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ABSTRACT

One of the novel drug delivery systems are mucoadhesive drug delivery system. It utilizes the property of bioadhesion of polymers which becomes
adhesive on hydration. This delivery system can be used to target a drug to a particular region of the body for extended period of time. Stavudine a
nucleoside analogue of thymidine used in the treatment of HIV. Stavudine has short half-life of 2.3 hours and is taken twice daily in large number of
patients which leads to no patient compliance. Thus, the development of mucoadhesive microspheres for controlled release would be advantageous. The
objective of this study was to prepare, characterize and evaluate mucoadhesive microspheres of stavudine employing chitosan as coat that is used as natural
mucoadhesive polymers. Mucoadhesive microspheres were found to be spherical, discrete, free flowing. Fourier transforms infrared spectroscopy (FTIR)
revealed no interaction between drug and polymer(s). Scanning electron microscopy (SEM) shows microspheres were spherical. The microspheres
appear with rough surface and encapsulation efficiency found to be in range of 72.18% to 80.65%. All the microspheres showed good mucoadhesive
property and swelling index. The drug release was found to be in range of 94.57% to 87.66% over the period of 12 hours.

Keywords: Stavudine, Chitosan, Sodium alginate, Orifice ionic gelation technique, Microspheres.

INTRODUCTION

AIDS is a collection of symptoms and infections resulting from
the specific damage to the immune system caused by the human
immunodeficiency virus (HIV).! The late stage of the condition
leaves individuals prone to opportunistic infections and tumors.
Although treatments for AIDS and HIV exist to slow the virus’s
progression, there is no known cure. HIV is transmitted through
direct contact of a mucous membrane or the blood stream with a
bodily fluid containing HIV, such as blood, semen, vaginal fluid,
preseminal fluid and breast milk 2. Most researchers believe that
HIV originated in sub—Saharan Africa during the twentieth
century, 2 it is now pandemic, with an estimated 38.6 million
people now living with the disease worldwide. As of January
2006, the Joint United Nations Programme on HIV/AIDS
(UNAIDS) and the World Health Organization (WHOQ) estimate
that AIDS has killed more than 25 million people since it was first
recognized on June 5, 1981, making it one of the most destructive
epidemics in recorded history. In 2005 alone, AIDS claimed an
estimated 2.4-3.3 million lives, of which more than 570,000 were
children. A third of these deaths are occurring in sub-Saharan
Africa, retarding economic growth and destroying human capital.
Antiretroviral treatment reduces both the mortality and the
morbidity of HIV infection, but routine access to antiretroviral
medication is not available in all countries®. HIV/AIDS stigma is
more severe than that associated with other life-threatening
conditions and extends beyond the disease itself to providers and
even volunteers involved with the care of people living with HIV.
Drug delivery systems (DDS) that can precisely control the
release rates or target drugs to a specific body site have an
enormous impact on the health care system. Carrier technology
offers an intelligent approach for a drug delivery by coupling the
drug to carrier particles such as microspheres, nanoparticles and
liposome, which modulate the release and absorption

characteristics of the drug. By virtue of their small size and
efficient carrier characteristics microspheres constitute an
important part of these particulate DDS. Due to their short
residence time at the site of absorption the success of this novel
drug delivery system is limited .It would be advantageous to have
means for providing a close contact of the drug delivery system
with absorbing membranes. It can be achieved by coupling
mucoadhesion characteristics to microspheres and developing
novel drug delivery system known as mucoadhesive
microspheres.* Novel drug delivery systems [NDDS] can
selectively control the release rate or target drugs to a specific
body site have had a great impact on the healthcare system.
Microspheres comprise of an important part of these particulate
drug delivery systems because of their small size and efficient
carrier characteristics. However, due to their short residence time
at the site of absorption the success of these novel drug delivery
systems is limited. It would be advantageous to have means for
providing an intimate contact of the novel drug delivery systems
with absorbing membranes. Mucoadhesion characteristics of
microspheres and developing novel delivery systems as
mucoadhesive microspheres can achieve it . Mucoadhesive drug
delivery systems utilize the property of bioadhesion of polymers
that become adhesive on hydration®. These drug delivery systems
can target a drug to a particular region of the body for extended
period 8. Bioadhesion is an interfacial phenomenon in which at
least one of which is biological, are held together by means of
interfacial forces’. The attachment could be between an artificial
material and biological substrate. The term mucoadhesion is used
in case of polymer attached to the mucin layer of mucosal tissue.
Mucoadhesive materials have been investigated and identified?.
These are generally hydrophilic macromolecules that contain
many hydrogen bond forming groups (e.g. hydroxyl and carboxyl
groups) and will swell when placed in contact with water. In many
cases these materials require wetting to become adhesive. The
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formation of slippery mucilage and a loss of adhesive properties
may result due to over hydration. Mucoadhesive microspheres
include microparticle and microcapsules ranging the diameter of
1-1000pum and including adhesive properties in the form of
mucoadhesive®. In general microspheres have the potential to be
used for targeted and controlled release drug delivery but
coupling of mucoadhesive properties to microspheres have as an
additional advantages e.g. efficient absorption and enhanced
bioavailability of the drugs due to high surface to volume ratio, a
much more intimate contact with the mucus layer. Mucoadhesive
microspheres can be designed to adhere mucosal tissue including
those found in eye, nasal cavity, urinary and gastrointestinal tract,
thus offering the possibilities of localized as well as systemic
controlled release of drugs. Many natural polymers have been
used to prepare mucoadhesive microspheres. Stavudine (DAT,
thymidine) is an FDA-approved drug for clinical use for the
treatment of HIV infection, AIDS and AIDS-related conditions
either alone or in combination with other antiviral agents. The
stavudine has a very short half-life (1.30 h) with rapid absorption.
The side effects of stavudine are dose dependent and a reduction
of the total administered dose reduces the severity of the
toxicity!® 11, Stavudine is typically administered orally as a
capsule and oral solution. Dosage forms that are retained in the
stomach would increase the absorption, improve drug efficiency
and decrease dose requirements. In present investigation an
attempt is made to prepare and evaluate mucoadhesive
microspheres of stavudine by using polymer belonging to the
natural polysaccharides for controlled release.

MATERIALS AND METHODS

Materials

Stavudine was gift sample from Matrix Laboratories Limited,
Hyderabad, India. Chitosan was purchased from Marine
Chemicals, Cochin, India. All other reagents were analytical
grade and used as such.

Methods

Orrifice ionic gelation method

Sodium alginate and mucoadhesive polymer were dissolved in
purified water (10ml) separately. Then both the solutions were
mixed to form homogeneous polymer solution. The drug was
added to the polymer solution and mixed thoroughly with help
of pestle and mortar to form viscous dispersion. The resulting
dispersion was added drop wise into 10% wi/v calcium chloride
solution (100ml) through a syringe with needle (size no 21) with
continuous stirring at 500 rpm. The added droplets were retained
in the calcium chloride solution for 15 minutes to produce
spherical rigid microspheres. The microspheres were collected by
decantation, and the product thus separated was washed
repeatedly with water and dried at 45° C for 12 hours and
stored in desiccators'?34, The details are summarized in table
1.

UV methodology of stavudine

Stavudine was dissolved in phosphate buffer pH 7.2 to prepare a
stock solution of 100 pg/ml. Suitable dilutions were made to
prepare solutions of 2-10 pg/ml and absorbance measured at 266
nm. Plot of absorbance vs concentration was plotted. The
calibration curve was obtained at 266 nm?®,

Tablel: Preparation of Mucoadhesive Microspheres

Figure 1: Calibration curve for stavudine in pH 7.2 phosphate buffers

Batch Core: Coat Stavudine Sodium Alginate Chitosan
SF1 11 - 375 125
SF2 1:2 - 750 250
SF3 1:3 - 1125 375
SF4 1:1 500 375 125
SF5 1:2 500 750 250
SF6 1:3 500 1125 375
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Evaluation

Production Yield: Of each batch the dried microspheres are
weighed separately, and percentage yield is calculated by using
following equation,6-19

Practical weight

Production yeild = 4
roduction yel Theoretical weight(polymer + drug)

Drug content: Mucoadhesive microspheres equivalent to 50 mg
stavudine were weighed and powdered. This was extracted in
methanol in 100 ml volumetric flask and made up to volume. The
solution was shaken occasionally for 1h and filtered. From this
1ml of solution was taken and diluted up to 100 ml with phosphate
buffer pH 7.2 in 100 ml volumetric flask. The drug content was
analyzed by measuring absorbance at 266nm in a UV
spectrophotometer using phosphate buffer pH 7.2 as blank. The
studies were carried out in triplicate.?

Encapsulation efficiency: 100 mg of mucoadhesive
microspheres were accurately weighed. They were powdered and
extracted with 100 ml of methanol. Further it was serially diluted
with phosphate buffer pH 7.2. The resulting solution was
analysed for stavudine drug content by measuring absorbance
in a UV- spectrophotometer at 266 nm using phosphate buffer
pH 7.2 as blank. The studies were carried out in ftriplicate.
Encapsulation efficiency (%) was calculated using the formula.?

Actual amount of drug encapsulated

Encapsulation effeciency Theoretialdrug omtert
FTIR spectral studies: The IR spectra obtained on Perkin Elmer
1600 series, (USA) detected the compatibility between pure drug
and polymers. The pellets were prepared by using 2 mg of the
mucoadhesive microspheres ground together in a mortar with
about 100 times quantity of KBr. The finely ground powder was
introduced into a stainless-steel die. The powder was then pressed
in the die between polished stainless-steel anvils at a pressure of
about 10t/in2. The spectra’s were recorded over the wave number
range of 4000 to 500 cm™.

Scanning electron microscopy: The particle size, shape and
surface morphology of microspheres were examined by scanning
electron microscopy (SEM). Microspheres were coated with gold
by sputter coater SC 502 under vacuum [0.1 mm Hg] and fixed to

it on aluminium studs. The microspheres were then analyzed by
scanning electron microscopy [Model JSM-840 A, Joel. Japan]?.

Swelling index: 50 mg microspheres were inoculated in glass vial
containing 10ml of phosphate buffer [pH 7.2 at 37°C+0.5°C] kept
at incubator shaker. The microspheres were removed at different
time intervals, weight was observed followed by its filtration. The
swelling index was calculated 232,
Swelling index = —=—*° 100

wellllng 1ndaex Wo
Where, We - Weight of swollen microspheres; Wo — Weight of
dried microspheres.

In vitro wash-off test: The everted rat intestinal mucosa of 1cm?
area was tied to a glass slide (3X1 inch) with thread. Microspheres
were spread (~50) onto wet and rinsed tissue specimen. The slide
was then hung onto grooves of the USP tablet disintegrating test
apparatus. The tissue specimen was given a slow, regular up-and-
down movement in a beaker containing phosphate buffer pH 7.2
(500ml) at 37°C. The number of microspheres still adhering to
tissue was calculated at the end of 30 min, 1h and at the hourly
interval up to 8h%-%7,

In vitro dissolution study: The amount of stavudine release from
mucoadhesive microspheres was investigated by using USP type
| basket apparatus and 900ml of phosphate buffer pH 7.2 used as
dissolution medium?. Mucoadhesive microspheres equivalent to
50 mg of stavudine filled in hard gelatin capsules were used for
the study. A speed of 50 rpm and temperature of 37 + 0.5°C was
maintained throughout the experiment. At fixed intervals
dissolution studies was carried out up to 12 h, aliquots (5 ml) was
withdrawn and replaced with fresh dissolution media to maintain
the sink condition. The concentration of drug released at different
time intervals was then determined by measuring the absorbance
at 266 nm against blank. The studies were carried out in triplicate.
The absorbance was measured at 266 nm by using Shimadzu
1700 UV spectrophotometer, against a blank solution.

Stability

The stability studies were conducted according to International
Conference on Harmonization guidelines by storing the
transdermal films at 40+2°C with 75% RH in stability chamber
for 3 months? 30, The samples were withdrawn after 3 months
and analyzed for drug content in UV spectrophotometer.

Table 2: Production yield of SF4, SF5 and SF6 formulations

Batches

Production Yield +SD

SF4

97.18 £ 0.83

SF5

95.56 + 0.31

SF6

96.69 + 0.26

Table 3: Percent drug content of SF4, SF5 and SF6 formulations

Batches Theoretical Drug Content (mg) Practical Drug Content (mg) % Drug Content + SD
SF4 50 49.53 99.06+ 0.83
SF5 50 49.61 99.22+0.31
SF6 50 49.66 99.32 +£0.26

Table 4: Percent Encapsulation efficiency of SF4, SF5 and SF6 formulations

Batches Microencapsulation efficiency +SD
SF4 72.12+0.54
SF5 76.43+0.46
SF6 80.65+0.31
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Table 5: Swelling ratio of SF4, SF5 and SF6 formulations

Time (h) SF4 SF5 SF6
Wt. of MC after Relative swelling Wt. of MC after Relative Wt. of MC after Relative
swelling swelling swelling swelling swelling
0 50 0 50 0 50 0
30 73 0.46 75 0.5 74 0.48
1 79 0.58 81 0.62 80 0.6
2 99 0.98 98 0.96 101 1.02
3 103 1.06 106 1.12 108 1.16
4 104 1.08 108 1.16 112 1.24
5 108 1.16 110 1.2 116 1.32
6 116 1.32 118 1.36 121 1.42
Table 6: Percent adhering of SF4, SF5 and SF6 formulations
Batches % of microspheres adhering to tissue at different time intervals
0 1 2 3 4 6
SF4 50 94 83 74 71 71
SF5 50 96 88 79 68 68
SF6 50 93 82 75 67 67
Table 7: Stability Study Data of Stavudine microspheres
Formulation code % Drug content + SD before % Drug content + SD After 3 months
storage
SF4 99.06+ 0.77 98.86+ 0.85
SF5 99.22 +£0.23 98.89 + 0.45
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Figure 2: FTIR spectrum; figure [A] of Chitosan, figure [B] of Stavudine, figure [C] for Sodium Alginate and figure [D] of Stavudine
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Figure 3: Scanning electron micrographs of SF1 and SF4 formulations
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Figure 4: Cumulative % drug release of SF4, SF5 and SF6 formulations
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RESULTS AND DISCUSSION

Production Yield

The results of production yields are shown in table 2. The
percentage yield of chitosan formulations were in the range of
97.18 £ 0.83 t0 96.69 + 0.26.

Drug Content

The results of drug content are shown in tables 3. The percentage
content of chitosan formulations was in the range of 99.06 + 0.83
t0 99.32 £ 0.26. The low SD and CV value indicates distribution
of drug within the various batches of microspheres prepared. The
drug content results suggest a negligible loss of drug during the
formulation stage.

FTIR studies

The FTIR spectrum of pure stavudine, chitosan, and prepared
mucoadhesive microspheres are shown in figure 2. The FTIR
characteristic of stavudine bands are -OH stretching at 3426
cmL, -NH stretching at 3169 cm*, Ar-CH=C stretching at 3043
cm1, CH2 and CHsstretching at 2882 cm'!, and 2821 cm, C=0
stretching at 1682 cm™ and NH bending at 1264 cm™. FTIR
spectra of mucoadhesive microspheres showed all the
characteristic absorption bands of stavudine with little shifting
toward lower /higher wavelength especially Ar-CH=C stretching
at 3043 cm™ and C=0 stretching at 1683 cm™ indicating minor
interaction or no interaction.

Encapsulation efficiency

Encapsulation efficiency was observed, and all the results of the
formulations were shown in table 4. Chitosan formulation revealed
that the range of 72.12+0.54 to 80.65+0.31 for their percent
encapsulation efficiency and it depends on the concentration of
sodium alginate which used in the formulation. In general
encapsulation efficiency was proportional to the concentration of
sodium alginate. This could be attributed due to formation of larger
microspheres with increasing concentration of sodium alginate
and entrapping more concentration of drug.

Scanning electron microscopy

Scanning electron microscopy was used to know surface
morphology of microspheres. The SEM photographs of SF1 blank
microsphere and SF4 drug loaded, batches revealed that
microspheres were spherical, discrete given below in figure 3. The
outer surface of microspheres was coarse rough texture, with few
pores mild cracks and completely covered with coat materials.

Swelling studies by weight method

The swelling depends upon the polymer concentration, ionic
strength as well presence of water and the data is shown in table 5.
The relative swelling of mucoadhesive microspheres of chitosan
formulations were found inthe range of 1.32, 1.36, 1.42 at the
end of 6h. The results clearly suggested swelling ratio depends
upon concentration of polymer and type of mucoadhesive
polymer used in the formulation. Swelling ratio shows direct
relationship with sodium alginate concentration and increased
with increasing concentration of sodium alginate.

In vitro wash-off test
The mucoadhesion is a phenomenon in which two materials, at

least one of which is biological are held together by means of
interfacial force. The tables 6 shows in vitro mucoadhesion data of

mucoadhesive microspheres carried out with everted rat intestinal
mucosa in presence of phosphate buffer pH 7.2. The percentage of
microspheres retained on everted intestinal mucosa after 6 h in
chitosan formulations were found in the range of 71, 68, 67 for
SF4, SF5 and SF6 respectively. The overall results suggest that
concentration and type of mucoadhesive polymer doesn’t show
much more difference in the mucoadhesive property.

Dissolution studies

The dissolution rate of mucoadhesive microspheres were studied
by using USP type | apparatus. The percentage release of
stavudine from SF4, SF5, and SF6 formulations prepared with
Sodium alginate and Chitosan were 94.57+0.22, 92.11+0.28,
87.66.£0.45 respectively over the period of 12 hours given in
figure 4.The release from formulations SF4 to SF6 follow higuchi
and matrix with n value of 0.4472, 0.4291, 0.4470. In all
formulations the release exponent n was found less than 0.5
indicating the release was fickian mechanism indicating the
release rate was to be diffusion controlled and slow with increasing
concentration of polymersS.,

Stability studies

Table 7 shows drug content of the formulations before and after
stability study. These formulations were stored at
40+2°C/75%RH in stability chamber for 3 months. Drug content
of the patches after stability studies did not show any significant
variations. These results indicate that drug remain stable after
stability studies®?.

CONCLUSION

Stavudine has short half-life of 2.3 hours and is taken twice daily
in large number of patients which leads to no patient
compliance. Thus, the development of mucoadhesive
microspheres for controlled release would be advantageous.
Mucoadhesive microspheres were found to be spherical, discrete,
free flowing. The microspheres appear with rough surface and
encapsulation efficiency found to be in range of 98.18% to
98.65%. All the microspheres showed good mucoadhesive
property and swelling index. The drug release was found to be in
range of 94.57% to 87.66% over the period of 12 hours.
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