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ABSTRACT 
The purpose of this study was to prepare pioglitazone microcapsules prepared by 3-different methods and to evaluate 
the same. Specifically, Selection of optimum microcapsule polymer and formulation method. Effect of type of polymer on 
the microcapsule preparation, were examined. Ethyl cellulose microcapsules of Pioglitazone were prepared by modified 
coacervation technique. Ethyl-cellulose (Ethocel10 cps) was used as the coating material which was added to a solution 
of cyclohexane containing 30%w/w triacetin.  EudragitRLl00and Eudragit RSlOO in ratio of 4:2 and 3:3, were used for 
the coating of microcapsules.  The physical characteristics like particle size, drug entrapment, FTIR, SEM, DSC, in vitro 
drug release profiles were studied. Preformulation includes active characterization, drug-polymer compatibility, drug 
solubility, thermal property was also tested. Surface characteristics were studied using SEM which revealed that the 
microcapsules were prepared successfully but merely fused with each other owing to sticky properties of the polymers. 
The coacervation technique with ethylcellulose as coating material gave the higher yield (92%) of microcapsules. The 
release of Pioglitazone from ethyl-cellulose coated microcapsules was slow whilst the release from those of acrylate-
methacrylate copolymer was faster. According to the results obtained in this study, solid dispersion techniques could be 
successfully used for the enhancement of aqueous solubility and dissolution rate of Pioglitazone. 
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INTRODUCTION 
Diabetes mellitus is reported as chronic metabolic disease caused by either by lack of insulin production 
as a result of pancreatic islet cell destruction, or insensitivity of host cells to endogenous insulin [1,2]. In 
developed countries, diabetes mellitus is one of main causes of mortality. The objective of diabetes 
treatment is to decrease rate of disease development, and avoid its life-threatening impediments [3,4,5]. 
Insulin is widely used to manage blood sugar level (BSL) in a significant proportion of type I diabetes 
mellitus (T1DM) and type II diabetes mellitus (T2DM) patients [6].  
Insulin is a 5790 Da peptide hormone [7] consisting of 51 amino acids its monomer composed of 2 
polypeptide chains, chain A of 21 amino acids and chain B of 30 amino acids [8]. These amino acids are 
connected by 2 disulfide bonds. Insulin is considered as a first line treatment in DM [9]. however, Insulin 
has been administered by multiple daily subcutaneous injections, and lead to a various shortcomings like 
patient uneasiness, pricking pain, trauma, local infection, stress, non-compliance, and needle phobia 
[10,11,12,13].  
Therefore, oral delivery of various antidiabetic drugs are highly preferred by the physicians for the 
treatment of DM. Number of approaches have been recognized to attain the control on DM [14, 15]. these 
approaches include use of polymeric carriers, nanoparticles and microparticles development, use of 
permeation enhancer, enteric coating or sustained or controlled drug delivery, liposomes, enzyme 
inhibitors etc. Out of said approaches, microparticulate drug delivery has attracted attention of several 
pharmaceutical scientists. In most of the modern literature, the term “microparticles” and “nanoparticle” 
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refer to particles where the dimension of particle is measured in micrometer and nanometer respectively. 
Particles with size larger than 1000μm are considered as microparticle and less than are nanoparticle 
[16]. Characteristics of nanoparticle and microparticle offer numerous advantages like adequate drug 
loading efficiency, drug release manipulations, permeability improvement across the biological 
membrane and tissue or organ targeting [17,18,19].  
Sustained drug delivery system represents one of the leading edge areas of pharmaceutical science, which 
involve exploitation of multidisciplinary scientific knowledge for the improvement of biopharmaceutical 
characteristics of BCS class II drugs. Pioglitazone is one of the poorly soluble drugs. Its narrow half life 
leads to the rapid elimination from the body, this reason, consequently enforces prescriber for frequent 
dosing and ultimately leads to poor patient compliance [20,21]. It has also been reviewed that the 
Pioglitazone may cause several side effects if it is developed in any conventional drug delivery. 
Present investigation has aimed to ameliorate the problems associated with the Pioglitazone in context of 
its short half life and side effects. In order to curtail the probles associated with the Pioglitazone, 
Microparticulate drug delivery was explored in present investigation because of core benefits offered by 
this system.  
Microparticulate delivery systems in pharma tender numerous benefits over conventional dosage forms. 
These benefits include improve defectiveness of drug, reduced toxicity, and better patient compliance and 
convenience. 
The terms used to describe micro-particulate formulations may sometimes be inconsistent and confusing 
to readers. Fundamentally, the term “microparticle” refer to particle with a diameter between 1 to 
1000μm, irrespective of precise interior or exterior configuration of these microparticles. Within the 
broad category of microparticles, “microspheres” specifically refers to spherical microparticles and the 
subcategory of “micro-capsules” applies to micro particle which have core surrounded by material which 
is markedly different from that of core. The core may be solid, liquid, or even gas. The 3 D view of the 
system was shown in following figure.  
The term “microcapsule” was defined, as spherical particle having size between 50 nm to 2 mm and 
contains a core substance. Microspheres are in exacting sense are spherically unfilled particles. Still, the 
terms microcapsule and microsphere are frequently used synonymously. In addition, some related terms 
like “microbeads” and “beads” are also used alternatively. Sphere and spherical particles are also 
employed for a large size and rigid morphology. Due to striking properties and wider utility of 
microcapsules and microspheres, pharmaceutical researchers have focused microencapsulation and its 
applications in sustained or modified drug delivery [22,23,24,25].  
Development of microparticulate (precisely, microcapsules) drug delivery systems often needs 
macromolecules (polymers) as coating or covering agents. The core would be of the drug or API/s.  
Oral drug delivery of drug is most preferable route of drug delivery due to ease of administration, patient 
compliance and formulation flexibility. Development of oral sustained-release system has been a 
challenge to formulation scientist since their inability to restrain and localize system in targeted area of 
the gastrointestinal tract. Sustained release preparation using other routes has been formulated, but oral 
route still remains preferable. 
Sustained drug delivery system permit for well-defined release pattern. Effective drug level can be 
maintained without inducing toxic effect. Formulated sustained drug delivery system should be such that 
it releases the drug, according to physiological needs and also pass through the GI barrier in order to 
obtain optimal therapeutic action. Hence it was thought that microcapsules could be used as an ideal drug 
delivery. 
Pharmaceutical invention and research are increasingly offering attention on delivery system which 
improves desirable therapeutic objectives and at the same time minimizes side effects. Current trend 
indicate that microcapsule drug delivery system is especially suitable for achieving controlled or 
sustained release oral formulation with low risk of dose dumping, flexibility of processing to attain 
different release pattern as well as reproducible and short gastric residence time. Pioglitazone as an API 
has to be explored in context of its side effects and narrow half life. The release of Pioglitazone from 
microcapsule can sufficiently diminish the problems. Consequently, microcapsule drug delivery system 
provide tremendous opportunities for designing newer sustained or  controlled release oral formulations, 
thus extending the frontier of prospect pharmaceutical development. 
The purpose of this study was to prepare pioglitazone microcapsules prepared by 3-different methods 
and to evaluate the same. Specifically, Selection of optimum microcapsule polymer and formulation 
method. Effect of type of polymer on the microcapsule preparation, were examined. 
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MATERIAL AND METHODS 
Chemicals & reagents 
Following API and other excipients, reagents, chemicals were used of analytical, pharmaceutical or extra 
pure grade.  

TABLE 1: MATERIALS  
Material Supplier 

Pioglitazone Dr. Reddy’s Laboratories, Hyderabad. 
Ethyl Cellulose S.D. Fine-Chemicals Ltd., 
EudragitRS100 S.D. Fine-Chemicals Ltd., 

Cellulose Acetate S.D. Fine-Chemicals Ltd., 
Polyvinyl alcohol  

S.D Fine Chemicals Pvt. Ltd., Mumbai. 
 

Polyethylene glycol 
Hydrochloric Acid 
Sodium hydroxide 
Sodium Chloride Loba cheme 

Potassium dihydrogen 
Orthophosphate 

Qualigens fine chemicals 

Alcohol Loba cheme 
Acetone 

Dichloromethane Loba cheme 
Methanol Loba cheme 

  
EQUIPMENT AND INSTRUMENTS 

Table 2: Instruments 
EQUIPMENT MANUFACTURER 

Single Pan electrical balance Lab India. 
Hot air oven Lab India. 
Diffusion cell Neutron Scientific Corporation, 

Stirrer (Magnetic) Remi equipment 
pH meter Pen type pH meter. 

U.V. Spectrophotometer (Double 
Beam) 

JascoV-530 

Differential scanning calorimetry Shimadzu,Kyoto,Japan. 
ATR FTIR PerkinElmer,PerkinElmerInst.USA 

Scanning electron microscope HITACHISU 3700 
Dissolution apparatus Lab India 
Particle size analyzer MicrotracS350 

Rotary Evaporator SENCOTechnologyCo., Ltd., 
Methods: 
Drug and excipients compatibility [31, 32]: 
The objective of drug/excipients compatibility study was to demarcate, as quickly as possible, possible 
interaction between API and excipients. Compatibility study was an important risk lessening exercise 
early in formulation development. Homogenous mixtures of drug and excipients were prepared and filled 
in glass vials. Chemical compatibility was tested by FTIR spectroscopy, which was one of most widely 
used techniques to identify functional interaction of the API with polymer or excipient used if any.  
Development of Pioglitazone Microcapsules using coacervation Method: 
Ethyl cellulose microcapsules of Pioglitazone were prepared by modified coacervation technique defined 
by Tirkonen et al. (1993). Ethyl-cellulose (Ethocel10 cps) was used as the coating material with stirring 
rate of1000 rpm. Ethyl-cellulose was added to a solution of cyclohexane containing 30%w/w triacetin as 
a percentage of ethyl-cellulose weight. The mixture was heated to75°C. required amount of Pioglitazone 
was suspended in the solution. The ratios of Pioglitazone :ethyl-cellulose were 2:1,1:1 and 1:2. The 
suspension was homogenized  at a speed of 4000 rpm for 4 min. Suspension was allowed to cool down 
slowly, at a controlled stirring speed of 1000rpm, to 40°C for 1h. The mixture was then further cooled 
down to 25°Con an ice bath. Stirring was continued for more 20min.Prepared microcapsules were then 
separated from solution by sedimentation and then filtration on a Buchner funnel. The filtered 
microcapsules were then washed thrice using 25 ml portions of fresh cyclohexane. The microcapsules 
were subsequently collected and dried at room temperature for 10h. Microcapsules were stored in 
desiccator for further studies [33]. 
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Combination of Eudragit RLlOO with EudragitRSl00: 
EudragitRLl00and Eudragit RSlOO in ratio of 4:2 and 3:3, were used for the coating of microcapsules. 
Microencapsulation of Pioglitazone was carried out by modifying the coacervation technique described 
by Watts et al.(1991). Microcapsules were produced by using an emulsification-solvent evaporation 
method. Accurate quantities of EudragitRLl00in combination with Eudragit RS lOO were dissolved in 
methylene chloride containing 25% w/w triacetin as a percentage of Eudragit  RLlOO and EudragitRSl00 
weight. 2gm of Pioglitazone (considering dose of Pio, 45mg/day) was added to the polymer solution: the 
ratio of drug:polymer were 2:1, 1:l and 1:2 and the dispersion was aided by sonication for 25min. The 
drug-polymer-solvent phase was poured into 200ml of an aqueous solution with agitation using a 
controlled stirring rate at 1200 rpm. Stirring was continued at 38°C until the methylene chloride was 
completely evaporate. The resulting microcapsules were collected by centrifugation at 3500rpm for 20 
min and dried at room temperature for 16 h and stored in a desiccator for more studies. 
Evaluation of Microcapsules:  
Scanning electron microscopy (SEM). 
Scanning electron microscope was used to examine the morphological characteristics of the surface of the 
microcapsules [34].  
UV Spectrophotometric Assay:  
The absorption maximum was found to be at 269 nm. The absorbance of the solutions was measured at 
269 nm against the blank and the calibration curve was constructed. 
Preparation of Standard Solution 
Standard solution of Pioglitazone was made by dissolving 100mg of API in 100ml of 0.1N hydrochloric 
acid (Solution A, 1000 µg/ml). Further, 10ml of solution 1 was diluted to 100ml with 0.1N hydrochloric 
acid (Solution B, 100µg/ml). Solution 2 was used as the standard stock [35].  
Preparation of Calibration Curve:  
Aliquots of 1ml to 7ml of std. solution 2 were transferred in to series of calibrated 10ml std volumetric 
flasks and final volume was made up using 0.1N HCl. The solutions were scanned in the range of 200-
400nm using blank as a reference (0.1N HCL).  
Dissolution studies:  
Dissolution studies of pure and microencapsulated API were performed out in a 6-station dissolution 
tester: 50mg of the API or an amount of the microencapsulated drug equivalent to 50mg of pure API were 
placed in 900 ml of water. Dissolution apparatus was maintained at 36°C and the paddle method was 
used in these studies with a constant paddle stirring rate of 60rpm. Samples of 5ml were withdrawn at 
appropriate time intervals and immediately replaced with fresh dissolution medium over a period of 10h. 
The samples were then filtered through a 0.22 pm membrane filter unit and diluted with water to get an 
appropriate concentration before determining the pioglitazone concentration using a spectrophotometer 
at a wavelength of 262 nm. After each time interval, the average value and standard deviation were 
computed and finally the mean release of pioglitazone was plotted versus time to obtain dissolution 
profiles. 
 
RESULT AND DISCUSSION 
Compatibility studies:  
Pioglitazone and excipients were subjected to FTIR spectral study. The drug was found to be compatible 
with the excipients since no significant changes were observed in intensity and position of the peaks in 
the spectra. FTIR spectrum were shown in following figures and it was confirmed that there were no any 
significant interactions between the drug and polymer. 
Scanning electron microscopy: 
Microcapsules of API prepared by coacervation method showed accumulation of particles because of 
drying at room temperature. During cooling, some polymer may have segregated from solution. During 
drying the microcapsules may get fused together to produce aggregated particles. This effect was 
detected both in ethyl cellulose and Eudragit microcapsule. The surface morphological properties of 
microcapsule using ethylcellulose as coating material were shown in following figures. The increase of 
coating polymer gave larger particle sizes along with thickened walled microcapsule. The drug content for 
ethyl cellulose microcapsule was typically 95-98%. For Eudragit microcapsule it ranged from 72-93 %. 
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Fig 1: FTIR of Pioglitazone 

 

 
Fig 2: FTIR of Pioglitazone with excipients 

 
Fig3: Surface morphology microcapsule prepared by coacervation technique, using ethyl cellulose 

as coating material, the core to coating ratio is 2:1, Magnification15000 x 
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Fig 4: Surface morphology of microcapsule prepared by coacervation technique, using ethyl-cellulose as 

coating material, core coating ratio was 1:1, Magnification10000 x  

 
Fig 57: Surface morphology of microcapsule prepared by coacervationmethod, using 

ethylcellulose as coating material, the core to coating ratio is 1 :2, Magnification1000 x 

 
Fig 6: SEM of the microcapsules  

Standard Calibration curve:  
UV visible spectroscopy was successfully performed to study the calibration curve of API. The objective of 
the study was to confirm the identity of the API as well as to explore the study during drug dissolution 
investigations. Uv visible spectroscopy revealed that the API used in the investigation was Pioglitazone. 
Calibration curve was built successfully. The lambda max and calibration curve was shown in following 
figure.   
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Fig 7: Pioglitazone absorbance maxima at 269nm 

 

 
Fig 8: Calibration Curve; Pioglitazone  

 
Table 3: Calibration Curve; Pioglitazone 

Sr. no Concentration 
(µg/ml) 

Absorbance 

1 0 0±0 
2 1 0.228±002 
3 2 0.378±001 
4 3 0.505±002 
5 4 0.609±003 
6 5 0.722±002 
7 6 0.812±001 
8 7 0.93±0003 

Yield:  
The yield was higher with ethyl-cellulose microcapsule (86-91%) than Eudragit microcapsule (53-69%) 
Dissolution studies 
Figure shows that the API, pioglitazone got released successfully from microcapsules. Drug release with a 
core to coating ratio of API: ethyl cellulose, 1:2 gave a lower release rate than for 1 :1 and 2:l ratios. The 
variation of the core to coating ratios on the release of pioglitazone from Eudragit RL:RS coated 
microcapsule also gave a similar effect as shown in following figure. Being hydrophobic, ethyl cellulose 
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microcapsules showed slower penetration rate of dissolution medium in to microcapsule. In case of 
Eudragit microcapsule, Eudragit is reported as ‘a polymer which although insoluble in water allows water 
to permeate through it’ and hence, it showed, faster rate of water penetration through the polymer and 
gave higher drug release rate from microcapsules.  

Table 4: % Drug release profiles 
Time (h) % DR 

API: EC 
2:1 

API: EC 
1:1 

API: EC 
1:2 

Pure API 

0 0 0 0 0 
1 36 33 22 72 
2 45 34 29 87 
3 54 35 32 91 
4 65 37 36 92 
5 72 40 40 92 
6 78 43 42 91 
7 83 45 43 91 
8 88 58 44 91 
9 90 64 45 90 

10 91 72 46 90 
 

 
 

Fig 9: In vitro % Drug release Profiles from Pioglitazone microcapsules  
Time 

(h) 
% DR 

EudRLRS-
3:2/ 2:1 

EudRLRS-
3:2/ 1:1 

EudRLRS-
3.2/1.2 

Pure 
API 

0 0 0 0 0 
1 39 38 19 71 
2 63 62 29 88 
3 76 74 39 92 
4 79 76 51 92 
5 83 79 60 93 
6 89 81 64 91 
7 92 81 71 91 
8 93 82 82 90 
9 93 83 87 89 

10 92 82 89 90 
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Fig 10: In vitro % Drug release Profiles of API Released from 3:2 ERL:RS m/c  

 
CONCLUSION 
In present investigation, ethyl-cellulose and another polymer, acrylate-methacrylate copolymer Eudragit 
RL100, EudragitRSl00) coatings were prepared successfully by using suitable amounts of plasticizers. 
30% and 20% of triacetin based on polymer weight were found to be appropriate plasticizer for ethyl-
cellulose coatings and acrylate-methacrylate copolymer coatings, respectively. Pioglitazone was chosen as 
a model API. The coacervation technique was used successfully for the development of microcapsules. 
Ethyl-cellulose and acrylate-methacrylate copolymer corresponding to the mentioned ratios were 
selected as coating materials of the microcapsule. The effect of core-to-coating ratio on the surface 
characteristics and dissolution of the microcapsule were also studied. Surface characteristics were 
studied using SEM which revealed that the microcapsules were prepared successfully but merely fused 
with each other owing to sticky properties of the polymers. The coacervation technique with 
ethylcellulose as coating material gave the higher yield (92%) of microcapsules. The release of 
Pioglitazone from ethyl-cellulose coated microcapsules was slow whilst the release from those of 
acrylate-methacrylate copolymer was faster. 
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