardol at 312 nm and 275 nm, respectively, as indicated
in Equation 1 and Equation 2:
y = 0.0093x – 0.0209
y = 0.0008x – 0.0225

R 2 = 0.9999
R 2 = 0.9989

(1)
(2)

where: y is the measured absorbance and x is the concentration
of the compound in mg/L.
The physical-chemical characterization was performed
for the optimal formulations of NPs with each encapsulated
product, chosen through ANOVA statistical analysis using
p<0.05 due to their more satisfactory yield and EE results. Size
distribution and Zeta Potential of the NPs were determined
in a Nano Zeta Sizer (Malvern 3600). 5mg of the NPs were
placed in 20ml of deionized water under magnetic stirring
for 24h. Aliquots of 4 ml were withdraw and placed in the
cubit for analyses at pH 6,0 at a temperature of 25 °C in
collaboration with the Biomass Technology Laboratory
located at the Brazilian Agricultural Research Corporation
(Embrapa-CE). The NPs were characterized by FTIR using a
Shimadzu Prestige-21 spectrophotometer, where the samples
were prepared as potassium bromide pellets (KBr) in the ratio
of 1:20 (m/m) (sample: KBr). The procedure was carried
out at the Analytical Center of the Federal University of
Rio Grande do Sul (UFRGS).

2.4 In Vitro release kinetics
The release kinetics of the AA-loaded and CD-loaded
NPs were obtained using a dialysis system. For each
sample, 60 mg NPs were introduced into cellulose acetate
membranes (14 KDa pore) within a beaker containing
68 mL of HCl solution at pH 3. The releasing system was
2/10

kept under magnetic stirring and constant temperature at
25 °C for 72 h. Three aliquots were taken at regular time
intervals and analyzed by spectrophotometry in the Genesys
10S UV–vis (Thermo Scientific). The concentration of the
AA and CD present in the medium were determined using
Equation 1 and Equation 2.
Kinetic mathematical modeling was applied to verify
the mechanism of drug release for the studied formulations.
The points obtained from the in vitro release curves were
linearized according to the Order-zero, First-order, Higuchi
and Hixson-Crowell kinetic models[12]. To further elucidate
the mechanism of drug release, kinetics based on the
Korsmeyer-Peppas model was also evaluated by applying
the Equation 3:
Mt
= K tn
M∞

(3)

Where: Mt is the amount of drug released over time, M∞
is the amount of drug released as time approaches infinity,
Mt / M∞ represents the fractional release of the drug, t is
the release time, and K is the release rate of the system, in
which it incorporates structural and geometric characteristics
of the polymer system under study.
The diffusion coefficient n denotes the characteristic
of the kinetic mechanism of the drug according to the
assumed value. It was calculated the kinetic constants for
each model, as well as the exponent n based on Equation 3.
The correlation coefficient (R2) was used as an indication
of the best fit for each release system.

2.5 Antimicrobial activity assay
The minimum inhibitory concentration (MIC) for
Candida spp was determined in accordance with the Clinical
and Laboratory Standards Institute[13]. The broth microdilution
assay for T. rubrum was performed as described on the
literature[14,15]. The strains were obtained from the fungal
collection of the Microbiology Laboratory of the State
University Vale do Acaraú, the URM culture collection
of the Mycology Department from Federal University of
Pernambuco, and Hospital Santa Casa de Misericórdia
de Sobral. Four strains of T. rubrum were tested, two of
Candida albicans, and two of Candida tropicalis were
included in this study. For the broth microdilution method,
standardized inocula (2.5-5 x 103 CFU mL-1 for Candida spp.
and 5.0 x 104 CFU mL-1 for T. rubrum) were prepared by
turbidimetry. The suspensions were diluted to 1:2000 for
Candida spp. and 1:500 for T. rubrum, both with RPMI 1640
medium (Roswell Park Memorial Institute – 1640) with
l-glutamine without sodium bicarbonate (Sigma Chemical Co.).
They were buffered to pH 7.0 with 0.165 M MOPS
(Sigma Chemical Co.), to obtain inocula of 2.5-5 x 103 CFU mL-1
and 5.0 x 104 CFU mL-1, respectively. The minimum
fungicidal concentrations (MFC) for both Candida spp.
and T. rubrum were determined as follows: the samples
were prepared in 4% DMSO. Amphotericin B (AMB) and
ketoconazole (KTC) (Sigma, Chemical Co., USA) were
prepared in distilled water. For the susceptibility analysis,
the samples were tested in concentrations ranging from
0.002 to 2.5 mg/mL. The microdilution assay was performed
in 96-well microdilution plates and the microplates were
Polímeros, 29(4), e2019060, 2019
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incubated at 37 °C and read visually after 2 days for Candida
spp. and 5 days for T. rubrum. The MFCs were determined
as the lowest concentration resulting in no growth on the
subculture after 2 days for Candida spp. and 5 days for
T. rubrum[16]. All experiments were performed in triplicate.

2.6 Experimental design
A factorial experimental design was applied in two levels
in order to investigate the effect of three variables on the
encapsulation process in the NPs. The studied independent
variables were the coating Polymer Matrix (Mat), surfactant
dosage (Sd) and type of drug, i.e., Anacardic acid AA and
Cardol CD. The dependent variables (responses) were
the reaction yield and the drug loading in the NPs. Eight
experiments were performed for each dependent variable,
grouped into blocks of 2 randomly selected experiments
to minimize nuisance effects. The planning matrix
containing A, B and C independent variables is shown in
Table 1. The statistical treatment of the data was performed
through ANOVA analysis in the Excel program (Microsoft
2010). A linear regression analysis was performed among
the variables, finding an equation and a R2 value to point
out the significance of reaction parameters, (p) > 0.05.

The factorial design and statistical analysis were
conducted in order to select NPs with higher drug content
and optimized yield, and then those were further investigated
regarding in vitro release analysis, as well as characterized
by FTIR spectroscopy, particle size, zeta potential and
thermogravimetric analysis.

3.1 Influence of the reaction variables on the yield and
drug loading
The effect of the Polymer Matrix (A), Surfactant dosage
(B) and type of drug (C), on the yield and drug loading were
evaluated. Table 1 shows the dependent and independent
variables. The results showed considerable variation in the
reaction yield, with average values of 89% and 74% for NPs
with AA and CD, respectively. Drug loading also showed
a distinct pattern for each drug entrapped, with average
values of 26% and 6% for NPs loaded with AA and CD,
respectively.
ANOVA and linear regression analysis identified that
the factor C was the only factor that influenced on yield,
verified by significance analysis. After linear regression,
Equation 4 predicts the effect of the variables on yield:
Y1 = 81.25 – 7.5 C

3. Results and Discussions
NPs were produced based on CH and ALG polysaccharides
with a neutral surfactant, in order to provide better solubilization
of the compounds in aqueous medium under different
reaction conditions. NPs preparation was performed using
two distinguished stages. Initially, it was formed a central
nucleus with CH and TPP, using few ionic crosslinking
points between the CH amino groups with the TPP phosphate
groups in the presence of surfactant and the active compound.
A pre-gel is formed, evidenced by a slight clouding in the
solution. After that, an anionic polymer was added into the
system. This polymer entangles with the pre-nucleus using
strong ionic electrostatic forces as well intermolecular forces,
coating the inner core by polyelectrolyte complexation (PEC)
[11]
. In this study, the proposed structure attempts to entrap
higher amount of AA or CD within the particles and provide
a greater protection of these compounds against external
environmental factors. Figure 1 shows the representation
of the hypothetical structure for the CH-ALG-CD and
CH-ALG-AA NPs.

(4)

R 2 = 0.70

The type of drug entrapped was responsible for 70% of
the yield variation in the experiment, where AA presented a
yield higher than CD. The average yield is the intersection

Figure 1. Hypothetical proposed structure of NPs CH-ALG loaded
with Cardol (CD) or anacardic acid (AA). (TPP: Tripolyphosphate).

Table 1. 23 Factorial design with its drug loading and yield of the material.
Nº
1
2
3
4
5
6
7
8
9

NP code
CH-ALG/1sd/AA
CH-AG/1sd/AA
CH-ALG/3sd/AA
CH-AG/1sd/AA
CH-ALG/1sd/CD
CH-AG/1sd/CD
CH-ALG/3sd/CD
CH-AG/1sd/CD
CH-ALG/1.3sd/CD

Independent variables
Matrix (A)1
Surfactant (B)2
-1
-1
1
-1
-1
+1
1
+1
-1
-1
1
-1
-1
+1
-1
+1
-1
0

Drug Type (C)3
-1
-1
-1
-1
+1
+1
+1
+1
+1

Drug loading

Yield (%)

42.6 (2.3)
38.9 (5.7)
12.6 (0.7)
9.9 (0.1)
11.6 (0.4)
1.5 (0.3)
5.6 (0.4)
5.7 (0.4)
22.3 (0.5)

92
89
85
89
84
66
72
73
82

Factor A: Coating Polymer Matrix (Mat), High level (+) = Alginate (ALG); low level (-) = Arabic Gum; 2Factor B: Surfactant dosage (Sd), High
level (+) = 1:1 and low level (-) = 1:3; 3Factor C: Type of Drug, High level (+) = Cardol and low level (-) = Anacardic Acid.
1
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value, (81.25). Higher yield was obtained when C = -1,
reaching a theoretical yield of 88.75, close to the values
found in reaction number 1 and 2 (NP CH-ALG/1sd/AA and
NP CH-AG/1sd/AA). AA and CD are compounds, which
were stabilized in the particle by the surfactant added in the
system. However, in an acid medium, AA presents a carboxyl
group in the structure, which may interact additionally by
ionic forces with available amino groups of CH, becoming
even more stable within the particle, and increasing the yield.
Regarding drug loading, the factors B, C and the
interaction effect BC were significant verified by ANOVA
using p < 0.05. These factors correspond to the effect of
surfactant dosage (B), type of drug (C) and to an interaction
effect between surfactant dosage and type of drug (BC).
Linear Equation 5 predicts the effect of the variables on
the drug loading with 96% of correlation:
Y2 = 16.1 - 7.6 B - 10 C + 7.2 BC

R 2 = 0,96

(5)

Replacing the variables B, C and BC in Equation 5 with
normalized values (-1, +1), an optimization was achieved
with the following combination of values for B, C and BC
respectively: -1, -1 and +1, where the optimal drug loading
(Y2) value is 40.8%. This combination matches lower
surfactant dosage for anacardic acid (AA) and better
interaction among the variables. This theoretical value is
also close to the values found in reactions number 1 and 2
(NP CH-ALG/1sd/AA and (NP CH-AG/1sd/AA)).
The drug type is the main factor that directly influences
the formed NPs. At a lower level (C = -1), there was a
significant increase on yield and drug loading, regarding the
use of AA. In this sense, it is possible to conjecture that due
to the acid carboxylic group present only in the chemical
structure of AA, strong ionic interactions take place with the

amino chitosan groups, in an acid medium, which favors the
entrapment into the nanoparticle system. There is also an
effect of surfactant and an interaction effect of the surfactant
and drug type. When the surfactant dosage is lower (B = -1),
regarding the Sd:CH 1:3 ratio, in combination with AA as
the drug type (C = -1), best results are obtained (Reaction
number 1 and Reaction number 2, see Table 1). This is likely
due to these ionic interactions between chitosan and AA,
which favored the retention of the drug inside the particle
dispensing the use of an excess of surfactant to stabilize
the particle. For CD drug (C= +1), the surfactant dosage
also has to be used at a lower level (1%, B= -1); however,
the optimum theoretical maximum is lower due to negative
interaction effect of CD with the surfactant. It seems that
the optimum dosage of surfactant to stabilize cardol could
be intermediate between the levels studied for this type of
drug. Based on these results, a new reaction was produced
(reaction number 9, Table 1), using 1.3% of surfactant dosage,
aiming to increase drug loading. Results showed that the
drug loading has increased from 11 to 22% maintaining a
high yield, improving significantly the encapsulation system.
In summary, the reaction conditions chosen after statistical
analysis were the ones using low surfactant content (1% for
AA and 1.3% for CD). Despite the type of external polymer
matrix did not influenced statistically, ALG was chosen as
external coating, and the NPs selected were the ones from
reaction number 1 (CH/ALG-AA) and reaction number 9
(CH/ALG-CD). Both NPs were evaluated regarding
physical‑chemical characterization and antimicrobial tests.

3.2 Infrared spectra
Figure 2 shows the structural characterization obtained
by FTIR spectroscopy for CH, ALG, AA, CD and NPs
loaded with AA and CD. CH showed two strong vibrations

Figure 2. FTIR spectra of the materials Chitosan (CH). sodium alginate (ALG). Cardol (CD). anacardic acid (AA). NPs CH-ALG-CD
and NPs CH-ALG-AA.
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at 1654, assigned to amide I, and at 1596 cm-1 assigned to
symmetrical and asymmetrical bending of amine and amide II.
ALG has carboxymethyl groups in the structure, with an
absorption peak at 1744 cm-1, assigned to the carboxymethyl
dimer (O=COH…O=COH) intermolecular interaction
which is in agreement with previously published results[17].
The anacardic acid exhibits a wide band of axial deformation
of the hydroxyl OH bond (3400-2500 cm-1), referring to
the symmetrical stretching of this group. It also presents a
band at 1650 cm-1 of the C=O stretch of the carboxyl, and
also a band at 1584 cm-1 relative to the asymmetrical and
symmetrical stretching of the -COO groups. On the other
hand, cardol exhibits axial deformation of the hydroxyl OH
bond (3400 cm-1)[18].
The NPs showed the axial deformation of OH (3400 cm-1),
C-O-C (1034 cm-1) and =C-H of the benzene ring in either
cardol or anacardic acid (1610-1550 cm-1). The vibrations
of the charged amino groups were observed near 3448 cm-1
after formation of the complex, meaning that the -COO- ions
of the ALG bonded with –NH3+ of the CH forming the
polyelectrolyte complex and modifying the vibrational modes
of the polysaccharides[17,19]. Even with the overlapping of
the vibrational modes of the drugs with those of the CH
and ALG, it is possible to observe, in the spectrum of NPs
with AA, the increase in intensity around 1700 cm-1, and
it indicates the presence of the carboxylic acid groups of
AA incorporation of the drug incorporated into the NPs.

3.3 Particle size and zeta potential
The particle size was evaluated for CH-ALG NPs loaded
with AA and CD. Figure 3 shows the particle size profile
for the NPs, where the distribution pattern presented some
variations according to the type of active encapsulated
principle.
NPs loaded with AA presented an average particle size
of 220 nm, where 90% of the presented values are ranging
from 90 to 250nm, with a unimodal distribution. NPs loaded
with CD presented a discrete bimodal profile, where 95%
of the NPs presented a size from 70 to 200 nm, and 5% of
the NPs presented higher particle size, with values from
250nm to 530nm. Both systems presented a high fraction
of particles below 250 nm, which are favorable applications

for use in in vivo release systems[20-22]. According to the
literature, particles with this particle size are susceptible
to a higher rate of mobility in controlled release system
applications compared to larger materials[21,22].
The SEM micrographs of ALG-CHI hydrogels loaded
with AA and CD are shown in supplementary information[23-26]
(Figure S1). The morphology showed micro spheroid-shaped
clusters, formed by the agglomeration of several spherical
NPs. This morphology is in according to the literature[27]
where aggregation of spherical NPs often is observed as
a result of freeze-drying process. NPs loaded with CD
(Figure S1 b) presented higher particle size than those
loaded with AA (Figure S1 a).
The Zeta Potential was investigated for the NPs in
aqueous suspension at pH 6.0. NPs presented negative values
of surface potential, respectively of –18.8 and –9.8 mV
for those loaded with AA and CD. The NPs loaded with
AA presented a negative charge density higher than those
loaded with CD, being comparatively more stable and
less predisposed to agglomerate, as observed in SEM
micrographs. The negative zeta potential values detected
are attributed to the ion charge (-COO) of the alginate on the
outer surface of the particle and indicate that the CH-based
core was successfully coated[28,29]. Therefore, NPs CH-ALG
assumed moderate values of potential, with over 90% of the
fraction with size lower than 250 nm (Figure 3a and 3b),
with good probability to disperse successfully in future
in vivo applications.

3.4 In Vitro release profiles
The in vitro release profile of the CH-ALG NPs,
performed at pH 3.0 to simulate the stomach acid condition,
is displayed in Figure 4. It evidenced lower release rates in
the first 48 hours, with corresponding release values of 10%
and 6% for CD and AA, and even after 96h, NPs release was
increased to 19% and 7% for CD and AA, respectively. After
240h, CH-ALG-AA NPs released only 33% of AA, showing
a strong interaction to the surfactant-CH-ALG system, which
prevented its releasing. In acid medium, the carboxyl groups
present in the AA acid formed strong ionic and hydrogen
intermolecular interactions with amine CH protonated
groups, and the hydrocarbon chain portion of the AA were

Figure 3. Distribution of particle size based on volume for (a) CH-ALG-AA NPs and (b) CH-ALG-CD NPs.
Polímeros, 29(4), e2019060, 2019
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successfully stabilized by the surfactant. In this case, AA
was retained inside the NP in acid medium for a prolonged
time (over 10 days). On the other hand, CH-ALG-CD NPs
presented a satisfactory controlled release profile. Table 2
shows the kinetic constant and the correlation coefficient
for the studied Kinetic models. A kinetic study based on the
conventional release models[12] from the in vitro release of
AA and CD revealed that both systems were best fitted in
the zero-order kinetic model, due to their higher correlation
coefficient (R2). This model is based on the slow release of
active substances from systems that gradually disintegrate in
the dissolution medium[30]. In this case, the abrupt increase
in the release profile after 180 h is attributed to the slowly
dissolution of the NP particle, where the active drug was
dispersed in the aqueous system. These NPs are intended to
serve active substances in a controlled and prolonged way,
as is the case with some of the transdermal systems, such as
matrix tablets, coated forms, osmotic systems, drugs with
low solubility, among others[29].
In our study, the release occurred only after a considerably
prolonged period (240 h), and there was a maximum release
of approximately 63% CD and 39% AA, in accordance with
zero-order kinetic model. In this system, NPs were produced
using CH and ALG as coatings; a possible explanation for
this behavior can be associated to a two-step mechanism:
initially, occurs the migration of the active principle by
diffusion from the inner core to the interface of CH-ALG
coating, with possible accumulation of a retention volume[29].
A concentration gradient is produced and the release rate
is slow and controlled due to the affinity of AA and CD by
the CH-ALG interfaces. Over time, is reached a saturation

concentration in the interface, followed by the rupture of
CH-ALG barrier, causing a sudden increase in the release
medium[26].
A similar pattern is found in the literature[31]. Alginatecalcium chloride microparticles loaded with eucalyptus
oil presented a slow release rate, with 60% of eucalyptus
oil release after 97h. Such a sustained released improve
the product shelf life due to the protective effect of the
nanoparticles.
The Korsmeyer-Peppas model provides a constant (KKP),
regarding the release rate, where CD presented a release
rate (KKP) higher than AA, with values of respectively
4.15 and 2.87 h-1. Both systems presented diffusion
coefficients outside the limits of the Korsmeyer-Peppas
model (n ˂ 0.5). Reports in the literature suggest that a
classical Fickian diffusion or “Less Fickian” behavior is
characterized when the values of the diffusion coefficient
are below the proposed limit[32,33]. A similar pattern was
also found in other studies, where values below 0.5 were
reported in Lippia sidoides release from ALG and Cashew
gum NPs[34] and also ibuprofen release from polysaccharide
matrices based on hydroxypropyl meticellulose[35].

3.5 Antimicrobial activity
The encapsulation of natural products with previously
characterized biological action is important in order to
improve physical-chemical conditions and bioavailability,
optimizing a controlled release. Alginate and chitosan are
among the most widely polysaccharides in synthesis of
nanoparticles. As they were prepared in aqueous medium

Figure 4. Controlled in vitro release of Nanoparticles with anacardic acid and cardol.
Table 2. Kinetic constant (K) and the correlation coefficient (R2) for the Kinetic models studied: zero order, first-order, Higuchi, HixsonCrowell and Korsmeyer-Peppas
NPs
CH-ALG-AA
CH-ALG-CD
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Zero-order

First-order
K1(h-1)

R2

K0(h-1)

R2

0.9441
0.9786

0.0560
0.1392

0.9389
0.9641

0.0007
0.0007

R2

Higuchi
KH(h-1/2)

0.9035
0.8950

0.7594
1.8879

Hixson-Crowell
R2
KHC(h-1/3)
0.9408
0.9657

0.0009
0.0024

Korsmeyer-Peppas
R2
KKP(h-n)
n
0.9081
0.8195

2.8734
4.1514

0.2563
0.3194
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Table 3. Minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC).
Strains
C. albicans LABMIC 0105
C. albicans LABMIC 0407
C. tropicalis LABMIC 0110
C. tropicalis LABMIC 0111
T. rubrum LABMIC 5906
T. rubrum LABMIC 6205
T. rubrum LABMIC 6213
T. rubrum LABMIC 6753

Minimum Inhibitory Concentration/Minimum Fungicidal Concentration (mg/mL)
AA
NP/AA
CD
NP/CD
AMB1
1.25/2.5
NI
NI
NI
0.125
NI
NI
NI
NI
0.125
1.25/2.5
NI
NI
NI
0.125
2.5/2.5
2.5/2.5
2.5/2.5
2.5/2.5
0.125
0.075/0.039
0.625/0.312
0.625/0.312
0.625/0.312
NT
0.075/0.039
0.625/0.312
0.625/0.312
0.625/0.312
NT
0.075/0.039
0.625/0.312
0.625/0.312
0.625/0.312
NT
0.075/0.039
0.625/0.312
1.25/0.625
0.625/0.312
NT

KTC2
NT
NT
NT
NT
0.25
0.25
0.25
0.25

AA: Anacardic Acid; NP/AA: Nanoparticles CH-ALG-AA; CD: Cardol ; NP/CD: Nanoparticles CH-ALG-CD; NI: no inhibition; NT: not
tested; 1AMB: standard Amphotericin B; 2KTC: standard Ketoconaloze.

without the presence of harmful substances, it is considered a
safe method, without the presence of harmful substances[36].
Regarding the in vitro antifungal activity of AA and CD in
its free and encapsulated forms, the results are summarized
in Table 3. The compounds showed no significant activity
when tested against strains of Candida spp (C. albicans
LABMIC 0105, C. albicans LABMIC 0407, C. tropicalis
LABMIC 0110 and C. tropicalis LABMIC 0111), except for
anacardic acid, which was active in inhibiting the microbial
growth of C. albicans LABMIC 0105. However, the results
showed MIC and MFC values from 0.625 and 0.312 mg/mL,
respectively, for all strains of dermatophytes (T. rubrum
LABMIC 5906, T. rubrum LABMIC 6205, T. rubrum
LABMIC 6212 and T. rubrum LABMIC 6753).
The fungistatic (MIC) and fungicidal (MFC) action
against dermatophyte strains showed that AA and CD, through
an action on the fungal cell membrane, possibly inhibited
the growth of the microorganisms in a dose-dependent
concentration. Dermatophytes such as Trichophyton
rubrum with a high affinity for keratinizined tissues are
fungi responsible for dermatophytosis of human and
veterinary skin infections[37]. The results demonstrate that
the encapsulation of AA and CD decreased the MIC and
MFC values, expressing the antifungal activity because it
requires lower samples concentration to perform the same
activity when compared to the non-encapsulated samples.
In the antifungal assays, the incubation period of the sample
with the dermatophytic fungi is at least 120 hours, and then
the controlled release of the encapsulated samples allowed
an antimicrobial action by inhibiting growth at lower
concentrations than for the free samples.
AA and CD are phenolic compounds present in
Cashew nut shell liquid with antimicrobial action against
Gram‑positive and negative bacteria strains proven by
previous studies[1,35]. The antimicrobial action seems to be
related to the amphipathic character of the phenolic lipids.
The interaction of the hydroxyl groups of the aromatic
ring with phospholipids by means of hydrogen bonds and
the lipophilic side chain are characteristics responsible for
the high affinity of the CNSL to the lipid bilayers present
in the bacterial membranes[38]. AA and CD are entrapped
within the NPs. However, based on the in vitro release
profile, it is expected that CH-ALG-CD NPs present higher
antimicrobial efficiency, due to the progressive release of
CD over the 120h test. Evidently, both systems presented
high content of the retained compound after the test period,
Polímeros, 29(4), e2019060, 2019

with a potential effect of microbial inhibition in a period
of over 10 days. This structural feature contributes to the
greater antimicrobial activity of the encapsulated samples.

4. Conclusions
Chitosan-alginate NPs can be used for encapsulation
of cardol and anacardic acid using a two stage procedure
of gelification followed by external coating. Statistical
analysis showed that the characteristics of the NPs are
strongly dependent on the surfactant dosage and the type of
compound encapsulated. Low surfactant dosage is required
to obtain with higher yield and higher loading. The negative
zeta potential values suggested that the external coating of
the particles was indeed composed of anionic ALG chains.
The kinetic study showed a desirable profile, best fitted in
zero-order model, probably through a two-step mechanism,
caused by accumulation of the active principles in CH‑ALG
interface by migration followed by the rupture of the
interfacial barrier after saturation, with a steep increase in
the release medium.
Microbiological studies showed that CH-ALG-CD
maintained the same moderate activity of free CD when
compared to the standard, showing effectiveness in the
encapsulation system.
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Figure S1: SEM micrographs of (a) NPs CH-ALG-AA and (b) NPs CH-ALG-CD.
Figure S2: Thermograms of (a) AA and (b) NPs CH-ALG-AA; (c) CD and (d) NPs CH-ALG-CD. Green Line: (%) weight
change as function of the temperature; blue line: Derivative weight change as a function of increasing temperature
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