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Abstract. The clinical application of amphotericin B (AmB), a broad spectrum antifungal agent, is limited
by its poor solubility in aqueous medium and also by its proven renal toxicity. In this work, AmB was
encapsulated in micelles obtained from the self-assembly of PDMAEMA-b-PCL-b-PDMAEMA triblock
copolymers. The amount of encapsulated AmB depended on the copolymer composition, and short blocks
of polycaprolactone (PCL) and poly(2-dimethylaminoethyl methacrylate) (PDMAEMA) showed better
performance. All the studied formulations exhibited a controlled release of AmB along 150 h. The
formulations presented reduced hemotoxicity while maintaining antifungal activities against Candida
albicans, Candida krusei, and Candida glabrata comparable with free AmB. A reduction on the
hemotoxicity was found to be due to the slow release and subsequent low aggregation achieved with
the use of polymer micelle nanocontainers.
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INTRODUCTION

Amphotericin B (AmB) is a macrolide polyene antifun-
gal agent available for clinical use since its initial FDA ap-
proval in 1959. AmB itself is insoluble in aqueous media;
conventionally, it is formulated as a colloidal dispersion
employing deoxycholate, as a surfactant. The antifungal effect
of AmB is related to its amphiphilic character endowed by the
presence of a hydrophobic (polyene hydrocarbon chain) and a
hydrophilic (poly-hydroxyl chain) region. The hydrophobic
interaction of AmB with ergosterol molecules in the fungal
cells results in the formation of pores, which facilitate rapid
efflux of K+, inhibition of fungal glycolysis, and subsequent
Mg+2 efflux. This loss along with a subsequent influx of pro-
tons into the fungal cell causes acidification of the fungal
interior with precipitation of the cytoplasm and ultimate cell
death [1–3].

AmB exhibits good activity against a broad spectrum of
clinically relevant fungi. However, its use is hampered by its
demonstrated renal toxicity rendering the conventional for-
mulations of AmB unsuitable for clinical use [4]. It has been
established that the toxicity associated to AmB is due to the
formation of soluble aggregates. Legrand and coworkers

pointed out that the toxicity to human erythrocytes is due to
the interaction between those aggregates and cholesterol in
cell membranes causing K+ leakage [5].

It has been demonstrated that lipid-based formulations
increase the solubility of AmB and decrease its toxic side
effects overcoming the disadvantages of conventional formu-
lations while maintaining similar efficacy [6, 7]. The major
drawbacks of the lipid-based systems are high dose require-
ment and high costs.

The use of polymer micelles (PMs) obtained by self-
assembly of block copolymers in aqueous media, as
nanocontainers for hydrophobic or poorly soluble drugs, has
attracted great interest [8–12]. PMs are composed of two
separated domains: an inner core and an outer shell. The
outer shell controls the micelle solubility and in vivo interac-
tion with tissues and cells, while the inner core is responsible
for drug loading and stability. The properties of PMs result
from their high colloidal stability which is afforded by the
presence of hydrophilic segments and their low critical micelle
concentration (CMC) compared to low molecular weight sur-
factants. Some of the advantages of using PMs as drug
nanocarriers include their ability to protect the drugs allowing
them to maintain their activity, reduce their toxicity and sec-
ondary effects during the circulation time, and also permit
controlling its concentration in the plasma [13].

The used of PMs to encapsulate AmB has been investi-
gated by other authors, who report that on the encapsulation,
the hemotoxicity associated to AmB decreases [14–17]. Block
copolymers composed of polycaprolactone (PCL) and poly(2-
dimethylaminoethyl methacrylate) (PDMAEMA) evoke
great interest for this application due to the outstanding phys-
ical and chemical properties of the individual blocks. PCL, a
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hydrophobic polymer approved by the FDA for biomedical
applications, is biocompatible, biodegradable, and highly per-
meable to drugs and presents high capacity of encapsulating
hydrophobic substances [18, 19].

There are numerous reports concerning about the syn-
thesis of block copolymers containing PCL as hydrophobic
segment and its application in the fabrication of micelles for
drug delivery. PCL is commonly combined with hydrophilic
blocks such as polyvinylpyrrolidone, polyethylene glycol, and
poly(N-isopropylacrylamide), with successful application in
the encapsulation of drugs [20–23]. On the other hand, copol-
ymers containing PDMAEMA are biocompatible and exhibit
pH responsive behavior, which renders these materials very
promising for the design of sensitive drug delivery systems
[24–29].

The interaction of PMs with low molecular weight non-
polar drugs is well described in the literature, and it is clearly
assumed that the hydrophobic cores of micelles are responsi-
ble for their solubilization [30–32]. Some characteristics of
AmB such as its high molecular weight and amphiphilic char-
acter result in more complex interactions with micelles dis-
persed in aqueous medium. In this work, micel le
nanocontainers obtained from PDMAEMA-b-PCL-b-
PDMAEMA triblock copolymers were used for encapsulating
AmB. Additionally, the effect of the composition of the co-
polymers on properties such as encapsulation efficiency,
hemotoxicity, and biological activity was established.

EXPERIMENTAL SECTION

Materials

Poly(ε-caprolactone) diol (Mn=2000 and 10,000 g/mol),
pyrene (98%), amphotericin B (80%), sodium dodecyl sulfate
(SDS, >99%), and analytical grade solvents such as dichloro-
methane, tetrahydrofuran (THF), dimethyl sulfoxide, and
N,N-dimethylformamide were supplied by Sigma-Aldrich
and used without any further purification. Dialysis membranes
with a molecular weight cutoff of 12 kDa were supplied by
Thermo Scientific. The culture media Müeller Hinton agar
and Saboraud dextrose agar were purchased from Panreac.

Synthesis of PDMAEMA-b-PCL-b-PDMAEMA Triblock
Copolymers

Triblock copolymers composed of an inner PCL segment
and two side PDMAEMA segments (Scheme 1) were synthe-
sized via atom transference radical polymerization according
to a protocol early published [33]. The composition and mo-
lecular weight dispersity of copolymers obtained at three dif-
ferent polymerization times were estimated using 1HNMR
and gel permeation chromatography. CMC was measured at

pH 5.0 using pyrene as hydrophobic probe, according to pro-
cedures early reported [34, 35]. The composition of the copol-
ymers, molecular weight and dispersity, and CMC values are
listed in Table I.

Formation of Micelles

The copolymer mice l les were prepared by a
nanoprecipitation method [36]. In detail, 20 mg of copolymer
sample was dissolved in 2.5 mL of acetone. Then, the solution
was dropwise into 5 mL of a buffer solution of pH 5.0 under
vigorous stirring. The resulting dispersion was maintained
under stirring during 24 h at room temperature to allow ace-
tone evaporation.

Characterization Techniques

The average diameter of micelles was determined by
dynamic light scattering (DLS) using a Horiba LB 550 equip-
ment. The measurements were carried out at 23°C in aqueous
dilutions of the samples (≈1/20) prepared using deionized
water (∼18 MΩ cm), in order to avoid particle-particle inter-
actions and multiple scattering effects. Zeta potential was
measured using a zeta potential analyzer Malvern Zetasizer
Nano ZS. Zeta potential was determined three times for each
sample.

For TEM analysis, 2 μL of the diluted samples (0.1 mg/mL)
were spilled into a copper grid Formvar® coated and dried at
room temperature during 24 h, and the images were obtained in
a Jeol 1400 plus microscope.

Preparation of AmB-Loaded Micelles

A typical protocol for the preparation of AmB-loaded
micelles was as follows: 2 mg of AmB was dissolved in 2 mL of
methanol and slowly dropped (10 μL/min) into 10 mL of a
micelle solution at pH 5.0 containing 40 mg/mL of the corre-
sponding copolymer. The resulting solution was gently stirred
during 1 h under reduced pressure to eliminate methanol
residuals. Finally, the dispersion was centrifuged at
10,000 rpm to eliminate the nonencapsulated AmB and lyoph-
ilized for its posterior use.

The amount of AmB encapsulated in the PM was deter-
mined by UV-Vis spectroscopy using a Varian Cary 100. The
quantification was performed as follows: aliquots of 1 mL of
encapsulated AmB aqueous dispersions were mixed with an
equal volume of dimethylformamide (DMF) and analyzed by
UV-Vis, and the quantification was performed using a calibra-
tion curve obtained from the absorbance at 411 nm, prepared
by direct dilution of AmB in a 50:50 (vol/vol) water/DMF
mixture.

Scheme 1. Structure of PDMAEMA-b-PCL-b-PDMAEMA amphiphilic triblock
copolymers
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The loading efficiency (DLE%) as well as the drug con-
tent (DLC) was estimated using equations proposed by Zhang
et al. [29] as follows:

DLC% ¼ amountofAmBinPMs
amountofAmBþ PMs

ð1Þ

DLE% ¼ amountofAmBinPMs
amountofAmBused forPMpreparation

ð2Þ

In Vitro Release of AmB from Polymeric Micelles

In vitro release of AmB from AmB-loaded PMs was
studied based on a protocol published by Wang et al. [37].
Briefly, 4.0 mL of the AmB-loaded micelles dispersed in PBS
pH 7.4 (4 mg of the formulation/1 mL of buffer) were trans-
ferred to a dialysis bag (MWCO 12 kDa) and placed in
50.0 mL of two different media at 37°C: (1) sink medium—a
solution of sodium dodecyl sulfate 1 wt% in PBS, pH 7.4; and
(2) nonsink medium—PBS, pH 7.4. The temperature was
maintained constant using a thermostatic bath. At selected
time intervals, 2 mL of the release medium (outside the dial-
ysis bag) was diluted with equal volume of DMSO and mon-
itored by UV-Vis, and the volume of the releasing medium
was maintained constant by the addition of fresh solution. The
concentration of AmB was determined based on the absor-
bance intensity at 411 nm using a standard calibration curve
obtained from solutions with different concentrations of AmB
in PBS/DMSO (1:1).

In Vitro Hemolytic Activity

Human blood was diluted with PBS pH 7.4 in a volume
ratio of 1:4 and centrifuged at 2000 rpm, and the supernatant
and buffy coat were removed. Red blood cells (RBCs) were
diluted in PBS to obtain absorbance values between 0.4 and
0.5. In an initial experiment, dispersions of RBCs were
charged with five different concentrations (5, 10, 15, 20, and
25 ppm) of free and encapsulated AmB (the volume was
adjusted to obtain an equal concentration of RBCs) and were
incubated at 37°C during 30 min and placed in ice afterward to
stop hemolysis. In a second experiment, dispersions of RBCs
with 10 ppm of free and encapsulated AmB were incubated
during 24 h, and the hemolysis was monitored at regular time
intervals.

The unlysed RBCs were removed by centrifugation at
14,000 rpm during 20 s, and the supernatants were analyzed
by UV-Vis at 576 nm. Free AmB in PBS (20 ppm) was used as
a positive control while the negative control was prepared
with no AmB added.

The hemolysis percentage was determined using the fol-
lowing equation [38]:

Hemolysis %ð Þ ¼ Abs−Abs0
Abs100−Abs0

� 100 ð3Þ

where Abs corresponds to the absorbance obtained for each
sample, and Abs0 and Abs100 correspond to the absorbance of
the negative and positive control, respectively.

In Vitro Antifungal Activity

The antifungal activity of AmB-loaded micelles against
three different yeast strains (Candida albicans, Candida
krusei, and Candida glabrata) was assessed by agar diffusion
assay according to procedures previously reported [39–41].
Prior to the analysis, yeast isolates were cultured on a
Sabouraud dextrose agar at 30°C for 24 h to ensure viability
and absence of contamination. Then, the yeast isolates were
suspended in a sterile saline solution to obtain an optical
density of 0.5 McFarland units, which corresponds to a range
of 11×106–5×106 CFU/mL. Petri dishes containing Müller
Hilton agar were inoculated using a brush previously soaked
with yeast suspensions. Eight assay cylinders (diameter 5 mm)
were placed equidistance apart in yeast-coated disks. The
cylinders were loaded with 50 μL of a reference solution
composed of AmB dissolved in a mixture of PBS/DMSO
and AmB-micelle formulations dissolved in PBS. Finally, the
disks were incubated at 37°C during 24 h, and the inhibition
halos were measured.

RESULTS AND DISCUSSION

Micelle Characterization

Micelles are colloidal systems obtained by self-assembly
of amphiphilic molecules in a solvent that solubilizes one of
the blocks. In the case of aqueous micelles, one of the blocks
must be hydrophilic, providing the micelles affinity for aque-
ous medium. The stability of the micelles can be attributed to
two main aspects: thermodynamic stability and kinetic

Table I. Composition, Molecular Weight Distribution, and Critical Micelle Concentration of Triblock Copolymer PDMAEMA-b-PCL-b-
PDMAEMA Samples

Sample Average composition Mn (kDa) Mw/Mn CMC (mg/L)

P2D1 (DMAEMA)11-(CL)17-(DMAEMA)11 5.4 1.69 4.9
P2D2 (DMAEMA)19-(CL)17-(DMAEMA)19 7.9 1.09 6.8
P2D3 (DMAEMA)28-(CL)17-(DMAEMA)28 10.7 1.57 7.4
P10D1 (DMAEMA)28-(CL)88-(DMAEMA)28 18.8 1.17 0.86
P10D2 (DMAEMA)39-(CL)88-(DMAEMA)39 22.3 1.09 1.0
P10D3 (DMAEMA)61-(CL)88-(DMAEMA)61 29.2 1.15 1.0

CMC critical micelle concentration
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stability which mainly depend on the composition and molec-
ular weight of the copolymer.

Conventionally, critical micelle concentration, besides
serving as a strong evidence of the self-association of
block copolymers, also provides information about the
stability of micelles. Copolymers with high CMC values
seem to be unsuitable because the formed micelles may
be dissociated after being administered into the body
because of the dilution effect. From this point of view, a
low CMC indicates that the nanocontainers are more
stable against dilution and, therefore, could provide a
controlled release of the drug. However, low CMC values
are achieved for bulky and stiff hydrophobic blocks and
when the polymer chains forming the micelle core interact
strongly. Those conditions reduce the rate of micelle dis-
assembly affecting both the release of the drug and their
elimination by the kidney [42].

In the case of PDMAEMA-b-PCL-b-PDMAEMA
(Table I), the CMC of the copolymers depends on their com-
position, being mainly affected by the length of the hydropho-
bic block. Thus, copolymers containing a PCL segment of
10 kDa presented the lowest CMC below 1 mg/L. These
results agree with other authors who pointed out that long
hydrophobic blocks push the CMC to low values [20, 29,
43, 44]. On the other hand, CMC is less sensitive to the
length of PDMAEMA.

The morphology and size distribution of the copolymer
micelles were investigated by TEM andDLS, respectively. Diam-
eter distribution plots of micelles measured at pH 5.0 are depicted
in Fig. 1a, b, and the corresponding average values are listed in
Table II. It is observed that the micelles exhibit a monomodal
distribution centered below 100 nm. The size of the micelles is
mainly affected by the molecular weight of the hydrophobic PCL
segment, and the smaller diameter corresponds to the set of
copolymers obtained from PCL of 10 kDa. According to the data
in Table II, in all the compositions, the ζ potential valuewas larger
+21mV, which indicates that themicellar dispersions are positive-
ly charged and also present colloidal stability. TEM images pre-
sented in Fig. 1c, d indicate that the micelles are spherical and
exhibit a core-shell morphology.

Amphotericin B Encapsulation

The encapsulation of AmB in micelles obtained by the
self-assembly of PDMAEMA-b-PCL-b-PDMAEMA triblock
copolymers with different compositions was carried out by
partition of AmB in preformed micelles. The DLE and the
AmB content (DLC) determined by Eqs. 1 and 2, respectively,
are summarized in Table III. According to these values, it is
deduced that both DLE and DLC depend on the composition
of the copolymers. Micelles containing PCL of 2 kDa and
short PDMAEMA segments yield more favorable values.

Fig. 1. Particle size distribution of micelles at pH 5.0 for the set of samples obtained from PCL of a 2 and b 10 kDa. TEM images
of the micelles obtained from representative samples: c P2D2 and d P10D2 supported on a Formvar® coated copper grid
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The extent of drug incorporation in PMs by partition is
affected by the solubility of the drug in water and also by the
chemical characteristics of the copolymer, which in turn de-
termines the affinity of the drug for the micelle core and the
micelle dynamics. The drug affinity for a micelle core can be
described in terms of the Flory-Huggins interaction parameter
defined as follows [30]:

χsp ¼ δs−δp
� �2

Vs

RT
ð4Þ

where δs and δp are the Scatchard-Hildebrand solubility pa-
rameter of the solute and the core-forming polymer, respec-
tively, Vs is the molar volume of the solute, R is the gas
constant, and T is the temperature.

However, in the case of AmB, the scenario is more com-
plex. The literature describes that when AmB is dispersed in
an aqueous solution, three different states exist: as monomeric
units, soluble aggregates, and poorly soluble superaggregates.
Assuming that the Flory-Huggins interaction parameter prop-
erly describes its solubility in PCL forming cores, the high
volume of AmB unimers and aggregates increases the magni-
tude of this parameter envisaging poor interaction. On the
other hand, the incorporation of AmB into the micelle cores
is sterically not favorable. This effect notoriously impacts the
encapsulation efficiency.

Besides the chemical affinity of AmB for micelle cores, its
encapsulation is also affected by the micelle dynamics, which
is less favorable for the copolymer containing the largest
hydrophobic segment. On the other hand, a shorter hydro-
philic shell could reduce the energy barrier required to trans-
fer AmB unimers and aggregates from the aqueous medium
to the hydrophobic core of the micelles [43].

UV-Vis spectra of AmB dissolved in DMSO and PBS and
encapsulated in micelles obtained from P2D2 and P10D2 are
shown in Fig. 2. The spectrum of AmB in PBS, where it is
highly aggregated, presents a strong absorption at 332 nm.
Whereas in DMSO, where it is in the monomeric form, the
spectra show four absorptions centered at 350, 370, 388, and
415 nm. The marked difference between the spectra of AmB
forming aggregates and AmB unimers provides evidence that
the absorption of AmB in the UV-Vis region is sensitive to its
aggregation state. Hence, the ratio of absorbance at 332 nm
(I) (aggregate form) to absorbance at 415 nm (IV) (main
absorption of the monomeric form) allows a qualitative as-
sessment of the aggregation state of AmB. This ratio was
estimated for each formulation, and the values are listed in
Table III. The results indicate that as the amount of AmB
encapsulated in the micelles increases, AmB is more aggre-
gated. It corroborates that the encapsulation of this substance
proceeds through the incorporation of aggregates in the mi-
celles, and this process seems to be more favorable for larger
micelles obtained from copolymers containing PCL of 2 kDa.

From Fig. 2, it is observed that AmB is dissolved in PBS,
and AmB-P10D2 is absorbed around 232 nm, while AmB-
P2D2 is absorbed at 223 nm. Similar blueshifting of the ab-
sorption due to the AmB aggregates has been reported in the
presence of deoxycholate, and it has been attributed to the
interaction of deoxycholate with AmB aggregates that cause
the monomers to move closer to each other [45, 46]. It allows
inferring that micelles obtained from PCL of 2 kDa present a
stronger interaction with AmB aggregates than micelles com-
posed of PCL of 10 kDa.

In Vitro Release of AmB

Figure 3a, b presents the release profiles of AmB from
AmB-loaded micelles under sink conditions achieved using
1% SDS in the release medium; according to Jain and Kumar,
the solubility of AmB in this solution is 224.7 μg/mL [47]. The
plots show that these formulations exhibit a controlled release

Fig. 2. UV-Vis spectrum of AmB dissolved in PBS and DMSO, and
AmB encapsulated in micelles obtained from representative copoly-

mer samples P2D2 and P10D2

Table III. Characterization of the Formulations, AmB Loading Effi-
ciency, and Content (n=3)

Sample
Loading
efficiency (%) AmB content (%)

Aggregation
state AI/AIV

P10D1 47±2 2.4±0.1 3.4
P10D2 46±1 2.3±0.1 2.7
P10D3 45±2 2.3±0.1 2.2
P2D1 82±5 4.1±0.3 4.4
P2D2 68±5 3.4±0.2 4.2
P2D3 57±5 2.9±0.2 3.7

The ratio of AmB dissolved in DMSO was 0.29
AmB amphotericin B

Table II. Characterization of the Micelles Obtained by Self-Assembly
of PDMAEMA-b-PCL-b-PDMAEMA Triblock Copolymers in

Aqueous Medium at pH 5.0

Sample Micelle diameter (nm) ζ potential (mV)

P2D1 57±13 22±13
P2D2 82±18 25±19
P2D3 85±26 27±16
P10D1 46±17 41±10
P10D2 47±28 30±11
P10D3 54±27 37±14

Micelle-Based Nanocontainers for Amphotericin B



along 150 h. For each sample, the release profiles exhibit two
different regions: an initial burst during the first 24 h and then
a minor release rate. After 150 h, formulations obtained from
micelles with an inner PCL segment of 2 kDa released around
60% of AmB, while the corresponding cumulative release for
formulations containing PCL of 10 kDa was larger than 70%.

In another experiment, using PBS as the release medium,
the concentration of AmB was monitored along 150 h.
Figure 4a, b reveals that formulations obtained from PCL of
2 kDa showed a small initial release of AmB, and also the
equilibrium concentration of AmB measured after 150 h was
smaller than 0.3 ppm. On the other hand, the set of PM that
contains PCL of 10 kDa showed a faster release; after 30 min,
the concentration of AmB was larger than 0.3 ppm; and the
concentration at 150 h was in the range of 0.6 to 1.2 ppm,
depending on the length of the PDMAEMA segment.

Diffusion and dissolution of micelles are the main mech-
anisms that account for the release of hydrophobic substances
from PM [48]. Due to the fact that encapsulated AmB is
forming aggregates, diffusional processes are less favorable.
Instead, the micelle dynamics (unimers exchange) could be
the process responsible for releasing AmB.

The results indicate that copolymers composed by PCL of
2 kDa are more suitable for the fabrication of nanocontainers
for AmB. They encapsulate a larger amount of AmB, interact
stronger with the aggregates as deduced from the
hypsochromic shift in the UV-Spectra, and also present low
equilibrium concentration of AmB under nonsink conditions.
The difference between both sets of copolymers is related to
the way how the micelles interact with AmB.

For micelles containing PCL of 10 kDa, the dynamic
phenomena responsible for the encapsulation of the AmB

Fig. 3. Release profiles of AmB under sink conditions achieved by the incorporation of SDS in the release medium from AmB encapsulated in
micelles obtained from copolymers containing a segment of PCL of a 2 and b 10 kDa

Fig. 4. Effect of PDMAEMA block length on the release profiles in formulations obtained from PDMAEMA-b-PCL-b-PDMAEMA with
different lengths of PCL: a 2 and b 10 kDa (n=3)

Diaz et al.



are less favorable, as well as their smaller and denser micellar
core. Likely, a significant fraction of encapsulated AmB is
located at the interfacial region (PDMAEMA-PCL), which
is enabled by its amphiphilic nature, as schematically shown in
Scheme 2. Specific interactions between AmB aggregates and
unimers and PDMAEMA are afforded by the presence of
polar groups such as hydroxyl and amine.

In Vitro Hemolytic Activity

In order to assess the in vitro toxicity of encapsulated
AmB against human erythrocytes, hemolysis induced by dif-
ferent concentrations of free and encapsulated AmB was
studied. The hemolysis of nonencapsulated AmB (denoted
as free AmB) at 5, 10, and 15 ppm were 23, 28, and 43%,
respectively, and at concentrations of 20 and 25 ppm, the
hemolysis was 100%. From Fig. 5, it is deduced that the
encapsulation reduces the hemolytic activity; even at the
highest concentration of 25 ppm, the hemolysis percentage
was kept low in the range of 2.7 to 28.4%. The empty micelles
(data no shown) did not present hemolytic activity.

At all the concentrations of AmB, the formulations ob-
tained from copolymers containing PCL of 2 kDa presented

Fig. 5. Effect of the composition of PDMAEMA-b-PCL-b-
PDMAEMA and concentration of AmB on the hemolytic activity

(n=3)

Scheme 2. Encapsulation of AmB in micelles obtained from copolymers containing PCL of 2 and 10 kDa
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Fig. 6. Hemolytic activity of AmB encapsulated in micelles obtained from PDMAEMA-b-PCL-b-PDMAEMAwith different lengths of PCL: a
2 and b 10 kDa (n=3)

Fig. 7. a Representative picture showing the inhibition halos observed for C. albicans using AmB dissolved in DMSO and encapsulated in
micelles obtained from the evaluated copolymer; the final concentration of AmB in each cylinder was 9 ppm. Inhibition halos of b C. albicans, c

C. krusei, and d C. glabrata obtained at four different concentrations of free and encapsulated AmB

Diaz et al.



the lowest hemolytic activity showing a good correlation with
the release profiles obtained under nonsink conditions (without
SDS). A lower concentration of AmB in the release medium
corresponds to a lower concentration of aggregates which are
responsible for the hemotoxicity. Previous studies indicate that
AmB aggregates can interact with cholesterol units contained in
the erythrocytes membranes, causing the formation of pores and
changes in the electrolyte balance[5, 49].

To further confirm the reduced toxicity of AmB on the
encapsulation, hemolysis experiments were conducted along
24 h with a fixed concentration of AmB (10 ppm); the hemolysis
wasmonitored regularly, as shown in Fig. 6. The set of copolymers
composed of PCL of 2 kDa presented lowest initial hemolysis.
After 24 h, the hemolysis was lower than 40%, which indicates
that micelles obtained from PDMAEMA-b-PCL-b-PDMAEMA
reduce the hemotoxicity of AmB.

In Vitro Antifungal Activity

The antifungal activity of AmB-loaded micelles against
three different strains (C. albicans, C. krusei, and
C. glabrata) was determined by agar diffusion halo assay.
Previous researches have demonstrated that measurement of
inhibition halos is a reliable methodology to detect sensitiv-
ity of yeast strains to AmB formulations [50, 51]. Figure 7a
shows a representative picture of the inhibit halos on
C. albicans obtained for free AmB and the formulations
based on polymer micelles using a fixed concentration of
AmB of 9 ppm. The inhibition halos obtained for the tested
strains using different concentrations of free and encapsulat-
ed AmB are shown in Fig. 7b–d. According to the results,
the encapsulated AmB exhibits an antifungal activity against
the tested strains tested (C. albicans, C. krusei, and
C. glabrata) comparable to AmB dissolved in DMSO. On
the other hand, the composition of the copolymer showed
no effect on the inhibition halos.

CONCLUSIONS

Micelles composed of PDMAEMA-b-PCL-b-PDMAEMA
were used as nanocontainers for the encapsulation and controlled
release of AmB. The performance of micelles showed to depend
on the compositionof copolymers and their polymerization degree.
The encapsulation of AmB was favored for copolymers with the
shortest PCL and PDMAEMA blocks. On encapsulation, the
hemotoxicity was significantly reduced, while its antifungal activity
was comparable with nonencapsulated AmB.
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