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Microspheres, a potential drug delivery approach, has opened a new era for attaining
versatile release patterns needed. By optimizing the formulation variables, they can be prepared
to obtain targeted release, immediate release, sustained release patterns. The release of the
active drug material depends upon a number of formulation parameters such as polymers,
stirring speed (rpm), methodology, surfactants, etc. Fexofenadine hydrochloride (HCI) is a second
generation antihistamine. Our present research has explored the effects of using different rpm
(600- 1000 rpm) in preparing fexofenadine hydrochloride (HCI) microspheres by emulsion
solvent evaporation method. The formulation is aimed to provide sustained release for the
required long period with a high margin of safety. We used a blended mixture of Hydroxy
Propyl Methyl Cellulose (HPMC) K 100 MCR and Eudragit RL100 polymers to have sustained-
release microspheres. The impact of different rpm on Yield, drug encapsulation efficiency, flow
properties, and dissolution pattern were appraised. We observed the release of the drug for
10 hours in phosphate buffer (pH 6.8) and evaluated the drug release spectrophotometrically.
Our study finds that the release of fexofenadine HCI from the microspheres was significantly
increased with drug loading. We found the dosage forms to follow Higuchi release kinetics
and Hixson-Crowell release kinetics the most, indicating successful achievement of sustained-
release pattern in the dosage form. The change in drug release rate was statistically significant
for variation in the stirring rate. We found that 600 rpm was the most optimized stirring rate
for preparing microspheres in the emulsion solvent evaporation method.
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The microsphere dosage form is one of  drug delivery options minimizing the side effects
the most potential novel drug delivery systems, and maximizing the convenience. 7 Microspheres
and it has opened a new era for individualized formulations can be designed in a variety of
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approaches depending on the purpose, such as
targeted release, immediate release, sustained
release, and so on. 31 The diameter of the
microspheres ranges from 1 micrometer to 1000
micrometers. '''* Microspheres can contain 10-
90% w/w active or core ingredient in general. The
solvent-evaporation is the most frequently used
method for microsphere dosage form preparation
1416 In this method, a solution of drug and a
combination of polymers is emulsified with another
solvent with the help of an emulsifying agent,
and the formulations are prepared with different
stirring speed (RPM) in an overhead stirrer.
1799 The stirring rate of 400-1200 rpm is usually
used for microsphere preparation in the solvent
evaporation method !'618202!1 The stirring rate
(RPM) determines the shape, morphology, surface
structure, drug entrapment, and drug release**>%.
Therefore, it is a crucial formulation variable to be
optimized to obtain the best quality microspheres.
In our present study, we have explored the effects
of using different rpm (600 -1000 rpm) on the
characteristics of microspheres of Fexofenadine
HCI. It is a second-generation H, receptor
antagonist. 22 The non-sedating antihistamine
drug is extensively prescribed in seasonal allergic
rhinitis, chronic urticaria, and other allergic
diseases.?*?’ It belongs to biopharmaceutical
classification system (BCS) class 111, i.e., it has
low absorption and high solubility profile. '**
Arefin et al. used polymers HPMC K 100 MCR and
Eudragit RL 100 to sustain the drug to have better
absorption and increased bioavailability. They
found the polymers compatible with this drug by
Fourier Transform Infrared (FTIR) Spectroscopy
and Differential Scanning Calorimetry (DSC). '3
In this research, we have used polymeric blends of
HPMC K100M CR and Eudragit RL100 to prepare
Fexofenadine HCl sustained-release microspheres
at different rpm to optimize the rpm for this dosage
form. Due to the long half-life (14.4 hours) of the
drug, the low polymer contents have been used
to balance the sustaining effect and long half-life
properties.

MATERIALS AND METHODS
Materials

HPMC K100 M CR and Eudragit RL
100 were used for sustaining the drug release

which were collected from Evonik Industries,
Germany. Other formulation ingredients like
ethanol, n-hexane, sorbitan monooleate, light liquid
paraffin, potassium dihydrogen phosphate and
dipotassium hydrogen phosphate were collected
from MERCK, Germany.
Methods
Formulation of microspheres

Fexofenadine HCI sustained-release
microspheres were prepared using the “emulsion-
solvent evaporation technique”. Ethanol and
Span80 were used as solvent and emulsifying agent
respectively.'?
Formulation design

Five batches of fexofenadine HCI
microspheres were formulated in total with a batch
size of 900 mg, designated as DF1 to DF5. The
detailed design is presented in Table 1.
Characterization of fexofenadine HCI
microspheres
Production yield

The Yield (%) was determined by was
calculated by the formula *:

Yield (%) = [ Weight of microspheres in grams /
Weight of total materials added ] x 100

Determination of drug entrapment efficiency

A glass mortar-pestle was used for
crushing a precise amount of 10mg microsphere.
The crushed amount was taken in 10ml phosphate
buffer with pH 6.8. The solution remained in
rest for 24 hours period. Then it was filtered,
and after that, the filtrate was examined in UV
spectrophotometer for active drug content. The
drug entrapment efficiency was determined by the
formula »-°:

Entrapment efficiency (%) = [Calculated drug
concentration / Theoretical drug concentration ]
x 100

Micromeritics study

Carr’s compressibility index and Hausner
ratio were used as the determining tool for flow
properties. Bulk density and tapped density were
calculated using a volumetric cylinder. In the range
of 5-10, 1.00-1.11, and 25-30, respectively, the
Carr’s Compressibility Index, Hausner Ratio, and
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Angle of Repose value suggest the particles have
excellent flow properties. '*%
Assessment of surface structure

For the proper perception of the surface
structure, morphology, or shape, the scanning
electron microscope (s-3400N, Hitachi) was used
under different levels of magnification. The impact
of the concentration of polymer and the shape,
integrity, active agent release from the microsphere
was interpreted by this study.*'*2
In vitro dissolution study of microspheres
containing Fexofenadine HCl

In vitro release pattern of the active agent
from the microspheres was evaluated using Type
II dissolution apparatus (Copley DIS 800i) .°!33!
The dissolution was performed in pH 6.8 to feign
intestinal fluid with Phosphate Buffer Solution
(PBS) at a controlled temperature of 37°C. The
release pattern was observed for 10 hours. 10
ml dissolution sample was collected with a one-
hour interval up to 10 hours, but the first one was
withdrawn after 30 minutes.**!** The absorbance
of the solution was measured at 259nm in a UV
spectrophotometer (UV-2700i-Shimadzu).'*-*

Data analysis

The in vitro release pattern and kinetics
were determined by various kinetic models.
Whereas the zero-order rate indicates that release
rate does not depend on its concentration, the first
order designates the concentration-dependent
release. ' Higuchi (1963) defined the release as a
square root of the time-dependent method based
on Fickian diffusion. The Hixson-Crowell law
has shown the release pattern where there is an
alteration in the surface area and radius of drug
particle . 17"
Successive fractional dissolution time

The dissolution time, T,,,, T, T, and
MDT were evaluated.
Statistical analysis

One-way analysis of variance (ANOVA)
followed was done.*

RESULTS AND DISCUSSION
Yield and Drug Entrapment Efficiency (DEE)

As the RPM increased, the yield value
for the formulations decreased accordingly. The
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Fig. 1. Comparison of yield (%) value and Drug Entrapment Efficiency (%) of formulation DF1-DF5
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100% yield (%) values were not achieved probably
due to materials loss or evaporation of the solvent.
A yield value greater than 100% was achieved,
perhaps due to incomplete washing and drying
of the microspheres. Figure 1 indicates that, for
microspheres (formulations DF1-DFS5) prepared
with HPMC K100 M CR and Eudragit RL 100
at different rpm, the Yield (%) decreases with an
increase in the rpm. Figure 1 indicates an opposite
relationship between the DEE and the RPM. The
bar diagram displays that the DEE decreases as
RPM increases. The maximum DEE is 97.57% for
DF1 (600 RPM), and the minimum DEE is 79.84%
for DF5 (1000 RPM).

Impact of RPM change on Yield (%)
and Drug entrapment efficiency (%) using Simple
Linear Regression Model (Level of significance,
0.05) was analyzed. Table 2 statistically shows
that, with an increase in the stirring rate (rpm)
by 1 rpm, drug entrapment efficiency decreases
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by 0.030260%. P-value has been observed to be
0.00708 for formulations DF1-DF5, which is less
than 0.05. So, the effect of the change in stirring
rate (rpm) on Yield (%) is statistically significant.

Table 2 also indicates that, for DF1-DF5,
the drug entrapment efficiency (%) decreases
with an increase in the rpm. With an increase in
the stirring rate (rpm) byl rpm, drug entrapment
efficiency decreases by 0.046960 %. P-value is
0.00369 (level of significance 0.05) for formulations
DF1-DF5 which is less than 0.05. Therefore, the
change in stirring rate (rpm) on drug entrapment
efficiency is statistically significant.
Results of Micromeritics Study

The flow property of the microspheres was
evaluated based on bulk density, tapped density,
Carr’s compressibility measure, Hausner ratio.
Surface Morphology Study

Table 3 indicates that the formulations at
different rpm exhibit good to fair flow properties.

Table 1. Formulation Design of microspheres prepared at different RPM

Formulation Drug to Drug HPMC K Eudragit RPM
Polymer ratio (mg) 100 M CR (mg) RL 100 (mg)

DF1 1:1 450 300 150 600

DF2 1:1 450 300 150 700

DF3 1:1 450 300 150 800

DF4 1:1 450 300 150 900

DF5 1:1 450 300 150 1000

Table 2. Impact of RPM on the Yield and Drug
Entrapment Efficiency (DEE)

DF1(600 rpm) showed the best texture and
flowability, whereas the most unexpected flow
properties were indicated by DF5 (1000 rpm).

Variable used ﬁzfgziﬁ? P-value Figure 2 reveals the combined effect of
HPMC K100 M CR and Eudragit RL100 at 600
Yield (%) -0.030260 0.00708 rpm on the texture of formulations. The particles
DEE (%) -0.046960 0.00369 were spherical, and the surface was not rough.
Table 3. Micromeritics study of DF1-DF5
Formulation  Bulk Density Tapped Density Carr’s Compressibility Hausner

(gm/ml) (gm/ml) Index Ratio

DF1 0.10 0.11 11.76 1.13

DF2 0.10 0.12 12.24 1.14

DF3 0.11 0.13 15.56 1.18

DF4 0.11 0.13 15.79 1.19

DF5 0.10 0.12 16.98 1.20
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Figure 3 reveals the combined effect of HPMC
K100 M CR and Eudragit RL100 at 1000 rpm on
the morphology of the microsphere. The shape
of the microspheres is not well-defined, and the
surface of the particles is highly rough. As the rpm
increases, the surface becomes rougher and more
porous.

Dissolution and Kinetic Studies

The dissolution study of microspheres
of Fexofenadine HCI] was done in USP Type II
dissolution apparatus (Copley Scientific DIS6001).
The data of dissolution studies are described in
five different segments. Microspheres prepared
at different rpm (600 rpm,700 rpm,800 rpm,900
rpm,1000 rpm) and various kinetics suitability
were examined for the data for investigating their
release pattern.

Successive fractional dissolution time of DF1-
DF5

Successive fractional dissolution
times of five formulations of Fexofenadine HCI
microspheres were calculated and presented in
Figure 5. T,,, , T50,,, T80, and MDT values were
evaluated to interpret the release pattern of drug
from the formulations and the retentive efficiency
of the polymers.

DF1 was the batch of Fexofenadine HCI
microspheres prepared at 600 rpm. The rate of drug
release ( %) after 1 hour, 5 hours, and 10 hours
was 29.81%, 57.75%, and 89.06%, respectively.

microspheres prepared at 600 rpm (Magnification at
X75 SEI)

Higuchi(R?=0.985), Korsmeyer-Peppas(R?>=0.996),
and Hixson-Crowell (R?>=0.980) were the best-
fitted model for DF1, and the release mechanism
was non-Fickian type (. Table 4 shows that, for
DF2 (prepared at 700 rpm) and DF3 (prepared at
800 rpm), R?value shows that the best-fitted model
was Higuchi and Hixson-Crowell and the n value
indicates the release mechanism following non-
Fickian transport. For DF4 (prepared at 900 rpm)
and DFS5 (prepared at 1000 rpm), the most suitable
model was Higuchi (R>=0.981), and they also
followed the Quasi-Fickian transport mechanism.
So, it can be inferred that all of these formulations
have a sustained release effect, but with an increase
in rpm, the sustaining effects decrease. Analysis
of the impact of different rpm on the duration for
50% of drug release (T, ) at 95% confidence level
indicates that the impact is statistically significant.
AS inall ca

The duration expected for 50 % of drug
release (T50 percent) for microspheres DF1-
DF5 decreases with a rise in rpm. Statistically,
it indicates that T50 % falls by 0.003853 hours,
increasing the stirring speed (rpm) by 1 rpm.
Given the significance level of 0.05 for DF1-
DF5 formulations, the P-value was calculated to
be 0.001133. This shows that the value of P is <
0.05. Therefore, it can be inferred that there is a
statistically significant influence of the stirring
speed (rpm) on T50 %.

20KV 1130 SEI

X100 100pm

Fig. 3. Scanning electron Microscopy of DF5
(1000 rpm) (Magnification at X100 SEI)
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Table 4. Drug release kinetics of formulations DF1-DF5

739

Formulation Zero First Higuchi Korsmeyer Hixson
Order Order Peppas Crowell
K, R K R? K, R n K, R K, R
DF1 7.725 0953 -0.196 0.960 27.17 0985 0450 0292 0.996 0.216 0.980
DF2 7.904 0946 -0.218 0.957 279 0985 0434 0313 0963 0.232 0.979
DF3 8.102 0945 -0.251 0.927 28.6 0983 0.423 0.329 0956 0.253 0.970
DF4 7961 0916 -0.289 0.899 2849 0980 0369 0382 0951 0.272 0.960
DF5 7.874 0.898 -0.346 0.764 2846 0981 0353 0405 0963 0.290 0.926
—T725% optimized for obtaining microsphere formulations
T50% with desired properties.
T80%
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CONCLUSION

The findings of our study indicate that the
stirring significantly affects the surface morphology
and flow properties of the microspheres. The study
demonstrated that the rpm also has significant
effects on the release pattern of the drug from the
microsphere dosage form, and its optimization is
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