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Poly(lactic acid-glycolic acid) nanoparticles markedly
improve immunological protection provided by
peptide P10 against murine paracoccidioidomycosisbph_
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Background and purpose: The present study reports on the preparation and testing of a sustained delivery system for the
immunomodulatory peptide P10 aimed at reducing the in vivo degradation of the peptide and the amount required to elicit
a protective immune response against paracoccidioidomycosis.
Experimental approach: BALB/c mice were infected with the yeast Paracoccidioides brasiliensis to mimic the chronic form of
paracoccidioidomycosis. The animals were treated daily with sulfamethoxazole/trimethoprim alone or combined with peptide
P10, either emulsified in Freund’s adjuvant or entrapped in poly(lactic acid-glycolic acid) (PLGA) nanoparticles at different
concentrations (1 mg, 5 mg, 10 mg, 20 mg or 40 mg·50 mL-1). Therapeutic efficacy was assessed as fungal burden in tissues and
the immune response by quantitative determination of cytokines.
Key results: Animals given combined chemotherapy and P10 nanotherapy presented a marked reduction of fungal load in the
lungs, compared with the non-treated animals. After 30 days of treatment, P10 entrapped within PLGA (1 mg·50 mL-1) was
more effective than ‘free’ P10 emulsified in Freund’s adjuvant (20 mg·50 mL-1), as an adjuvant to chemotherapy. After treatment
for 90 days, the higher doses of P10 entrapped within PLGA (5 or 10 mg·50 mL-1) were most effective. Treatment with P10
emulsified in Freund’s adjuvant (20 mg·50 mL-1) or P10 entrapped within PLGA (1 mg·50 mL-1) were accompanied by high levels
of interferon-gamma in lung.
Conclusions and implications: Combination of sulfamethoxazole/trimethoprim with the P10 peptide entrapped within PLGA
demonstrated increased therapeutic efficacy against paracoccidioidomycosis. P10 incorporation into PLGA nanoparticles
dramatically reduced the peptide amount necessary to elicit a protective effect.
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Introduction

Extensive research has focused on the design of efficient adju-
vants to vaccines for immunological protection in several
diseases. More recently, because of the dramatic increase in
the incidence of systemic mycoses, attention has been given
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to the development of antifungal vaccines (Cutler et al.,
2007). Peptide antigens, among other immunogens, are espe-
cially promising for triggering effective immune protective
responses against these infections (Taborda et al., 1998;
Travassos et al., 2008a). Incorporation of peptides into con-
trolled release systems is an approach used to avoid degrada-
tion and promote their release at predetermined rates
(Johansen et al., 2000).

Biodegradable polymers are attractive delivery systems for
vaccines because of their property of slowly and gradually
controlling the release of an antigen (Commandeur et al.,
2006). After in vivo administration of biocompatible poly-
mers, they are broken down into molecules that take part in
normal metabolic pathways and are then eliminated. Any
polymer-entrapped molecule (a drug or a peptide) is released
upon polymer biodegradation, which depends on polymer
constitution and occurs under certain conditions, such as pH
and temperature changes (Commandeur et al., 2006; Vicent
and Duncan, 2006).

Polymeric systems, such as nano- and micro-particles, are
appropriate as adjuvants to prepare a single-shot vaccine.
Antigens encapsulated within polymers can be released for a
prolonged period at a controlled rate of polymer degradation
(Vicent and Duncan, 2006). Polymers have been shown to be
effective adjuvants for various antigenic proteins, including
ovalbumin, cholera and tetanus toxoid, and malarial and
pneumotrophic bacterial antigens (Dhiman and Khuller,
1998; Jaganathan et al., 2005). Poly(lactic acid-glycolic acid)
(PLGA) is a polymer whose degradation rate and antigen
release can be predicted (Jiang et al., 2005). By releasing an
immunomodulatory peptide at a predetermined rate, it can
significantly reduce the amount and number of doses of
antigen required for protection.

Taborda et al. (1998) identified a 15-amino acid peptide that
carries the T-cell epitope of the glycoprotein 43 kDa glycopro-
tein (Gp43), the major diagnostic antigen secreted by Para-
coccidioides brasiliensis (Puccia et al., 1986). This peptide,
named P10, elicits an interferon-gamma (IFN-g)-dependent
immune protection against experimental paracoccidioidomy-
cosis (PCM; Taborda et al., 1998; Travassos et al., 2004).
Immunization with P10 improved the therapeutic efficacy
against PCM when combined with sulfamethoxazole/
trimethoprim, among other antifungals, suggesting an impor-
tant contribution of P10 in improving outcome and reducing
the time of treatment against PCM (Marques et al., 2006).

Paracoccidioidomycosis is a health problem in Latin
America, where around 10 million individuals may be
infected by the dimorphic human pathogenic fungus P. bra-
siliensis and 2% of them may develop acute or chronic
forms of PCM (Brummer et al., 1993). The acute form
involves the lymphoreticular system and may be lethal; in
chronic PCM, the lung is mainly affected with a granulo-
matous inflammatory response, which represents an effec-
tive defence against fungal spread (Brummer et al., 1993; de
Camargo and de Franco, 2000). The usual therapy for PCM
is based on polyenes, azoles and sulphonamides. Amphot-
ericin B is indicated in severe disseminated cases and must
be followed by a prolonged treatment with azoles and
sulfamethoxazole/trimethoprim (Brummer et al., 1993;
Lortholary et al., 1999).

The present study reports on the design, preparation and
in vivo testing of a sustained delivery system containing
the immunoprotective peptide P10 loaded on nanoparticles
of the biodegradable polymer PLGA. This preparation was
administered in combination with sulfamethoxazole/
trimethoprim during the treatment of a murine model of
systemic PCM.

Methods

Preparation of PLGA particles loaded with P10 peptide
The particles were prepared using PLGA polymeric blends
with 50:50 poly-lactic acid (PLA) : poly-glycolic acid (PGA).
The polymers were first dissolved in dichloromethane and
then added to an aqueous solution containing 1% polyvinyl
alcohol and the P10 peptide, aiming for the final preparation
to contain 1, 5, 10, 20 or 40 mg·50 mL-1 of the peptide. The
mixture was submitted to vigorous agitation in a blender
(10 000–15 000 rpm) to obtain the water-in-oil emulsifica-
tion. The organic solvent was removed from the solution by
stirring at room temperature and evaporation under reduced
pressure. The particles were centrifuged (4–10°C; 1100–4600¥
g.) for 10- to 20-min intervals. The preparation was washed
three times in distilled water, suspended in 1.0 mL phosphate-
buffered saline (PBS), stored at 4°C and used for up to 1 week.
All procedures were performed in a sterile room with all the
manipulations in a sterile hood.

Animals
All animal handling and experimental procedures performed
in this study were approved by the Animal Care and Use
Committee of the Universidade de São Paulo. Male BALB/c
mice (6–8 weeks old) from the Universidade de São Paulo
(USP), Brazil, were used in this study. Animals were housed in
polypropylene cages under specific pathogen-free conditions
and were provided with food and water ad libitum.

Fungal inoculum for in vivo experiments
P. brasiliensis, isolate Pb18, was used to infect the animals. The
strain was sub-cultured in defined liquid medium McVeigh-
Morton culture medium at 35°C in a rotatory shaker
(220 rpm) (Restrepo and Arango, 1980). After 5 or 7 days of
culture, the yeast cells were collected by centrifugation, the
supernatant was discarded, and the cells were washed three
times in sterile PBS, pH 7.4. We determined the cell count in
a haematocytometer and adjusted the inoculum suspension
to 3 ¥ 105 viable fungi per 50 mL. The cellular viability was
90–95% in these experiments, as determined by vital staining
with Evans blue (Sigma, St. Louis, MO, USA).

Intratracheal infection
To mimic the most common infection in the chronic form of
PCM, BALB/c mice were inoculated intratracheally with P.
brasiliensis Pb18, and after 30 days of infection, the animals
were subjected to a combined therapy of sulfamethoxazole/
trimethoprim and a range of doses of P10 (1–40 mg) within
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PLGA. The animals were anaesthetized by intraperitoneal
injection of 200 mL of a solution of 80 mg·kg-1 ketamine and
10 mg·kg-1 xylazine (União Química, Brazil). After 10 min,
their necks were hyperextended and incised to barely expose
the trachea. Each animal received 3 ¥ 105 viable fungi in 50 mL
PBS using a 26.5-gauge needle. The incisions were sutured
immediately after the delivery of the fungi.

Antifungal treatment
The infected mice were randomly divided into nine groups of
six animals each and subjected to antifungal treatment with
sulfamethoxazole/trimethoprim (15 mg·kg-1 and 3 mg·kg-1

respectively) in PBS, pH 7.4, with or without 20 mg P10 solu-
bilized in 50 mL Freund’s adjuvant named ‘free’ or P10
entrapped within PLGA at 1 mg, 5 mg, 10 mg, 20 mg or
40 mg·50 mL-1. Group (i) was the control group treated only
with PBS, group (ii) was treated with sulfamethoxazole/
trimethoprim alone, group (iii) was treated with
sulfamethoxazole/trimethoprim and 50 mL of ‘empty’ PLGA
nanoparticles, group (iv) was treated with 20 mg·50 mL-1 of
‘free’ P10, and groups (v) (vi) (vii) (viii) and (ix) were treated
with 1 mg, 5 mg, 10 mg, 20 mg and 40 mg·50 mL-1, respectively,
of P10 entrapped within PLGA. The treatment regimens
started 30 days after fungal challenge and were continued for
30 days. The empty PLGA nanoparticles given to group (iii)
were prepared using the same procedure, methodology and
ratio amount of PLA : PGA (50:50) that was used to prepare
the nanoparticles associated with P10, which gave the same
final concentration in both preparations with or without P10.
The particle size and size distribution were measured by laser
light scattering using a particle size analyser (Zetasizer,
Malvern, UK). Size distribution was analysed over the range of
1–1000 nm, and the mean diameter was calculated for each
sample. The PLGA particles with and without peptide P10 at
various concentrations were measured, and the average diam-
eter found was 430 � 5.1 nm for the loaded particle and 410
� 4.9 nm for the empty one.

Animals from groups (ii) to (ix) received daily injections of
sulfamethoxazole/trimethoprim (15 mg·kg-1 and 3 mg·kg-1

respectively). Mice from groups (iv) to (ix) received four doses
of peptide P10 administered once a week during 4 weeks as
follows: 20 mg·50 mL-1 of ‘free’ or 1 mg, 5 mg, 10 mg, 20 mg and
40 mg·50 mL-1 entrapped within PLGA. ‘Free’ P10 was admin-
istered with complete Freund’s adjuvant in the hind paw, and
P10 entrapped within PLGA at various concentrations was
administered i.p. without adjuvant.

Fungal burden assay
The combined treatment effects were assessed by the residual
lung, liver and spleen fungal burden. The animals from all
experimental groups were killed by cervical rupture 30 and 90
days after the beginning of therapy, and the lungs, liver and
spleen were aseptically removed and weighed. The organs
were rinsed and homogenized in sterile PBS, pH 7.4, and
100 mL of the homogenates was cultured in BHI agar supple-
mented with 4% horse serum, 5% P. brasiliensis 192 culture
filtrate, 10 000 IU penicillin (Cultilab, Brazil) and 10 mg·L-1

streptomycin (Cultilab, Brazil) in duplicate. The Pb192

culture filtrate was prepared according to a previously pub-
lished method (Singer-Vermes et al., 1992). The plates were
incubated at 37°C and colony-forming units (CFUs) were
counted 10 days post-plating to determine the CFU·g-1 of
tissue.

Cytokine assays
To assess cytokine production, we assayed IFN-g and
interleukins-4 (IL-4), -10 (IL-10) and -12 (IL-12) in lung homo-
genates. Lung fragments were aseptically removed, weighed
and homogenized in sterile PBS with protease inhibitor
(Roche, USA). The cytokines were determined using commer-
cial ELISA kits (BD Biosciences – Pharmingen, San Diego, CA,
USA).

Statistical analysis
Statistical Package for Social Sciences (SPSS) version 15 was
used to analyse our data. All results are expressed as means �

standard error. A one-way analysis of variance (ANOVA) with
Tukey’s post-test was applied to test inter-group differences.
Differences between paired groups were analysed by the
Mann-Whitney test. P-values less than 0.05 were considered
significant.

Materials
Sulfamethoxazole was purchased from Sigma (St. Louis, MO,
USA) and trimethoprim from Ducto (Bac-sulfitrin, Ducto).
The poly-lactic acid (PLA) and poly-glycolic acid (PGA) used
to prepare the nanoparticles were purchased from Sigma (St.
Louis, MO, USA). The P10 peptide was synthesized by the
9-fluoroenylmethoxy-carbonyl technique (Huang et al., 1993)
and provided by Dr Maria A. Juliano from the Department of
Biophysics of the Federal University of São Paulo. Drug and
molecular target nomenclature conforms to the British
Journal of Pharmacology Guide to Receptors and Channels
(Alexander et al., 2008).

Results

Fungal burden in treated animals
To evaluate the efficacy of the combined therapy using the
P10 peptide entrapped within PLGA in association with
sulfamethoxazole/trimethoprim, we carried out in vivo anti-
fungal drug experiments in BALB/c mice infected with the
fungus P. brasiliensis, isolate Pb18. The treatment regimens
started after 30 days of infection and were evaluated 30 and
90 days after the beginning of treatment. The fungal load was
investigated in the lungs, liver and spleen of the animals. No
significant number of fungi in the liver and a very low
number in the spleen were detected 30 days after intratracheal
(i.t.) infection (data not shown). This result was expected as
the liver or/spleen infection is only detectable in the early
stages of this animal model of mycosis. In contrast, the main
focus of the infection was the lungs. A high load of fungal
cells was recovered in the lungs of the control animals that
received only PBS, both 30 and 90 days after beginning
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the treatment (Figure 1). In the group treated only with
sulfamethoxazole/trimethoprim, the infection was controlled
during the first 30 days of treatment followed by a high
number of fungal cells after 90 days, comparable to the
untreated group (Figure 1).

A reduction of CFUs in comparison with untreated animals
was confirmed using 20 mg of ‘free’ P10 emulsified in Freund’s
adjuvant (Marques et al., 2006), reversing the relapse ob-
served in the group treated only with sulfamethoxazole/
trimethoprim. The dose of 20 mg used for the ‘free’ form of
P10 peptide was chosen on the basis of earlier results (Taborda
et al., 1998; Taborda et al., 2004). Under this condition, lym-
phoproliferative and cell-mediated immune responses pro-
tecting mice from the P. brasiliensis infection were observed.
In the groups subjected to the combined therapy of
sulfamethoxazole/trimethoprim and P10 entrapped within
PLGA, there was always a significant protection. After 30 days
of treatment, amounts in the range of 1–10 mg·50 mL-1 of P10
encapsulated with PLGA were efficient as an adjuvant to che-
motherapy, reducing the dose of the peptide necessary to
decrease the fungal load and to avoid disease relapse by at
least 20-fold. The groups that received 20 or 40 mg·50 mL-1 of
P10 entrapped within PLGA, did not present a marked addi-
tive action as adjuvants to chemotherapy (data not shown),
although they responded better than the mice given
sulfamethoxazole/trimethoprim alone. The PLGA nanopar-
ticles without P10 showed a protective effect after 30 days,
proving to be an adjuvant to chemotherapy by themselves,
but these ‘empty’ nanoparticles were unable to prevent the
relapse observed by sulfamethoxazole/trimethoprim treat-
ment after 90 days of treatment. Thus,the fungal burden
recovery was greater after treatment with empty nanoparticles
than after any of the loaded nanoparticles of PLGA (contain-
ing 1, 5 or 10 mg·50 mL-1 of P10 peptide; Figure 1).

Cytokine production induced by P10-PLGA
Cytokine production was examined by monitoring the levels
of IFN-g, IL-4, IL-10 and IL-12 levels in lung tissue homoge-

nates from the animals given the combined therapy of
sulfamethoxazole/trimethoprim and peptide P10.

The data presented in Table 1 show the production of type
1 cytokines IL-12 and IFN-g. The treatment with 20 mg of P10
emulsified in Freund’s adjuvant or 1 mg of P10 entrapped
within PLGA induced higher levels of IFN-g than in the
respective controls after 30 and 90 days of the treatment.
IFN-g is an important Th1 cytokine, which elicits protection
against P. brasiliensis infection. The levels of IL-12 were not
similarly affected. Table 1 also shows changes in the cytokines
more characteristic of Th2 responses (IL-4 and IL-10). After 30
and 90 days of starting treatment, the group that received
sulfamethoxazole/trimethoprim and 20 mg·50 mL-1 of ‘free’
P10 emulsified in Freund’s adjuvant showed a significant
decrease of IL-10, thus confirming earlier results. P10
entrapped within PLGA at 1 mg also reduced IL-10 after 30
days and less after 90 days. Decrease of IL-10 with increasing
P10 amounts in PLGA was less evident, and no decrease was
observed in the levels of IL-4.

Discussion

In the present work, we examined the antifungal effects and
the protection elicited by a therapy using sulfamethoxazole/
trimethoprim combined with the immunostimulatory
peptide P10 encapsulated into PLGA-dimercaptosuccinic acid
(DMSA) for treatment of experimental PCM. The therapeutic
efficacy and cytokine production were examined in a murine
model of chronic PCM. Sulfamethoxazole/trimethoprim is a
low-cost sulphonamide treatment that has been used in the
initial therapy of non-disseminated cases of PCM (Lortholary
et al., 1999; Travassos et al., 2008b) and it is recommended for
long-term treatments, but several cases of fungal resistance
and relapsing disease have been reported (Travassos et al.,
2008a).

The development of immunotherapies using peptides as
adjuvant molecules is a promising procedure that could be
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Figure 1 Fungal burden recovery assessed by colony-forming units [CFU (g·lung·tissue)-1] in mice infected with P. brasiliensis Pb18 and
subjected to a combined therapy of sulfamethoxazole/trimethoprim (Sulfa + Trim; 15 mg·kg-1 and 3 mg·kg-1 respectively) and either
20 mg·50 mL-1 P10 peptide solubilized in Freund’s adjuvant (‘free’) or P10 peptide (1, 5 or 10 mg·50 mL-1) entrapped within PLGA. Each bar
represents the average CFU (g·tissue)-1 with standard deviations. After 30 days of treatment, 1 mg·50 mL-1 of P10-PLGA/Sulfa + Trim yielded the
best response (lowest fungal CFU recovery) of all groups (+P < 0.05). After 90 days of treatment, no significant differences were found between
the responses of the ‘free’ P10 (20 mg·50 mL-1) and the P10-PLGA (5–10 mg·50 mL-1)-treated groups (marked with #). At day 90, a significantly
lower number of fungal cells were recovered from mice treated with 1 mg·50 mL-1 P10-PLGA compared with the PLGA alone treated group
(*P < 0.05). PLGA, poly(lactic acid-glycolic acid).
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used to improve chemotherapy of fungal diseases. The use
of P10 peptide has been effective in reducing the fungal
burden in animals infected with P. brasiliensis, thus eliciting
an efficient cellular immune response to combat the
fungus (Taborda et al., 1998). The association of P10 with
sulfamethoxazole/trimethoprim was effective in treating PCM
and in avoiding the time-dependent relapse of the mycosis in
the murine model (Marques et al., 2006). The disadvantage of
the use of the free peptide in vivo could be its lack of metabolic
stability and the requirement for adjuvants not allowed for
human use. A multiple antigenic peptide (MAP) construct
carrying four truncated P10 branches has been synthesized
and shown to be protective without additional adjuvants.
However, the chemical synthesis of MAPs is a complex pro-
cedure, and it is subject to errors during the process, making
their purification and characterization difficult (Taborda et al.,
2004). Thus, efforts to prepare simpler and more efficient
delivery systems for immunostimulating peptides are still
needed.

In the present work, PLGA-DMSA acid nanoparticles
containing P10 in amounts ranging from 1 mg·50 mL-1 to
40 mg·50 mL-1 were used combined with sulfamethoxazole/
trimethoprim. The use of PLGA-based formulations for the
encapsulation of these molecules aimed at reducing the fre-
quency of injections and also protecting the peptide against
in vivo degradation while helping drug administration
(Amaral et al., 2009). Nanoparticles composed of PLGA are
appropriate devices for delivering the peptide due to the low
rate of co-polymer degradation and a constant release of the
peptide, which would be better at stimulating the immune
cells. The proportion of PLA and PGA (50:50) used in this type
of drug delivery system presented a sustained release of the
active component over an average time of 72 h, as observed in
other studies (Mittal et al., 2007; Amaral et al., 2009). Nano-
particulated PLGA as a drug delivery system has been used for
some time based on its high stability, ready uptake into the
cell by endocytosis and targeting of specific organs, with
many different mixtures of PLA and PGA (Dhiman et al.,

2000). There is no toxicity associated with this drug delivery
system by itself and its use has been approved by drug regu-
latory agencies, such as the Food and Drug Administration
(Khang et al., 2003; Gabler et al., 2007). In vitro tests using
different cell lines showed no toxicity for nanoparticulated
PLGA (Khandare and Minko, 2006; Gomes et al., 2008). PLGA
by itself does have the advantage of eliciting cytotoxic T-cell
responses and also of inducing a mild inflammatory response,
which could be involved in its adjuvant characteristics (Jiang
et al., 2005).

In our study, incorporating peptide P10 into PLGA reduced
the amount of this peptide necessary to decrease the fungal
load in the infected animals and avoid disease relapse. A small
amount (1 mg·50 mL-1) of P10 in nanoparticles had the same
immunotherapeutic effect as 20 mg·50 mL-1 of ‘free’ P10 emul-
sified in Freund’s adjuvant over the first 30 days of treatment.
However, the best protective effect of the PLGA-encapsulated
peptide after 90 days of treatment was shown by the groups
that received 5 or 10 mg·50 mL-1 of P10 in PLGA, making it
possible to reduce the amount of the peptide by at least
fourfold and preserving the protective capacity to avoid
relapse of the infection. Based on a previous report (Johansen
et al., 2000), the entrapment of P10 within PLGA nanopar-
ticles probably effectively protected it from in vivo enzymatic
destruction, which could explain the effectiveness of the
lower doses of P10-PLGA.

Interaction of PLGA with antigen-presenting cells could
underlie the improvement of immunomodulatory effects
(Jaganathan et al., 2005). Further, the use of PLGA for con-
trolled release of the peptide eliminates the need for an adju-
vant, which becomes an advantage as only a limited number
of adjuvants are accepted for human administration (Jiang
et al., 2005). The protection elicited by 20 mg·50 mL-1 of ‘free’
P10 in Freund’s adjuvant as well as P10-PLGA at 1 mg·50 mL-1

most probably depended on the induction of the high levels
of IFN-g, as noted in previous studies (Marques et al., 2006).
Although the 10 mg P10-PLGA treatment showed low IFN-g
and high IL-10 cytokine values after 90 days of therapy, it still

Table 1 Determination of cytokine production (pg·mL-1) on days 30 and 90 after starting treatment with sulfamethoxazole/trimethoprim
and P10

Treatment Groups Th1 Th2

IL-12 IFN-g IL-4 IL-10

30 90 30 90 30 90 30 90

PBS 11.2 � 2.5 6.2 � 2.4 3.2 � 1.1 1.8 � 0.6 13.9 � 0.5 11.4 � 6.0 2.5 � 0.7 3.7 � 0.4#

Sulfa + Trim 7.3 � 0.7 6.4 � 0.1 2.3 � 0.3 2.5 � 0.1 11.4 � 2.6 11.2 � 0.3 4.1 � 0.2 3.7 � 0.2#

PLGA/Sulfa + Trim 6.7 � 0.7 6.8 � 2.0 1.3 � 0.4 1.8 � 0.2 10.7 � 0.4 8.6 � 0.2 2.8 � 0.9 3.2 � 0.4
Sulfa + Trim/Freund/P10: 20 mg 10.9 � 1.0 6.1 � 1.9 7.5 � 1.0 10.6 � 2.4* 12.7 � 1.2 9.7 � 0.9 0.6 � 0.2 0.6 � 0.1
Sulfa + Trim/PLGA/P10: 1 mg 7.0 � 1.9 5.5 � 2.7 5.1 � 0.8 7.7 � 1.1* 11.6 � 0.5 15.1 � 1.2 0.8 � 0.3 2.1 � 0.3
Sulfa + Trim/PLGA/P10: 5 mg 8.4 � 2.5 8.7 � 3.5 1.0 � 0.1 2.9 � 1.2 17.9 � 6.7 12.1 � 2.2 2.0 � 0.8 2.0 � 0.5
Sulfa + Trim/PLGA/P10: 10 mg 7.6 � 3.4 13.4 � 7.6 2.9 � 0.5 3.0 � 0.3 14.8 � 0.5 17.8 � 0.3 2.5 � 0.4 1.9 � 0.3#

*Not significant between groups, #different for 10 mg P10-PLGA compared with PBS and sulfamethoxazole/trimethoprim groups (P < 0.05).
Values are means � standard deviations of measurements from each group.
Bold: show high levels of IFN-g compared with the group treated with sulfamethoxazole/trimethoprim. These two groups also showed lower CFUs (see Figure 1).
Italic: decrease in the production of IL-10 in the groups treated with free P10 and encapsulated P10 (1 mg) compared with the group treated with sulfamethoxazole/
trimethoprim.
CFUs, colony-forming units; IFN-gamma, interferon-g; IL, interleukin; PBS, phosphate-buffered saline; PLGA, poly(lactic acid-glycolic acid); Sulfa + Trim,
sulfamethoxazole/trimethoprim.
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managed to have a good protective effect. This may be
explained by the maintenance of high levels of IL-12 and low
production of IL-10 at 90 days, almost twofold lower than
that produced in PBS and Sulfa + Trim-treated groups
(Table 1), which could compensate for the low IFN-g level
noted for this group. Most patients with the severe form of
PCM present a polarized Th2 response, with production of
IL-4 and IL-10 (Oliveira et al., 2002). In contrast, individuals
exhibiting a polarized Th1 response, with production of
IFN-g, tend to resolve P. brasiliensis infections (Oliveira et al.,
2002; Calich et al., 2008).

In conclusion, the use of PLGA as a carrier for peptide P10
in combination with sulfamethoxazole/trimethoprim repre-
sents a promising alternative to treat mycosis, as P10 elicits a
Th1-like immune response able to control fungal infection.
Sulfamethoxazole/trimethoprim is an inexpensive medicine,
and its therapeutic efficacy can be increased by the cellular
immunity-stimulating P10 peptide. Encapsulation of peptide
P10 within PLGA reduced the amount of this peptide needed
for a therapeutic response, up to 20-fold and avoided the use
of an adjuvant. Additionally, in terms of application to
therapy in humans, use of the PLGA nanoparticles should
lead to improved antifungal protection and, at the same time,
to a reduction in costs.
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