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ABSTRACT

Background: Zidovudine (Azidothymidine, AZT) is widely used in the treatment of
Acquired Immuno Deficiency Syndrome (AIDS) and related conditions, either alone or
in combination with other antiviral agents to combat HIV. AZT is a Biopharmaceutical
Classification System (BCS) class Ill drug and has various disadvantages. Thus, AZT
is a potential candidate for delivery via lipid-based drug delivery system. Materials
and Methods: In the present work, solid lipid microparticles (SLMs) of Zidovudine
were developed for sustaining the drug release, to overcome or to reduce the hepatic
metabolism and to ensure optimal bioavailability. A total of sixteen formulations of
Zidovudine loaded solid lipid microparticles in two groups viz., one with tripalmitin
and another with trimyristin were prepared by emulsion-solvent evaporation method.
Results: The average particle size and entrapment efficiency of the prepared SLM varied
between 5.48 ym-10.64 ym and 46.92 % and 58.39% respectively. The release of
zidovudine from the SLM varied between 70.47% and 100% at the end of 24 hrs. 80%
of the drug release which is required for obtaining the optimal therapeutic concentration
was achieved by SLM 8. Conclusion: Formulation SLM 8 was considered best with
maximum sustainability in the drug release along with maintaining therapeutic optimum.
The formulation was found stable under stressed conditions.
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INTRODUCTION

Solid lipid particles were first presented in
the eatly 1990s as an alternative to emulsions,
liposomes, and polymeric microparticles

begins with the selection of appropriate
lipid excipients with the right hydrophobicity
and lipolysis  propensity.* Zidovudine

as a drug delivery mechanism." Solid Lipid
Microparticles  (SLMs) solid lipid
particles that are roughly spherical and
range in size from 1 to 1000 um.? Solid lipid
microparticles have a better physicochemical
stability than other lipid-based drug carriers,
such as liposomes, and are easier to sterilize
and scale-up.’” The formulation of solid
lipid microparticles (SLMs) for effective
oral administration of biological medicines

are

is a synthetic nucleoside analogue that
is increasingly being employed as the
cornerstone of antiretroviral therapy for
HIV infection. Zidovudine is a nucleoside
analogue that inhibits HIV
transcriptase. It is the (-)- enantiomer of
2!, 3-dideoxy-3'-thiacytidine.** Zidovudine
(Azidothymidine, AZT) is widely used
in the treatment of AIDS and similar
illnesses, either alone ot in combination

reverse
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with other antiviral medicines” AZT is a
Biopharmaceutical Classification System (BCS) class 111
medication (high solubility and low permeability), with
a water solubility of 20.1 mg/ml and a log P of 0.05,
limiting its use.*’ The medicine also has a number
of drawbacks, including a short biological half-life"
(0.5 to 3 hr) due to significant first-pass metabolism, as
well as dose-related bone marrow toxicity, which causes
anaemia and leukopenia."® Various attempts were
made by researchers to counter the short duration of
action of AZT by employing different types of delivery
systems. Formulation of matrix tablets of AZT using
different combinations of rate controlling polymers
was frequently investigated where the drug diffused
through the matrix in a controlled fashion."*'® Alginate
microspheres of AZT was prepared by ionotropic
gelation technique which were coated with drug release
modifiers to prolong the release over 12 hr. Ethyl
cellulose microspheres of AZT were prepared using
solvent evaporation technique to sustain the release of
drug over 24 hr."” Microspheres were also fabricated
using HPMC, chitosan, eudragit S100 as rate controlling
polymers to control the release of AZT and thereby
achieve better bioavailability."**" Lipids can be an
possible alternative to polymers in designing delivery
devices for AZT as they would make a less biotoxic and
efficient in provising spatial placement and temporal
release.”’ The purpose of this study was to assess the
utility of various lipids such as tripalmitin, trimyristin,
and glyceryl monostearate in the formulation of solid
lipid microparticles for zidovudine release stability, as
well as the effect of soya lecithin on various properties of
formulated zidovudine loaded solid lipid microparticles.

MATERIALS AND METHODS
Materials

Athos Chemicals provided the Zidovudine standard
medication (Surat, Gujrat, India). All other ingredients,
such as ethanol (Anton Scientists, Madurai, TN, India),
chloroform (J.] Fine Chemicals, Hyderabad, India), Span
80 (Excel Organic Private Ltd., Chennai, India), Polyvinyl
alcohol (KVR Polymers and Chemicals, Hyderabad,
India), Glyceryl monostearate (R M Chemicals, Chennai,
India), Tripalmitin and Trimyristin (Otto Chemie Pvt.
Ltd., Mumbai, India).

Methods

Preparation of Solid Lipid Microparticles of
Zidovudine

A single emulsion solvent evaporation process was
used to produce zidovudine-loaded SLMs.*? A 1:5
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ratio of zidovudine and lipids was added to a solvent
combination of ethanol and chloroform (1:1) containing
0.1 petrcent v/v of span 80 and agitated until a uniform
dispersion was obtained. In 50 mL of 0.5 percent w/v
polyvinyl alcohol, the drug polymer dispersion was
gradually added. The final mixture was agitated for 30
min at room temperature using a mechanical stirrer
(RQ122, Remi, India) at 1000 rpm, before being
transferred to a magnetic stirrer. Stirring is continued
for 3 hr to ensure full evaporation of the organic solvent
and assist the production of solid lipid microparticles.
batches of solid lipid microparticle
formulations were made utilizing different amounts of

Vatious

lipids including glyceryl monostearate, tripalmitin, and
trimyristin alone and in conjunction with soya lecithin.
Table 1 shows how the formulation was created.

Evaluation of Zidovudine Solid Lipid Microparticles
Determination of Particle Size

Particle size was determined using an optical microscopy
approach utilizing an eye piece micrometer calibrated
with a stage micrometer on 200 SLMs from each
batch. The average particle size was estimated using the
frequency data.”

Surface morphology

Scanning electron microscopy was used to examine the
surface morphology of solid lipid microparticles. To
create a 20nm layer, the synthesised microparticles were

Table 1: Composition of Zidovudine loaded solid lipid

microparticle formulations.

Formalation | TPM | TME | oMS | Ratlo | L,
) (mg)
SLM 1 1000 = = = =
SLM 2 500 - 500 1:1 =
SLM 3 333.33 = 666.66 1:2 =
SLM 4 200 = 800 1:4 =
SLM 5 1000 = = = 250
SLM 6 500 = 500 1:1 250
SLM7 333.33 - 666.66 1:2 250
SLM 8 200 = 800 1:4 250
SLM 9 = 1000 = = =
SLM 10 = 500 500 1:1 =
SLM 11 = 333.33 | 666.66 1:2 =
SLM 12 = 200 800 1:4 =
SLM 13 = 1000 = = 250
SLM 14 = 500 500 1:1 250
SLM 15 = 333.33 | 666.66 1:2 250
SLM 16 = 200 800 1:4 250
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coated with gold palladium under an air environment for
150 sec. SEM (JSM 840 A, Jeol) was used to investigate
the coated sample.?!

Entrapment efficiency

The quantity of Zidovudine contained in the SLM
formulations of varying composition was measured
by dispersing 2ml of the SLM dispersed in 15ml of
benzene using Uronnachi ¢ al, 2014’ approach.” The
drug that has now been exposed from the lipids is
separated with 0.1M hydrochloric acid by shaking the
contents on an orbital incubator shaker (CIS 24 BL,
Remi) for 2 hr. The aqueous and organic layers were
isolated, centrifuged if necessary, and the precipitate was
diluted to the desired volume. Using 0.1M hydrochloric
acid as a blank, the drug concentration was measured
using UV spectrophotometry (SL-210, Elico) at 266nm.
The following equation was used to calculate the
encapsulation efficiency of the produced solid lipid
microparticles:

Estimated percentage

d
rug content <100

Encapsulation efficiency = -
theoretical percentage

drug content

In vitro Dissolution studies

In-vitro release investigations were carried out utilizing
modified Franz diffusion cells (Figure 1) with donor
and receptor chambers and a sampling port to allow for
the removal of ml samples. The membrane utilized was
dialysis membrane (molecular weight cut-off 12000-
14000 Da, Himedia). Before mounting in the cell, the
filament was soaked in distilled water for 12 hr. In the
donor compartment, a 5ml drug-loaded SLM dispersion
was inserted, and the recipient compartment was filled
with dialysis medium (phosphate buffer of pH 7.4).
At 37°C, the contents of the cell were agitated using
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Figure 1: Effect of soya lecithin on particle size of
formulations (A) SLM 1 to SLM 8;(B) SLM 9 to SLM 16.
Results stand for the mean = standard deviation obtained for
experiments carried out in triplicate.
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a magnetic stirrer. 1 ml of sample was extracted from
the receiver compartment through the side tube at
predetermined intervals. To keep the volume constant, a
new phosphate buffer with a pH of 7.4 was added. UV
Spectrophotometry at 266 nm was used to evaluate the
samples, with phosphate buffer at pH 7.4 serving as a
blank.?*

Drug Excipient Compatibility studies
IR spectroscopy

A FT-IR spectrophotometer was used to acquire the
infrared absorption spectra of zidovudine, glyceryl
monostearate, tripalmitin, trimyristin, and SLM
formulations (Spectrum RX1, Perkin Elmer). Before
their infrared absorption spectra, the
materials were crushed into a pellet. A few milligrams
of the material were combined with around 100 times
the amount of KBr in a mortar to make the pellets. A
stainless-steel die received the finely ground powder. The
powder was then squeezed with a pressure of around
10 t/in in the die between polished stainless-steel anvils.

evaluating

Thermal (DSC) analysis

The thermal behaviour of the various components
of the bead was studied using differential scanning
calorimetry (DSC). This method of analysis was used
on isolated compounds and their physical mixtures.
An automated thermal analyzer equipment was used
to acquire DSC thermograms (Netzsch 200 F3 DSC)
For all of the specimens, sealed and pierced aluminium
pans were employed in the studies. Indium was used as
a reference for temperature calibrations. As a control,
an empty pan was sealed in the same way as the sample.
From 40 to 400°C, all scans were performed at a rate of
10°C/min.*

Kinetic Modeling of Drug Release

To determine the selecting, the most appropriate model
for predicting the mechanism of drug release, the
dissolution profiles of all batches were fitted to zero-
order [1], first-order [2], Higuchi [3], Hixson-Crowell [4],
and Korsmeyer—Peppas [5] kinetic models.*

Q =kt (1]
Q =100 (1-e-kt) 2]
Q=k(®" 3]
(100 — QQ)'* = 100" — kt [4]
Mt/Mo = ke [5]

In the above equations, QQ represents the percentage at
time (t) and k represents rate constant of zero-order,
first-order, Higuchi, Hixson-Crowell The
Peppas and Korsemeyer equation [5] was also used in

models.
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which Mt is the amount of drug released at time t and
Moo is the drug release at time=00, n is the diffusional
exponent which indicates the mechanism of drug
release. If n = 0.43, represents a Fickian diffusion
(Case I); 0.43 < n < 0.89, denotes a non — Fickian
transport and if n = 0.89, characterizes a case 11
transport drug release mechanism.

Stability Study

At 4°C, 25°C, and 50°C, the prepated formulations
were kept in screw-capped tiny glass bottles. After 15,
30, 45, 60, and 90 days, samples were tested.”

RESULTS AND DISCUSSION

Preparation of SLM using emulsion solvent
evaporation technique

Solid lipid carriers are shown to display superior
advantages over polymer based drug carriers owing to
their biocompatibility and absence of cytotoxicity. They
hold capability to immobilize the drug within the lipid
core and release them in a sustained manner.”” The solid
lipid microparticles were prepared by emulsion solvent
evaporation method. The method was adopted for the
simplicity and reproducibility. The SLMs of zidovudine
were prepared using two different triglycerides viz.,
tripalmitin, trimyristin and glyceryl monostearate in
varying concentrations. The above lipids are taken up
for the investigation due to their biocompatibility and
rate controlling ability. SLMs were prepared with and
without the inclusion of Soya lecithin, to investigate the
influence of its emulsifying effect up on the formation
of SLM formulations. Polyvinyl alcohol (0.5%w/v)
was used as the external aqueous phase to aid the
emulsification process. Span 80 is used as a surfactant/
co-surfactant in the organic phase.

Particle size analysis

Optical microscopic approach employing a calibrated
eye piece micrometer was used to determine the average
particle size and particle sizes of the manufactured solid
lipid microparticles. The prepared SLM has a particle
size range of 5.48 m to 10.64 m on average. SLM 16 had
the lowest particle size of 5.48 m. Glyceryl monostearate
concentrations were shown to have a negative effect on
particle size, i.e., the particle size was reduced as the
concentration of glyceryl monostearate was increased.
Cortesi et al, 2002 found similar findings when
they made lipospheres from tripalmitin and glyceryl
monostearate.”® The addition of soya lecithin reduced
particle size by successfully promoting emulsification by
lowering surface tension and facilitation of the droplet

division during mechanical stirring that was attributed
by the soya lecithin.

Effect of Soya lecithin on the particle size

When compared to SLM formulations without
soya lecithin, the average particle size of the SLM
formulations dropped much more for SLM 5 to SLM 8.
(SLM 1 to SLM 4). This finding might be explained by
the soya lecithin’s ability to reduce surface tension and
facilitate droplet splitting during mechanical stirring,”
When compared to SLM formulations manufactured
without soya lecithin, the average particle size of the
SLM formulations dropped even more for formulations
SLM 13 to SLM 16. (SLM 9 to SLLM 12). This behavior
is comparable to that of SLMs made with tripalmitin,
glyceryl monostearate, and lecithin and might be
explained by the same factors (Figure 1).

Surface Morphology

SEM was used to examine the morphology of the
zidovudine-incorporated solid lipid microparticles.
Solid lipid microparticles made with tripalmitin and
glyceryl monostearate with and without soya lecithin
had a spherical shape with a thorny surface, whereas
lipid microparticles made with trimyristin and glyceryl
monostearate with and without soya lecithin had a
rough spherical shape with wrinkles on the surface

(Figure 2).
Entrapment Efficiency

The effectiveness of trapping ranged from 46.92 to
58.39 percent. Formulation SLM 8 was found to have
the maximum entrapment efficiency (58.39 percent).
Glyceryl monostearate concentrations increased had a
beneficial effect on drug entrapment, i.e., the entrapment
efficiency reduced as the concentration increased. Due
to the partial embedment of the medication in the
surfactant layer, the addition of soya lecithin further
improved entrapment efficiency. This might be because
a portion of the medicine is embedded in the surfactant
layer (Figure 3).7"!

Figure 2: Microphotographs of SLM formulations SLM 8 (left)
and SLM 16 (right).
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Figure 3: Entrapment efficiencies of SLM formulations SLM 1
to SLM 8 and Effect of soya lecithin on entrapment efficiency
on SLM formulations SLM 1 to SLM 8; C & D) Entrapment
efficiencies of SLM formulations SLM 9 to SLM 16 and Effect
of soya lecithin on entrapment efficiency of SLM formulations
SLM 9 to SLM 16. Results stand for the mean + standard
deviation obtained for experiments carried out in triplicate.

In vitro Dissolution studies

Using a modified Franz diffusion cell and pH 7.4 pH
phosphate buffer as the dissolving medium, the 7 vitro
release analysis of the produced SLM formulations was
carried out. The drug release from all SLM formulations
was found to be biphasic release. Approximately 11-28
percent of the medication was delivered in a burst
phase during the first hour, with the remainder released
gradually over the next 24 hr. The initial burst release
could be attributed to the presence of free drug in
the external phase and drug adsorbed on the surface
of the microparticles while the slow release was due to
drug encapsulated within the lipid matrix. Zidovudine
released from the microparticles was decreased with
an increase in amount of glyceryl monostearate in the
microparticle formulation. Diffusional route length
is lengthened when the density of the polymer matrix
increases at greater concentrations. Overall medication
release from the polymer matrix may be reduced as a
result of this effect.”? At the conclusion of the 24-hr
period, zidovudine release from the SLM ranged
from 70.47 percent to 100 percent. SLM 8 was able to
achieve the needed 80 percent medication release for
the best therapeutic concentration. Boosted glyceryl
monostearate concentrations inhibited drug release, but
soya lecithin increased drug release, owing to reduced
particle size and increased surface area aided by its
surfactant effect (Figure 4).

Following the characterization and evaluation of
various formulations, formulations belonging to SLM
4, SLM 8, SLM 12, and SLM 16 were found to have
the most potential in terms of particle size uniformity,
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Figure 4: Comparative release profile of formulations; (A)
SLM 1 to SLM 8; (B) SLM 5 to SLM 8; (C) SLM 9 to SLM 12; (D)
SLM 13 to SLM 16. Data points represent the mean * standard

deviation (n = 6).
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Figure 5: Release kinetics of SLM 8; (A) Zero order plot; (B)
First order plot; (C) Higuchi plot; (D) Hixson-Crowell plot; (E)
Korsmeyer-Peppas plot of Formulation 8.

shape, entrapment efficiency, and sustained drug release,
and were therefore considered for further research.
Formulation SLM 8 was chosen as the best of the
four batches, having the most stable drug release and
therapeutic optimum.

Release Kinetic Study

Based on the characterizations above, lipid
microparticles from batch SLM 8 were successful in
terms of particle size, shape, entrapment efficiency,
and controlled drug release, and were thus determined
to be the best formulation with the best sustainability.
SLM 8’s release profile was fitted to several release

kinetic mechanisms, as illustrated in Figure 5. From the
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Figure 6: (A) FTIR spectrum of zidovudine (pure drug);
(B) FTIR spectrum of formulation blend.

regression coefficient (R?) values, it could be observed
that the best fit was obtained for Higuchi model while
the analysis of diffusion component (#) value (0.36) in
Korsemeyer Peppas conforms that formulation follows
Fickian diffusion mechanism.

Drug-Excipient Compatibility Study
Fourier Transform Infrared Spectroscopy (FT-IR)

FTIR and DSC analyses were used to look into the
selected formulation for any potential interactions.
The findings revealed that there were no possible
interactions between the medicine and the polymers,
and that no modifications to the polymer’s nature
were formed during the formulation. Due to the azido
(-N3) group, the drug’s main peaks may be seen at
wave number 1688.69 cm™. In the IR spectra of the
SLM formulations, the drug’s distinctive peaks were
seen without any substantial modification from the
peak found in the pure drug. As a result, the medicine
remained unchanged in the formulation, and no potential
interactions with the excipients were discovered. Figure
6 depicts the FT-IR spectra of the pure medication,
lipid excipients, and chosen SLM formulations.

Differential Scanning Calorimetry (DSC)

Zidovudine thermograms indicated its typical peak
temperatures of 211.4°C and 250.4°C. In the DSC
thermograms of SLM formulations, the drug’s distinctive
peak was not readily visible. This might be because the
medicine is present in the form of molecular dispersion
and in little amounts. As a result, the formulations were
thought to have kept the drug’s characteristics while
avoiding major incompatibilities (Figure 7).

Stability Study

According to ICH requirements, the best formulation
(SLM 8) was stored at accelerated circumstances to
ensure its stability. The synthesised formulation was
shown to be stable under stress conditions, according
to the findings.

= = = oE

Figure 7: (A) DSC thermogram of Zidovudine; (B) DSC
thermogram of SLM 8.

CONCLUSION

The goal of this project was to create solid lipid
microparticles of zidovudine for long-term medication
administration. For the creation of solid lipid micro-
particles, two triglycerides, tripalmitin and trimyristin,
were used with various quantities of glyceryl monostearate.
The emulsifying agent soya lecithin was chosen to study
its influence on the production and charactetistics of
solid lipid microparticles. Based on the findings, it
was determined that a combination of triglyceride
(tripalmitin and trimyristin) and glyceryl monostearate
was successful in delivering zidovudine, a hydrophilic
medication, for along time. PVA used in the formulation
acts as a stabilizer by reducing the saturation solubilty
of the drug in the aqueous phase. The advantages of
biocompatibility and timed release, as well as greater
bioavailability and fewer adverse effects might be
combined in this approach. However, further research
is needed in animal models to improve pharmacokinetic
and pharmacodynamic effectiveness.
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ABBREVIATIONS

SLM: Solid Lipid Microparticles; AZT: Azidothymidine;
HIV: Human Immunodeficiency Virus; AIDS: Acquired
Immunodeficiency Syndrome; BCS: Biopharmaceutical
Classification System; HPMC: Hydroxy Propyl Methyl
Cellulose; TPM: Tripalmitin, TMS: Trimyristin; GMS:
SEM: Scanning Electron
Microscopy; nm: nanometer; hr: hour; KBr: Potassium

Glyceryl Monostearate;
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bromide; min: minutes; °C: degree Celsius; t: time; mg:
milligrams; ml: milliliters
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PICTORIAL ABSTRACT SUMMARY

Zidovudine is widely used in the treatment of AIDS
i ||“I”| E 1""" and similar illnesses, yet its therapeutic efficacy and
A TETIIITEI. B usage is limited due to its pharmacokinetics properties.
i__ I I | ' ad f'i Hence the use of lipid based delivery systems of AZT
e TEEEEFTEl, SEET was assessed in this study as they would make a less
bio toxic and efficient in providing spatial placement
g and temporal release. Optimization of the Solid
el 3 lipid microparticles of zidovudine was carried out
: . using different lipids and were evaluated for their
e | P efficiency. Based on the characterizations above, lipid

et e microparticles from batch SLM 8 were successful in
terms of particle size, shape, entrapment efficiency,
and controlled drug release, and were thus determined
to be the best formulation with the best sustainability.
it was determined that a combination of triglyceride
(tripalmitin and trimyristin) and glyceryl monostearate
was successful in delivering zidovudine, a hydrophilic
medication, for a long time.
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