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ABSTRACT

The aim of the present study is to develop and evaluate natural biodegradable microcapsules of zidovudine (AZT) by using olibanum resin as
microencapsulating agent, which after oral administration could improve the bioavailability of the drug, in order to provide the sustained release to
minimize the dose dependent side effects as well as to improve patient compliance. The proposed system was evaluated in vitro for particle
morphology, microencapsulation efficiency, production yield, micromeritic properties, release profile and release kinetics etc. Physico-chemical
characteristics of AZT and AZT loaded microcapsules were evaluated by differential scanning calorimetry (DSC), X-ray diffraction (XRD), and
infrared spectroscopy (FTIR). The resin coated microcapsules were found to be spherical, discrete and free flowing. Microencapsulation efficiency
was in a narrow range (81-88%) suggesting an identical distribution of drug in different batches. DSC and XRD results showed a partial modification
in AZT’s solid state. Zidovudine release from optimized batches of resin coated microcapsules was slow and over 24 hours depending on the core:
coat ratio. Drug release was found to be following Fickian diffusion mechanism. The resin coated microcapsules exhibited good controlled release

characteristics and were found to be suitable for once a day oral controlled release product.
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INTRODUCTION

Drug discovery alone is insufficient in treating diseases; often
correct dosing and targeting are equally important for clinical
success. Researchers in the area of controlled or sustained drug
delivery systems specifically concentrate in to these areas to
enhance the efficacy of therapeutics for specific treatment regimens.
Controlled drug delivery systems are aimed at controlling the
release of the drug at a therapeutically effective rate, prolonging the
duration of drug delivery & therapeutic response and targeting the
delivery of the drug to a tissue. [1, 2, 3, 4]

One of the very common types of orally administered controlled
release system is microparticles which includes microcapsules and
microspheres, produced by a process known as microencapsulation.
Moreover these are multiunit systems that spread over a large
surface area of absorbing mucosa and prevent exposure to a high
drug concentration, when compared to single unit dosage form on
chronic dosing. They release the drug more uniformly instead of
vagaries of gastric emptying and different transit rates through the
gastrointestinal tract. [5, 6, 7] Microencapsulation by various
polymer and their applications are described in standard text books.
[8,9,10]

Although a variety of polymeric materials are available to serve as a
release retarding microencapsulating agent but use of natural
biodegradable polymers to prolong the delivery of the drugs is
always an area of active research despite the advent of synthetic
biodegradable polymers. Natural biodegradable polymers remains
attractive primarily because they are readily available in the nature,
relatively inexpensive, products of living organisms, readily
undergoes in-vivo degradation, non-toxic and capable of chemical
modifications. [11] In the present study olibanum resin was used as
a natural biodegradable microencapsulating agent to retard the
release of the drug. Olibanum is obtained from the oleo gum resin of
incised trunk of the tree Boswellia serrata belonging to the family
Burseraceae, commonly known as Sallaki guggul, Salai gum and
Indian Olibanum. 10 species of Boswellia occur in tropical parts of

Asia and Africa. In India B. serrata species found in dry and hilly area
of Bihar, Madhya Pradesh and Gujarat. Olibanum consist of mainly
an acid resin (56-60%), gum (30-36%) and volatile oil (3- 8%). Gum
is mainly composed of arabinose with small amount of xylose and
galactose. [12, 13]

One of the most popular methods for the formulation of
biodegradable microparticles is solvent evaporation technique,
where the drug is dissolved or dispersed in to an organic polymer
solution, which is then emulsified in to a continuous aqueous or oil
phase. The microparticles are formed after removing the solvent.
[14, 15]

Aquired immunodeficiency syndrome (AIDS), caused by Human
Immunodeficiency Virus (HIV) is an immuno suppressive disease
results in life-threatening opportunistic infections and malignancies.
[16, 17] Since its first identification in California about three decades
ago in 1981, more than 25 million people all over the world has been
killed by this dreaded killer. [18] UNAIDS 2012 report on global
AIDS epidemic showed 34 million people were living with HIV at the
end of 2011 and around 1.7 million people died from AIDS related
causes worldwide in 2011. [19] To date there are approximately 30
antiretroviral products, formulated singly or in combination to treat
patient with HIV. [20]

Zidovudine (3’-azido-3’-deoxythymidine or AZT) originally
synthesized in 1964 as a potential anticancer agent, was approved as
first antiretroviral agent ever in 1987 for the treatment of AIDS [21,
22]. However along with its therapeutic effectiveness, AZT is also
associated with certain limitations like poor-bioavailability, dose-
dependent hematological toxicity, short biological half life, low
therapeutic index etc. But administration of antiviral agents like AZT
is required chronically or possibly for the life time of the patient. In
case of oral route the dose of AZT ranges from 3mg/kg to 10mg/kg
body weight at every four hours interval to maintain the constant
therapeutic blood levels. These frequent dosing intervals are
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undesirable in terms of patient compliance and generating toxicity
(associated with excessive plasma levels) immediately after oral or

intravenous administrations. In order to succeed in an effective
therapy for AIDS, it is crucial to maintain the systemic drug
concentration consistently above their target antiretroviral
concentration throughout the course of their treatment without
much oscillation in its plasma levels, which can be done by
formulating controlled or sustained release dosage forms of AZT.
Therefore, AZT is an ideal candidate for sustained release
microsphere formulation, resulting in more reproducible drug
absorption and reducing the dosing frequency, thereby improving
patient compliance as compared to immediate release dosage forms.
The objective of the present study was to formulate and evaluate
natural biodegradable sustained release microcapsules of AZT using
olibanum resin as release retardant .[23, 24, 25, 26, 27, 28, 29]

MATERIALS AND METHODS

Zidovudine was obtained as gift sample from HETERO DRUGS Ltd.
(Hyderabad, India). Olibanum resin was obtained as a gift sample
from Girijan Corporation, (Viasakhapatnum, India). Acetone (Merck),
diethyl ether (Qualigens), Light liquid Paraffin (Qualigens), span 80
(Finnar chemicals) etc are used. All reagents were of pharmaceutical
grade and were used as received.

Preparation of microcapsules

Zidovudine-loaded microcapsules were prepared by an industrially
feasible emulsion solvent evaporation technique. Acetone was used
as the polymer solvent, light liquid paraffin as oil phase, Span 80 as
emulsifying agent and n-hexane to wash away the paraffin oil. To
prepare microcapsules with various drug to polymer ratios (w/w),
accurately weighed amount of Zidovudine was dissolved in acetone
solution (w/v) of olibanum resin. The drug to polymer ratio was
varied keeping the amount of drug and solvent constant in all cases,
but changing the amount of polymer. The oil phase was prepared by
dispersing Span 80 as the emulsifying agent in liquid paraffin, with a
constant composition in all cases. The organic phase was poured
into the oil phase under constant stirring rate at 1200 rpm contained
in a 500 ml beaker to emulsify the added dispersion as fine droplets.
A Remi medium duty stirrer with a digital speed meter (Model RQT
124) was used for stirring. After the emulsion formation, acetone
was completely removed by evaporation at room temperature
during an approximately 3 h stirring period. The light mineral oil
was decanted and the microcapsules were collected, washed three
times with 100 ml of n-hexane at room temperature, afterwards the
microcapsules were separated by vacuum filtration and air dried for
12 h to obtain discrete microcapsules. [30]

Estimation of Zidovudine

Accurately weighed microcapsules equivalent to 100 mg of drug was
crushed and suspended in 100 ml of pH 7.4 phosphate buffer. The
resulting mixture was stirred at 1000 rpm for 2 hrs and kept
overnight. Then the solution was filtered, diluted suitably and
analyzed for drug content at 264.99 nm using UV-visible
spectrophotometer (Carry 60, Agilent, Australia). [31]

Production Yield and Microencapsulation efficiency [32]

The yield of the microcapsules was expressed as percentage of the
weight of the dried microcapsules at room temperature compared to
the theoretical amount. Production yield or percentage yield is
calculated by using the following Equation.

Weight of microcapsules obtained
Percentage Yield (%) = X100
Weight of raw materials

Microencapsulation efficiency [33] was calculated using following
formula:
Actual drug content
Microencapsulation efficiency (%) = --------=-=-=-=--emmnmees X100
Theoretical drug content
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Micromeritic properties

Micromeritic properties, such as angle of repose, tapped density and
bulk density were measured. The angle of repose [34] was calculated
by static method using Funnel. The experiments were carried out in
triplicate.

Determination of particle size distribution by sieve analysis

Separation of the microcapsules into various size fractions was
carried out using a mechanical sieve shaker. A series of five standard
stainless steel sieves (Geologists Syndicate Pvt. Ltd, India) having
mesh size of #10, #20, #30, #50 and #80 were arranged in an order
of decreasing aperture size. About 10 g of drug loaded microcapsules
were placed on the uppermost sieve. The sieves were shaken for a
period of 10 min, and then the particles on each screen were
weighed. [35] The procedure was carried out three times for each
product.

Characterization of AZT microcapsules
FT-IR studies

Drug-polymer interactions were studied by FT-IR spectroscopy
using the instrument Shimadzu, Japan, FTIR-8400S. The spectra
were recorded for pure drug Zidovudine and microcapsules
containing drug. Samples were prepared in KBr discs (2 mg sample
in 200 mg KBr) with a hydrostatic press at a force of 5.2 N/m? for 3
min. The scanning range was 400-4000 cm-1 and the resolution was
4 cm-1. [32]

Surface scanning electron microscopy (SEM)

The surface morphology of the microcapsules was observed by using
scanning electron microscope (LEO 440i, England). The samples
were mounted on an aluminum sample stub using adhesive carbon
tape and placed in a low humidity chamber for 12 h prior to analysis.
Samples were coated with gold-palladium for 60 sec under an argon
atmosphere using ion sputter coater in a high vacuum evaporator
equipped with a rotary stage tray. Images were taken at an
acceleration voltage of 20 kV. [32]

Differential scanning calorimetry

The thermal behavior of the microcapsules was investigated using
differential scanning calorimeter (DSC 60, Shimadzu, Japan).
Samples of about 5 mg were placed in 50 um perforated aluminium
pans and sealed. All samples were run at a heating rate of 10°/min
over a temperature range of 5-300°C in atmosphere of nitrogen as
purging gas at a flow rate of 25 ml/min. [32]

X-ray diffraction analysis

Microcapsules were subjected to X-ray diffraction analysis, using
Philips PW 170 system (Philips USA) with Cu-Ka radiation (400 kV,
30 mA, and scan speed 1°/min) to investigate the physical state of
zidovudine entrapped in the microcapsules. [32]

In-vitro drug release studies

The in-vitro release rate study of AZT from resin-coated
microcapsules were carried out for 24 hours using paddle type
dissolution apparatus (USP-XXIII, ETC-11L, Electrolab, Mumbai)
containing 900 ml of dissolution medium maintained at 37+0.5°C
and speed of agitation at 100 rpm. [36] An accurately weighed
quantity of microcapsules containing around 100mg of drug were
suspended in dissolution medium consisting 900 ml of phosphate
buffer pH 7.4, and the process was continued up to 24 hours. The
system was adjusted to ensure sink conditions. Aliquots (5 ml) of the
dissolution medium were withdrawn at predetermined time
intervals, filtered by using Whatman No. 42 filter and were
replenished immediately with the same volume of fresh medium.
Withdrawn samples were assayed spectrophotometrically at 264.99
nm, the detected wavelength of maximum absorbance of zidovudine
in pH 7.4 phosphate buffer (Cary 60, Agilent Technologies).
Olibanum resin did not interfere with Zidovudine absorption in pH
7.4 phosphate buffer at this wavelength. The analysis was carried
outin triplicate.
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Kinetic models and the analysis of the release profiles

The in vitro release profiles were fitted on various kinetic models
like Higuchi, first-order, Peppas and zero-order equations in order to
find out the mechanism of drug release. The rate constants were
calculated from the slope of the respective plots. The data obtained
were also put in Korsemeyer-Peppas model in order to find out n
value, which describes the drug release mechanism. The mechanism
of drug release from spherical polymeric devices may be Fickian
diffusion when the value of n = 0.43 or less, anomalous (non-Fickian)
transport when the value of n lies between 0.43 and 0.85, and case 11
transport when n = 0.85. An exponent value of n greater than 0.85
signifies super case II transport mechanism. [37]

RESULTS AND DISCUSSION

Preparation of microcapsules, production yield (%), Estimation
of drug content and microencapsulation efficiency (%)

In an attempt to modify the release of zidovudine from the
microcapsules, different batches of formulations were prepared in
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which the increasing amounts of olibanum resin were added to the
fixed weight of zidovudine. When hydrophilic drugs like AZT are
encapsulated using an aqueous phase as the processing medium,
preferentially they partition out in to the aqueous medium leading to
low encapsulation efficiency. [38] It has been reported that as much
as 80% AZT can partition out in to the outer aqueous processing
medium depending on the processing conditions. [28] In the present
study an attempt was made to encapsulate AZT with sufficiently high
encapsulation efficiency employing a natural biodegradable resin
like olibanum and using a non-aqueous processing medium (liquid
paraffin). Span 80, a non-ionic surface active agent having HLB value
4.3 was used to stabilize the emulsification process by reducing the
interfacial tension. The highest product yield and encapsulation
efficiency was achieved by increasing the drug-polymer ratio (Table
1). It was observed that the encapsulation efficiencies were within a
narrow range suggesting an identical distribution of drug in
different batches.

Table 1: Data showing core: coat ratio, production yield and microencapsulation efficiency

Formulation Codes  Core: Coatratio % Yield Microencapsulation Efficiency
Z01 1: 0.1 46.27 81.615
702 1:0.25 48.59 84.474
703 1: 0.5 56.36 85.806
704 1: 0.7 58.73 86.616
705 1: 0.8 61.98 87.191
706 1: 0.9 62.42 88.592

SEM and micromeritic studies

The SEM photomicrographs of the optimized formulation of AZT
indicated that the microcapsules were discrete, spherical, free
flowing, multinucleate, and uniform in shape (Figure 1). Surface of
the microcapsules appear to be rough, may be due to the presence of
drug. The different batches of AZT loaded microcapsules were
assessed for parameters like angle of repose, bulk density, tapped
density, Carr’s index and Hausner’s ratio. The results were given in
the table 2. The flow properties of different batches of microcapsules
were excellent as the angle of repose values were found to be less
than 25, compressibility index less than 15% and Hausner’s ratio
less than 1.25 in case of all the batches. It suggests that
microcapsules don’t require a glidant.

EHT =2000kv
WD = 7.0mm

Table 2: Flow properties of microcapsules

Signal A = SE1
Mag= 159X

Dato 13 Mar 2012 @

Fig. 1: Scanning electron micrographs of AZT loaded

microcapsules (Z04)

Formulation Angle of Repose  Loose Bulk Density Tapped Bulk Density ) Hausner’s
Codes +S.D. (g/cm3) £S.D. (g/cm3) £S.D. Carr’s Index (%) Ratio

701 22.4+0.043 0.376+0.004 0.435+0.11 13.56 1.15

702 23.38+0.07 0.402+0.007 0.45+0.017 10.66 1.11

Z03 21.75%0.117 0.42+0.004 0.476+0.004 11.76 1.13

704 20.36+0.026 0.446+0.006 0.516+0.016 13.97 1.16

705 24.26+0.091 0.463+0.012 0.526+0.014 11.97 1.13

706 22.3+0.062 0.499+0.008 0.553+0.025 9.76 1.1

S.D.: Standard deviation; n=6
60 Particle Size Distribution Curve

50-60
® 40-50
= 30-40
= 20-30
= 10-20
= 0-10

Mean % Weight Retained

. =

725 1425

240 Mean particle
size (um)

Figure 2: Particle size distribution curve of different batches of
microcapsules

FT-IR studies

The results of FTIR spectral studies showed that there was no
significant interaction between the drug and polymer. It was
observed that there are no major degenerative interactions and
hence the polymers could be used safely to formulate the
microcapsules. Pure drug showed sharp characteristic peaks of
carbonyl group in 1,678 cm! and of azide group in 2.085 cm. One
band in 1378 cm! is assigned to CH:z and one band in 1285 cm! is
assigned to C-O-C and the C-OH grouping. All the above
characteristic peaks appeared in the spectrum of microcapsules too
indicating there was no modification or interaction between drug
and resin. This is also supported by the fact there was no appearance
and disappearance of new or existing peaks.
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Figure 3: FTIR spectra of pure AZT and AZT loaded
microcapsules (Z04)

Differential scanning calorimetry

The compatibility of AZT in olibanum microcapsules was evaluated
through DSC analysis. The DSC thermograms of pure AZT and AZT-
loaded olibanum microcapsules are presented in Figure 4. It was
evident from the DSC profile that AZT exhibited a sharp endothermic
peak associated with crystal melting at a temperature of 126.79°C,
which corresponds to the reported melting temperature of the drug.
A similar DSC profile (Figure 4) of the drug appeared at the
temperature corresponding to its melting point in the AZT-loaded
olibanum microcapsules but with a slight change in its sharp
appearance. It appears that there is a minor reduction of drug
crystallinity in the microcapsules. The DSC study apparently
revealed that the drug was compatible with the polymer and neither
drug decomposition nor drug-polymer interactions occurred in the
freshly prepared microcapsules.
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Figure 4: DSC curves of pure AZT and AZT loaded microcapsules
(Z04)

X-ray diffraction analysis

The thermal behavior coupled with the X-ray crystallographic data
suggested that the diffractogram of pure AZT indicates the
crystalline structure of the drug. The diffractogram of AZT-loaded
olibanum microcapsules shows a similar pattern with a slight
decrease in the intensity of the peaks, which suggests that the drug
was able to disperse almost homogenously in the microcapsules.
This result confirms a partial change in the solid state of AZT from
crystalline to amorphous. Similar results reported for other
sustained release microsphere studies had the same interpretation
for zidovudine, famotidine etc. [38, 39]
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Figure 5: X-ray diffractograms of pure AZT and AZT loaded
microcapsules (Z04)

Asian ] Pharm Clin Res, Vol 6, Issue 3, 2013, 191-196

InVitro drug release behavior
The in vitro drug release study of different batches of microcapsules

was carried out in pH 7.4 phosphate buffer. In order to keep the total
surface area of the microcapsules constant and thus to get
comparable results, the release studies were carried out using the
same size fractions (450um) of microcapsules containing equivalent
amount of AZT from different batches of microcapsules. The AZT
release from different batches of microcapsules exhibited a biphasic
kinetics mechanism; an initial burst release (23-40%), which was
due to the presence of drug particles on the surface of the
microcapsules followed by a much slower release. The initial burst
effect may be attributed as a desired effect to ensure minimum
therapeutic plasma drug concentration. The release profiles are
illustrated in Figure 6. Drug release rates decreased with increasing
amounts of resin in the formulation. Lower levels of resin
corresponding to the drug in the formulations resulted in an
increase in the drug release rate.
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Figure 6: In Vitro release profile (Zero order) of AZT loaded
microcapsules from different batches
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Figure 7: In Vitro release profile (First order) of AZT loaded
microcapsules from different batches

Release Kinetics

The in vitro drug release profiles of AZT were applied on various
kinetic models in order to evaluate the mechanism of drug release.
The different kinetic models evaluated were zero order, first order
and Higuchi. After linearization of the results obtained in the
dissolution test, the best fit with higher correlation coefficients (R?)
was shown in first order, Higuchi and followed by zero order
equations as given in the table 3. High correlation was observed in
the first-order rather than Higuchi and zero-order models, indicating
that the drug release from resin coated microcapsules was diffusion
controlled. The data obtained were also put in Korsemeyer-Peppas
model in order to find out n value, which describes the drug release
mechanism. The n values of microcapsules of different drug to
polymer ratio were ranged between 0.266-0.342 (< 0.43), indicating
that the mechanism of the drug release was diffusion controlled
based on Fick’s law.
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Table 3: In vitro release kinetic parameters of AZT-loaded olibanum microcapsules

FORMULATIONS ZERO ORDER FIRST ORDER HIGUCHI KORSEMEYER PEPPAS MODEL
MODEL
R2 Ko (%/h) R? K (h1) R? Kun(%/h1/2) n

Z01 0.682 5.752 0.96 0.246 0.894 24.5 0.266

702 0.637 4.34 0.928 0.152 0.874 21.47 0.274

Z03 0.658 3.406 0.948 0.119 0.885 18.74 0.277

704 0.757 3.037 0.957 0.115 0937 17.68 0.311

Z05 0.784 3.024 0.957 0.101 0.95 17.42 0.315

Z06 0.732 2.984 0.931 0.085 0926 17.56 0.342
CONCLUSIONS by a W/O/W solvent evaporation method. ] Control Rel 1995;
In conclusion, the attempt to prepare controlled release 15. 36: 63-71.

biodegradable microcapsules of zidovudine using olibanum resin as
microencapsulating agent was successful. The method employed
was an industrially feasible one, as it involves emulsification and
removal of solvent which can be controlled precisely. Since the resin
is from natural origin, it is non-toxic, biodegradable and
comparatively cheaper than other synthetic biodegradable
polymers. Further studies in the area of novel drug delivery systems
can be carried out by taking this resin as a natural biodegradable
polymer in future.

ACKNOLDGEMENTS

The author wish to thank Hetero Drugs Ltd. (Hyderabad, India) for
providing the drug and Girijan corporation (Visakhapatnam, India)
for providing olibanum resin as gift samples.

REFERENCES

1. Jantzen GM, Robinson ]JR, Sustained- and Controlled- Release
Drug-Delivery systems, in Modern Pharmaceutics (Banker GS
and Rhodes CT, eds.). informa healthcare: USA; 2009. p.
502.Robinson JR and Lee VHL, (eds.), Controlled drug delivery:
Fundamentals and Applications. USA: informa healthcare; 20,
2009. p. 5-6.

2. Robinson JR and Lee VHL, (eds.), Controlled drug delivery:
Fundamentals and Applications. informa healthcare: USA; 2009.
p. 5-6.

3. Chien YW, Novel Drug Delivery Systems: Oral Drug Delivery and
Delivery systems. New York: Marcel Dekker; 1992. p. 141.

4. Allen LV, Popovich NG, Ansel HC, Ansel’s Pharmaceutical Dosage
Forms and Drug Delivery Systems. 9% ed. LIPPINCOTT
WILLIAMS & WILKINS: USA; 2011. p 258-259.

5. Chickering D.E, Mathiowitz E. Bioadhesive microspheres: 1. A
novel electrobalance- based method to study adhesive
interactions between individual microspheres and intestinal
mucosa. ] Control Rel 1995; 34: 251-261.

6. Davis SS, Hardy ]G, Taylor. MJ], Whalley DR, Wilson CG. A
comparative study of gastrointestinal transit of a pellet and
tablet formulation. Int ] pharm 1984; 21: 167-177.

7. Follonier N, Doelkar E. Biopharmaceutical comparison of oral
multiple unit and single unit sustained release dosage forms. STP
Pharm Sci 1992; 2: 141-158.

8. Burgess D] and Hickey A]. Microspheres technology and
applications. In: Encyclopedia of pharmaceutical technology. 2nd
edn. Marcel Dekker Inc; 2004. 10: p.1-29.

9. Kondo A, Eds. In: Microcapsule processing technology, New
York: Marcel Dekker Inc; 1979. P. 18.

10. Gutcho M.H, Eds. In: Micro capsules and micro encapsulation
techniques, New Jersy: Noyes Data Corporation; 1976. p. 236.

11. Bogdansky S. Natural polymers as drug delivery systems, In:
Biodegradable polymers as drug delivery systems, Mark Chasin
and Robert Langer (eds.) New York: Marcel Dekker Inc; p. 231-
232.

12. Kokate CK, Purohit AP, Ghokale SB. Pharmacognosy. Nirali
prakashan, Pune. 2006; p. 424-435.

13. Chowdary KPR, Mohapatra P, Murali Krishna MN. Evaluation of
olibanum resin as microencapsulating agent for controlled drug
delivery. Ind ] Pharm Sci 2006; 68(4): 461-464.

14. Joachim H, Roland B. The effect of particle microstructure on
somatostatin release from poly (lactide) microspheres prepared

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Sergio F, Hans PM, Bruno G. Microencapsulation by solvent
extraction/evaporation: reviewing the state of the art of
microsphere preparation process technology. ] Control Rel 2005;
102: 313-332.

Frezzini C, Leao JC, Porter S. Current trends of HIV disease of the
mouth. ] Oral Pathol Med 2005; 34: 513-531.

Barre-Sinoussi F. HIV: A discovery opening the road to novel
scientific knowledge and global health improvement. ] Virol
2010; 397: 255 - 259.

Kumari G, Singh RK. Highly Active Antiretroviral Therapy for
treatment of HIV/AIDS patients: Current status and future
prospects and the Indian scenario. HIV & AIDS Review 2012; 11:
5-14.
www.unaids.org/en/dataanalysis/datatools/aidsinfo :
on 12-01-2013.

Broder S. The development of antiretroviral therapy and its
impact on the HIV-1/AIDS pandemic. Antiviral Res 2010; 85: 1 -
18.

Jose EA, Cihlar T. Current status and challenges of antiretroviral
research and therapy. Antiviral Res 2010; 85: 25 - 33.

Warner GC, Debyser Z, Yasuhiro I, Eric FO, Edwards S, Yonemoto
W, Buckheit RW, Jose EA, Cihlar T. Novel targets for HIV therapy.
Antiviral Res 2008; 80: 251 - 265.

Ojewole E, Mackraj.l, Naidoo P, Govender T. Exploring the use of
novel drug delivery systems for antiretroviral drugs, Eur ]
Pharm Biopharm 2008; 70: 697-710.

Alejandro S, Diego CA, Angel CM. Drug delivery systems in HIV
pharmacotherapy: What has been done and the challenges
standing ahead. ] Control Rel 2009; 138: 2-15.

Kuksal A, Tiwary AK, Jain NK, Jain S. Formulation and In Vitro
Evaluation of Extended-release Matrix of Zidovudine: Influence
of Combination of Hydrophilic and Hydrophobic Matrix Formers.
AAPS Pharm Sci Tech 2006; 7: E1-E9.

Mainardes RM, Gremiao MPD, Brunetti IL, Fonseca LM, Khalil
LM. Zidovudine-loaded PLA and PLA-PEG blend nanoparticles:
influence of polymer type on phagocytic uptake by
polymorphonuclear cells. ] Pharm Sci 2009; 98: 257-267.
Carvalho FC, Sarmento VHV, Chiavacci LA, Barbi MS, Gremiao
MPD. Development and in vitro evaluation of surfactant systems
for controlled release of zidovudine. ] Pharm Sci 2009; 99: 2367-
2374.

Mandal TK, Tenjarla S. Preparation of biodegradable
microcapsules of zidovudine using solvent evaporation: Effect of
the modification of aqueous phase. Int ] Pharm 1996; 137: 187-
197.

Gallo JM, Clark LN, Rubino JT. Pump delivery of Azidothymidine:
Potential for constant concentrations and improved brain
delivery. ] Control Rel 1989; 9: 249-253.

Prakash K, Raju PN, Shanta KK, Lakshmi MN. Preparation and
characterization of lamivudine microcapsules using various
cellulose polymers. Trop ] Pharm Res 2007; 6(4): 841-847.
Trivedi P, Verma AML, Garud N. Preparation and
characterization of aceclofenac microspheres. Asian ] Pharm.
2008; 2: 110-115.

Jelvehgari M, Nokhodchi A, Rezapour M, Valizadeh H. Effect of
formulation and processing variables on the characteristics of
tolmetin microspheres prepared by double emulsion solvent
diffusion method. Ind ] Pharm Sci 2010; 72(1): 72-78.

Bhanja S, Panigrahi BB, Shukla N, Hardel DK, Sudhakar M.
Formulation and in vitro evaluation of nicardipine hydrochloride
microcapsules AJPCR 2012; 5(3): 60-63.

accessed

195



34.

35.

36.

37.

38.

39.

40.

Panda et al.

Rathore S, Ram A. Floating drug delivery system as an approach
to increase the gastric retention of methotrexate: Formulation
and Evaluation. AJPCR 2013; 6(1): 42-47.

Wu PC, Huang YB, Chang ]S, Tsai MI, Tsai YH. Design and
evaluation of sustained release microspheres of potassium
chloride prepared by Eudragit®. Eur ] Pharm Sci 2003; 19:
115-122.

United States Pharmacopoeia, USPNF, 27th ed. USA: US
Pharmacopoeial convention, Rockville (MD); Volll, 2004. p.
2303-2304.

Ritger PI, Peppas NA. A simple equation for description of solute
release II. Fickian and anomalous release from swellable devices.
] Control Rel 1987; 5: 37-42.

Mandal T.K, Lopaez-Anaya A. Onyebueke E. Shekleton M.
preparation of biodegradable microcapsules containing
zidovudine (AZT) using solvent evaporation technique. ]
Microencapsulation, 1996; 13(3): 257-267.

Araujo AAS, Storpirtis S, Mercuri LP, Carvalho FMS, Santos Filho
M, Matos JR. Thermal analysis of the antiretroviral zidovudine
(AZT) and evaluation of the compatibility with excipients used in
solid dosage forms. Int ] Pharm 2003; 260: 303-314.

Gupta R, Pathak K. Optimization studies on floating
multiparticulate gastroretentive drug delivery system of
famotidine. Drug Dev Ind Pharm 2008; 34: 1201-1208.

Asian ] Pharm Clin Res, Vol 6, Issue 3, 2013, 191-196

196



