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Abstract  -  One of the highlighted areas in the development of new materials is the generation of micro- and 
nanoparticles as drug carriers which allow the progress in formulations with the ability to release active agents 
in a controlled way. The proanthocyanidins (PAC) extracted from the bark of the Black Wattle have stood out 
for their biological activities. However, most polyflavonoids have some features which limit their application 
in the pharmaceutical field, such as light fastness, low bioavailability of active agents, and unpleasant taste. In 
this context, this study aims to present the synthesis and characterization of PAC-loaded lactic-co-glycolic acid 
(PLGA) microparticles obtained by the multiple emulsion method. The incorporation of PAC into PLGA was 
successfully achieved with PAC encapsulation efficiency around 73%. Spherical microparticles were obtained 
with a size distribution in the range of 0.6 to 2.4 μm. The presence of PAC modified the thermal properties 
of the PLGA matrix. The results of in vitro assays with Vero and T24 lineage celss showed that PLGA/PAC 
microparticles did not promote any effect on cell proliferation by MTT assay after 24 h. The novel Acacia 
mearnsii proanthocyanidin-loaded PLGA microparticles have potential for application in biological systems.
Keywords: Microparticle; Proanthocyanidins; PLGA; Acacia mearnsii; Drug carrier.

INTRODUCTION

Acacia mearnsii from Wild (Black Wattle) 
is a medium-sized tree of the Fabaceae family 
(Leguminosae), native to Australia. Their high 
productivity and rapid adaptation to different 
environmental conditions facilitate their 
introduction in different regions of the world 
(Grasel et al., 2016d; Menezes et al., 2014). The 
bark of this leguminous plant is well known for its 

high concentration of tannins (proanthocyanidins), 
a property that has aroused great economic 
interest. Vegetable tannins are plant extracts that 
have traditionally been used to tan leather (Grasel 
et al., 2016a). 

The industrial production of Black Wattle’s 
proanthocyanidin (PAC) is mainly used in 
applications such as tanning, wood adhesives and 
obtaining natural coagulant agents (Arbenz and 
Avérous, 2015; Garcia et al., 2016; Menezes et 
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al., 2014). The tannin concentration in the Acacia 
mearnsii bark may reach values above 45% 
(w/w); however, this output may vary significantly 
according to the weather and pedological 
conditions of the growing site, plant morphology 
and the cultivation techniques used (Menezes et 
al., 2014).

Proanthocyanidins are oligomers constituted by 
the basic structure of flavan-3-ol condensed at C4–
C6 and C4–C8 of the structure (Grasel and Ferrão, 
2016; Grasel et al., 2016e; Pasch et al., 2001; Pizzi 
et al., 2012; Tondi et al., 2013; Venter et al., 2012) 
as shown in Figure 1. 

Pasch et al. (2001) developed a method for 
determining the chemical structure of tannins by 
matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry (MALDI-TOF-MS). 
The authors concluded that the polymeric chains 
of Black Wattle tannins can exist as monomers 
to octamers and the molar weight can vary by 16 
Da, due to replacement of hydroxyl groups around 
the tannin structures (Fig. 1) (Grasel and Ferrão, 
2016; Grasel et al., 2016e; Pasch et al., 2001; Pizzi 
et al., 2012; Reyer et al., 2016; Tondi et al., 2013; 
Venter et al., 2012).

The chemical composition of Black Wattle 
extracts was determined by Venter et al. (2012) 

using the electrospray ionization mass spectrometry 
(ESI-MS) technique. The authors showed that 
the Black Wattle extracts are mainly composed 
of dimers of catechin or gallocatechin and 
robinetinidol and trimers having two robinetinidol 
instead of one in their composition. The chemical 
structures found by the authors are in accordance 
with those cited in the literature (Fig. 1) (Botha et 
al., 1978; Botha et al., 1981; Drewes et al., 1967; 
Drewes and Roux, 1963; Hundt and Roux, 1978; 
Hundt and Roux, 1982; Roux and Maihs, 1960; 
Saayman and Roux, 1965; Viviers et al., 1983). 
In addition to technological applications, these 
compounds also exhibit interesting biological 
properties such as antioxidant (Olajuyigbe and 
Afolayan, 2011b; Shen et al., 2010), antitumor 
(Shen et al., 2010), antimicrobial (Olajuyigbe 
and Afolayan, 2011a; Olajuyigbe and Afolayan, 
2012b), bacteriostatic (Olajuyigbe and Afolayan, 
2012ab) and anti-inflammatory (Yoshihara et al., 
2014).

Yoshihara et al. (2014) investigated the effect 
of PAC from Black Wattle on eclosion eggs and 
larvae mortality. Gastrointestinal parasitism in 
sheep causes numerous losses to farmers. The 
control is performed basically by the administration 
of synthetic anthelminthics which stimulate the 

Figure 1. General structure of condensed tannins: polymerization of flavan-3-ol (catechin monomer).
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development of resistant parasites. The use of 
plants rich in tannins appears as a promising 
alternative in helminthes control in sheep. The 
larvicidal action observed in the in vitro study 
of Black Wattle PAC indicated an anthelminthic 
action presenting potential for its application in the 
alternative control of gastrointestinal nematodes 
of small ruminants (Yoshihara et al., 2014).

The natural tannins from plant sources as 
α-amylase inhibitors have attracted great interest 
among researchers (Costa et al., 2008; Donkora 
et al., 2012; Du et al., 2012; Etxeberria et al., 
2012; Kusano et al., 2010; Olmedo et al., 1987; 
Sarmadi et al., 2012; Wongsa et al., 2012; Xu et 
al., 2016). Human α-amylases from both pancreatic 
and salivary origins have been widely studied for 
clinical and nutritional purposes because they are 
targets for drugs designed to treat some diseases 
such as diabetes and hyperlipidemia (Du et al., 
2012; Etxeberria et al., 2012).

Unfortunately, the use of these valuable natural 
compounds is limited, since they have low stability 
to light and heat, as well as tasting very astringent 
and bitter (Munin et al., 2011; Lu et al., 2016). To 
overcome these drawbacks, carrier systems have been 
developed, and this included micro- and nanocapsules 
that appear as a promising approach. Pool et al. 
(2012) synthesized lactic-co-glycolic acid (PLGA) 
nanoparticles for the entrapment and controlled release 
of quercetin and catechin. In vitro tests showed that 
the releases of these flavonoids are accelerated in acid 
medium and the inhibition of the action of free radicals 
and chelating properties were also improved.

In a recent study of flavonoids encapsulation, 
Kumar et al. (2015) prepared, by nanoprecipitation 
method, polycaprolactone (PCL) nanocapsules 
with quercetin. They observed that quercetin 
remained trapped in the nanoparticles with a release 
time greater than 48 h. This result shows that an 
encapsulation system may facilitate protection and 
quercetin release or increase the bioavailability of 
pharmaceutical or food products. 

In another study, Barras et al. (2009) synthesized 
and characterized two new lipid nanocapsules of 
flavonoids (quercetin and (-)-epigallocatechin-
3-gallate) with a highly efficient encapsulation 
(> 95%) and an increase in the stability of the 
encapsulated product was recorded.

Pandey et al. (2015) synthesized poly(lactic 
acid) (PLA) nanoparticles with quercetin by 
using an emulsified nanoprecipitation technique 
with approximately 62% (w/w) of incorporation 
efficiency. An in vitro cytotoxicity study led to death 
of around 50% of breast cancer cells in two days 
at 100 μg/mL of drug concentration (quercetin), 
while around 40% of cells were destroyed in 

5 days with the quercetin nanoparticles. These 
results confirm the anticancer efficacy of quercetin 
nanoparticles, revealing a novel vehicle for the 
treatment of cancer.

Despite the diversity of biological applications 
of Black Wattle proanthocyanidins described 
in the literature, as far as we know there is 
not any work carried out about the micro- or 
nanoencapsulation of these polyflavonoids with 
biodegradable polymers. Within this context, this 
work aims at the development and characterization 
of Black Wattle proanthocyanidin microspheres 
with a biodegradable polymer matrix by multiple 
emulsion process.

MATERIALS AND METHODS

Preparation of the PAC/PLGA microparticles 
The microparticles with Acacia mearnsii 

proanthocyanidins (PAC powder, Tanac 
S/A) were obtained from the biodegradable 
polymer poly(lactic-co-glycolic acid) (PLGA, 
PURASORB PLG 8523®, Purac) by the multiple 
emulsion technique. In this work, it was opted for 
the multiple emulsion process, due to the high 
solubility of proanthocyanidins in water, besides 
the low solubility of PLGA. Initially, 25 mg of 
PAC was dissolved in 20 mL of MilliQ water to 
form the aqueous solution (aqueous phase). Then, 
500 mg of PLGA polymer were dissolved in 15 
mL of dichloromethane to form the oil phase. The 
aqueous phase was added to the oil phase under 
stirring (3,600 rpm) in a disperser (UltraTurrax) 
for one min to form the primary emulsion. This 
emulsion was added to 200 mL of an aqueous 
solution of 5% w/v polyvinyl alcohol (surfactant) 
under vigorous stirring (24,000 rpm) for five 
min to form the final emulsion. Thereafter, the 
microparticles were isolated by centrifugation and 
repeated washing with distilled water to remove 
excess polyvinyl alcohol and the free PAC not 
incorporated in the PLGA matrix. Finally, the PAC/
PLGA microparticles were lyophilized (Terroni 
Equipamentos Científicos, model LS 3000) for 24 
h and stored in a desiccator. This procedure was 
performed in duplicate. 

Scanning Electron Microscopy (SEM)
The surface morphology of the PAC/PLGA 

microparticles was evaluated by the scanning 
electron microscopy technique using a PHILIPS, 
XL30 model electron microscope with 3.5 nm 
resolution (secondary electron mode) and an 
increase in the range of 4000 times, acceleration 
voltage 20 kV and samples metalized with a gold 
thin layer. The particle size distribution of the 
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microspheres was acquired by Image J software. 
150 points of the image acquired by the SEM 
technique were evaluated for an estimation of the 
magnitude of the particle size distribution (Cocero 
et al., 2009)

Thermogravimetric Analysis (TGA)
Thermogravimetric analyzes were performed 

to determine the thermal decomposition behavior 
of PAC/PLGA microparticles. The thermograms 
were obtained using a TA Instruments SDT-Q600 
equipment, in the temperature range from 25°C 
to 600°C with a heating rate of 10°C/min under 
nitrogen atmosphere (100 mL/min) and sample 
holder of platinum.

Differential Scanning Calorimetry (DSC)
The glass transition temperature of the PAC/

PLGA microparticles was obtained by the DSC 
technique on TA Instruments Q20 equipment, in 
the temperature range from -90°C to 220°C in two 
cycles (heating/cooling rate of 10°C/min) under 
nitrogen atmosphere and using a sample holder of 
aluminum.

Fourier Transform Infrared Spectroscopy 
(FTIR)

Spectroscopic analysis was carried out using 
Fourier transform infrared spectroscopy, Perkin 
Elmer Spectrum 400 model equipped with a 
DTGS detector and an universal attenuated total 
reflectance accessory (FTIR-UATR) in the spectral 
range of 4000-650 cm-1, with a resolution of 4 cm-1 
with 32 scans.

Entrapment efficiency of Proanthocyanidins 
(PAC)

The entrapment efficiency of PAC in PLGA was 
determined by the Folin-Ciocalteu colorimetric 
method (Blainski et al., 2013) from supernatant 
solution of PAC obtained by the extraction process 
from PAC/PLGA microparticles. Quantification 
was carried out according to methodology 
previously described by Pool et al. (2012). The 
PAC percentage incorporated was determined from 
the initial amount of PAC less the PAC percentage 
found in the supernatant according to the equation 
below (Pool et al., 2012).

by absorbance. Color development consists in 
addition of 1 mL of Folin-Ciocalteu reagent and 
10 mL sodium carbonate-tartrate reagent in 50 mL 
of sample; after 30 min in repose the absorbance 
was measured. A calibration curve was done with 
seven points from 0.02 to 10 ppm (R2 = 0.9981 
and y = 0.043 x + 0.0095) using a standard Black 
Wattle PAC (Tanac S/A). Absorbance measures 
were performed on a CELM spectrophotometer, 
E-225-D model at wavelength of 700 nm (Eaton 
et al., 2012).

Maintenance of Cell Lines
In this study two cell types were used, a normal 

cell line (Vero) and a tumor cell line (T24). The 
Vero cell line and human T24 tumor bladder cell 
line were obtained from America Type Culture 
Collection (ATCC – Rockville, Maryland, USA). 
Vero and T24 cells were grown in culture flasks 
in Dulbecco’s Modified Eagle Medium (DMEM) 
or RPMI1640 culture medium, respectively, and 
supplemented with 10% (v/v) of fetal bovine serum 
(FBS) and the antibiotics penicillin/streptomycin 
0.5 U/mL. Cells were seeded in 96-well plates at 
densities of 5 x 103 cells/well in a final volume 
of 100µL of culture medium. Cell cultures were 
maintained at a temperature of 37°C, a minimum 
relative humidity of 95%, and an atmosphere of 
5% CO2 in air. For in vitro assays, at least four 
independent experiments were performed in 
triplicate.

In vitro Cytotoxicity Study
In vitro cytotoxicities of neat PLGA and PLGA/

PAC microparticles were evaluated by measuring 
the viability of Vero and T24 cells in the presence 
of different concentrations of microparticles. Cell 
viability was determined by 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide, MTT 
assay. Twenty-four hours after plating, different 
amounts of PLGA and PLGA/PAC microparticles 
(suspend in culture medium) were added in the 
wells. After 24 h of incubation at 37°C, 100 μL 
of MTT solution were added into each well and 
incubated for 3 h. The number of cells with 
metabolically active mitochondria was determined 
based on the mitochondrial reduction of a 
tetrazolium bromide salt according to Nicoletti 
et al. (2017). The solution was immediately read 
on a microplate reader (SpectraMax, M2e), at 
a wavelength of 570 nm. Biocompatibility and 
cytotoxicity of microparticles were expressed as 
% cell viability, which was calculated from the 
ratio between the number of cells treated with 
the microparticles and that of non-treated cells 
(control).

( ) Total PAC in formulation  PAC in supernatantEE %   1 00
Total PAC in formulation

−
= ×

The Folin-Ciocalteu reagent consists of a 
mixture of phosphotungstic and phosphomolybdic 
acids which in basic medium are reduced to oxidize 
the PAC, yielding blue oxides, which are quantified 
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Statistical Analysis
The number of experimental replications is 

provided in the figure legends. The results are 
presented as the mean ± standard error mean 
of three groups per treatment. The statistical 
comparison of the data was analyzed by one-way 
analysis of variance followed by Tukey’s post-
hoc test, using Graph-Pad Software (San Diego, 
CA, U.S.A.). P < 0.05 was indicative of statistical 
significance.

RESULTS AND DISCUSSION

The preparation of the PAC-loaded PLGA 
microparticles was successfully performed by the 
multiple emulsion method.   Microspheres were 
obtained with high homogeneity of shape and 
size (spherical shape) without any aggregation or 
adhesion among them, as can be seen in Fig. 2. 
The particle size distributions of the PAC/PLGA 
microspheres (MP) are shown in Fig. 3.

The particle size distribution is in the range of 
0.6 to 2.4 µm and most of the particles have sizes 
between 1.2-1.8 µm confirming the obtainment of 
spheres in the microscale. Comparable results were 
found by Andry et al. (1998) for the preparation of 
microparticles by interfacial cross-linking of grape 
proanthocyanidin with terephthaloyl chloride, in 
which the pH was changed to obtain a particle size 
less than 10 μm. 

Pool et al. (2012) obtained relatively small 
particles in the encapsulation of quercetin and 
catechin with PLGA. The obtained particles 
presented average size from 385 to 410 nm. This 
result evidences that flavonoid monomers behave 
differently when compared to polyflavonoids. 
The Black Wattle PACs are composed of up to 
octamers, being the main fractions dimers, trimers 
and tetramers (Pasch et al., 2001; Venter et al., 
2012). Monomers have low polarity, being poorly 
soluble in water, whereas polyflavonoids are very 
soluble in water (Grasel et al., 2016d). Molecular 
weight, polymer concentration, concentration and 
physical properties of encapsulated actives are 
factors that can affect the final size of the particles 
too (Song et al., 2008ab).

The behavior of thermal degradation for 
proanthocyanidin (PAC) and polyvinyl alcohol 
(PVA), as presented in Fig. 4, evidenced that these 
samples present at least two decomposition stages. 
A small mass loss for both, less than 6% between 0 
and 150°C, can be attributed to the vaporization of 
linked and non-linked water, as also observed by 
Arbenz and Avérous (2014). This observation can 
be confirmed in the DSC analysis, in which there 
was no evidence of any thermal event for PAC and 
PVA (Fig. 5).

The proanthocyanidin has a wide decomposition 
range mainly because it is made up of monomers 
to octamers with different stereochemistry and 

Figure 3. Particle size distribution of the PLGA/
PAC microparticles (MP).

Figure 2. Micrographs of the PAC/PLGA microparticles 
(magnification of 4000 x).

Figure 4. TG of the PAC, PVA, pristine PLGA and, 
PLGA/PAC microparticles (MP).
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replacements (Gaugler et al., 2009; Hemingway et 
al., 1989). The PAC sample shows a decomposition 
step at low temperatures (sub-ambient to 150°C) that 
can be assigned to water loss. A second step above 
150°C is assigned to organic matter decomposition 
(aromatic structures of flavonoid tannins) reaching 
around 55% of residue at 600°C (Thébault et al., 
2015). These results are in agreement with those 
found by Arbenz and Avérous (2014) and Anwer et 
al. (2015) at the same conditions.

PVA also shows a wide degradation range 
in the range of 250 to 520°C. As can be seen in 
Fig. 3, PVA presented a maximum degradation 
around 350 °C corresponding to 60% of mass loss 
and another maximum around 450°C, attributed 
to the decomposition of the rest of the material, 
remaining 5% of residue at 600°C. Pristine PVA 
exhibits more than one region of weight loss as 
described by other authors (Kakati et al., 2015; 
Yang et al., 2009). 

The TGA analysis of pristine PLGA (Fig. 4) 
showed a weight loss of 99.3% in the range of 245-
433°C, with a maximum decomposition around at 
390°C with 0.15% residue at 600°C. The PLGA/
PAC microparticles (MP) showed a lowest initial 
degradation temperature of around 180°C, with 
a maximum of degradation slightly lower than 
pristine PLGA according to its TG curve. Similar 
results were also observed by Mainardes et al. 
(2006) when praziquantel (an antischistosome 
drug) was encapsulated in PLGA nanoparticles. 
The authors observed that praziquantel decreases 
the thermal stability of the nanoparticles when 
compared to the pure polymer.

Furthermore, the microparticles presented a 
higher residue percentage when compared with 
pristine PLGA. While the pristine PLGA presented 
a residue of 0.15% at 600°C, the microparticles 
(PAC/PLGA) presented a residue of 0.55%. This 

behavior is associated with the incorporation of 
the PAC into polymeric matrix of PLGA when 
compared with pristine PLGA since the PAC 
started thermal degradation at around 150°C. 
Besides, a higher residue in the MP compared with 
pristine PLGA indicates the presence of a second 
component in MP microparticles.

In order to evaluate the presence of PAC in MP, 
DSC analysis was also performed. This technique 
is a powerful tool for investigating thermal 
properties, providing information about the 
physicochemical state (Pool et al., 2012; Seju et 
al., 2011). Figure 5 shows the pristine PLGA and 
PLGA/PAC microparticle (MP) curves obtained 
by the DSC technique.

The PLGA polymer exhibits an event at 56.9°C 
assigned to the glass transition temperature 
(Tg); no melting point is observed because this 
copolymer is amorphous as described elsewhere 
(Jose et al., 2009; Juríková et al., 2010; Motta 
and Duek, 2006; Park and Kang, 2013; Vasita 
et al., 2010). For the DSC curve of the PLGA/
PAC microparticles, a major decrease in the Tg 
to 35.2°C can be observed, suggesting that the 
incorporation of PAC into the PLGA matrix 
influences the intermolecular interactions of the 
copolymer chain. The crystallinity of PLGA 
polymer was modified during the encapsulated 
process because of interactions with PAC (Cocero, 
et al., 2009). For the pristine PAC, no thermal event 
is observed. It might be thought that this Tg is of 
the pristine PVA (since the Tg of PVA is 35°C), but 
no melting (175°C) and crystallization (116°C) 
temperature was observed in the DSC curve of 
PLGA/PAC microparticles. The change in Tg was 
also observed in other studies with PLGA and PLA 
microparticles (Barras et al., 2009; Qodratnama et 
al., 2015). Qodratnama et al. (2015) developed 
large sized (100–300 μm) lysozyme-loaded PLGA 
microparticles for tissue engineering. The authors 
declare that Tg close to physiological temperature 
will affect the viscoelastic behavior of the polymer 
in microparticles, influencing thereby the release 
kinectics of bioactive molecules. There is an 
increase in the molecular diffusion coefficient at 
temperatures above the Tg as a function of polymer 
mobility. The novel PLGA/PAC microparticles 
presented Tg of 35.2°C which is close to 
physiological temperature.

Figure 6 shows the infrared spectrum of the 
PLGA/PAC microparticles (MP), PAC, pristine 
PLGA and PVA, with the main bands highlighted. 

A broad band in 3422 cm-1 assigned to OH 
stretching and in 1612 and 1505 cm-1 assigned 
to C=C aromatic stretching of the PAC can be 

Figure 5. DSC curves of the pristine PLGA, PAC/
PLGA microparticles (MP), PVA and PAC.
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observed (Grasel et al., 2016c; Khan et al., 2015; 
Ping et al., 2012). Besides, in the fingerprint region 
two more vibration bands of PAC at 1210 and 846 
cm-1 can be observed, which are C–O stretching and 
aromatic C–H out-of-plane bending, respectively 
(Grasel et al., 2016c). The bands at 2996, 2945 and 
2090 cm-1 are assigned to C-H stretching of CH2 
and CH3, the first those of PLGA, the second of 
PLGA and PAC and third of PAC (Grasel et al., 
2016c; Khan et al., 2015; Motta and Duek, 2006; 
Porjazoska et al., 2004; Tondi and Petutschnigg, 
2015). The band at 1758 cm-1 is attributed to C=O 
stretching of ester groups of the PLGA (Motta 
and Duek, 2006; Porjazoska et al., 2004). A band 
at 1451 cm-1 is relative to the signal of aromatic 
ring stretching of PAC and the asymmetrical 
stretching of CH and CH2 of PLGA (Grasel et al., 
2016c; Khan et al., 2015; Motta and Duek, 2006; 
Porjazoska et al., 2004; Tondi and Petutschnigg, 
2015). A band at 1381 cm-1 is attributed to bending 
CH and CH2 and at the region of 1263, 1183 and 
1045 cm-1 to C–O stretching of pristine PLGA 
(Motta and Duek, 2006, Porjazoska et al., 2004).

From 1128-1045 cm-1 is the region of C–H 
deformation in-plane and 754 cm-1 is assigned to 
C–H deformation out-of-plane of pristine PLGA 
(Motta and Duek, 2006; Porjazoska et al., 2004). 
In the microparticles, the PAC signals can be 
observed at 3295 cm-1, 1604 cm-1 and 842 cm-1, 
as well as the absence of the C=O band of PVA 
at 1721 cm-1 (Alhosseini et al., 2012; Reis et al., 
2006; Zeytuncu et al., 2014).

The signals in the FTIR spectrum confirm the 
incorporation of PAC in the PLGA microparticles.

The PAC percentage entrapment was determined 
from the initial amount of PAC less the percentage 
found in the supernatant as described by Pool et 

al. (2012). About 6.7 ± 0.5 mg of PAC was found 
in the supernatant, indicating that approximately 
73% was incorporated into the microparticles.

Proanthocyanidins are unstable in alkaline 
media and high radiation (sunlight) (Grasel et 
al., 2017; Quideau et al., 2011). In the alkaline 
medium the polyflavonoids (condensed tannins) 
undergo rearrangement, forming phlobaphenes 
(red tannins) (Arbenz and Avérous, 2015). 
Proanthocyanidins are also sensitive to oxidation 
processes. The relatively weak bond dissociation 
energy of the phenolic OH bond enables the 
production of phenoxy radicals by hydrogen 
abstraction. The ability of phenols to homolytically 
release a hydrogen atom is also one of the 
fundamental processes that underlie the acclaimed 
health-benefiting antioxidant properties of many 
plant-sourced foods naturally rich in polyphenols 

(Quideau et al., 2011). 
The encapsulation of Acacia mearnsii 

proanthocyanidins brings a new perspective on 
the application of these compounds in biological 
systems where there can be variations of pH until 
it gets to the target cells, guaranteeing a greater 
stability in their applications.

Cytotoxicity of PLGA and PLGA/PAC 
microparticles

Although the studied polyesters are extensively 
used in drug carrier applications since they are 
biocompatible materials (Martín-Sabroso et al., 
2015; Nanaki et al., 2017; Shen et al., 2011), in the 
present work their cytotoxicity was compared with 
Acacia mearnsii proanthocyanidins loaded PLGA 
microparticles. 

The biocompatibility and cytotoxicity of PLGA 
and PLGA/PAC microparticles were evaluated by 
MTT (Fig. 7). It was observed that in Vero and T24 
lineage, PLGA and PLGA/PAC microparticles did 
not promote any effect on cell proliferation after 24 
h. The optical density values of formazan solutions 
from the PLGA/PAC microparticles group were 
higher than those from the PLGA group after 24 
h (Fig. 7); however, these differences were not 
statistically significant (P > 0.05). 

On the other hand, the biological properties of 
PAC have been studied and its cytotoxicity against 
tumor cells has been reported (Hostanska et al. 
2007; Vaid et al. 2016; Weh et al. 2016). However, 
comparing the results between the controls with 
the treatment group wells, the non-cytotoxic 
profile of both microparticles can be observed. 
One possible explanation for this observation 
is the biocompatibility of PLGA and the low 
concentration of PAC contained within the PLGA 
microparticles.

Figure 6. FTIR spectrum of a) PLGA/PAC 
microparticles (MP), b) PAC, c) pristine PLGA 
and c) PVA, with the main bands highlighted.
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CONCLUSIONS

The multiple emulsion method was 
successfully used to obtain PLGA 
microparticles with proanthocyanidins (PAC). 
The initial results indicated that the obtained 
PLGA/PAC microparticles have spherical 
shape with smooth surface and average 
particle size between 0.6 to 2.4 μm. FTIR, 
TGA and DSC analyses of these microparticles 
corroborate the presence of PAC entrapped 
in the polymer matrix. The encapsulation 
efficiency was around 73%. These novel PLGA/
PAC microparticles presented very interesting 
physical-chemistry properties with potential 
application in biological systems. 

The results of the in vitro cytotoxicity tests in 
this study show the non-cytotoxic profile of PLGA 
and PLGA/PAC microparticles with no dose 
effect over the range tested. The antiproliferative 
properties of proanthocyanidins against cancer 
cells is known and reported in studies. In this 
study, PLGA/PAC microparticles did not promote 
any effect on the cellular viability at the tested 
concentrations after 24 h. 

The encapsulation of Acacia mearnsii 
proanthocyanidins brings a new perspective for 
the application of these compounds in biological 
systems, ensuring a higher resistance to oxidation 
and alkaline media.
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