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Abstract- This research aims to enhance the gastric retention
time of Stavudine by formulating floating matrix tablets and
investigating the effect of various polymers on the drug
release profile. The tablets were developed using a melt
granulation technique, incorporating beeswax as the
hydrophobic meltable base. Hydroxypropyl methylcellulose
(HPMC) served as the matrix-forming agent, sodium
bicarbonate as the gas-generating component, and ethyl
cellulose as the floating enhancer. The final formulations were
assessed for several physical parameters, including hardness,
weight consistency, friability, buoyancy characteristics (such
as lag time and duration of floating), drug content uniformity,
stability, and in vitro release behavior. Additionally,
interactions between the drug and polymers were analyzed
using Differential Scanning Calorimetry (DSC) and Fourier
Transform Infrared Spectroscopy (FT-IR).
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I. INTRODUCTION

The development of innovative drug delivery systems
is aimed at overcoming the limitations of conventional dosage
forms and enhancing therapeutic outcomes. Among various
administration routes, the oral route continues to be the most
widely accepted due to its simplicity, cost-effectiveness, and
patient compliance. However, traditional oral dosage forms
often necessitate frequent dosing to maintain therapeutic
plasma concentrations, which can lead to reduced adherence
and fluctuating drug levels.

Controlled Release Drug Delivery Systems (CRDDS)
have emerged as an effective solution to this challenge,
offering prolonged drug action, improved bioavailability, and
reduced dosing frequency. One such system, the
Gastroretentive Drug Delivery System (GRDDS), is
specifically designed to extend the retention time of the
dosage form in the stomach. This approach is particularly
advantageous for drugs that are primarily absorbed in the
upper gastrointestinal tract, are unstable in intestinal pH, or are
intended for localized gastric action.
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For an ideal GRDDS, the formulation must ensure
prolonged gastric residence, patient acceptability, sufficient
drug loading, a controlled release profile, and safe degradation
or transit after the therapeutic window has been achieved.
Additionally, the system should not adversely impact gastric
motility or cause local irritation.

Formulation Considerations for GRDDS

Designing an effective gastroretentive drug delivery
system (GRDDS) requires careful consideration of multiple
formulation aspects to ensure both functionality and patient
safety. The system must exhibit reliable gastric retention to
maintain the drug at its intended site of absorption for the
desired duration. It should be easy to administer, preferably in
the form of tablets or capsules to promote patient compliance.

Floating Drug Delivery Systems

Floating drug delivery systems (FDDS) represent a
prominent approach within GRDDS, offering significant
advantages for drugs that are either locally active in the
stomach or have limited stability and solubility in the
intestinal environment. These systems are engineered to
remain buoyant on gastric fluids, allowing the dosage form to
stay in the stomach for an extended period while gradually
releasing the drug.

The underlying mechanism relies on the principle of
buoyancy, where the system’s overall density is reduced
below that of gastric contents, enabling it to float. This is
typically achieved through the generation of gas (such as CO)
via effervescent agents like sodium bicarbonate and citric acid,
or through the use of low-density materials.

During gastric retention, the drug is released in a
controlled manner from the floating system. Once the active
agent has been released, the remaining formulation is expected
to pass through the gastrointestinal tract safely. To evaluate
and optimize floating behavior, specialized apparatuses have
been developed that continuously measure buoyant force over
time. These measurements help in refining formulation
properties such as floating lag time, total floating duration, and
stability of the system under simulated gastric conditions.
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Advantages of Floating Drug Delivery Systems

e Floating drug delivery systems (FDDS) offer several
therapeutic and pharmacokinetic advantages, making
them particularly valuable for certain classes of
drugs. One of the primary benefits is their ability to
maintain the dosage form in the stomach for a
prolonged period, thereby enhancing the absorption
of drugs that are preferentially absorbed in the
stomach or the upper part of the small intestine.

e These systems are especially suitable for medications
intended for local gastric action, such as antacids or
antibiotics targeting Helicobacter pylori. They also
support sustained drug release, which helps maintain
consistent plasma concentrations and reduce dosing
frequency. This contributes to better patient
compliance and minimized fluctuations in drug
levels.

e Moreover, FDDS are ideal for drugs with a narrow
therapeutic window, as they help ensure controlled
delivery within the optimal absorption zone, reducing
the risk of under- or overdosing. By minimizing
exposure to the variable intestinal environment,
FDDS can also improve the bioavailability of drugs
that are unstable or poorly soluble at higher pH
levels. Additionally, they are useful in managing
conditions with altered gastrointestinal motility, such
as diarrhea, where extended gastric retention can
enhance therapeutic outcomes.

Limitations of Floating Drug Delivery Systems

Despite their many benefits, floating drug delivery
systems also present certain limitations that must be addressed
during formulation. These systems rely heavily on the
presence of sufficient gastric fluids to ensure buoyancy.
Therefore, in conditions of low gastric volume or fasting
states, their floating performance and retention may be
compromised. This issue can be partially mitigated by
administering the dosage form with a full glass of water.

FDDS are not suitable for all types of drugs. For
instance, medications that are uniformly absorbed throughout
the gastrointestinal tract, or those that undergo extensive first-
pass metabolism, may not derive significant benefit from
prolonged gastric retention. Similarly, drugs that are unstable
or irritating to the gastric mucosa, such as certain non-
steroidal anti-inflammatory drugs (NSAIDs), are poor
candidates for FDDS due to the risk of local adverse effects.

Another consideration is patient positioning—since
gastric emptying accelerates in the supine posture, FDDS are
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not ideal for administration at bedtime. Furthermore, single-
unit floating dosage forms may be subject to "all-or-nothing"
gastric emptying, which can lead to dose dumping or
treatment failure. This limitation can be addressed by
designing multiple-unit systems, such as floating microspheres
or beads, to ensure more predictable gastric retention and drug
release.

Drug Profile
STAVUDINE

Stavudine is a dideoxynucleoside analog that inhibits
reverse transcriptase and has in vitro activity against HIV.

0

HO

Synonym: Stavudine [Usan:Ban:Inn], Stavudinum [INN-
Latin], STV, Estavudina [INN-Spanish]

Drug category: Antiretrtoviral drug. Proprietary Names:
Zerit, Zeritavir, Stavir. Structure of Stavudine:

IUPAC Name: Stavudine is chemically 1 — (2,3 — Dideoxy —
B — D — glycerol — pent — 2 — enofuranosyl)thymine.
Molecular Formula :CioH12N20OsMolecular Weight: 224.21
Physicochemical Properties Melting Point: 159 — 160 C
Description : A white or almost white powder.
Solubility : About 83 mg/ml in water and 30 mg/ml in
propylene glycol at 23 C. The n-octanol/water partition
coefficient of stavudine at 23 C is 0.144.

Storage : Preserve in tight containers, protected from light
and humidity, store at 25°, excursions permitted between 15°
and 30°.

Standard: Stavudine contains not less than 98.0% and not
more than 102.0 % of C1oH12N204, calculated on an anhydrous
and solvent-free basis.

Mechanism of Action:

Stavudine inhibits the activity of HIV-1 reverse
transcriptase (RT) both by competing with the natural
substrate dGTP and by its incorporation into viral DNA.

Pharmacokinetic profile of stavudine:

Stavudine is absorbed rapidly following oral
administration producing peak plasma concentrations within 1
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hour and with a reported bioavailability of about 86%.
Binding to plasma proteins is negligible. The elimination half-
life (t) is reported to be about 1-1.5 hours following single or
multiple doses. The Intracellular half-life of stavudine
triphosphate has been estimated to be 3.5 hrs in vitro. About
40% of a dose is excreted in the urine by active tubular
secretion and glomerular filtration. Stavudine is removed by
haemaodialysis.

Adverse Effects:

Common adverse effects seen with the use of
stavudine include peripheral neuropathy, arthralgia,
hypersensitivity, myalgia, anorexia, chills and fever, rash,
asthenia, gastrointestinal disturbances, headache, insomnia,
and fat redistribution.

HIV / AIDS — Related Uses:

Stavudine was approved by the FDA on June 24,
1994, for use in combination with other antiretroviral agents
and is indicated for the treatment of HIV-1 infection in adults
and pediatric patients. (De Clercq E, 1988)

1. MATERIALS AND METHODS
Materials

Stavudine, an antiretroviral drug, was received as a
gift sample from Aurobindo Pharma Ltd., Hyderabad. Various
polymers were employed in the formulation of floating matrix
tablets, including Hydroxypropyl Methylcellulose (HPMC
K15M), Carbopol 940P, Gum Karaya, Gum Copal, and Gum
Dammar. Excipients such as Avicel pH 102 (as a diluent),
sodium bicarbonate (as a gas-generating agent), and citric acid
(as a component of the effervescent system) were also used.
All other chemicals and reagents were of analytical grade.

Instrumentation

The following instruments were utilized during the study:
e  Electronic weighing balance (Shimadzu ELB-300)
e Bulk density apparatus (Hexa Tec)
e Ten-station rotary tablet compression machine (Clit
Mini Press)
e Roche friabilator (Pharmacon FTA-023)
e Monsanto hardness tester (Tab-Machines, Mumbai)
e Hot air oven (Universal)

Methodology

1. Drug Estimation by UV Spectrophotometry
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A simple, sensitive, and validated spectrophotometric
method was used to estimate Stavudine concentration. The
drug showed maximum absorbance at a wavelength of 266 nm
in 0.1N HCI. Standard calibration curves were prepared using
solutions ranging from 2—-10 pg/mL. Absorbance was recorded
using a double-beam UV-Visible spectrophotometer (ELICO),
and the linearity was confirmed with a correlation coefficient
(R?) close to 0.999.

2. Preformulation Studies

Drug-excipient compatibility was assessed through
physical observation, Differential Scanning Calorimetry
(DSC), and Fourier Transform Infrared Spectroscopy (FTIR).
These tests helped evaluate potential interactions between
Stavudine and the selected polymers or excipients.

3. Preparation of Floating Matrix Tablets

Floating tablets were formulated using the direct
compression method. The components were individually
weighed, passed through a #60 sieve, and blended uniformly
in a double-cone blender. Sodium bicarbonate and citric acid
were added last to avoid premature gas generation. The
powder blend was lubricated with talc and magnesium stearate
and compressed into tablets using 6 mm flat punches.

4. Evaluation of Powder Blend

The powder blends were evaluated for flow properties using:
e Angle of Repose: Measured by the fixed funnel
method.
e Compressibility Index (Carr’s Index) and
Hausner’s Ratio: Determined by comparing tapped
and bulk densities.

5. Tablet Evaluation
post-compression, tablets were assessed for:
o Weight variation
e Hardness (using Monsanto tester)
e Friability (using Roche friabilator)
e Drug content uniformity (by uv
spectrophotometry)
6. In Vitro Dissolution Studies
Dissolution studies were carried out using USP Type

Il paddle apparatus in 900 mL of 0.1N HCI at 37+0.5°C, with
a rotation speed of 50 rpm. Samples were withdrawn at regular
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intervals up to 12  hours, filtered, and

spectrophotometrically at 266 nm.

analyzed

7. Swelling Index

The swelling behavior was determined by immersing
tablets in 0.1N HCI and measuring weight gain at set time
intervals.

8. FTIR and DSC Characterization

FTIR spectra of the pure drug, polymers, and
optimized formulations were recorded to identify potential
interactions. DSC thermograms were obtained to assess the
thermal behavior and confirm the stability of the formulation.

I11. EXPERIMENTAL WORK
Estimation of Stavudine:

Several methods have been reported for the
estimation of Stavudine by spectrophotometric and
chromatographic methods. The variation in the amount of
antiretroviral drug content estimated by HPLC and
Spectrophotometric methods is below 10 per cent. This
suggests that the spectrophotometric method is as accurate as
the HPLC method for estimation of Stavudine in tablet. The
amax of Stavudine was found to be 266nm, in the college
laboratory, by using UV Spectrophotometer. Thus, In the
present investigation a simple, sensitive accurate
spectrophotometric method was used for the estimation of
Stavudine at a Amax 0f 266nm.

Preparation of Stavudine Stock Solution:

100mg of Stavudine was weighed and was dissolved
in 0.1IN HCI. The drug solution obtained was filtered into
100ml volumetric flask and was further diluted to 100ml with
0.1N HCI to get 1mg/ml stock solution.

Preparation of Stavudine Standard Dilutions:

An aliquots of Stavudine stock solution was
transferred into 5 volumetric flasks and were further diluted
with 0.1n HCI so as to get 2, 4, 6, 8, 10pg/ml of standard
dilutions of Stavudine. The absorbance’s of the above
dilutions were measured in ELICO double beam

UV-VIS spectrophotometer at 266nm using 0.1N
HCI as blank. The concentrations of Stavudine and their
corresponding absorbance values are given in Table 14. The
absorbance values were plotted against concentrations of
Stavudine and the corresponding calibration curve was shown
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as graph 3. The calibration curve values obtained were used to
estimate Stavudine in the present investigation.

Stability Analysis of stavudine in 0.1N HCI

Stavudine stability in 0.1N Hcl was analysed by
dissolving drug in the 0.1N Hcl. The drug solution was set
aside for 24hrs and at specific time intervals, a small volume
of sample was withdrawn and a solution with stavudine
concentration 6ug/ml, was made with 0.1N Hcl. The dilution
was analyzed by UV Spectrophotometric method at 266nm.
The absorbance values obtained for the samples at various
time intervals were given in Table 15. The amount of drug
present in each sample at various time intervals was measured
based on the absorbance values.

Preformulation Studies on Stavudine:

The drug and the polymer or excipient interaction
studies were evaluated by checking the physical appearance,
drug content and by DSC thermographical analytical method.

Preparation of Stavudine Controlled Release Floating
Matrix Tablets:

Stavudine controlled release floating matrix tablets
were prepared by direct compression process. The controlled
release matrix tablet formulations consisted of drug, polymer,
diluent, gas generating agent and effervescing agent. The drug
concentration was maintained constantly while polymer
proportions were varied. The weight of all the tablet
formulations was maintained uniformly by using MCC as
diluent. The materials were individually weighed, passed
through sieve no: 60 and blended for 15 minutes by using
double cone blender. Then sodium bicarbonate and citric acid
were mixed one by one. The powder blends were evaluated for
flow properties such as angle of repose and compressability
index. The powder blends lubricated with 1% talc and
magnesium stearate were directly compressed as matrix tablets
with 6mm flat, round punches by using clit-10 station mini
press. To minimize the processing variables all batches of
tablets were compressed under identical conditions.

EVALUATION OF POWDER FLOW
CHARACTERISTICS
Angle of Repose:

Angle of repose for the powder blends was

performed by fixed funnel method and is the measure of the
flowability of powder. A funnel with 10 mm inner diameter of
stem was fixed at a height of 2 cm over the platform. About 10
gm of powder blend was slowly passed along the wall of the
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funnel till the tip of the pile formed and touches the stem of
the funnel. A rough circle was drawn around the pile base and
the radius of the powder cone was measured [Lachman L.,
1990]. The results were shown in the tables 25-26 and 29-30.
Compressibility Index:

A simple test was used to evaluate the flowability of
a powder by comparing the poured density and the tapped
density of a powder and the rate at which it is packed down.
The Carr’s index can be calculated using the following
formula.

Uniformity of Weight:

Twenty tablets from each batch at random were taken
and weighed. The average weight was calculated, then each
tablet was weighed individually and weights of each tablet
were noted. The weights of individual tablets were then
compared with the average weight that was already calculated.
The deviation if any in the weight of individual tablets from
the average weight was checked. This test highly describes
that all tablets of a particular batch should be uniform in
weight. If any weight variation is there, that should be within
the L.P limits [Lachman L., 1990]. The test was considered
correct if not more than two tablets fall outside the 1.P limits
out of twenty tablets taken for the test.

Hardness Test:

Hardness of the tablets was determined by using
Monsanto hardness tester (Tab- machines, Mumbai). The
tablet to be tested is held in fixed and moving jaw and reading
of the indicator was adjusted to zero. Then force to the edge of
the tablet was gradually increased by moving the screw knob
forward until the tablet breaks. The reading was noted from
the scale which indicates the pressure required in kg/cm? to
break the tablet. The hardness of tablet depends on the weight
of the material used, space between the upper and lower
punches at the time of compression and pressure applied
during compression

Friability Test:

Friability test was performed by using Roche
friabilator (Remi Equipments, Mumbai). Ten tablets of a batch
were weighted and placed in a friabilator chamber and it was
allowed to rotate for 100 revolutions. During each revolution
these tablets fall from a distance of six inches to undergo
shock. After completion of 100 revolutions, tablets were again
weighed and the loss in weight indicated friability. The
acceptance limits of weight loss should not be more than 1%
[Lachman , 1990]. This test was performed to evaluate the
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ability of the tablets to withstand abrasion in packing,
handling and transporting.

Frisniliry = Initial Weight - Final Weight v

Initial Weight

Uniformity of Drug Content:

Lamivudine controlled release floating matrix tablets
from a batch was taken at random and was crushed to a fine
powder. The powdered material was transferred into a 250ml
volumetric flask and 200ml of 0.1N HCI was added to it. It
was shaken occasionally for about 30 minutes and the volume
was made up to 250ml by adding 0.1N HCI. The resulting
solution was set aside for few minutes and the supernatant
solution was collected, filtered by using wattman filter paper.
Then the filtrate was subsequently diluted and the absorbance
was measured at 280nm. This test was repeated six times
(n=6) for each batch of tablets. The amount of Lamivudine
estimated from different batches were depicted in tables 27-28
and 31- 32.

Stavudine controlled release floating matrix tablets
from a batch was taken at random and was crushed to a fine
powder. The powdered material was transferred into a 250ml
volumetric flask and 200ml of 0.1N HCI was added to it. It
was shaken occasionally for about 30 minutes and the volume
was made up to 250ml by adding 0.1N HCI. The resulting
solution was set aside for few minutes and the supernatant
solution was collected, filtered by using wattman filter paper.
Then the filtrate was subsequently diluted and the absorbance
was measured at 266nm. This test was repeated six times
(n=6) for each batch of tablets. 31- 32.

IN VITRO DISSOLUTION STUDIES

Dissolution studies on lamivudine floating matrix
tablet formulations were performed in a calibrated 8 station
test apparatus (LAB INDIA) equipped with paddles (USP
apparatus Il method) employing 900ml of 0.1N HCI as a
dissolution medium. The paddles were operated at a 50rpm
and the temperature was maintained at 37+0.5°C throughout
the experiment. Samples were withdrawn at regular intervals
for 12hrs and replaced with equal volume of same dissolution
medium to maintain the constant volume throughout the
experiment. Samples withdrawn at various time intervals were
suitably diluted with same dissolution medium and the amount
of drug released was estimated by ELICO double beam
spectrophotometer at 280nm. The dissolution studies on each
formulation were conducted in triplicate and the average of 3
values were taken for studies. The release values and
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dissolution profiles for all the formulations were shown in
tables 33-37 and graph 5-9 respectively. Dissolution studies on
stavudine floating matrix tablet formulations were performed
in a calibrated 8 station test apparatus (LAB INDIA) equipped
with paddles (USP apparatus Il method) employing 900ml of
0.1N HClI as a dissolution medium. The paddles were operated
at a 50rpm and the temperature was maintained at 37+0.5°C
throughout the experiment. Samples were withdrawn at
regular intervals for 12hrs and replaced with equal volume of
same dissolution medium to maintain the constant volume
throughout the experiment. Samples withdrawn at various
time intervals were suitably diluted with same dissolution
medium and the amount of drug released was estimated by
ELICO double beam spectrophotometer at 266nm. The
dissolution studies on each formulation were conducted in
triplicate and the average of 3 values were taken for studies.
The release values and dissolution profiles for all the
formulations were shown in tables 38-42 and graph 10-14
respectively

Swelling Index:

The swelling behavior of a dosage unit was measured
by studying its weight gain. The swelling index of tablets was
determined by placing the tablets in the basket of dissolution
apparatus using dissolution medium 0.1N HCI at 37+0.5°C.
After 1, 2,4, 6 and 8 hr’s, each dissolution basket containing
tablet was withdrawn and blotted with tissue paper to remove
the excess water and weighed on the analytical balance
(Shimadzu, Ax 120).

Infra- Red Spectroscopy:

I.LR Spectral studies were carried out on some
selected floating matrix tablets of lamivudine and stavudine by
using BRUKER FTIR. FTIR spectrophotometer were used for
recording spectra in the region of 4000 — 400 cm™ or in some
cases down to 200 cm™. Triturate 1 — 2mg of substance to be
examined with 200mg of finely powdered and dried KBr.
These quantities were usually sufficient to give a disc of 10-
15mm diameter and a spectrum of suitable intensity. FTIR
spectra and the interpreted values of various floating matrix
tablet formulations were shown in graph 19-26 respectively.

Differential Scanning Calorimetry: A differential scanning
calorimeter (DSC 60, Shimadzu) was used to obtain the DSC
curves of lamivudine and stavudine controlled release floating
matrix tablets prepared by direct compression method
representing the rate of heat uptake. About 10mg of sample
was weighed in a standard open aluminium pans, were
scanned from 0-450°C, at a heating rate of 10°C/minute while
being purged with dry nitrogen. DSC thermograms and their
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interpreted values for the optimized formulations were shown
in graph 27-34 respectively.

IV. RESULTS AND DISCUSSION
Estimation of Stavudine

The Amax of Stavudine was found to be 266 nm, in
the college laboratory, by using UV Spectrophotometer. Thus,
in the present investigation a simple, sensitive accurate
spectrophotometric method was used for the estimation of
Stavudine at a Amax 0f 266nm 0.1N HCI as a medium.

Reproducibility of the method was tested by
analyzing 6 separately weighed samples of Stavudine. The
concentrations of Stavudine and their corresponding
absorbance values were given in table 14. The absorbance
values were plotted against concentrations of Stavudine and
the corresponding calibration curve was shown in graph 3.
The calibration curve values obtained were used to estimate
Stavudine in the present investigation

Table : Calibration Curve for the Estimation of Stavudine

in 0.1N HCI
S.No Concentration Absorbance”
(Kg/ml)
1 2 0.114
2 4 0.222
3 6 0.334
4 8 0.443
5 10 0.556
Calibration Curve
:.b / /
E 0.4 //
= - -
é 0.3 /
§ :.-‘ //
‘ Conce ntration { ug/fml)

Graph: Calibration Curve for the Estimation of Stavudine
in 0.1N HCI

Discussion: Stavudine in 0.IN HCI was estimated by
spectrophotometric method at a wavelength of 266 nm. The
method used for estimation of Stavudine was found to be liner
with the Beers law in the concentration range of 0-10pg/ml.
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Pre-formulation Studies on Stavudine:

Table :Preformulation Studies on Stavudine

S.No Descrip | Metho | 0™ day 1 3

tion d mont | mont
Evalua h hs
ted

1 Stavudi | Physica | White White | Whit
ne I powder powd | e

Evaluat er powd
ion er

2 Stavudi | Physica | White White | Whit
ne + |1 powder powd | e
HPMC | Evaluat er powd
K15M ion er
Stavudi | Assay

3 ne + | by UV | complied | Comp | comp
HPMC | method lied lied
K15M
+MCC

Melting

4 Stavudi | DSC isotherm Comp | comp

ne Studies | was lied lied
observed
at
173.5°C

Stavudi Melting

5 ne + | DSC isotherm | Comp | comp
HPMC | Studies | was lied lied
K15M observed

at
176.1°C

6 Stavudi | FTIR 3425cm™® | Comp | comp
ne Studies | 1115.2 lied lied

cmt
Stavudi 3425 cm?

7 ne + | FTIR 1115.2 Comp | comp
Excipie | Studies | cm™ lied lied
nts

Discussion:

Preformulation studies on Stavudine and excipients
were carried out for a period of three months at an ambient
storage conditions. The drugs and excipient interaction were
observed physically and by thermal methods. Physical
evaluation indicated that there were no physical changes in the
colour and amorphous nature of the drug and its excipient
blends even after 3 months of storage. UV Spectrophotometric
methods exhibited the similar absorbance values of drug alone
and excipient indicated that there were no drug excipient
interactions. FTIR spectral studies exhibited the same peaks
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even in the presence of excipients and DSC studies showed
the same melting isotherms with or without the presenceof
excipients indicated both the drugs selected for the study,
Stavudine was stable and hence suitable for further
formulation development.

Preparation of Stavudine Controlled Release Floating
Matrix Tablets

Controlled release floating matrix tablets for
Stavudine were prepared by direct compression method using
Elite 10 station mini press. The direct compresion process
used for the preparation of matrix tablets was found to be ideal
and is easy to reproduce. As many of the polymers and the
excipients used are hydrophilic, the involvement of water or
moisture makes the wet granulation process highly
problematic. Therefore a dry process that produces acceptable
powder characteristics and does not intervene with drug
release characteristics is desirable. Hence the dry process such
as direct compression technique was employed in the present
investigation for the preparation of controlled release floating
matrix tablets.

Table: Composition of Various Stavudine Controlled
Release Floating Matrix Formulations

Ingredients (mg) S1 |S2 |S3 |S4 |S5
Stavudine 40 |40 |40 |40 | 40
HPMC K15M 40 | -- -- -- -
Carbopol 940P —- |40 |- |- |-
Copal gum - |- |40 | - | --
Dammar gum — |- |- |40 |-
Gum Karaya - |- |- |- |40
MCC 11 |11 |11 |11 |11
6 6 6 6 6
Magnesium 2 2 2 2 2
stearate
Talc 2 2 2 2 2
Total tablet weight | 20 [ 20 | 20 | 20 | 20
(mg) 0 |0 [0 |0 |O
Discussion:
Controlled release floating matrix tablets for

Stavudine were prepared by direct compression method. The
direct compression process used for the preparation of matrix
tablets was found to be ideal and is easy to reproduce.
Polymers such as Hydroxy Propyl Methyl Cellulose (HPMC
K15 M), Carbopols, gum Karaya, gum dammar and copal gum
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were used in the preparation of matrix tablets with
incorporation of Sodium bicarbonate as a gas generating agent
and combination of sodium bicarbonate and citric acid as
effervescent agents. All the powder blends exhibited good
flow properties. These polymers were found to be ideal for the
preparation of controlled release matrix tablets. Twenty five
floating matrix tablet formulations were prepared with
Stavudine by employing various polymers at different
concentrations.

Fifty floating matrix tablet formulations were
prepared with Lamivudine and Stavudine by employing
various polymers at different concentrations. As many of the
polymers and the excipients used are hydrophilic, the
involvement of water or moisture makes the wet granulation
process highly problematic. Therefore a dry process that
produces acceptable powder characteristics and does not
intervene with drug release characteristics is desirable. Hence
the dry process such as direct compression technique was
employed in the present investigation for the preparation of
controlled release floating matrix tablets.

Floating matrix tablet formulations L1 to L5 and S1
to S5 were prepared by using 1:1 ratio of drug and polymers
such as HPMCK15 M, carbopol 940P, copal gum, dammar
gum and gum Karaya respectively. L6 to L20 and S6 to S20
formulations were prepared by 1:1 ratio of drug and polymers
while sodium bicarbonate as gas generating agent at 15 to 25
% concentration were added in different formulations.
Formulation L21 to L23 and S21 to S 23 were prepared b y
using 1:0.75:0.25 ratios drug and polymer
combinations(HPMCK15 and gum Karaya) with effervescent
combination of sodium bicarbonate and citric acid at 2:1 part
respectively with a total concentration of 20 to 25 % in the in
the matrix formulations of Lamivudine and Stavudine. All the
matrix tablet formulations are prepared under identical
conditions to avoid processing variables. Before compression
of these blends, they were subjected to precompressional
studies to check the feasibility of free flowing characteristics.

Evaluation of Powder Flow Characteristics of Stavudine
Controlled Release Floating Matrix Tablets

The physical properties of pharmaceutical powders
are of upmost importance in the pharmaceutical industry. The
knowledge of their flow properties is of critical significance in
operations such as blending, tablet compression, capsule
filling, transportation, and in scale- up operations. Powders
flow properties are measured using a parameters such as,
angle of repose, compressibility index (Carr’s index) and
Hausner ratio.
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Table: Flow Properties of Powder Blends of Stavudine
Floating Tablets

S. Angle Compressi
N | Formul | of Hausner’s | bility
O | ation repose | ratio Index (%)
0)
1 S1 23.90 | 1.1240.03 | 14.23
2 S2 22.34 | 1.1240.03 | 12.17
3 S3 2454 | 1.1240.02 | 11.87
4 S4 23.18 | 1.1240.04 | 11.41
5 S5 22,77 | 1.1240.03 | 13.67
14 | S14 2343 | 1.11+0.02 | 12.08
Discussion:

Before compression process the powder blends were
evaluated for flow properties such as angle of Repose,
compressibility index and Hausner’s ratio. The flow property
values obtained for various powder blends were in the range
of good flow characteristics, as depicted in the tables 29 and
30. The angle of repose values obtained for various powder
blends were in the range of 25.42 to 27.32. Carr’s index values
obtained were in the range of 11.20 to 14.87. Hausner’s ratio
values obtained were in the range of 1.118- 1.129. Thus all the
powder blends were found to be stable and suitable for
compression as matrix tablets.

Evaluation of Physical Properties of Stavudine Controlled
Release Floating Tablets

Quality of a pharmaceutical product can be assured
by evaluating different physical characteristics of the product
such as weight variation test, hardness test, friability test etc.
following standard methods given by different drug control
authorities like USP, BP etc. Evaluation of the physical
characteristics can ensure the quality of drug and thereby
impart optimum therapeutic activity as well as bioavailability.
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Table: Physical Properties of the Stavudine Controlled
Release Floating Matrix Tablets

Drug
S. | Form | Weight | Har | Fria | conte
N | ulatio | uniform | dnes | bilit | nt
Ofn ity(mg) |s y (mg/t
(kg/ | (%) | ablet

cm?) )
1|81 203+2.0 | 6.0+ | 0.12 | 39.2+
0.3 0.5
2 | S2 204+2.0 | 6.0+ | 0.12 | 40.2+
0.3 0.5
3 |S3 202+2.0 | 6.0+ | 0.18 | 36.4%
0.3 0.5
4 | s4 200+2.0 | 6.0+ | 0.17 | 39.9+
0.3 0.2
5 |S5 200+2.0 | 6.0+ | 0.15 | 41.2¢
0.3 0.3

All the batches of matrix tablets were evaluated for
the physical parameters such as weight uniformity, hardness,
friability and drug content uniformity. All the matrix tablets
were evaluated for weight uniformity. The weight ranges of all
the matrix tablets were uniform and were within the IP limits.
Hardness of the tablets was evaluated by using Monsanto
hardness tester. The hardness of all the tablet formulations was
in the range of 6.0+0.3 kg/cm2.Weight uniformity of all the
tablet formulations was in the range of 200.0 + 3.0
respectively. Friability test for all the matrix tablets were
performed to determine the ability of tablets to withstand
abrasion during packing and transportation. The test was
carried out in Roche friabilator. Friability loss of the tablet
formulations was negligible and was in the range of 0.1-0.2%.
Surface damages to the tablets were found to be negligible and
the friability loss values were within the IP limits. Drug
content estimated for all the tablet formulations was highly
uniform with less than 3% variation. The drug content for the
prepared matrix tablets of Lamivudine and Stavudine were
evaluated by UV spectrophotometric method. The drug
content in all the floating matrix tablet formulations were
within the claimed limits.

IN VITRO DISSOLUTION STUDIES OF STAVUDINE
FLOATING MATRIX TABLET FORMULATIONS

Dissolution studies on stavudine floating matrix
tablet formulations were performed in a calibrated 8 station
test apparatus (LAB INDIA) equipped with paddles (USP
apparatus 1l method) employing 900ml of 0.1N HCI as a
dissolution medium. The paddles were operated at a 50rpm
and the temperature was maintained at 37+0.5°C throughout
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the experiment. Samples were withdrawn at regular intervals
for 12hrs and replaced with equal volume of same dissolution
medium to maintain the constant volume throughout the
experiment. Samples withdrawn at various time intervals were
suitably diluted with same dissolution medium and the amount
of drug released was estimated by ELICO double beam
spectrophotometer at 266nm. The dissolution studies on each
formulation were conducted in triplicate and the average of 3
values were taken for studies.

Table : Drug Release Profile of Stavudine Floating Matrix

Tablet
Cumulative % Drug Release from
Time(hr | Various
S) Formulations
S1 S2 S3 S4 S5
0 0 0 0 0 0
1 22.24 | 20.24 | 64.66 | 58.24 | 50.24
2 34.66 | 30.26 | 90.24 | 90.22 | 84.22
4 50.24 | 46.56 | 98.12 | 100.0 | 98.25
0
6 64.56 | 58.22 | 98.14 | 100.1 | 100.0
1
8 77.66 | 74.22 | 98.32 | 100.1 | 100.0
2
10 90.24 | 86.66 | ---
12 99.26 | 96.12 | ---

120

w

Gl

Cumulative % Drug Released

-2

0 2 | § 8 14 12 14
Time(hrs)

Graph: Release Profiles from Various Controlled Release
Floating Matrix Tablet Formulations of Stavudine

Discussion:

Dissolution studies were performed on all the floating
matrix tablets of Stavudine formulations by using 0.1 N HCI
as dissolution medium by USP paddle method (apparatus I1).
Matrix tablet formulations S1 and S2 containing HPMC and
carbopol as polymers extended the drug release upto 12 hours,
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where as formulations S3 to S5 containing gum copal, gum
dammar and gum Karaya as polymers respectively failed to
extend the drug release upto 12 hours.

Characterization of optimized Floating Matrix Tablet
Formulations of Stavudine

Based on the dissolution studies performed on all the
formulations, some of the optimized formulations were
selected for further investigations such as FTIR and DSC
Analysis.
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Figure: FTIR Spectra of Stavudine Pure Drug
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Figure : DSC Thermograms of Stavudine Pure Drug
V. CONCLUSION

The current study reveals that a great attempt has
been made in order to formulate and study the drug release
behavior of stavudine tablets with improved rapid release and
bioavailability.

From all this experimental work we can conclude;

e A drug can be easily analyzed by using UV-Visible
spectrophotometry shows maximum absorption. The
value of linear regression coefficient was found to be
0.999, which indicates linear relationship between
absorbance and concentration.
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IR studies reveals that their no significant interaction
between the formulation components.

From experimentation we can say that as the
concentration of superdisintegrants increases there is
increase in disintegration time and drug release behavior.
Various combinations of superdisintegrants have a great
impact on Disintegration time and drug release behavior
as it improves both of them.

The formulated tablets showed compliance for various
physicochemical parameters such as disintegration, drug
content and in-vitro drug release.
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