
INTERNATIONAL JOURNAL OF PHARMACEUTICAL AND CHEMICAL SCIENCES         ISSN: 22775005 

 
Vol. 1 (2) Apr – Jun 2012                          www.ijpcsonline.com                                           508 
 
 

Research Article 
Modified Multiple Emulsion Technique for the Microencapsulation 

of Diclofenac Sodium Using Olibanum Resin as a Polymer 
 

Venkatesh Teja B, Bharath S*, Deveswaran R, Basavaraj BV and Madhavan V 
 

Department of Pharmaceutics, M. S. Ramaiah College of Pharmacy, M.S.R. Nagar, 
M.S.R.I.T. Post, Bangalore, Karnataka, India. 

_________________________________________________________________________ 
ABSTRACT 
In the last two decades controlled release dosage forms have made significant progress in terms of 
clinical efficacy and patient compliance. Among various techniques, micro- encapsulation is one of the 
widely accepted for the controlled drug delivery. Polymers and retarding materials used as coat play a 
vital role in controlling the drug release from the microcapsules. The use of natural polymers over the 
synthetic polymers is gaining importance now a day due to their patient compliance and safety 
considerations. In the present study Olibanum resin was extracted from crude olibanum of species 
Boswellia serrata by successive ether solvent extraction and evaluated as microencapsulating agent. 
Preliminary studies indicated that resin had a good film forming property. Resin coated microcapsules 
of diclofenac sodium with varied core: coat ratios by modified multiple emulsion (S/O/O) technique 
were prepared and investigated. IR spectral studies revealed that drug and polymer was compatible to 
each other. The microcapsules obtained were discrete, free flowing and near round in shape with the 
average particle size between 9.153 – 10.59µm. The microencapsulation efficiency was in the range of 
55.7- 82.4 %. The drug release from the resin coated microcapsules was slow and dependent on the 
core:coat ratio and size of the microcapsules. The concentration of the resin polymer and thickness of 
the microcapsules had a negative influence on the drug release from the formulations. The in-vitro 
release kinetics of selected formulation showed a linear relationship with the marketed Diclofenac-SR 
spansules product. Thus olibanum resin was found suitable as a microencapsulating agent and since 
resin is of natural origin, it is non-toxic, biocompatible and cost effective also. 
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INTRODUCTION 
An ever increasing number of modified 
release technologies both delayed release 
and extended release are available to the 
pharmaceutical industry for the purpose of 
improving drug therapy via oral route. In 
the last two decades controlled release 
dosage forms have made significant 
progress in terms of clinical efficacy and 
patient compliance. Among various 
techniques micro- encapsulation is widely 
accepted for the controlled drug delivery. 
Drug release from these systems was 
found to be at a desirable rate predictable 
and reproducible1. Polymers which are 
used as the drug release retarding 
materials play a vital role in controlling the 
drug delivery. Natural gums and 
polysaccharides and their derivatives 
represent a group of polymers widely used 
in pharmaceutical dosage forms due their  
 

non toxicity, low cost, and free availability. 
Thus the uses of natural polymers over 
the synthetic polymers are gaining 
importance now a days due to their safety 
considerations2-3.  
Olibanum is a gum resin from Boswellia 
serrata, Roxburgh and other species of 
Boswellia. Olibanum consists chiefly of a 
acid resin (50-60%), gum(30-36%) and 
volatile oil (3-8%). The resin contains a 
resin acid (boswellic acid) and 
resene(olibanoresene) in equal 
proportions. Preliminary studies revealed 
that it is having good film forming property. 
In the present work, resin extracted from 
the olibanum was evaluated as a coat in 
microencapsulation of diclofenac sodium 
and for controlled drug delivery4-6. 
Diclofenac sodium is a potent non 
steroidal drug with anti-inflammatory, 
analgesic and antipyretic activity. It is 
used for the treatment of degenerative 
joint disease such as rheumatoid arthitis, 
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osteoarthitis, and ankylosing spondilitis. 
Diclofenac sodium is rapidly dissolved in 
intestinal fluid and reaches its maximum 
blood concentration within 30 minutes. It is 
having short biological half life of 1-2 h 
and required to be administered 2-3 times 
a day. The large concentration of drug in 
gastro-intestinal tract causes gastric 
disturbances such as nausea, ulceration 
with bleeding, abdominal pain and 
constipation7. In order to facilitate 
controlled release of diclofenac and to 
diminish gastro-intestinal irritation which is 
a major common problem with all NSAIDS 
administration, microencapsulation 
concepts have been demonstrated. 
 
MATERIALS 
Diclofenac sodium was obtained as a gift 
sample from Micro Labs Limited, 
Bangalore. Olibanum was purchased from 
Llocal Commercial Company, Bangalore, 
India. Laboratory reagents grade Diethyl 
ether, liquid paraffin were procured from 
Rankem(RFCL)  Limited (New Delhi, 
India). 
 
METHODS 
Extraction of olibanum resin 
Crude olibanum was finely powdered with 
the help of mortar and pestle. The 
powdered olibanum (10g) was extracted 
repeatedly with 50 ml quantities of solvent 
ether for 3-4 times8. The resin part 
dissolved in the ether, were collected and 
concentrated to dryness at 400 C.  The 
dried mass was milled and size reduced to 
sieve # 120. 
                            

 
 
 
 

Evaluation of olibanum resin 
Solubility studies  
The solubility of extracted olibanum resin 
was performed in various solvents like 
water, methanol, ethanol, acetone, 
chloroform etc. 
 
Melting point  
The melting point of the olibanum resin 
was determined with the help of melting 
point determination apparatus and it was 
found to be around 95-1000 C.  
 
Drug – Polymer compatibility study 
FTIR spectra of pure drug, polymer 
(olibanum resin), physical mixture of drug 
and polymer (1:1) were obtained in KBr 
pellets at moderate scanning speed 
between 4000-200 cm-1 using Shimadzu 
FTIR 8000 DS.  
 
Formulation of olibanum resin 
microcapsules 
Modified multiple emulsion technique was 
used for the preparation of microcapsules. 
The drug, diclofenac sodium(0.5 g) was 
dissolved in purified water (4 ml) and the 
solution was emulsified with the arachis 
oil(8ml) to form primary emulsion by using 
acacia(0.2g) as emulsifying agent. The 
polymer (olibanum resin) dissolved in 
ether (4ml) was slowly added to the above 
emulsion with continuous trituration to 
form S/O/O multiple emulsion. The 
resulting multiple emulsions containing the 
drug was added in a thin stream to 100 ml 
of liquid paraffin maintained at a 
temperature of 400C stirred continuously 
at 1000 rpm for 2 h. to produce spherical 
microcapsules. The microcapsules were 
collected by vacuum filtration and dried at 
400C for 6 h.  
 
Evaluation of microcapsules   
Characterization of microcapsules 
Particle size analysis was performed by 
using OLYMPUS trinocular optical 
microscope with 10X optical zoom and 
photo micrographs were taken for each 
formulation. The minimum, maximum and 
average of the particle size was calculated 
by using MicroLite image software.  
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Micromeritic Studies 
The flow properties of microspheres were 
characterized in terms of angle of repose, 
Carr’s index and Hausner’s ratio. 
Accurately weighed microspheres were 

introduced into a graduated cylinder. Initial 
volume was noted. Bulk density (ρb) and 
tapped density (ρt) were calculated by 
tapping method using USP tap density 
tester (Electrolab ETD 1020).  

Hausner’s ratio (H) and Carr’s index (IC) 
were calculated according to the two 
equations given below 

H = (ρt) ⁄ (ρb)      and     Ic = (ρt - ρb) ⁄ (ρt) X 100 

 
Estimation of drug content 
Diclofenac content in the microcapsules 
was estimated by UV –visible 
spectrophotometric method based on the 
measurement of absorbance at 276.5 nm 
in distilled water. The weighed quantity of 
micro capsules equivalent to 100mg of 
diclofenac sodium was extracted with 
distilled water sonicated and filtered. The 
filtrate was further diluted and the drug 
content was estimated.  
 
Encapsulation efficiency 
Encapsulation efficiency of the prepared 
micro capsules was calculated by using 
the equation: 
E.E = (Estimated percent drug content 
/Theoretical percent drug content) X 100. 
 
In-vitro drug release study 
The release of diclofenac sodium from the 
resin coated microcapsules of different 
formulations F1, F2, F3 and F4 was 
studied in 6.8 pH phosphate buffer (900 
ml) using 8 basket Dissolution  test 
apparatus (Electrolab TDT -08L ,USP) 
with stirring speed at 50 rpm and 
temperature 37 ± 0.50C. Sample of 
microcapsules equivalent to 100 mg of 
diclofenac sodium were weighed and 
loaded into “0” size hard empty gelatin 
capsule shells and used for the test. 
Samples were withdrawn at specified time 
intervals and estimated for drug content at 
276.5 nm using Shimadzu UV-1601 
Double beam spectrophotometer. The 
drug releases of the formulations were 
also compared with the marketed product 
of Diclofenac sodium spansules SR. 
 
RESULTS AND DISCUSSION 

Naturally occurring olibanum resin was 
isolated by successive solvent extraction 
method. The preliminary solubility studies 
of the extracted resin showed good 
solubility in ether and chloroform and 
found practically insoluble in ethanol, 
methanol, acetone and water (Table 2). 
But the diclofenac is freely soluble in 
methanol, ethanol and found insoluble in 
ether and chloroform. So normal solvent 
evaporation technique was found to be 
incompatible for the preparation of 
microcapsules.  
A modified multiple emulsion technique 
was developed for the microencapsulation 
of diclofenac sodium by using olibanum 
resin as a coat material. To a W/O 
emulsion of diclofenac, when ethereal 
solution of resin was added, a thee phase 
system was produced in which two 
miscible liquids arachis oil and ether was 
separated by an aqueous phase as the 
liquid membrane. Further when multiple 
emulsion was added to the liquid paraffin 
at 400C, miscibility of arachis oil with liquid 
paraffin occurred and ether got volatilized 
leaving behind discrete olibanum coated 
diclofenac microcapsules. The average 
particle size of the formulated 
microcapsules ranged between 9.153 – 
10.59µm and it was observed that the 
particle size increased with increase in the 
concentration of polymer coat (Table 3). 
The IR spectra of pure drug, polymer and 
physical mixture indicated the absence of 
any possible drug-polymer interaction as 
there was no significant shift in the 
principal peaks of Diclofenac and the drug 
was found to be stable in all the 
formulations (Figure 1). 
The shape of the microcapsules was 
found to be near spherical, discrete and 
free flowing. Photomicrographs of the 
microcapsules (Figure 2) indicated that 
the microcapsules were near spherical 
with smooth surface and completely 
covered with polymer coat. The 
micromeritic properties of the all 
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formulations (Table 4) indicated that 
microcapsules are having good flow 
properties. The percent drug content 
indicated uniformity of drug content in 
each batch of microcapsules and the 
microencapsulation efficiency was in the 
range of 55.7 – 82.4% (Table 5). The in-
vitro drug release profile of the 
formulations showed a slow and sustained 
release over a period of 12 h. The 
concentration of the resin polymer and 
thickness of the microcapsules had a 
negative influence on the drug release 
from the formulations (Figure 3). 
The formulation F3 showed a slow and 
sustained release when compared to 
other formulations and comparative drug 
release profile was almost similar to the 
marketed Diclofenac SR spansules. 
 
CONCLUSION  

Isolation of natural olibanum resin by non-
aqueous solvent extraction method could 
be achieved.  The microcapsules of 
olibanum containing diclofenac sodium 
with various coat thickness by modified 
multiple emulsion was developed. 
Diclofenac release from the selected resin 
coated microcapsules showed a slow and 
extended release over a period of 12h. 
and the drug release profile was 
comparable with the marketed Diclofenac 
SR spansules.  
Thus olibanum resin was found suitable 
as a microencapsulating agent and since 
resin is of natural origin, it could be non 
toxic, biocompatible and cost effective. 
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Table 1: Formulations of Diclofenac Microcapsules with olibanum resin 

Sl.No. Ingredients 

F1 
Drug: 

Polymer 
(1:0.5) 

F2 
Drug: 

Polymer 
(1: 1) 

F3 
Drug: 

Polymer 
(1: 1.5) 

F4 
Drug: 

Polymer 
(1: 2) 

1 Diclofenac sodium 500 mg 500 mg 500 mg 500 mg 
2 Olibanum resin 250 mg 500 mg 750 mg 1000 mg 
3 Acacia 200 mg 200 mg 200 mg 200 mg 
4 Arachis oil 8 ml 8 ml 8 ml 8 ml 
5 Ether 4 ml 4 ml 4 ml 4 ml 
6 Purified water 4 ml 4 ml 4 ml 4 ml 
7 Liquid paraffin 100ml 100ml 100ml 100ml 

 

 
 

Table 2: Solubility studies of Olibanum Resin and drug in various solvents 
Sl.No

. Solvent Olibanum resin Diclofenac sodium 
Solubility Observations Solubility Observations 

1 Water + Floats ++ 
Deposits & sparingly 

soluble 
2 Ethanol ++ Deposits +++ Soluble 
3 Acetone + Floats + Deposits 

4 Chloroform +++ Completely 
soluble + Insoluble 

5 Methanol + Floats +++ Completely Soluble 
+ Practically insoluble, ++ Sparingly soluble, +++ Completely soluble 

 
Table 3: Particle size distribution of different formulations 

 
 
                                                                           
 

Sl. 
No. Formulation Particle size(µm) 

Minimum Maximum Average ± S.D 
1 F1 4.357 14.647 9.153±3.223 
2 F2 5.993 14.254 9.374±3.451 
3 F3 6.570 16.171 9.729±4.765 
4 F4 6.112 18.980 10.59±5.769 
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Table 4: Micromeritic properties of Resin coated microcapsules of dicloclofenac 
Formulation 

code 
Angle of 

repose (θ) 
Bulk Density 

(g/cm3) 
Tapped Density 

(g/cm3) 
Carr’s index 

( IC) 
Hausner’s 

ratio 
( H ) 

F1 25°38′ 0.28 0.32 12.5 1.142 
F2 27°67′ 0.27 0.31 12.9 1.148 
F3 30°12′ 0.32 0.36 11.11 1.125 
F4 310 21′ 0.32 0.375 14.66 1.171 

 

 
Table 5: Diclofenac content and microencapsulation  

efficiency of resin coated microcapsules 
S.No Formulation Percentage drug 

content 
Encapsulation 

efficiency 
1 F1 105.4 55.7 
2 F2 101.3 77.3 
3 F3 99.7 81.1 
4 F4 99.2 82.4 

 
 

 
Fig. 1: FTIR spectra of pure drug, polymer and physical mixture 

 

 

                         
          F1                                  F2                            F3                                   F4 

Fig. 2: Photomicrographs of resin-coated microcapsules (10X resolution) 



INTERNATIONAL JOURNAL OF PHARMACEUTICAL AND CHEMICAL SCIENCES         ISSN: 22775005 

 
Vol. 1 (2) Apr – Jun 2012                          www.ijpcsonline.com                                           513 
 
 

 

 
Fig. 3: Comparative in-vitro drug release profile of olibanum  
coated Diclofenac microcapsules with the marketed product 
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