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We report on preparation of poly(acrylic acid-co-methyl 
methacrylate) (PAM) micro- and nanoparticles and, in 
the subsequent stage, complexation reaction with the 
active substance — metronidazole (MET). The drug re-
lease behavior of MET — loaded PAM micro- and nano-
particles was evaluated in water and phosphate buffered 
saline (PBS, 0.9% NaCl) at  37ºC. It has been found that 
introduction of MET into PAM  micro- and nanoparticles 
enabled gradual and controlled release of  the active 
substance. Structural analysis using FT-IR (ATR) and 1H 
NMR, as well as surface morphology assessment by SEM, 
were performed.
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INTRODUCTION

Nowadays, medicine and pharmacy require improved 
drug delivery systems targeting only on the areas cov-
ered by the diseases. These conditions can meet the 
micro- and nanoparticles based on polymers, pH-sen-
sitive hydrogels, biopolymer-based microgels/nanogels 
(biomicrogels/bionanogels) (Agnihotri et al., 2004; Baj-
pai et al., 2008; Liu et al., 2008). The controlled drug 
delivery systems are truly important in treatment of 
human diseases due to their therapeutic advantages in 
improving bioavailability and minimizing systemic side 
effects. The ideal controlled release system is intended 
to provide constant level of active substance in plas-
ma (Nafea et al., 2011). In recent years, increased in-
terest around combination of natural polymers such as 
polysaccharides, proteins with synthetic for the prepa-
ration of drug delivery systems, is observed. Accord-
ing to literature, numerous systems based on chitosan, 
gelatin or starch with  poly(N-vinyl pyrrolidone) (PVP), 
poly(methyl methacrylate) (PMMA), poly(2-hydroxy-
ethyl methacrylate) (PHEMA) or polycarboxylate have 
been designed (Dudhania & Kosarajua, 2010; Eftaiha et 
al., 2010; Nafea et al., 2011). They are used as thermo- 
and pH-sensitive vesicles, polymeric micelles and  mi-
cro- and nanospheres (Robinson & Peppas 2002; Fel-
ber et al., 2012; Nguyen et al., 2011; Dong et al., 2011). 
Among different active substances metronidazole — 
2-(5-nitro-2-methylimidazol-1-yl)-ethanol (MET) — is 
a well-known antimicrobial agent commonly used in 
clinical medicine for > 45 years. Mainly it is used to 
treat parasitic infections including Giardia infections of 
the small intestine, amebic liver abscess, amebic dysen-
tery (infection of the colon causing bloody diarrhea), 
bacterial vaginosis and  trichomonas vaginal infections. 

Metronidazole is often used in the production of oint-
ments, which are applied in the treatment of chronic 
wounds, mainly bedsores (Lofmark et al., 2010; Hercu-
lano et al., 2011).

Hence, in this work we focused on preparation of bi-
ologically-stable poly(acrylic acid-co-methyl methacrylate) 
micro- and nanoparticles and their complexation with 
MET. The synthesis of poly(acrylic acid-co-methyl meth-
acrylate) micro- and nanoparticles is carried out in an 
aqueous medium, allowing to eliminate any toxic and 
harmful solvent.

MATERIALS AND METHODS

Acrylic acid (AA, monomer) and ammonium persul-
fate (APS, initiator) were purchased from POCh Gli-
wice, Poland, poly(ethylene  glycol) diacrylate (PEGDA 
Mn=575, crosslinker) and methyl methacrylate (MMA, 
monomer) were acquired from Sigma Aldrich, metroni-
dazole  was obtained from Pharma-Cosmetic, Poland.

Preparation. In this study, PAM particles with feed 
molar ratios AA:MMA = 7:3 and total monomer con-
centration 0.3 mM were used for metronidazole loading 
(3% relative to the total monomer content). Acrylic acid 
and MMA were polymerized using 100 mg of APS as 
initiator and 100 µl of PEGDA (Mn = 575) as crosslink-
ing agent in 200 ml of distilled water as solvent. The re-
action was carried out at 80ºC under nitrogen for 8 h 
by using mixing speed 1000 r.p.m., whereas MET was 
dispersed in distilled water and mixed with micro- and 
nanoparticles as an aqueous suspensions. The complexa-
tion was conducted for 24 h at room temperature (Yan 
& Gemeinhart, 2005; Vijay et al., 2010; Bialik-Wąs et al., 
2013).

Copolymer characterization. Fourier transform 
infrared (FT-IR) attenuated total reflectance (ATR) 
spectroscopy. FT-IR (ATR) spectra were recorded us-
ing Spectrum 65 (Perkin Elmer) spectrometer. All spec-
tra (32 scans at 4.0 cm−1 resolution) were recorded at 
25ºC. The obtained PAM and MET-loaded PAM sys-
tems spectra were in the 4000–600 cm–1 range.

1H nuclear magnetic resonance (1H NMR). 
The chemical structure of PAM and MET-load-
ed PAM compositions were characterized with  
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1H NMR (Bruker NMR Spectrometer, working at 500.13 
MHz). The samples were dissolved in deuterated DMSO 
and CDCl3 (1:1).

Scanning electron microscopy (SEM). The sur-
face morphology and shape of obtained PAM particles 
and MET-loaded PAM systems were observed using a 
scanning electron microscopy (JEOL JSM-6010LA).

Studies of drug release. The release profiles of 
metronidazole from PAM micro- and nanoparticles in 
water (pH = 7), phosphate-buffered saline (PBS, pH 
= 7.4)) and sodium chloride (pH = 6.4) at 37ºC, were 
constructed. MET-loaded PAM, 0.0006 g, was placed 
in 30 ml of the release medium. The release experi-
ment was conducted by 96 h. The drug presence was 
confirmed by measuring absorbance at 320 nm by 
UV/Vis absorption (Evolution 220, ThermoScientific).

DISCUSSION

FT-IR (ATR) analysis

The obtained FT-IR spectrum con-
firmed that the copolymerization reaction 
of acrylic acid and methyl methacrylate 
took place (Fig. 1). 

It can be observed a broad band in the 
3700–2600 cm–1 range,  which is charac-
teristic for hydroxyl groups, C=O stretch-
ing of ester group at 1713 cm–1 and sym-
metric carboxylate anion stretching at 1388 
cm–1. In the spectra of the used mono-
mers: AA and MMA, there are clear peaks 
at 1640 cm−1, which derive from the vinyl 
bond C=C.  In the case of PAM micro- 
and nanoparticles and MET-loaded PAM 
there are very weak peaks around 1640 

cm−1, which may orginate from monomer residues. For 
MET-loaded PAM, OH stretching (3219 cm−1), NO2 vi-
brations, N–O stretching (1535 cm−1), C–OH, C–O 
stretching (1074 cm−1), and C–NO2 stretching (870 cm−1) 
have been detected. It can be seen the O–H stretching 
vibrations at 2887 cm–1  and aromatic C–H stretching at 
2951 cm–1, as well as deformation vibrations of strong 
intensities at 1431, 1269 cm–1 (Yan & Gemeinhart, 2005; 
Silverstein et al., 2005; Vijay et al., 2010; Ramukutty & 
Ramachandran, 2012). 

1H NMR analysis

The obtained 1H NMR spectra (Fig. 2) show that the 
copolymerization reaction of acrylic acid and methyl 

Figure 2 ¹H NMR spectra of: 
(a) AA; (b) MMA; (c) PAM micro- and nanoparticles and (d) MET-loaded PAM systems.

Figure 1. FT-IR spectra of: 
(a) AA; (b) MMA; (c) PAM micro- and nanoparticles and (d) MET-loaded PAM sys-
tems.
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methacrylate occurred. In the case of spectra of mono-
mers vinyl protons at 5.9, 6.1 and 6.5 ppm in acrylic acid 
and at 5.5 and 6.1 in methyl methacrylate can be seen. 
These signals practically disappeared in the spectrum of 
PAM micro- and nanoparticles, as well as in MET-load-
ed PAM.

SEM analysis

On the basis of SEM microphotographs it can be 
concluded that a mixture of micro- and nanoparticles 
was obtained. The PAM micro- and nanoparticles are 
characterized mostly by a spherical shape.

The release profiles of metronidazole from PAM micro- 
and nanoparticles

The release profiles of MET from PAM micro- and 
nanoparticles in water (pH = 7), phosphate-buffered saline 
(PBS, pH = 7.4) and sodium chloride (pH = 6.4) at 37ºC 
are presented in Fig. 4. The literature review show that 
PAM micro- and nanoparticles could be used as an enter-
ic coating material for prolonged drug release (Yan & Ge-
meinhart, 2005; Vijay et al., 2010). The release rate of active 
substance depends not only on pH of the dissolution me-
dium, but also on chemical structure of carrier, drug-ma-
trix interactions and physical factors such as diffusion 
or swelling viscosity. On the beginning, a marked jump  
in the amount of MET in the solution is visible. Maxi-
mum concentration of released MET is about 40% at pH 
= 7.4 and it is slightly lower at pH = 6.4 and 7. After 
24 hours MET is still released and its concentration re-
mains at similar level for the next hours of measurements.

In case of a higher pH environment, it was observed 
that the amount of released MET is slightly higher and 
concentration is approximately 28%. When using pH 
= 6.4 and 7, MET concentration is very similar and is 
equals to about 24%. After 96 h concentration of re-
leased MET remains constant and does not change. 
MET released better in an alkaline medium, and similar 
results were reported in the literature (Sadeghi & Yar-
ahmadi, 2011, Ma et al., 2012). This effect is probably 
due to the presence of OH– groups that increases the 
electrostatic repulsions, causing thus the larger release of 
MET. Furthermore, the intensity of electrostatic interac-
tions between MET and PAM systems decreased at pH 
= 7.4, slowering the  release of  MET.  In an neutral 
and slightly acidic environment, MET is more strongly 
associated with PAM systems, and therefore it releases 
with more difficulty. Based on these results it can be 
seen that the PAM micro- and nanoparticles allow a 
slow and controlled release of the active substance — 
metronidazole.

CONCLUSIONS

The copolymerization reaction of AA and MMA 
yielded spherical shape micro- and nanoparticles of 
PAM, which could be applied as carriers for metronida-
zole (MET). The obtained FT-IR and 1H NMR spectra 
indicate a successful copolymerization and complexation 
reaction with the active substance (MET). It is worth 
noting that the synthesis was conducted in water as a 
medium, without use of any harmful solvents. The re-
lease profiles show that PAM particles ensure a con-
trolled concentration of MET over a prolonged time. 
On the basis of obtained results it can be concluded that 
poly(AA-co-MMA)-MET systems, synthesized in solvent-
free environment, show beneficial drug delivery profiles. 
However, further research on prolonged stability are 
necessary — such studies are in progress. 
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