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Preparation and characterization of nimesulide 
loaded poly (methyl methacrylate)/poly (ethylene 
oxide) blend microspheres: In vitro release studies
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Poly  (methyl methacrylate)/poly  (ethylene oxide)  (PMMA/PEO) blend microspheres were prepared by solvent 
evaporation technique using poly (vinyl alcohol) (PVA) as a stabilizer. Nimesulide, an arthritis drug was successfully 

loaded into these microspheres. The effect of experimental variables such as ratio of ploy  (methyl methacrylate) to 
poly (ethylene oxide) on nimesulide encapsulation efficiency, release rate, size, and morphology of the microspheres has been 
investigated. Nimesulide loaded microspheres were analyzed using Fourier transform infrared (FTIR), differential scanning 
calorimetry (DSC), X‑ray diffraction (X‑RD), and scanning electron micrograph (SEM). FTIR spectroscopy was used to 
explain the blending of polymers. DSC and X‑RD techniques were used to investigate the crystalline nature of the drug after 
encapsulation. DSC and X‑RD results indicated a nonuniform dispersion of nimesulide in the PMMA/PEO blend matrix. 
SEMs indicated the formation of spherical microspheres with distinct size. Nimesulide was successfully encapsulated up to 
85% in the polymeric matrices. In vitro dissolution experiments performed in pH 7.4 buffer medium indicated a controlled 
release of nimesulide from blend microspheres up to 12 h.
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INTRODUCTION

To develop oral drug delivery systems, it is necessary 
to optimize both the residence time of the system 
within the gastrointestinal tract and release rate of 
drug from the system. The polymeric microparticulate 
drug delivery systems are being continuously under 
investigation for the controlled release (CR) of drugs 
from oral route when compared to single unit dosage 
forms. Advantages of microspheres for the oral 
delivery of drugs over the conventional dosage form 
approaches have been reported by Abu‑izza et al.[1] A 
uniform distribution of multiunit dosage form along 
the gastrointestinal tract (GIT) could result in more 
reproducible drug absorption and reduced risk of 
local irritations than the use of single‑unit dosage 
forms.[2] These particles protect the liable compound 
(e.g., proteins and peptides) from degradation in the 
GIT.[3] Several methods have been described in the 

literature on the preparation of microspheres and these 
includes solvent evaporation,[4] phase separation,[5] 
spray‑dying,[6] and in  situ polymerization.[7] Of these, 
solvent evaporation method has been the most 
widely used technique due to its good reproducibility 
and versatility to render desired properties to the 
microspheres. This method involves emulsification 
followed by the removal of solvent via extraction and 
evaporation. Therefore, it is necessary to monitor 
and understand independent process parameters that 
influence the end product.

Poly  (methyl methacrylate)  (PMMA) has wide spread 
biomedical applications, due to its biocompatibility. 
Various nondegradable polymers, for example, PMMA 
have been utilized for antibiotic delivery purposes. 
Antibiotic loaded poly (methyl methacrylate) (PMMA), 
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is extremely used as a nondegradable antibiotic delivery 
system for the treatment of osteomyelitis.[8‑11] The antibiotic 
loaded bone cement based on PMMA has been used to 
prevent bone infection in total or joint arthroplasty.[12‑15] 
The nondegradability of PMMA has the inherent limitation 
that the polymer material remains intact inside the body 
even after its proposed application without any side effects. 
Poly  (methyl methacrylate) has been widely used for drug 
delivery applications.[16‑20]

Polyethylene oxide  (PEO) is a nontoxic and water 
soluble polymer, widely used in chemical, cosmetic, and 
pharmaceutical industries. PEO gels produced in water 
can be dehydrated and the material produced is extremely 
hydrophilic and possesses a good bioadhesive property.[21] 
Due to its properties, PEO is used in various drug delivery 
systems. Christine et al., have reported PEO blend copolymer 
micelles as a delivery vehicle for dihydrotestosterone.[22] 
Zeng et  al., have also reported PEO blend nanoparticles 
with crosslinked cores as drug carrier.[23] PEO is a good drug 
delivery vehicle in pharmaceutical industries.[24,25]

The polymer blending technique can offer versatile and useful 
routes for improving polymeric material properties; it has 
been employed and applied for many polymeric systems.[26] A 
broad range of studies on miscibility,[27,28] crystallization,[29,30] 
structure,[31] and dynamics[32] for PEO/PMMA system have 
been investigated. PEO/PMMA blends have been reported as 
marginally miscible[33] with a weak enthalpic interaction,[34] 
implying that it can often be immiscible in certain 
temperature and composition ranges.[27] The miscibility 
of this blend is strongly dependent on the toxicity of 
PMMA.[35] According to Rao et al.,[36] such compatibility can 
be attributed to the physical interaction (e.g., van der Waals 
type) rather than the chemical interaction (e.g., hydrogen 
bonding).

Nimesulide is a potential nonsteroidal anti‑inflammatory 
drug known to provide better activity profile, greater safety, 
and higher therapeutic index.[37] Nimesulide belongs to the 
class‑II biopharmaceutical classification and a low solubility 
high permeability drug.[38,39] Nimesulide is a weak inhibitor 
of prostaglandin synthesis in vitro and it appears to show 
its effects by a variety of mechanisms like free‑radical 
scavenging, involving in neutrophil myeloperoxidase 
pathway, phosphodiesterase type  IV inhibition, histamine 
release, tumor necrosis factor‑alpha release, cartilage 
degradation, bradykinin activity, metaloprotease synthesis, 
platelet aggregation, and synthesis of platelet activity 
factor.[40‑42] Dutet et  al., and Ravikumar et  al., used the 
nimesulide in control drug delivery.[43,44] Nimesulide 
produces gastric irritation in some cases and shows loss 
of its inhibitory cyclooxygenase‑2  (COX‑2) selectivity.[45,46] 
Nimesulide is sparingly soluble in water  (0.01  mg/mL). 
This poor aqueous solubility would create difficulties 
in pharmaceutical formulations for oral and parenteral 

delivery that in turn may lead to variable bioavailability.[39] 
To overcome some of these drawbacks, we have planned 
to utilize PMMA and PEO to encapsulate nimesulide and 
synthesize microparticles for drug release in a controlled 
manner.

Though there are several reports present on PMMA/PEO 
blends for different applications; none have used these 
blends for drug delivery application. In continuation of 
our ongoing research work on drug delivery studies,[20] 
we aimed to prepare biodegradable blend microspheres 
consisting of PMMA and PEO, by taking different amounts of 
PMMA as well as PEO in the matrix. Nimesulide was loaded 
into the PMMA/PEO blend microspheres using poly  (vinyl 
alcohol) (PVA) as a stabilizer cum emulsifier to produce drug 
loaded microspheres of uniform size. The microspheres 
were characterized by Fourier transform infrared  (FTIR) 
spectroscopy, scanning electron microscope  (SEM), 
X‑Ray diffraction  (X‑RD), and differential scanning 
calorimetry  (DSC). The dissolution experiments were 
performed to study the drug release characteristics of the 
microspheres.

MATERIALS AND METHODS

PEO and PMMA was purchased from Aldrich, Milwakee, WI, 
USA. PVA was purchased from S. D. Fine Chemicals, Mumbai, 
India. A model drug nimesulide was obtained as a gift sample 
from Dr. Reddy’s Laboratory, Hyderabad. Dichloromethane 
was purchased from S.D. Fine Chemicals, Mumbai.

Preparation of poly (methyl methacrylate)/poly (ethylene 
oxide) blend microspheres
0.25 g of PMMA and 0.25 g of PEO were dissolved in 10 mL 
of dichloromethane. After dissolving both the polymers, 
50 mg nimesulide drug solution was added. The solution 
was stirred until homogeneous solution was formed. The 
resulting blend solution was slowly added into the 100 ml 
of 1% PVA solution through a glass syringe. The emulsion 
was stirred at the stirring speed of 400 rpm using Euro Star 
(IKA Labortechnik, Germany) high speed stirrer for 3 h. The 
solvent was evaporated using rota evaporator. The resulting 
product was washed twice with 10 mL of distilled water and 
the separated microspheres were dried overnight at 40°C. 
Similarly different ratios of microsphere formulations were 
prepared and are listed in Table 1. The microspheres were 
kept in desiccator for further analysis.

Characterization techniques
Fourier transform infrared spectroscopy
FTIR spectral measurements were performed using Perkin 
Elmer spectrophotometer to confirm the blending of the two 
polymer matrix. The interpenetrating polymer networks (IPN) 
particles were finely grinded with the KBr to prepare pellets 
under a hydraulic pressure of 700 dynes/m2 and spectra were 
scanned between 4,000 and 400 cm−1.
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Differential scanning calorimetry studies
DSC curves of the placebo PMMA/PEO microspheres, plain 
drug, and drug loaded microspheres were recorded using 
Rheometric scientific DSC (Model‑DSC SP, UK). The analysis 
was performed by heating the sample from 30 to 350°C at 
the rate of 10°C/min under inert atmosphere.

X‑Ray diffraction studies
The X‑ray diffraction  (X‑RD) patterns of plain drug, plain 
microspheres, and drug‑loaded microspheres were recorded 
using a Rigaku Geigerflex Diffractometer  (Tokyo, Japan) 
equipped with Ni‑filtered CuKa radiation (l = 1.5418 Å). The 
dried microspheres of uniform size were mounted on a sample 
holder and the patterns were recorded in the range 0-50° at a 
scanning rate of 5°/min to determine the crystallinity.

Scanning electron microscopic studies
SEM micrographs of microspheres were obtained under high 
resolution (magnification, ×300; 5 kV) using JOEL MODEL JSM 
840A, SEM, equipped with phoenix energy dispersive analysis 
of X‑rays (EDAX) and Leica 400, Cambridge, UK instrument.

Estimation of drug loading and encapsulation efficiency
Specific amount of drug loaded dry microspheres were 
vigorously stirred in a beaker containing 10 mL of 7.4 pH 
buffer solution to extract the drug from microspheres. The 
solution was then filtered and analyzed by ultraviolet (UV) 
spectrophotometer at the λmax of 398 nm. These results of 
% nimesulide loading and encapsulation efficiency were 
calculated using Equations  (1) and  (2). These results are 
compiled in Tables 1 and 2, respectively.

% Drug loading

= 
Amount of drug in microspheres

Amount of miccrospheres





×100 �

(1)

% Encapsulation efficiency

= 
Actual loading

Theoretical loadiing





×100

�

(2)

In vitro release
In vitro release studies have been carried out by dissolution 
experiments using the tablet dissolution tester (LabIndia, DS 
8000, Mumbai, India) equipped with eight baskets peddle 
without peak vessel. Dissolution rates were measured at 
37°C under 100 rpm rotation speed in 600 mL dissolution 
medium. Drug release from the microspheres was studied in 
intestinal (7.4 pH phosphate buffer) fluids. At regular intervals 
of time, aliquot samples were withdrawn, and analyzed using 
UV spectrophotometer at fixed λmax value of 398 nm.

RESULTS AND DISCUSSIONS

Fourier transform infrared spectroscopy
Figure 1a shows the FTIR spectrum of pure PEO. The peak at 

2894 cm−1 shows the ‑C‑H asymmetric stretching frequency. 
The peak at 1132 cm−1 shows the ‑C‑O symmetric stretching 
frequency. In Figure 1b, the peaks at 2920 and 1735 cm−1 
shows asymmetric stretching of ‑C‑H and the ‑C=O stretching 
frequency of ester group in PMMA; whereas in Figure 1c, the 
peak at 2997 cm‑1 shows asymmetric stretching frequency 
and 1742 cm−1 peak shows the ‑C=O symmetric stretching 
frequency of ester in poly (methyl methacrylate), whereas the 
most intense peak at 1080 cm−1 indicated the ‑C‑O symmetric 
stretching frequency. In Figure 1c, the shifting of ‑C‑H, ‑C=O, 
and more intense ‑C‑O peaks indicated both the groups of 
PMMA/PEO are present in blended polymer microspheres, and 
it clearly explained the blending of two polymers. In Figure 1d 
the ‑C=O (1736 cm−1) stretching frequency is decreased due 
to the formation of hydrogen bonding interaction between 
drug molecules and polymer chains (C=O group of ester and 
NH group of drug molecules).

Differential scanning calorimetry studies
Figure 2 shows DSC thermograms of plain nimesulide (a), 
plain PMMA/PEO microspheres  (b), and nimesulide 
loaded PMMA/PEO microspheres  (c) were recorded. DSC 
thermographs suggest that nimesulide shows an onset 
melting peak at 153.98°C [Figure 2a]. In the microspheres, 
drug fusion peak was shifted to lower temperature with 

Table 1: Results percentage of encapsulation efficiency 
of different formulations
Formulation 
code

% PMMA 
(w/w)

% PEO 
(w/w)

Nimesulide 
(w/w)

Encapsulation 
efficiency (%)

PMMA/PEO‑1 50 50 10 72.3±0.5
PMMA/PEO‑2 50 50 20 75.2±1.2
PMMA/PEO‑3 50 50 30 79.5±0.9
PMMA/PEO‑4 60 40 10 64.8±0.8
PMMA/PEO‑5 60 40 20 70.4±1.0
PMMA/PEO‑6 60 40 30 76.2±1.2
PMMA/PEO‑7 70 30 10 62.3±0.9
PMMA/PEO‑8 70 30 20 65.7±1.1
PMMA/PEO‑9 70 30 30 68.8±0.6
PMMA/PEO: Poly (methyl methacrylate)/poly (ethylene oxide)

Table 2: Results of k, n, and correlation coefficient 
(r) values
Release kinetics parameters of different formulations
Formulation 
codes

k n Correlation 
coefficient, r

PMMA/PEO‑1 0.1538 0.7759 0.9407
PMMA/PEO‑2 0.6668 0.4469 0.9768
PMMA/PEO‑3 0.2472 0.7481 0.9853
PMMA/PEO‑4 0.1618 0.7180 0.9592
PMMA/PEO‑5 0.3866 0.8824 0.9304
PMMA/PEO‑6 0.5601 0.4856 0.9297
PMMA/PEO‑7 0.6959 0.4524 0.8912
PMMA/PEO‑8 0.0675 0.6793 0.9701
PMMA/PEO‑9 0.1068 0.7014 0.9851
PMMA/PEO: Poly (methyl methacrylate)/poly (ethylene oxide)



Asian Journal of Pharmaceutics - July-September 2013 121

Sudhakar, et al.: Microspheres for in vitro release studies

reduced intensity indicating a significant reduction of 
the drug crystallinity due to incorporation into polymeric 
matrix.

Scanning electron microscopic studies
Figure 3 shows SEMs of the nimesulide loaded PMMA/PEO 
microspheres. The microspheres are found to be distinct 
spherical in shape and surface of the particle is smooth.

X‑Ray diffraction studies
Dried microspheres of uniform size were mounted on a 
sample holder and X‑RD patterns were recorded in the range 
0-50° at the speed of 5°/min. X‑RD analysis provide a clue 
about crystallinity of the drug in blended microspheres. 
X‑RD patterns recorded for plain nimesulide drug (a), 
placebo polymeric microparticles  (b), and drug‑loaded 
microspheres  (c) are shown in Figure  4. The nimesulide 
peaks are observed at 2q of 19°, 21°, and 23° suggesting its 
crystalline nature. But, these peaks are almost disappeared 

in case of drug loaded microparticles confirming a 
significant reduction of its crystallinity as suggested by DSC 
analysis. On the basis of DSC and X‑RD results, it could be 
concluded that incorporation of the drug into PMMA/PEO 
microparticles resulted in almost complete amorphization 
of the drug.

Encapsulation efficiency
The EE of all formulations depends on the amount of drug 
content and polymer composition. The results of % EE 
values are given in Table  1. These results indicated that 
% of EE increases with increasing drug loading. The EE of 
formulation containing 50:50 PMMA/PEO with varying drug 
content in the microspheres, that is, 10, 20, and 30 wt% have 
ranged from 72.3 to 79.5%. The EE of formulations (PMMA/
PEO‑1, PMMA/PEO‑4, and PMMA/PEO‑7) containing constant 
drug content  (10%) with varying amount of PEO 30, 40, 
and 50 wt% have between 62.3 and 72.3. Thus, EE of the 
formulations increased with increasing amount of PEO in 

Figure 1: Fourier transform infrared spectra of (a) Pure poly (ethylene 
oxide) (b) Pure poly (methyl methacrylate), (c) Pure PMMA/PEO blend 
microspheres, and (d) Drug loaded PMMA/PEO blend microspheres

Figure 2: Differential scanning calorimetry thermograms of (a) Pure 
nimesulide drug,  (b) Drug loaded PMMA/PEO blend microspheres, 
and (c) Pure PMMA/PEO blend microspheres

Figure 3: Scanning electron microscopy photographs of PMMA/PEO 
blend microspheres

Figure  4: X‑ray diffraction  (X‑RD) spectra of  (a) Pure nimesulide 
drug, (b) Pure PMMA/PEO microspheres, and (c) Drug loaded PMMA/
PEO microspheres
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the microspheres.

Effect of PEO content
The effect of PEO content on encapsulation efficiency and 
in vitro release of nimesulide was investigated. In vitro release 
profiles of 10 wt% nimesulide in formulations prepared by 
taking different amounts of PEO are shown in Figure  5. 
Faster release rates were observed from formulations 
prepared with higher amount of PEO, that is, 50 wt% 
than those formulations prepared using lower amount of 
amount of PEO, that is, 30 wt%. About 80% of nimesulide 
was released within 12 h from formulations prepared with 
higher amount of PEO, whereas only 68% of nimesulide was 
released within 12 h from formulations containing lower 
amount of PEO. A  faster drug release was observed from 
formulations with higher amount of PEO is due to higher 
swelling of the blend microspheres. PMMA is hydrophobic in 
nature, whereas PEO is hydrophilic. The hydrophilic nature 

of the blend system increases as the amount of PEO in the 
blend system increases, thus resulting in an excess swelling 
of the microspheres, thereby leading to a faster release of 
nimesulide.

Effect of drug loading
Figures 6‑8 shows the release profiles of nimesulide loaded 
microspheres of PMMA/PEO microspheres at different 
amounts of drug loading. These formulations exhibited EE 
in the range of 62.3-79.5%, which is due to lesser solubility 
of nimesulide in the polymer solution. Lesser encapsulation 
efficiency is observed due to the loss of nimesulide in 
the PVA solution. Release data showed that formulations 
containing highest amount of nimesulide (30 wt%) displayed 
higher release rates than those containing lower amount 
of nimesulide. Formulation containing highest amount of 
nimesulide released 79.5% of the total encapsulated drug. 
On the other hand, formulations containing lower amount 

Figure 7:  Percentage cumulative release of nimesulide through (60:40) 
PMMA/PEO blend microspheres containing different amounts of 
drug: (▲) 30% nimesulide, (♦) 20% nimesulide, and (■) 10% Nimesulide 
at pH 7.4

Figure 8:  Percentage cumulative release of nimesulide through (70:30) 
PMMA/PEO blend microspheres containing different amounts of 
drug: (▲) 30% nimesulide, (♦) 20% nimesulide, and (■) 10% Nimesulide 
at pH 7.4

Figure 5: Percentage cumulative release of nimesulide through PMMA/
PEO blend microspheres containing different amount PEO: (♦) 50% 
PMMA, (■) 40% PMMA, and (▲) 30% PMMA at pH 7.4

Figure 6:  Percentage cumulative release of nimesulide through (50:50) 
PMMA/PEO blend microspheres containing different amounts of drug: (▲) 
30% nimesulide (♦) 20% nimesulide (■) 10% nimesulide at pH 7.4
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of nimesulide have released only 62.3% of nimesulide. 
Thus, sustained release was observed for the formulation 
containing lower amount of nimesulide. Thus, the release 
rates are slower for lower amount nimesulide in the matrix, 
probably due to the availability of more free void spaces 
through which a lesser number of drug molecule will 
transport. For all the nimesulide‑loaded formulations, a 
prolonged release of nimesulide occurred for about 720 min.

Drug release kinetics
Drug release kinetics was analyzed by plotting the cumulative 
release data vs time by fitting to the empirical equation.[47]

Mt/M∞ = ktn� (3)

Here; Mt/M ∞ represents th e fractional drug release at time 
t, k is a constant characteristic of the drug‑polymer system, 
and n is an empirical parameter characterizing the release 
mechanism. Using the least squares procedure, we have 
estimated the values of n and k for all the seven formulations 
and these values are given in Table 2. If n = 0.5, then drug 
diffuses and releases from the polymer matrix following a 
Fickian diffusion. For n > 0.5, anomalous or non‑Fickian type 
drug diffusion occurs. If n = 1, a completely non‑Fickian is 
operative. The intermediary values ranging between 0.5 and 
1.0 are attributed to the anomalous type transport.[45]

In the present research, values of k and n showed a dependence 
on the extent of PEO content as well as percentage of drug 
loading of PMMA‑PEO blend microspheres. Values of n 
for microspheres prepared using varying amounts of PEO 
(30, 40, and 50 wt%) keeping nimesulide constant (20 wt%) 
have ranged from 0.4469 to 0.6793. The nimesulide loaded 
microspheres have shown n values ranging from 0.4469 
to 0.8824 [see Table  2], indicating a shift from erosion 
type release to swelling controlled non‑Fickian transport. 
Correlation coefficients, r obtained while fitting the release 
data are in the range of 0.8912-0.9853, but non‑Fickian trends 
are due to a reduction in the regions of low microviscosity 
and closure of microcavities in the swollen state of the IPN 
matrix. Similar findings were reported elsewhere.[48]

CONCLUSION

Blend microspheres of PMMA/PEO were prepared and 
nimesulide was loaded into the blend microspheres. DSC 
analysis of the drug loaded microspheres confirmed the 
molecular level dispersion of drug in the blend microspheres. 
SEM pictures have shown the formation of distinct 
spherical microspheres with smooth surfaces. Nimesulide 
was successfully loaded into the blend microspheres and 
encapsulation efficiency was found to vary between 62.3 
and 79.5%, depending on the blend composition and amount 
of drug loading. Drug release studies indicated controlled 
release of nimesulide extended up to 12 h from the blend 
microspheres.

ACKNOWLEDGMENTS

One of the author (K. Sudhakar) is highly grateful to UGC, New Delhi 
for grants UGC BSR Meritorious Fellowship to carry out present 
research work.

REFERENCES

1.	 Abu‑Izza  K, Tambrallo  L, Lu  DR. In  vivo evaluation of zidovudine 
(AZT)‑loaded ethyl cellulose microspheres after oral administration in 
beagle dogs. J Phar m Sci 1997;86:554‑559.

2.	 Galeone M, Nizzola L, Cacioli D, Mosie G.In Vitro demonstration of 
delivery mechanism from sustained release pellets. Curr Ther Res 
1981;29:217‑234.

3.	 O’Hagan DT, Palin K, Davis SS, Artursson P, Sjöholm I. Microparticles 
as potentially orally active immunological adjuvants. Vaccine 
1989;7:421‑424.

4.	 Herrmann J, Bodmier R. The effect of particle microstructure on the 
somatostatin release from poly (lactide) microspheres prepared by a 
W/O/W solvent evaporation method. J Control Release 1995;36:63‑71.

5.	 Sveinsson SJ, Kristmundsdottir T, Ingvarsottir K. The effect of tableting 
on the release characteristics of naproxen and ibuprofen microcapsules. 
Int J Pharm 1993;92:29‑34.

6.	 Bodmeier R, Chen H. Preparation of biodegradable poly (+/‑) lactide 
microparticles using a spray drying technique. J  Pharm Pharmacol 
1998;40:754‑7.

7.	 Shah  SS, Cha Y and Pitt CG Poly  (glycolic acid‑co‑DL‑lactic acid): 
diffusion or degrdation controlled drug delivery. J  Control Release 
1992;28:261–270.

8.	 Kulkarni  AR, Soppimath  KS, Aminabhavi  TM, Dave  AM, Mehta  MH. 
Glutaraldehyde crosslinked sodium alginate beads containing liquid 
pesticide for soil application. J Control Release 2000;63:97‑105.

9.	 Goodell  JA, Flick  AB, Hebert  JC, Howe  JG. Preparation and release 
characteristics of tobramycin‑impregnated poly methylmethacrylate 
beads. Am J Hosp Surg 1986;43:1454‑146.

10.	 Calhoun JH, Mader JT. Antibiotic beads in the management of surgical 
infections. Am J Surg 1989;157:443‑449.

11.	 Klem KW. Antibiotic bead chains. Clin Orthop Relat Res 1993;295:63‑76.
12.	 Josefsson  G, Lindberg  B, Wilander  B. Systemic antibiotics and 

gentamicin‑containing bone cement in the prophylaxis of postoperative 
infections in total hip arthroplasty. Clin Orthop Relat Res 1981;159:194‑200.

13.	 del Real  RP, Padilla  S, Vallet‑Regí M. Gentamicin release from 
hydroxyapatite/poly  (ethyl methacrylate)/poly  (methyl methacrylate) 
composites. J Biomed Mater Res 2000;52:1‑7.

14.	 Hoff SF, Fitzgerald RH Jr, Kelly PJ. The depot administration of penicillin 
G and gentamicin in acrylic bone cement. J  Bone Joint Surg Am 
1981;63:798‑804.

15.	 Wahlig H, Dingeldom E. Antibiotics and bone cements. Experimental 
and clinical long‑term observations. Acta Orthop Scand 1980;51:49‑56.

16.	 Ranjha NM, Muddasari  J, Akhtar N. Methyl Methacrylate‑co‑itaconic 
acid (MMA‑co‑IA) hydrogels for controlled drug delivery. J Sol‑Gel Sci 
Technol 2008;47:23‑30.

17.	 Issakatime, Virginia S, Estibaliz H. Nafcillin release from poly (acrylic 
acid–co–methyl methacrylate) hydrogels. Poly Bull 2005;55:403‑409.

18.	 Sparnacci  K, Laus  M, Tondelli  L, Magnani  L, Bernardi  C. Core–shell 
microspheres by dispersion polymerization as drug delivery systems. 
Macromol Chem Phys 2002;203:1364‑1369.

19.	 Babu  VR, Sairam  M, Hosamani  KM, Aminabhavi  TM. Development 
of 5‑fluorouracil loaded poly  (acrylamide‑co‑methylmethacrylate) 
novel core‑shell microspheres: In vitro release studies. Int J Pharm 
2006;325:55‑62.

20.	 Lakshminarayana Reddy C, Yerriswamy B, Prasad VC, Subha MC, Rao CK. 
Control release of chlorpheniramine maleate through IPN beads of sodium 
alginate‑g‑methyl methacrylate. J Appl Polm Sci 2010;118:2342‑2349.

21.	 Savas  H, Guven  O. Investigation of active substance release from 
poly (ethylene oxide) hydrogels. Int J Pharm 2001;224:151‑158.



Asian Journal of Pharmaceutics - July-September 2013124

Sudhakar, et al.: Microspheres for in vitro release studies

22.	 Allen  C, Han  J, Yu  Y, Maysinger  D, Eisenberg  A. Polycaprolactone–
b‑poly  (ethylene oxide) copolymer micelles as a delivery vehicle for 
dihydrotestosterone. J Control Release 2005;63:275‑286.

23.	 Zeng Y, Pitt WG. Poly (ethylene oxide)‑b‑poly (N‑isopropylacrylamide) 
nanoparticles with cross‑linked cores as drug carriers. J Biomater Polym 
Ed 2005;3:371‑380.

24.	 Chiappetta  DA, Sosnik  A. Poly  (ethylene oxide)–poly  (propylene 
oxide) block copolymer micelles as drug delivery agents: Improved 
hydrosolubility, stability and bioavailability of drugs. Eur J Pharm 
Biopharm 2007;66:303‑317.

25.	 Kiss D, Suvegh K, Zelko R. The effect of storage and active ingredient 
properties on the drug release profile of poly (ethylene oxide) matrix 
tablets. Carbo Polym 2008;74:930‑933.

26.	 Pathak  JA, Colby RH, Kamath  SY, Kumar  SK, Stadler R. Rheology of 
miscible blends: SAN and PMMA. Macromolecules 1998;31:8988‑8997.

27.	 Hamon  L, Grohens  Y, Soldera  A, Holl  Y. Miscibility in blends of 
stereoregular poly (methyl methacrylate)/poly‑(ethylene oxide) based 
oligomers. Polym 2001;42:9697‑9703.

28.	 Machado JC, Silva CG, Soares LS. Positron annihilation and differential 
scanning calorimetry investigations in poly (methyl methacrylate)/low 
molecular weight poly (ethylene oxide) polymer blends. J Polym Sci B 
2000;38:1045‑1052.

29.	 Lisowski MS, Liu Q, Cho  JD, Runt  J, Yeh F, Hsiao BS. Crystallization 
behaviour of poly (ethylene bride) and its blends using time‑resolved 
wide‑  and small‑angle X‑ray scattering. Macromolecules 
2000;33:4842‑4849.

30.	 Baldrian J, Horky'M, Sikora A, Steinhart M, Vlcˇek P, Amenitsch H, et al. 
Time‑resolved SAXS study of crystallization of poly (ethylene oxide)/
poly (methyl methacrylate) blends. Polym 1999;40:439‑445.

31.	 Schantz  S. Structure and mobility in poly  (ethylene oxide)/
poly (methyl methacrylate) blends investigated by 13C solidstate NMR. 
Macromolecules 1997;30:1419‑1425.

32.	 Lartigue C, Guillermo A, Cohen‑Addad JP. Proton NMR investigation 
of the local dynamics of PEO in PEO/PMMA blends. J  Polym Sci B 
1997;35:1095‑1105.

33.	 Zawada  JA, Ylitalo  CM, Fuller  GG, Colby  RH, Long  TE. Component 
relaxation dynamics in a miscible polymer blend: Poly (ethylene oxide)/
poly (methyl methacrylate). Macromolecules 1992;25:2896‑2902.

34.	 Ito  H, Russell  TP, Wignall  GD. Interactions in mixtures of 
poly (ethylene oxide) and poly (methyl methacrylate). Macromolecules 
1987;20:2213‑2220.

35.	 Silvestre  C, Cimmino  S, Martuscelli  E, Karasz  FE, MacKnight  WJ. 
Poly  (ethylene oxide)/poly  (methyl methacrylate) blend: Influence of 
toxicity of poly (methyl methacrylate) on blend structure and miscibility. 
Polym 1987;28:1190‑1199.

36.	 Rao GR, Castiglioni C, Gussoni M, Zrbi G, Martuscelli E. Probing the 
structure of polymer blends by vibrational spectroscopy: The case of 
poly (ethylene oxide) and poly‑ (methyl methacrylate) blends. Polym 

1985;26:811‑820.
37.	 Davis R, Brogden RN. Nimesulide: An update of its pharmacodynamic 

and pharmacokinetic properties and therapeutic efficacy. Drugs 
1994;48:431‑454.

38.	 Meriani F, Coceani N, Sirotti C, Voinovich V, Grassi M. Characterization 
of a quaternary liquid system improving the bioavailability of poorly 
water soluble drugs. J Colloid Interface Sci 2003;263:590‑596.

39.	 Piel G, Pirotte B, Delneuveille  I. Neven P, Llabres G, Delarge J, et al. 
Study of the Influence of both Cyclodextrins and L‑lysine on the 
Aqueous Solubility of Nimesulide: Isolation and Characterization 
of Nimesulide‑L‑lysine‑cyclodextrin Complexes. J  Pharm Sci 
1997;86:475‑480.

40.	 Ferreira  SH. Role of interleukins and nitric oxide in the mediation 
of inflammatory pain and its control by peripheral analgesics. Drugs 
1993;46:1‑9.

41.	 Tognella  S, Nimesulide: New clinical opportunities. Drugs 
1993;46:275‑276.

42.	 Verhoeven  AJ, Tool  AT, Kuijpers  TW, Roos  D. Nimesulide inhibits 
platelet‑activating factor synthesis in activated human neutrophils. 
Drugs 1993;46:52‑58.

43.	 Ravikumara  NR, Madhusudhan  B, Nagaraj  TS, Hiremat  SR, Raina  G. 
Preparation and evaluation of nimesulide‑loaded ethylcellulose and 
methylcellulose nanoparticles and microparticles for oral delivery. 
J Biomater Appl 2009;24:47‑64.

44.	 Dutet J, Lahiani MS, Didier L, Jezequel S, Bounoure F, Barbot C, et al. 
Nimesulide/cyclodextrin/PEG 6000 ternary complexes: Physico‑chemical 
characterization, dissolution studies and bioavailability in rats. J Incl 
Phenom Macrocycl Chem 2007;57:203‑209.

45.	 Singla  AK, Chawla  M, Singh  A. Nimesulide: Some pharmaceutical 
and pharmacological aspects and update. J  Pharm Pharmacol 
2000;52:467‑486.

46.	 Paul AI, Hardman JG, Limbird LE, Molinoff PB, Ruddon WR, Gilman AG, 
editors. Goodman and Gilman’s. The Pharmacological basis of 
therapeutics, chapter, Drugs Affecting Renal and Cardiovascular 
Function. 9th ed. New York: McGraw‑Hill Companies, Inc.; 1996. p. 644.

47.	 Jacobsen J. Buccal iontophoretic delivery of atenolol.·HCl employing 
a new in  vitro three‑chamber permeation cell. J  Control Release 
2001;70:83‑95.

48.	 Ritger PL, Peppas NA. Simple equation for description of solute release.
II. Fickian and anomalous release from swellable devices. J Control 
Release 1987;5:37‑42.

How to cite this article: Sudhakar K, Rao KM, Mallikarjuna B, Prasad CV, 
Subha M, Rao KC. Preparation and characterization of nimesulide loaded 
poly (methyl methacrylate)/poly (ethylene oxide) blend microspheres: 
In vitro release studies. Asian J Pharm 2013;7:118-24.
Source of Support: UGC, New Delhi for grants. Conflict of Interest: 
None declared.


