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ABSTRACT

The present study aims to formulate ethylcellulose microspheres using the oil-in-oil emulsion solvent
evaporation method and judge the outcome of processing temperature on their features. The effects
of the evaporation rate of the solvent on the particle properties and drug release characteristics of the
microspheres were studied. Here, microspheres were prepared at different processing temperatues, viz.,
10 °C, 25 °C, and 40 °C, and their impact on the various characteristics of microspheres like surface
topography, micrometrics, yield percent, encapsulation efficiency, in vitro dissolution, Fourier-transform
infrared spectroscopy (FTIR) and release kinetics were elaborately studied. The FTIR study revealed that
processing temperature did not affect drug-polymer compatibility. The study observed that the processing
temperature had a great influence on the various characteristics of the prepared microsphere. It was
observed from sieve analysis that the mean particle size of the microsphere increased with an increase
in processing temperature, and the SEM study also corroborated the same result. SEM photographs
showed processing at a higher temperature resulted in particles with a smooth surface, in contrast to a
lower processing temperature that forms a bumpy surface. Furthermore, a higher temperature favoured
formulation with a higher entrapment efficiency (94.42 + 0.9 %) as compared to a lower temperature
(85.2 + 0.72 %). For a noteworthy timeframe, indinavir sulfate frames a solid solution in the ethylcellulose
matrix and proceeds with the amorphous state. The results of an in vitro drug dissolution study showed
that microspheres formulated at a higher temperature had a more sustaining effect as compared to those
formulated at a lower temperature, which may have resulted due to their higher mean particle size. Using

the Korsemeyer Peppas power law, it was found that the way drugs are released is controlled by diffusion.
. /
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preparation temperature, scanning electron microscope,  Microspheres are usually used to wrap water-soluble
release kinetics pharmaceuticals for long-term release because the

drugs are spread out in the skeleton of water-insoluble
ABBREVIATIONS materials®4. Moreover, the stability and release kinetics
of microspheres may be affected by different microsphere
production processes?®. Spray-drying is a viable and cost-
effective approach for fabricating microspheres, and it
is frequently utilized in pharmaceutical manufacturing®’.
However, because the solvent was volatilized at a high
temperature during the manufacture, it is not suited for
thermally unstable pharmaceuticals because the drugs
may break down. The solvent evaporation technique is
INTRODUCTION extensively used to avoid high temperatures since it may
be carried out at a moderate temperature®. Typically,
emulsions based on oil-in-water (O/W) emulsification are
generated, and the internal oil phase is evaporated to

kV: kilovolt; mA: milliampere; DR: drug release
3D: three Dimensional; KBr: Potassium bromide; r2:
Correlation Coefficient K: the rate constant; n: release
exponent; ASTM: American Society for Testing and
Materials; Vs: Versus; cm™': Wavelengths per unitdistance/
typically centimeters

Different formulations are chosen for different drugs
due to their physicochemical properties. In pharmacy,
the long-term release of low-molecular-weight, thermally
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precipitate the polymer material, resulting in microspheres,
as previously reported®'. However, because the drug
diffuses into the external aqueous phase, this approach
may cause low drug loading efficiency, especially for
those medicines with low molecular weight and good
water solubility. Furthermore, the microspheres obtained
may have rapid drug release. Oil-in-oil (O/O) emulsions
can be created by substituting organic solvents for
the exterior aqueous phase in the solvent evaporation
technique. Because the drug is soluble in the external oil
phase, this could increase encapsulation effectiveness
and drug release behavior®. Based on the current number
of studies being done by experts from all over the world,
it is clear that microsphere release rates are affected by
a lot of different things. The quality of the microspheres
createdis heavily influenced by the processing parameters
utilized during preparation, in addition to the type of
polymer used. The release of a drug from the system is
influenced by properties such as size and density, matrix
structure, which includes the surface and internal areas,
drug encapsulation efficiency, and drug distribution. As
a result, scientists have been investigating the many
preparation circumstances that could affect the above
properties''. Several articles have looked at how solvent
removal techniques affect poly-(DL-lactide-co-glycolide)
(PLGA) microspheres. The way and speed of solvent

removal, such as the temperature gradient and the
dilution of the continuous phase methods, affected how
the microspheres were made on the inside'".

In recent years, the preparation of polymeric
microspheres has been widely reported using a
microencapsulation technique based on the emulsification
solvent evaporation process. One of the main problems
with the solvent evaporation method is that it can take a
long time to remove the solvent. This cantake upto several
hours. As aresult, many academics have investigated ways
to shorten the time it takes for the solvent to evaporate.
Althoughincreasing the temperature reduced the required
preparation time, there were several drawbacks: the
total weight recovered fell; the size distribution changed
toward the bigger size; drug loading efficiency declined,
and the morphology became rougher. As a result of the
uncontrollable acceleration of the solvent evaporation
rate, the quality of the microspheres for controlled
drug release has deteriorated™. In the manufacture of
PLLA or PDLLA microspheres loaded with hydrophobic
active ingredients such as progesterone and lidocaine,
dichloromethane solution (DCM) and polyvinyl alcohol
solution (PVA) have commonly been used as a solvent
and stabilizing agent of the suspension, respectively'.
The microencapsulation by solvent evaporation strategy
in microsphere planningis a difficult procedure thatcan be
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influenced by a variety of procedure parameters, such as
the solvent evaporation rate'®'4, temperature''”, polymer
solubility, emulsion phase of drug and excipients®9:20,
dispersion stirring rates?%22, porosity, solubility, viscosity,
surfactant amount, the volume of inner and outer
phases and volume ratio?®*#drug?*?. The delivery of
active ingredients such as narcotic antagonists, local
anesthetics, steroid hormones, anticancer drugs, and other
peptides has already been thoroughly investigated using
microspheres, which are composed of a drug dispersed
in a spherical polymer matrix. The oil-in-water emulsion-
solvent evaporation method was used to integrate
nifedipine, a calcium-channel blocking drug, into poly
(DL-lactide-co-glycolide) microspheres?:. The temperature
at which the microspheres were prepared had an impact
on their formulation and properties. Some authors have
previously focused on and reported on the microsphere’s
base diameter and size distribution breadth! 1518 particle
shape'®'5, porosity' and drug loading''. There are many
advanced fields where polymer microspheres have
been used because they have a lot of surface area and
can be recycled easily. They also cost less than other
materials and can be reused. Accordingto the presence or
absence of networked structures, polymer microspheres
can be classified as linear microspheres or crosslinked
microspheres; they can also be split into hydrophilic and
hydrophobic polymer microspheres based on their affinity
for water. Hydrophobic linear polymer microspheres are
the focus of current research?.

The size of the microsphere, encapsulation
effectiveness, and rate of drug release are all influenced
by the polymeric membrane. In matrix or coating
systems, ethylcellulose was used as a non-swellable,
insoluble component. When ethylcellulose is employed
as a polymer, it generates microcapsules that are stable,
pH-independent, and have a long release time®. The
manufacturing of microcapsules was completed in this
article by using solvent evaporation to solidify the emulsion.
The microdroplets, also called the emulsion phase, are a
mixture of an organic solventand a polymeric material that
is used to encapsulate the medicament. The quaternary
ammonium product, which is used as a virucide?', is
encapsulated. There was only one report instituted here,
in which the influence of temperature on microspheres
was studied using a polymer (ethylcellulose). In this way,
the goal of this investigation was to see how the impact of
preparation temperature on ethylcellulose microspheres
andtheir properties differed depending on the temperature.
The microspheres were manufactured at three different
temperatures: low, room and high, where more apparent
impacts were expected. particle size, morphology, drug
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dissolution study, and release kinetics were all used to
look at the microspheres that were made.

MATERIALS AND METHODS

Materials

Cipla, Ltd., Mumbai, India, provided indinavir sulfate as
a gift. CDH Pvt. Ltd. in New Delhi, India, supplied paraffin
liquid lightand ethylcellulose. SD Fine Chem. Ltd, Mumbai,
India, provided Span 80. All the other chemicals obtained
from the authorized dealer were analytical grade®2°.

Methods

Experimental design

Factorial designis one method for studying the impact
of a factor on the quality-determining parameters of any
formulation. Under the direction of a plan of examinations,
this structure was employed to investigate the impact
of autonomous elements. An experimental design is
employed in this study to optimize the preparation
temperatures and mean particle size, which are specified
as factors X, and X, and learned at three levels each.
The number of experiments necessary for this study
is determined by the number of independent variables
used. Each study used the % of entrapment efficiency

(Y,) and the percent total drug release (TDR) after 4 h of
indinavir sulfate (Y,). Table | shows the variables, with X,
having the most impact. X, the average result of altering
one element at a time from a low to a high number. The
reaction is described by the expression “X,X,” when two
elements change at the same time?%3031,

Microsphere preparation

The microspheres were made in a liquid paraffin
solvent system and emulsified using a solvent evaporation
emulsification process. The rate of increase in temperature
of the water bath was used to control the pace of solvent
evaporation. Using a magnetic stirrer at 500 rpm,
ethylcellulose (1500 mg) and indinavir sulfate (500 mg)
were dissolved in an acetone-methanol mixture (10:1
ratio) for about 5 min (Remi Equipments, Model 2MIH).
The resultant dispersion was placed into a 250 mL beaker
containing 100 mL liquid paraffin light and 2 % Span 80
mixture while being put forward at constant temperatures
of 10 °C, 25 °C, and 40 °C. Initially, a disc blade [4 cm in
diameter] with a mechanical stirrer (Remi Motors, Model
No.RO-123R, Mumbai) was used and rotated at 750 rpm,
and the formulation of microspheres was continued at
temperatures (10 °C, 25 °C, and 40 °C) for 4 to 5 h until
complete evaporation of acetone and methanol was
achieved. Each formulation was rinsed with cyclohexane
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after the microspheres were filtered using Whatman No.
1 filter paper, and then it was dried at room temperature
for 24 h. Microspheres were produced in triplicate for
each of the different temperature ranges. Except where
otherwise stated, all microsphere characterization studies
were conducted using one-day-old samples®2-%,

Particle size analysis

The size of the microspheres was evaluated using
conventional ASTM sieves [American Society for Testing
and Materials]. A sieve setwas used with sieve apertures
of [1000 pm, 710 pm, 500 pm, 355 pm, 250 ym, and
180 pm] and a nest of sieves ranging from # 16 to # 80
mesh. A mechanical sieve shaker was used to sift the
samples for 20 min each time (Cuprit Electrical Co. India).
The particles kept on each sieve were weighed at this
point, and the % held on each sieve was calculated. A
histogram of the % weight held against the particle was
plotted, and the mechanical sieve shaker was used to sift
the particles for 20 min . The particles held on each sieve
were weighed at this point, and the percentage held on
each sieve was calculated. The % weight held against
the particle is shown as a histogram (Fig. 2)%-°.

Yield % of microspheres

After drying in a hot air oven, the prepared
microspheres were weighed. The total theoretical mass
ofallthe components used in the microsphere formulation
was divided by the mass of the obtained microspheres
in that batch and multiplied by 100.

Weight of obtained microspheres (g)

Yield % =
teld % Theoretical weight of the microspheres (g)

(1)

Drug encapsulation efficiency

By extracting it in triple-distilled water, the
concentration of indinavir sulfate in the microspheres was
measured. 50 mg crushed and powdered microspheres
were combined with 2 mL acetone, extracted with 50 mL
triple distilled water, and agitated for 24 h on amechanical
shaker. The solution was separated using Whatman
No.1 filter paper, and the amount of indinavir sulfate was
quantified by utilizing a UV-Visible spectrophotometer
at 259 nm [Elico, SL159] following appropriate dilutions.
From the measured optical density data, the drug content
and entrapment efficiency were determined (Table [11)#244,

Experimental drug content

D t t ici %) =
rug entrapment ef ficiency (%) Theoretical drug content




Table I: Formulation characteristics of experimental design layouts

Independent variables Dependent variables
X1 X2 Y1 Y2

Preparation temperature Mean particle size Entrapment efficiency (%) % TDR at 4 h
Coded levels

Low level Middle level High level
-1 0 +1
Preparation temperature
| 25 °C |
Mean particle size
| 423 |

Table II: Summary of results of regression analysis, formulation

Drug entrapment efficiency (%)

Response (Y1) Bo B1 Bz B12 ﬁ11 Bzz
Coefficient +89.8303 | +2.31857 +2.305 -0.166687 | -0.226667 | +0.3575
P Value < 0.0001 < 0.0001 < 0.0001 +0.0177 +0.0203 +0.0070
TDR After 4 h (%)

ReSponse (Yz) Bo B1 Bz B12 Bn [322
Coefficient +81.6275 | -7.90024 -8 -1.22564 -1.66667 -3.84971
P Value +0.0001 < 0.0001 < 0.0001 +0.0177 +0.0203 +0.0023

Table lll: Physical characteristics of the microspheres

Mean Bulk Tapped Entrapment
particle size density density Yield (%) * efficiency
(pm)* (gmLh)* | (gmL7)* (%) *

F1 266.86 +4.5| 0.48+0.06 | 0.69+0.04 | 97.15+2.35 | 85.2+0.72 1.42 + 0.05
F2 423.30+5.3 | 047 +0.05 | 0.52+0.03 | 95.10 £ 1.86 | 90.49 + 1.02 1.11 £ 0.04

F3 518.34 +7.2 | 0.47+0.03 | 0.50 +0.04 | 90.95+1.58 | 94.42 +0.9 1.05 + 0.07

Packing
factor*

Formulation
code

*Mean of triplicate data specified (n=3 + SD)

Table IV: Various parameters of the model equations of the in vitro release kinetics

Formulation Zero First . . Hixon Korsemeyer- Release
Higuchi
code order order Crowell Peppas exponent Best fit model

r2 n
F1 0.995 0.976 0.990 Zero order
F2 0.995 0.955 0.995 Zero order
F3 0.995 0.900 0.971 Zero order

(r2 = correlation coefficient, n = release exponent)
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Fig. 1: Interaction and contour response surface plot and 3D graph display the influence of different preparation
temperatures and mean particle size (um) on entrapment efficiency (%) (A, B & C) and % DR after 4 h (D, E & F) mean

of triplicate data specified (n= 3 + SD)
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% wt fraction retained

F1 10°C F2 25°C F3 40°C
Name of the different formulations

B Sieve22 B Sieve30 BSievedd OSieveB0 B Sieved0

Fig. 2: Percentage of weight retained mean of triplicate data specified (n= 3 + SD)

o b

8088 20kU  Soum

Fig. 3: SEM before dissolution, photographs of microspheres ware obtained at temperatures of, a-10 °C,
b-25 °C, c-40 °C at 50x magnification, and d-10 °C, e-40 °C at 500x magnification and after
dissolution f-25 °C at 2000x magnification
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Fig. 4: FTIR spectra of drug indinavir sulfate (a) and ethylcellulose
microspheres at 10 °C, 25 °C, and 40 °C (b), (c) & (d) scanned from
4000 cm™ to 400 cm™ at the resolution 2 cm™
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Scanning electron microscopy

A scanning electron microscope
(SEM) (JEOL JSM 5200) was used
to figure out the shape and surface
parameters of microspheres. Before
the investigation, the microspheres
were positioned on the metallic
support with a thin, sticky tape, and
the samples were carbon-coated and
spattered with gold [Fine coat, ion
sputter JFC-1110] under vacuum to
make them electron conductive, and
14 kV was the accelerating voltage.
Photomicrographs of drug-loaded
microspheres before and after
dissolution were taken (Fig. 3)%58.

Fourier Transform Infrared
Spectrometry studies

Fourier transform infrared
spectroscopy (FTIR) JASIO [Model
No.410] was used to record the
spectra of whole drug and drug-loaded
microspheres. The produced samples
[2 mg sample in 200 mg KBr] were
held open using KBr discs. Indinavir
sulfate, pure drug, and ethylcellulose
microspheres were scannedinan FTIR
spectrophotometer from 4000 cm™' to
400 cm* with a resolution of 2 cm™ and
evaluated for any shifts in functional
peaks*®-st,

Indinavir sulfate release studies

The indinavir sulfate release
kinetics were determined using the
United States Pharmacopeia (USP)
dissolving mechanical assembly (LAB
INDIA, DISSO-2000, Mumbai, India)
under sink conditions. Microspheres
(100 mg) were precisely weighed and
distributed intriple distilled water before
being swirled at 100 rpm at 37 °C for
up to 100 percent DR. The whole DR,
samples were obtained at 30, 60, 90,
120, 150, 180, and 210 min, and the
concentration of indinavir sulfate was
measured spectrophotometrically at
259 nm. Using a regression equation of
the calibration curve, the concentration
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Drug release %

RESULTS

Experimental design

From the 3D graph, it was concluded
that as the preparation temperatures
declined from 40 °C to 10 °C, the mean
particle size diminished, and due to the
creation of small particles, the entrapment
efficiency also diminished. The following
is the polynomial equation for factorial

3
Time (hr)

designs.

Y =By + By X+ By X, + By, X, X, + B X2

Drug release %

——F1 10°C
—=—F2 25°C
F3 40°C

+ Bzz X22 3)

The phrase “X X,” describes how
the reaction varies when both elements
change at the same time. Each trial’'s
response (Y)ismeasured as a dependent
variable, and the % of entrapment
efficiency (Y,)andthe % of TDRat4‘h’ (Y,)
were used. After evaluating the amount of
the coefficient and the mathematical sign
it bears, the polynomial equations can be

3
Time (hr)

employed to conclude (i.e., positive, or
negative). The Design of Expert version
13 was used to examine the data. The R?

Fig. 5: Microsphere release profile in vitro at various temperatures (a),

and drug release up to 60% (b)

of indinavir sulfate in test samples was adjusted and
estimated®2-%,

Release kinetics studies

Different kinetic models, such as Korsemeyer-
Peppas, Higuchi, and Hixon Crowell, firstand zero-order,
were used to investigate drug kinetics release. Data from
in vitro DR measurements were put into different kinetic
models to assess the release kinetics. Higuchi’'s model
as a total % of drug discharged vs time in square root,
first-order as a log total % of drug remaining vs time,
and zero-order as a total % of drug discharged vs time.
The assessment of the correlation coefficient, which was
close to ‘1’, confirmed the best-fit model*'. The data was
introduced to find the best model. The mechanism of
release pursues “Fickian diffusion” if “n” for (sphere) is
0.43 or less, and upper estimates of 0.43-0.85 for mass
transport follow a non-Fickian (anomalous transport)
model. If the ‘n’ value is 0.85, case Il transport and DR
will follow the Higuchi model. The mechanism of DR
is seen as super case Il transport for estimates of ‘n’
greater than 0.85%¢%.

36

values of 0.9998, and 0.9990 for the % of
entrapment efficiency (Y,) and the % of
TDR at 4 ‘h’ (Y,), respectively, indicate a
high connection between dependent and

independent variables. Because the response variables
were significant (p < 0.05), there was no need to create
reduced models. The terms having a P value of less than
0.05 were judged statistically significant and kept in the
entire model. According to the results of ANOVA (Table
1), the F values for % of entrapment effectiveness (Y,) and
% of TDR after 4 ‘h’ of indinavir sulfate (Y,) were 2546.49
and 577.21, respectively. For all dependent variables,
calculated F values were larger than tabulated, indicating
that the factors chosen had substantial effects. Multiple
regression analysis revealed that both covariates had a
statistically significantimpact on all dependent variables,
with a p < 0.05 significance level.

Full model for the % entrapment efficiency

Fig. 1a, 1b, and 1c show the interaction, contour
plot, and response surface plot for the % of entrapment
efficiency, revealingthatanincrease inthe % of entrapment
efficiency was found with increasing preparation
temperature (X,) and mean particle size (X,). There was
no evidence of interaction or nonlinearity. The significant
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levels of coefficient B, B,, B,, B,,, B, and B,, had a P-value
less than 0.0500 for the % of entrapment efficiency. At p
< 0.05, the coefficient was judged to be significant. The
following was the modelforthe % of entrapment efficiency:

Entrapment efficiency = 89.8303 + 2.31857 * X, + 2.305
* X, +-0.166687 * X, X, +-0.226667 * X,? + 0.3575 * X 2
(4)

Full model for % TDR at4 h

The interaction, contour plot, and response surface
plot for % TDR after 4 h (Y,) are shown in Fig. 1d, 1e,
and 1f, respectively, and demonstrate that a rising
preparation temperature (X,) and mean particle size (X,)
resulted in a commensurate decrease in the % TDR rate
of microspheres. There was no evidence of interaction
or nonlinearity. The significant levels of coefficient 8, B,,
B,, B, B @and B,, had a P-value less than 0.0500 for
the % of TDR after 4 ‘h’. At P < 0.05, the coefficient was
judged to be significant. The following was the model for
% TDR after 4 h:

TDR % at 4 ‘h’ = 81.6275 + -7.90024 * X, + -8 * X, +
-1.22564 * X, X, + -1.66667 * X2 + -3.84971 * X2

(5)

Particle size determination

Each batch of microspheres was subjected to
sieve analysis. Table Il and Fig. 2, summarize the
results, indicating that preparation temperature has a
significant impact on microparticle size. Microspheres
with a larger average molecule size and a wider molecule
size distribution are generated when a higher planning
temperature is linked. After both emulsion phases (oil
and organic) have been emulsified, the inner solvent
diffuses into the outer, and the solvent evaporates
from the system through the outer oil phase. Higher
preparation temperatures reduce viscosity and raise the
total permeability coefficient of the inner phase solvent,
increasing the charge per unit of solvent removal. Athigher
temperatures, emulsion droplets hardenfaster. They may
not “have time” to be influenced by stirrer shear forces,
which lean to minimize droplets.

Drug encapsulation and yield %

All batches of microspheres were examined for drug
encapsulation efficiency. The encapsulation efficiencies
for F1, F2, and F3 were found to be 85.2%, 90.49 %,
and 94.42 %, respectively. The disparity in encapsulation
efficiency between batches (Table Ill) is comprehensible,
giventhelow solubility ofindinavir sulfate in liquid paraffin®.
It was found that the temperature had a moderate effect
on the microencapsulation efficiency of indinavir sulfate
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microspheres. The yield % of the microspheres F1 and
F2 are higher than that of the microsphere F3, implying
that the production yield of prepared microspheres at low
temperatures is higher than that at high temperatures.

Scanning electron microscopy

SEM micrographs of microspheres were prepared
under different temperature conditions: 10 °C, 25 °C and
40 °C. Some morphological features, e.qg., the diameter,
the shape of particles, and surface characteristics can be
observed (Fig. 3), as comfortably as their dependence
on preparation temperature. When temperatures are
low, particles don’t have a regular spherical shape, but
as temperatures increase, they start to take on a more
spherical shape (Fig. 3a & 3b). Surface properties alter
together with the temperature increase. Particles formed
at 10 °C have a bumpy, wrinkled surface that is adhered
to by smaller slightly irregular particles (Fig. 3a). With
expanding temperature, the surface moves toward
becoming smootherand expandedin size and the particles
more circular (Fig. 3d & 3e).

Fourier Transform Infrared Spectrometry

The FTIR spectra demonstrates that there is no
substantial difference between pure medicament
(indinavir sulfate) and microspheres when utilizing FTIR
spectroscopy at 10 °C, 25 °C, and 40 °C (Fig. 4). The
qualities of unpolluted drug prominent peaks at 3246.31
cm™,3051.13cm™, 2960.26 cm™, 1681.98 cm™, 1548.89
cm™,1496.30 cm™, 1392.65 cm™, 1300.07 cm™, 1220.98
cm,and 1120.63 cm corresponding to OH stretching, NH
stretching of secondary amine, C—H stretching (-C=CH),
C-H stretching (CH,), C-H stretching (asymmetric),
C—-H stretching (symmetric) and C=0 stretching stayed
unaltered contrasted with microspheres. ltwas concluded
that there was a compatibility between the medicament
and the polymer.

Drug release behavior

The mean particle diameter and distribution breadth,
the porosity of the particles, and the homogeneity of
medicament spreading inside microparticles all influence
the DR from microspheres. When in vitro DR data from
different formulations were looked at, it was seen that
formulations made at a higher temperature of 40 °C had
a sustained drug release than formulations made at a
lower temperature of 10 °C (Fig. 5). The mean particle
size of the microspheres was not as large at a lower
handling temperature as it was at a higher preparation
temperature (Fig. 2). The drug-filled microspheres were
released in a sink state in a USP dissolution apparatus
(LAB INDIA, DISSO-2000, Mumbai, India) that rotated
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at 100 rpm at 37 °C. The collected products were tested
using UV-Visible spectroscopy at 259 nm. The global
temperature essence, as well as the drug delivery profile,
were established. Changes in surface area due to particle
surface roughness and porosity result in differences in
release profiles. One may argue that particle surface
properties are more important than particle size, based
on the comparability of dissolution profiles from whole
samples and size fractions.

Release kinetic modeling

To determine the best release model represents the
DR model, in vitro release data was substituted in many
models, such as zero and first-order, Higuchi, Hixon
Crowell, and Korsemeyer Peppas’s kinetics models.
Table IV lists the release profiles that correspond to the
model. The highest regression found was the zero-order
equation (0.995). The Korsemeyer-Peppas equation for
the sphere was used to explain the DR mechanism. The
slope (n) estimation was determined and observed to be
F2 (0.381) and F3 (0.345), both of which are less than
0.43, indicating Fickian diffusion, and ‘n’ data of F1 (0.446)
which is between 0.34 and 0.85, indicating non-Fickian
anomalous transport.

DISCUSSION

The solvent evaporation method used to make
solidifying microspheres and the rate at which the solvent
is removed affect how the microspheres appears. In this
study, the heating rate of the system was increased to
control how fast the solvent evaporated and how it was
reflected in its properties. Different variables have been
studied, and based on the experimental design, it was
found that all the dependent variables depend on the
chosen independent variables and vary a lot between
the 3 batches (F1 to F3)%. At 40 °C, solvent removal is
fastand, as a result, the droplets were subjected to stirrer
shear pressures prior to solidification for a shorter period.
Consequently, in the primary emulsion, the droplet size
distribution reflects the microspheres’ size disseminationin
the wake of joining both emulsion phases. The increased
coalescence with higher preparationtemperatures was the
primary cause of the microspheres’ increased size. ltisin
this light that the unusually wide molecular dispersion in
these circumstances can be justified. However, atalower
temperature, 10 °C concentrated emulsification is more
likely to occur, resulting in little beads with a uniform size
distribution'3%°, Due to the influence of emulsion stabilizer
incorporation, the temperature had a moderate effect on
the microencapsulation efficiency. The overall fabrication

process’s net solvent removal rate from microspheres
and the production of microsphere shells caused the
microsphere’s diameter to shrink because of solvents
diffusing out through the trunk of the microsphere. The
quick hardening of polymers, which leads to a denser
outer layer, has been said repeatedly to make loading
more effective. Many things can cause the polymer to
solidify quickly, such as a higher solvent removal rate,
a higher polymer concentration, or a lower dispersed
phase to continuous phase ratio. Drug encapsulation
should work well because microspheres made at high
temperatures (like 40 °C) quickly harden and form a thin,
dense skin. In summary, solvent elimination happens
quickly, and microspheres harden practically instantly
at high temperatures. Consequently, high-temperature-
produced microspheres have a lower density, a porous
interior structure, a larger mean size, and a wider size
distribution'®. The effect of temperature on molecule
shape can also be explained by the rate of solvent
expulsion and variation in the continuous form. It may be
due to microspheres isolated from liquid paraffin at 10
°C because the dispersion was so sticky. High viscosity
is also the cause of the unorthodox configuration of the
microspheres formed at 10 °C. Considering the slower
elimination of solvent from the inward phase, the polymer
solution (droplets) changes gradually into anincreasingly
thicker stage, where a droplet is entirely vulnerable to
mechanical strain. At the point when the mixing paddle
hits the emulsion bead, it distorts it, but a sporadic shape
normally rapidly changes into a thermodynamically ideal
circular shape. Nevertheless, when the viscosity is high,
the process is slow, and solidification may occur while
the highly viscous droplet is deformed. As a result,
microspheres are hardening in an unusual pattern'':2,
The FTIR data showed that the positions of the different
absorption bands and the bonds of the different functional
groupsinthe medicament made at differenttemperatures
did not change. These results strongly suggest that the
drug doesn’t change much from its original form during
the preparation process and that the drug and excipients
don’tinteract during the encapsulation process®¢'. Due to
theirsmall size and uneven, rough, and wrinkled surfaces,
which gave them a large surface area for faster DR, DR
frommicrospheres made atalowertemperature was faster
thanthatfrom microspheres made ata highertemperature.
This conclusion fits with the general rule, which is that
microspheres’ small size gives them a large surface area
as well as lesser thickness for faster DR5°%"62, By looking
at all the release kinetics, or the pattern of drug release,
the process of diffusion can be seen®364,
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CONCLUSION

Utilizing the solvent evaporation technique, effective
indinavir sulfate microspheres were formulated. All
formulations’ yield and entrapment efficiency were
excellent. Resolution of the effects of the preparation
temperature on a few characteristics and indinavir
release profiles of ethylcellulose microspheres, as well
as how the sphericity of the microspheres was affected.
The mean particle size of the microspheres was seen to
rise at high preparation temperatures because of quick
solvent evaporation and an extension of the dissolution
time. The sluggish creation of microspheres with a rough
surface and structure at low preparation temperatures,
however, resulted in a decrease in the mean particle
size of microspheres, which decreased the dissolution
time. It has been discovered that microspheres created
at room temperature have the ideal particle size. The
obtained results indicate that preparation temperature
greatly influences microsphere formation, resulting in
differences in their structure (size and shape), solvent
removal rate, and encapsulation efficiency, which in turn
alter the overall release patterns of the microspheres. It
was determined through the evaluation of the release
kinetics that the DR from ethylcellulose microspheres
complied with zero-order. A steady release mechanism

was suggested for the DR of microspheres.
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