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Abstract

During the study repaglinide encapsulated floating microspheres were formulated and characterized
for enhancing residence time of drug in git and thereby increasing its bioavailability. Floating
microspheres of Eudragit RL100 loaded with repaglinide were prepared by solvent evaporation
technique. During process optimization various parameters were studied such as: concentration of
polymer and concentration of emulsifier. Selected optimized formulation was studied for scanning
electron microscope (SEM), entrapment, floating behaviour, drug release and kinetics. In-vivo
floating ability (X-ray) study and in-vivo antidiabetic activity were performed on alloxan induced
diabetic rats. Microspheres prepared with different concentrations of polymer were spherical shaped
with smooth surface. Size of microspheres was in the range of 109.3 - 241.0 um. Good entrapment
and buoyancy were observed for more than 12 hr. X-ray image showed that optimized formulation
remained buoyant for more than 10 hr. Optimized formulation treated group shows significant (p <
0.01) reduction in blood glucose level as compared to pure drug treated group. Repaglinide loaded
floating microspheres expected to give new choice for safe, economical and increased bioavailable
formulation for effective management of diabetes mellitus.

Keywords Repaglinide, Eudragit RL100, Floating microspheres, Solvent evaporation technique.

Introduction

The majority of the traditional oral drug delivery systems have few impediments which are mainly
associated to gastric residence of dosage form.! Control drug delivery systems aimed not just to
extend the release of drug but also to lengthen its retention in its absorption site.? This can be
achieved by designing several gastro retentive dosage forms like mucoadhesion, expandable systems,
low density and high-density systems etc.3#

Gastroretentive drug delivery system is the system which is retained in the stomach for a longer
period of time and improves the bioavailability of drugs that are preferentially absorbed from upper
gastrointestinal tract. Reported methods for the design of gastroretentive systems include
mucoadhesion, Floatation, sedimentation, Swelling and expanding drug delivery system.®
Microencapsulation is a useful method for prolonging drug release from dosage form and reducing
adverse effect.® Recently, dosage forms that can precisely control the release rates and target drugs
specific body site have made an enormous impact in the formulation and development of novel drug
delivery system. Microspheres form an important part of such novel drug delivery system.”®
Microspheres are one of the multiparticulate delivery systems and are prepared to obtain prolonged
or controlled drug delivery, to improve bioavailability or stability and to target drug to specific sites.®
Microspheres can also offer advantages like limiting fluctuation within therapeutic range, reducing
side effects, decreasing dosing frequency, and improving patient compliance.°

Repaglinide is an oral anti-hyperglycemic agent belonging to meglitinide class, which requires
frequent dosing before meals due to short half-life (1hr) and there by imposing side effects such as
skeletal muscles pain, headache and GIT effects.!>!2 Floating drug delivery system increases the
effectiveness of dosage forms by releasing the drug in control manner and thus maintaining its
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concentration for longer duration.® Due to short lasting action, fast clearance, enzymatic stability
and absorption window in upper GIT (stomach), makes repaglinide a suitable target for developing
gastroretentive dosage form.**

Response surface methodology (RSM) is widely practiced approach in the development and
optimization of drug delivery devices. Based on the principle of design of experiments (DoEs), the
methodology encompasses the use of various types of experimental designs, generation of
polynomial equations, and mapping of the response over the experimental domain to determine the
optimum formulation(s).*®> The technique requires minimum experimentation and time, thus proving
to be Iglr more effective and cost-effective than the conventional methods of formulating dosage
forms.

The current study aims at developing and optimizing microspheres of Repaglinide using RSM, as it
may prove to be more productive than the conventional systems by virtue of prolongation of drug
residence time in gastrointestinal tract. Further, microspheres of the drug would involve relatively
more economical and less complicated technology vis-a-vis many other drug delivery devices.’
Computer-aided optimization technique, using a full factorial design, was employed to investigate
the effect of 2 independent variables (factors) (i.e., the drug-to-polymer ratio and stirring speed) on
particle size, encapsulation efficiency, and drug release.

Materials and method
Materials
Repaglinide was obtained from Torrent Ltd, Mumbai, India as gift sample. Eudragit RL 100 was
procured from Evonik Catalysts India Pvt Ltd, Mumbai, India. Chloroform and Polyvinyl alcohol
(PVA) were obtained from Loba Chemie Pvt Ltd., Mumbai, India used as dispersion media and
emulsifying agent. n-Hexane (Ranbaxy Fine Chemical Ltd., New Delhi, India) was a washing agent.
All chemicals received were of analytical grade and were used as such.
Method
Repaglinide floating microspheres were obtained by solvent evaporation technique. Firstly, polymer
(Eudragit RL-100) was dissolved in Chloroform and then the drug (Repaglinide) was added to the
above solution. The polymer drug solution so obtained was injected into the PVA solution
maintained at variable speed using mechanical stirrer. Stirring was continued for required period
until all the chloroform evaporated. The formed microspheres were collected by filtration and
washed with n-Hexane and dried to obtain free flowing microspheres.*8:1°
Optimization of formulation
From the preliminary studies, it was found that there are two very important factors i.e concentration
of polymer (Eudragit RL-100) and concentration of PVA, which effect the floating microspheres.
Hence, it was decided to apply central composite design (CCD) design to study the effect of
independent variables on dependent variables.
Response surface methodology is a tool to scrutinize the effect of a wide range of independent
variables on response variables with the collection of statistical and mathematical techniques. The
CCD was adopted to optimize the responses and to find out optimum process parameters. The
concentration of polymer (X1) and concentration of PVA (X2) were considered as independent
variables in the preparation of floating microspheres. Each factor was studied at three levels (—1, 0,
and +1) as given in table 1. The CCD suggested 13 runs, composed of eight factorial points plus five
centre points to determine the optimum concentrations of independent variables.

Table No.1: Levels of process variables in central composite design for repaglinide floating

microspheres

: Levels
Code Independent Variable o X] 0 1 =
X1 Concentration of polymer (gm) 0.8 1 1.5 2 2.2
X2 Concentration of PVA (%w/v) 0.4 0.5 0.75 1 1.1
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Dependent Variable
Y1 Particle size (um)
Y2 Entrapment efficiency (%)
Y3 Buoyancy (%)
Ya Cumulative drug release (%)

Statistical validation of the equation was established using ANOVA. The models were evaluated
using statistically significant terms and R? value. An intensive grid search was conducted to find out
the composition of the optimized formulation having a higher value of responses. One optimum
checkpoint formulation was selected to evaluate optimization capability of models generated using
central composite design. Optimized formulation (OF1) (run no. 14) was prepared using the optimal
formulation variables setting and evaluated for the responses. The resultant experimental value was
quantitatively compared with predicted value and the prediction error was calculated.
Characterization of drug

High performance liquid chromatography studies

High performance liquid chromatography (HPLC) was performed for the estimation of Repaglinide
in pure form. The mobile phase comprises of mixture of ammonium acetate buffer (0.01 M pH 4.0)
and methanol in the ratio of 20:80 % v/v, and was pumped at rate of 1.0 mL/min. The column
temperature was maintained at 23 + 1°C. The detection of Repaglinide was carried out by
photodiode-array detection (PDA) detector at wavelength of 268 nm, column temperature was
maintained at room temperature and injection volume was 20uL. The total run time was 15 minutes,
and its retention time were recorded.?°

Drug-excipients compatibility studies

Compatibility of drug with excipients was studied by Fourier Transform Infra-red spectroscopy (FT-
IR). Effect of process of entrapment on crystallinity of the drug was studied by Differential Scanning
Calorimetry (DSC).

Fourier transform infrared studies

The compatibility between pure drug and polymer is detected by fourier transform infrared
spectroscopy (FTIR). The spectra for the samples were recorded using a Bruker Vertex 70 FTIR
spectrophotometer by KBr pellet method. The samples were analyzed by mixing with potassium
bromide (1:10) individually and pressed to form a thin pellet by applying pressure using KBr press.?
The formed pellets were placed within the sample holder. Spectral scanning was taken in the
wavelength region between 4000-400 cm™. The samples of pure drug, polymer and optimized
formulation were subjected to analysis separately. FTIR scans of Repaglinide, Eudragit RL-100,
optimized formulation were recorded.???

Differential scanning calorimetry (DSC)

Differential scanning calorimetery (DSC) of pure Repaglinide, Eudragit RL-100 and Repaglinide
loaded Eudragit RL-100 microspheres (optimized formulation) was done using Mettler Toledo
differential scanning calorimeter to determine any possible Repaglinide-polymers interaction. The
samples were triturated separately to obtain a fine divided powder. Approximately 3-5 mg sample
was weighed into aluminium pans and hermetically sealed. The samples were heated from 40 -
200°C at 10°C/min under nitrogen atmosphere with gas flow rate 20 ml/min. A covered, empty pan
was used as a reference. The results obtained from the heating were recorded.?*

Powder x-ray diffraction (XRD)

The crystallinity of Repaglinide in formulations was assessed by XRD analysis. XRD diffraction
analysis for Repaglinide, Eudragit RL-100, and Repaglinide loaded Eudragit RL-100 microspheres
(optimized formulation) was performed on X-ray diffractometer (Bruker, D-8 Advance) with
scintillation detector by exposing the samples to CuK2a rays with voltage of 40 kV and a current of
40 mA in flat plate 6/28 geometry, where 26 ranges 5° to 60°, having step width 0.03 and a scan time
of 0.5 seconds per step.?*2
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Evaluation of microspheres

Particle size analysis

The particle sizes of floating microspheres were determined by optical microscopy. Optical
microscope was fitted with eye piece micrometer which was then calibrated with a stage
micrometer.?® About 100 microspheres were randomly selected from each formulations and their
diameters were measured and then the average particle size was determined by the Edmondson’s

equation:

. . nd
Average partlcle Slze = g

where ‘‘n’’ stands for the number of floating microspheres, and “‘d’’ for the mean size range.
Surface morphology

The prepared Repaglinide floating microspheres were morphologically examined for shape, size and
surface morphology using scanning electron microscope. Dry floating microspheres were mounted
on a metal stub using double-sided adhesive tape and sputter-coated with gold for 80 seconds under
vacuum, then placed into the specimen chamber. Floating microspheres were imaged with a JEOL
JSM-840 scanning electron microscope (JEOL USA, Inc.) using a 5 kV accelerating voltage, and 10
mm working distance.?

Determination of percentage yield of microspheres

The prepared microspheres were completely dried and then weighed. The percentage yield was

calculated by:
% Yield = Weight of Microspheres

weight of drug+polymer
Determination of flow properties of microspheres
The prepared microspheres were evaluated for flow properties including bulk density, tapped
density, Carr’s index, Hausner ratio and angle of repose.?’
Drug entrapment efficiency
The floating microspheres equivalent to 50 mg of repaglinide were weighed accurately and crushed.
The powdered microspheres were placed in 10 ml of ethanol and kept for 12 h. The solution was
then filtered through Whatman filter paper No. 44.14?8 The solution was diluted with fresh solvent
and absorbance was measured at 268 nm using UV spectrophotometer (Shimadzu 1700) and the
percent drug entrapped was calculated as follows:

%Drug Entrapment Efficiency =

100

Calculated drug content

x 100

Theoratical drug content
In vitro evaluation of floating ability

Floating microspheres (50 mg) were placed in simulated gastric fluid (pH 1.2, 100 ml) containing
Tween 20 (0.02 w/v %) and stirred at 100 rpm using a magnetic stirrer. After 12 h, the layer of
buoyant microparticles was pipette and separated from the settled microspheres by filtration.
Particles of both the types were dried and weighed.?® The buoyancy of microspheres was calculated
by using the formula given as

Buoyancy (%) = W/ (Ws+ Ws) x 100
where Wt and Ws are the respective weights of the floating and settled microparticles.
In vitro release studies of floating microspheres
The drug release rate from floating microspheres was determined using paddle type six-station
dissolution test apparatus (LABINDIA, DS8000). A weighed amount of floating microspheres
equivalent to 16 mg drug was kept in 0.1 N HCI (1.2 pH) having Tween 20 (0.02 w/v %) maintained
at 37 + 0.5°C at a rotation speed of 100 rpm. Sink condition was maintained during the study. 1 ml
sample was withdrawn at 30 min time interval, passed through 5 um membrane filter and analyzed
spectrophotometrically at 268 nm.*
Kinetic modelling of drug release
In order to understand the kinetic and mechanism of drug release, the Repaglinide loaded
microspheres were treated in different mathematical models. The result of in vitro drug release study
of microspheres were fitted with various kinetic equation like zero order (cumulative percentage of
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drug release v/s time), first order (log percentage of drug remaining v/s time), Higuchi’s model
(cumulative percentage of drug release v/s square root of time), Korsemeyer Peppas model (log
cumulative percentage of drug release v/s Log time), Hixson Crowell model (cube root of percentage
drug remaining v/s time).3! The release data was plotted. R? and slope values were calculated from
the linear portions of curve obtained by regression analysis of the above plots.32

Residual solvent analysis

There are many volatile organic chemicals which are used in the preparation of pharmaceutical
preparations. Some amount of those organic solvents might remain in the final formulation, which is
called as residual solvents. These residual solvents are classified into three classes based on their
potential risk to human health. The ICH guidelines “Q3C” for the residual solvents, has given the
permitted daily exposure (PDE) and concentration limit in ppm for such solvents.

In the present work, chloroform was used in the preparation of repaglinide floating microspheres.
The chloroform belongs to class 2 residual solvents and its amount in the finished formulation should
be within limit (up to 60 ppm). Hence, the gas chromatographic technique was applied to determine
the amount of chloroform (limit is upto 60ppm) in the optimized repaglinide floating microspheres.
Formulation was tested by a gas chromatograph (GC) using flame ionization detector. For this study,
10 mg of optimized floating microspheres, were dissolved in 5 mL of Dimethyl sulfoxide (DMSO)
and transferred to the GC system. For calculations, a standard solution of chloroform in DMSO (20
ppm) was also analysed.>*

In vivo study

Floating behavior (radiographic study)

Healthy albino rats, weighing 500-600 g were treated with optimized formulation and monitored
through radiological method with modification.

The study was approved by Institutional Animal Ethics Committee, Indore institute of pharmacy,
Indore, Madhya Pradesh (Protocol No: IIP/IAEC/2022/03). Animals were housed individually in
polypropylene cages and maintained under standard conditions (12-h light and 12-h dark cycle; 25-
30°C). The animals were fasted for 12 h and at first X-ray was taken to ensure absence of radio
opaque material in the stomach. During the study animals were not allowed to eat food but water was
provided ad libitum. Radiopaque microspheres were prepared by incorporating 500 mg of barium
sulfate into polymeric solution and similar procedure by which optimized formulation was prepared
was followed. At varying time intervals X-ray photographs (Siregraph-B, Siemens, Karlsruhe,
Germany) of gastric region were taken for monitoring the floating behavior of microspheres 3.

Antidiabetic study

Experimental animals

At first Wister albino rats (250 - 300g) were maintained under laboratory condition. They were fed a
regular laboratory meal and acclimatized for seven days in a controlled environment with 55 percent
humidity, a temperature of 20 - 26°C, and a 12-hour dark/light cycle.

Induction of experimental diabetes

Rats were turned into diabetic ones via single intraperitoneal injection of alloxan (100 mg/kg) i. p. in
0.2 ml Tween 80. Alloxan, a -cell cytotoxin, caused chemical diabetes in a variety of animal species
by causing damage to the insulin-secreting pancreatic cell (-cell). This causes a decrease in
endogenous insulin secretion, which leads to impaired glucose utilization by the tissues. After 48 hrs
of Alloxan administration, blood glucose levels were estimated in rats following overnight fasting.
The study comprised diabetic rats with a plasma glucose level of more than 150 mg/dI.%
Experimental design

The rats were divided into 4 groups comprising 6 animals in each group as shown in table 2.

Group | (Vehicle Control). Normal rats were treated with 0.1 ml saline daily and served as the
vehicle control.

Group Il (Diabetic Control). Animals were treated with single dose of Alloxan (100 mg/kg) by the
intraperitoneal route to induce diabetes and served as a positive control.
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Group 111 (Pure Repaglinide). Diabetic rats were treated with 2.5 mg/kg body weight of pure
Repaglinide.

Group IV (Optimized formulation). Diabetic rats were treated with 2.5 mg/kg body weight of
Repaglinide containing microsphere.
Treatment
Four groups of animals containing 6 rats in each group were divided as group I, 11, 11, and IV. Group
I which is the Negative control treated with saline, Group 11 would result out the efficacy of the
Alloxan (100mg/kg. b.w.) on the experimental rats. Group Ill animals were served with Repaglinide
drug (2.5 mg/kg b.w.) which was compared with the Group Il, and Group IV. Group IV for which
optimized formulation of dose (2.5 mg/kg b.w.) were given respectively.*’The blood glucose level
was estimated in all groups, before and after treatment on 3", 10", 17" and 24" day from the
overnight fasted rats.
Collection of blood from the rats
From the tail vein of rats, blood samples were taken and checked for plasma glucose level using
Accu-check active glucose strips in Accu-check active test meter.

Table No. 2: Animal required experimental study

Sr No. Drug Animal Age No. required Study
Group | Wister Antidiabetic

L (Negative control) albino rat 7-Bweeks 06 study
Group 11 Wister Antidiabetic

2. (Positive control) albino rat | | oweeks 06 study
Group I Wister Antidiabetic

3. (Pure Repaglinide) albino rat 7-Bweeks 06 study

Group IV . .

4. (Optimized Wlster 7-8weeks 06 Antidiabetic

) albino rat study

formulation)

Comparative study of optimized v/s marketed formulation

Comparative study was done in between the optimized formulation (OF1) and marketed formulation
(MF) of Repaglinide tablets (Eurepa® (2mg); Torrent). Dissolution profile was conducted in acidic
medium (0.1 N HCI, pH 1.2, volume 900 ml) maintained at 37 + 0.5°C by using USP type II
dissolution test apparatus (LABINDIA, DS 8000) at 50 rpm under sink conditions. At a
predetermined time, intervals, about 5 ml of sample was withdrawn and replenished with equal
amount of fresh dissolution medium to maintain the sink condition. The withdrawn samples were
analyzed for % drug release by using UV spectrophotometer at 268 nm.

Stability study

Stability studies were performed to check the effect of environmental conditions or storage
conditions on the microspheres. The optimized formulation were kept in glass bottle and stored for 6
months at 25°C + 2°C + 60% + 5% RH (Relative humidity) and 40°C + 2°C + 75% + 5% RH in
stability chamber.® The samples were analyzed at periodically for their physical appearance,
entrapment efficiency, total floating time and in vitro drug release. Obtained results for each interval
of stability study were compared with zero-month results.

Results and discussion

Preparation and optimization of hollow microspheres

The hollow microspheres are multiple unit drug delivery systems and are the most efficient form of
delivery systems as they can be extensively distributed throughout the stomach and may provide
efficient release of drugs at the target site. Floating hollow microspheres were prepared by solvent
evaporation method. Using above technique, the polymeric microsphere was prepared with an
internal spherical hollow cavity produced by diffusion and subsequent evaporation of solvent
mixture. The effect of independent variables such as the concentration of polymer and concentration
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of polyvinyl alcohol (PVA) was studied on the physicochemical properties of the hollow
microspheres such as particle size, entrapment efficiency, buoyancy, and cumulative drug release
employing experimental CCD. In response surface methodology, various empirical models are fitted
to experimental data which depend on the experimental design.®® In this study, the CCD was selected
as an experimental design, as it adequately describes the interaction between the factors with the
least number of experiments.*® The preliminary studies were conducted to ascertain the levels of
independent variables for optimization.*

The Design-Expert software computed the statistical parameters, and it indicated that all responses
generated using experimental design were best fitted into various polynomial models. Table 3.
represents the central composite design with the effect of process variables on response values.

Table No. 3: Central composite design with the effect of process variables on response values

Conc of Conc of Particle size Entrapment Buoyancy Cumulative
Code | polymer PVA (um) efficiency (%) drug

(gm) (%wl/v) (%) release (%)
F1 2 0.5 241 98.27 83.71 70.24
F2 1.5 1.10355 128.9 83.49 55.75 90.63
Fs 1.5 0.396447 229.5 92.11 81 72.14
Fa 1.5 0.75 192 87.77 66.72 82.35
Fs 1.5 0.75 188 87.82 62.6 81.09
Fe 15 0.75 176.2 87.11 64.04 83.53
Fz 1.5 0.75 178.9 86.41 62.82 81.11
Fs 2.20711 0.75 227.5 96.43 83.65 73.66
Fo 1.5 0.75 170.9 88.4 63.59 78.54
F1o 2 1 179 87.26 69.17 84.36
Fu1 1 1 109.3 80.79 50.98 94.35
Fi2 1 0.5 180.4 82.4 73.41 79.42
Fiz | 0.792893 0.75 132.9 80.72 63.66 89.93

The observed responses, i.e., particle size (Y1) and entrapment efficiency (Y2), were fitted best into
linear and 2FI response surface model, respectively (p-value < 0.0001 for Y1 and Y), whereas
percentage buoyancy (Ys) and percentage cumulative drug release (Y4) are fitted best into quadratic
and linear response surface model (p-value < 0.0001 for Y3 and Y4) with no transformations of data.
The polynomial equations for all dependent variables are as follows:

Y1 = +181.54 + 65.83 X1 - 135.22X>

Y2 = +59.05 + 25.23X1 + 15.79Xz - 18.80X1 X2

Y3 = +143.58 - 50.75X1 - 102.87Xz + 15.78X1 Xz + 17.70X1? + 28.57X7?
Y4 = +76.64 -10.54X1+ 27.59X;

The above polynomial equations indicated the correlation between process variables and responses.
Table 4 represents the effect of factors on responses and their associated p-values.
Table No.4: Summary of factor effect and associated p-values for all responses

Y1 Y2 Y3 Ya
Factors | Effects | p-values | Effects | p- Effects | p-values | Effects | p-values
values
+66.02 < +25.23 < -10.544 <
X1 1 0.0001 9 0.0001 -50.758 < 0.0001 0.0001
- < +15.79 < - +27.599 <
X2 137.684 | 0.0001 4 0.0001 | 102.876 | ~ 0.0001 0.0001
X1 X2 -18.800 | 0.0001 | +15.780 | 0.0386
X4 +17.704 | 0.0001
X2 +28.578 | 0.0190
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Any model was considered to be significant if the p-value < 0.05 at 95% confidence level. The
positive and negative signs depict the synergistic effect and antagonistic effect, respectively, which is
having a relative impact of each factor on the responses.
Table 5 shows the result of analysis of variance analysis on models, and the summary statistics
indicated that the response surface model developed for all response variables is significant, having p
< 0.05 with non-significant “lack of fit” (p > 0.05), which ensures the reliability of
applied model.

Table No.5: Detail summary of statistical analysis of response surface models

Model Lack of fit

Respons F- P- R2 Adjuste | Predicte | Adeq. cvV Std VZI-u P-
e factor | value | value d R? d R? Prec. ] dev. o | value
Y1 249.4 | <0.000 | 0.980 | 0.9764 | 0.9740 | 46.484 | 3.36 6.04 | 0.15 | 0.980

4 1 3 7 0
Y2 204.9 | <0.000 | 0.985 | 0.9808 | 0.9678 | 45.333 | 0.857 | 0.751 | 0.95 | 0.535

3 1 6 6 7 5 3
Y3 101.6 | <0.000 | 0.986 | 0.9767 | 0.9521 | 30.675 | 2.29 155 | 0.73 | 0.585

3 1 4 6 9
Y4 164.5 | <0.000 | 0.970 | 0.9646 | 0.9587 | 37.435 | 1.66 1.35 | 0.22 | 0.950

9 1 5 8 0

The reliability of models was denoted by higher R? values and good agreement between predicted R?
and adjusted R?. In addition to the above, adequate precision measures the signal-to-noise ratio, and
the higher values of adequate precision (>4) signify those models are fitted to navigate the design
space.

A three-dimensional response surface model analysis graphs were generated for the optimization of
hollow microspheres by response surface methodology. The three-dimensional response surface
plots for all the responses are presented in Figure 1.

Fig. 1: 3D Response surface curve for (a) Particle size (b) Entrapment efficiency (c) Buoyancy

(%) (d) Cumulative drug release (%0)
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The response surface plot of particle size illustrates the interaction and effect of investigated
variables as shown in Figure la.

The polymer ratio and concentration of PVA had a pronounced effect on particle size. The particle
size decreases with the increase in the concentration of PVA, which reduces the interfacial tension
more efficiently, and polymers become more uniformly dispersed in aqueous phase by stabilization
of polymer droplets.*? Concentration of polymer had a positive effect on particle size. This may be
due to a greater concentration of the polymer in the formulation solution which may require greater
force to breakdown the polymer into finer particles as supported by the previous studies.*® However,
the concentration of surfactant might contribute to the change in the particle size. An increase in the
surfactant results in the formation of the relatively compact matrix which will help to decrease the
particle size of the prepared microsphere.*

Figure 1b represents the response surface curve of entrapment efficiency. The equation indicates that
X1 i.e., polymer concentration had positive effect on entrapment efficiency of floating microspheres
which indicates that the higher amount of Eudragit RL100 contributes to increase in entrapment of
drug. Factor X i.e., concentration of surfactant had negative effect on the entrapment efficiency of
floating microspheres.

As the concentration of polymer increased, encapsulation efficiency is increased; this is due to the
fact that higher amount of polymer would produce large size droplets with decreased surface area,
such that diffusion of drug from such microsphere will be slow, resulting in higher encapsulation
efficiency.!”*> While, increase in surfactant concentration leads to decrease in encapsulation
efficiency of microspheres due to the fact that increase in surfactant concentration leads to
stabilization of small droplets and results in smaller microspheres.*647

The effect of process variables on buoyancy can be measured as shown in Figure 1c. The in vitro
buoyancy of microspheres can be correlated to low density and insolubility of polymers in the
simulated gastric fluid (pH 1.2). As reported by Sato et al., the buoyancy of particles depends on
their density and size. The size of microspheres exhibited an inverse relationship to the microsphere
density. Hence, the buoyancy of microspheres increased with an increase in particle size, which can
be directly related to the increase in the ratio of polymers and inversely related to the increase in the
concentration of PVA. The microspheres prepared with a high concentration of PVA were smaller in
size and less dense than those prepared with a lower concentration of PVA. The density of Eudragit
RL100 is 0.8 g/cc, which is lower than gastric fluid,*® so the particles having a higher ratio of
Eudragit RL100 are less dense and more buoyant.

Figure 1(d) illustrates the combined effect of independent variables on the cumulative release of
Repaglinide. The response surface curve inferred that on increasing the relative fraction of Eudragit
RL100, the percentage cumulative drug release decreases. In general, an increase in polymer
concentration increased the diffusion path of drug which decreases the overall drug release from the
polymer matrix. The extent of drug release was predominantly dependent on PVA levels as it
increases the wettability of particles and better solvent penetration.*®* Typically, the formulation
made with higher PVA and lower Eudragit RL100 levels exhibited a high percentage cumulative
drug release. Hollow microspheres with desired parameters were accomplished by desirability
approach using numerical optimization tool of Design-Expert software. The goal was to obtain the
optimum values of the independent variables. Optimization was performed by setting constraints
such as particle size and cumulative drug release in range and buoyancy and entrapment efficiency
kept maximum. The Design-Expert software provided the single solution with the highest
desirability was selected for optimized formulation. The optimized values of parameters obtained
were the concentration of polymer (X1) of 2.00 gm and the concentration of PVA (X2) of 0.5% wiv.
The results for the final optimized concentration are tabulated in Table 6.
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Table No.6: Predicted values, experimental values and percentage prediction error for the responses
at optimized concentration

Formulati | Polymer PVA RESDONSES Predicted | Experimental % Error
on Code (gm) (%) P values values
Particle Size |~ 5 g9 239.22 0.73
(Hm)
OF; 2.00 05 %EE 97.68 96.46 1.24
%Buoyancy 82.56 82.42 0.16
% CDR 70.67 69.89 1.10
Mean (SEM) of % Error 0.80

Characterization of drug
The HPLC of Repaglinide was performed and the chromatogram
time of 6.104 min as shown in figure 2.
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Fig. 2: HPLC chromatogram for Repaglinide
Drug excipient compatibility studies
Figure 3a, 3b and 3c depicts the FTIR peaks of Repaglinide, Eudragit RL100, and optimized
formulation.
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Fig. 3: FTIR of (a) Repaglinide (b) Eudragit RL-100 (c) Optimized formulation

2 50

S REPAGLINIDE

AU

0 .00 T
¥ =F - ¥ G PR, v T oLt ¥ T ' T LN | M T b T Y T R N T T LI Y Ly PG Y Vol
100 2 00 300 4 .00 S5 00 G.00 7.00 a .00 5.00 10.00
Minutes

FT-IR spectra of repaglinide, the principal peaks were found at 3236 cm™ attributed to N-H
stretching vibrations, 1685 cm™ and 1624 cm™ for >C=0 stretching and amide stretching. The peak
obtained at 2947 cm™ is allocated to alkane C-H stretching. Furthermore, significant peaks could be
detected at 1139 cm™ and 1249 cm™ which are related to C-O-C ether stretching and C-N amine
stretching. Characteristic peak of -OH vibration of carboxylic -OH group was observed at 2841 cm*
while the peaks at 1565 cm™ was assigned to C=C ring stretching.

FTIR spectra of Eudragit RL-100 exhibited -OH stretching of hydrate band at 3233 cm™. The
peak obtained at 1729 cm™ is allocated to C=0 stretching of saturated aldehyde. The peaks at 1384
cmtand 1147 cm™ were assigned to N-R stretching of quaternary amine salt and C-O-C stretching of
a strong band of ester.

The FTIR spectra of optimized Repaglinide-Eudragit RL100 loaded floating microspheres
demonstrated overlapping of characteristic peaks of drug and polymer with slight band shifts. There
were no new bands observed in the spectrum, which confirms that no new chemical bonds were
formed between the drug and the polymer.

DSC thermograms of Repaglinide, Eudragit RL100 and optimized batch are presented in Figure 4a,
4b and 4c
Fig. 4: DSC of (a) Repaglinide (b) Eudragit RL-100 (c) Optimized formulation
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In the case of repaglinide, a sharp endothermic peak was observed at 132.8°C, which corresponded
to its melting point in the crystalline form. Thermograms of Eudragit RL100 showed broad
endothermic peaks at 68.77°C respectively, which correspond to melting process and thermal
decomposition of polymer. In case of optimized floating microspheres formulation, no characteristic
peak was observed at 132.8°C. It appears that there is a significant reduction of drug crystallinity in
the floating microspheres. The absence of detectable crystalline domains in drug loaded floating
microspheres clearly indicates that drug was dispersed completely in the formulation, thus modifying
the microspheres to an amorphous, disordered-crystalline phase.

The overlay of X-ray diffraction data is listed in Figure 5.

Fig. 5 XRD of (a) Repaglinide (b) Eudragit RL-100 (c) Optimized formulation
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Distinct peaks in the XRD pattern of the pure drug (figure 5a) are scattered at 20 angles at 7.66°,
9.96°, 10.83°, 14.00°, 14.56°, 15.33°, 16.25°, 18.14°, 19.99°, 21.36°, 23.15°, 25,.65°, 27.85° and
31.05° were indicated crystalline nature. The XRD pattern of Eudragit RL100 (figure 5b) showed
diffused peaks, due to its amorphous nature. However, the XRD results of drug-loaded microsphere
formulation (figure 5c¢) showed the absence of intense crystalline peaks of repaglinide and the
diffraction patterns were identical to the Eudragit RL100 polymer. These results strongly proposed
that the degree of crystallinity of repaglinide was decreased in the floating microsphere formulations
due to the homogeneous distribution of repaglinide within the Eudragit RL-100 polymer at the
molecular level.

Evaluation of hollow microspheres

The data of particle size analysis show that the average size of dried microspheres ranged from 202.4
to 383.5 um. Depending on the concentration of PVA and ratio of polymers, the formulations Fg and
F11 showed the smallest and largest size of microspheres, respectively. SEM analysis was performed

Page | 12 Copyright @ 2022 Authors



Dogo Rangsang Research Journal UGC Care Group | Journal
ISSN : 2347-7180 Vol-12 Issue-10 No. 02 October 2022

to study the surface morphological and shape of microspheres. Figure 6 shows the scanning electron
microscope images of hollow microspheres.

Fig. 6: SEM images of floating microspheres showing a. general appearance b. single spherical
microsphere c. surface morphology

(a) (b) (c)

It could be concluded from the figure 6a, 6b and 6c¢ that the microspheres had a smooth spherical
surface having pores on them through which dissolution medium could permeate into the drug-
polymer matrix and facilitate the diffusion of the drug molecule.
The type of solvent is known to influence the surface morphology of microspheres. In this study
chloroform was chosen as the solvent as opposed to dichloromethane due to lesser miscibility of
chloroform in water, which is 1 in 200 parts when compared to dichloromethane, which is 1 in 50
parts.>! An increased amount of PVA is known to partition into the polymer phase when the organic
solvent exhibits an increased miscibility in water because of higher hydrophilicity. Thus in order to
avoid a higher deposition of residual PVA on the surface of the microspheres chloroform was used as
the solvent.>?
The percentage yield for microspheres was found to be in the range of 78.71% - 92.12% as given in
table 7.
During microsphere formation, the product yield was affected by the polymers sticking to the wall of
the beaker and blades of the stirrer and agglomerate formation.>® The percentage yield was found to
be independent on the amount of polymer.®* It decreased with an increase in the concentration of
PVA,; the reason may be loss of small particles during filtration and washing.>® The flow properties
of the microspheres were studied as Carr’s compressibility index and Hausner’s ratio. The Carr’s
compressibility index was in the range of 6.38% - 14.29%, whereas the Hausner’s ratio for all
formulations was in the range of 1.07 - 1.17, which indicated good-to-excellent flow characteristics.
As shown in table 7, percentage yield increased with the increase in the concentration of emulsifier.
Table No.7: Percentage yield, and micromeritic properties of microsphere

v B e density | donety Hausner's compressbiity

(g/cmd) (g/cm?) index
F1 89.31 0.250 0.270 750 1.08
F2 83.05 0.233 0.256 9.30 1.10
Fs 86.16 0.250 0.278 10.00 1.11
Fa 80.19 0.213 0.227 6.38 1.07
Fs 84.04 0.263 0.294 10.53 112
Fo 92.12 0.244 0.278 12.20 1.14
F7 81.66 0.270 0.294 8.11 1.09
Fe 83.67 0.250 0.278 10.00 1.11
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Fo

79.40 0.263 0.294 10.53 1.12
Fio 93.73 0.227 0.244 6.82 1.07
Fiu 78.71 0.250 0.286 12.50 1.14
F12 83.16 0.292 0.318 8.33 1.09
Fi3 87.74 0.238 0.278 14.29 1.17

The highest entrapment efficiency was obtained at high amount of polymer and low concentration of
PVA. The drug release data shows the release pattern of all the formulations prepared after applying
central composite design (F1 to Fi3), for the optimization of Repaglinide loaded floating
microspheres. The in vitro data is given in table 8 and the graphical representation of the same is
given in figure 7.
Table No.8: Cumulative drug release (%) for repaglinide microspheres

Tim
e F1 Fo F3 Fa Fs Fe F7 Fs Fo F1o F11 Fio Fis
(hr)

ol olol ol ololololololol] o] ol o

1 | 715 1%6 769 | 549 | 6.07 | 942 | 872 | 6.78 | 5.84 | 8.33 | 9.26 | 5.34 | 8.13

, | 143|225 | 168 | 121 | 121 | 163 | 174 | 129 | 123 | 162 | 1o | 148 | 152
2l o | a | a8 |6 |5 |6/ 7] 9 S 17 | 5

. | 191299 | 203 | 192 | 183 | 259 | 242 | 246 | 276 | 209 | 268 | 224 | 233
s | 7| 3| 7 | 4| 1|3 | 7|83/ 2] 4]lo0

, | 236|348 247 | 262 | 246 | 348 | 312 | 288 | 38.4 | 255 | 344 | 3.7 | 319
4 | 3| 25 | 7 a7 13| 7219586/ 09

302 | 436 | 29.1 | 33.0 | 302 | 404 338 | 413 | 33.7 | 43.0 39.1
Sl 7l 71 7 a8 |5 |33 5|5 | 4| 7 |25

. | 351|558 | 336|403 | 399 | 479 | 444 | 428 | 486 | 415 | 513 | 461 | 45.9
4 | 1| 8|5 | 3|5 |7 98|78/ 9]|s:5

412|629 | 392 | 481 | 468 | 529 | 510 | 488 | 53.4 | 491 | 60.8 | 545 | 53.4
6 | 4|6 | 3| 1| 3|97 211812711

o | 488 | 70.4 | 448 | 545 | 533 | 610 | 58.1 | 526 | 50.9 | 574 | 60.1 | 598 | 63.2
3 | 3| 7|16 | 8|15 7|21]38]/3]/]:?2

o | 559 | 793 | 501 | 608 | 58.1 | 661 | 62.2 | 59.7 | 64.2 | 63.7 | 75.2 | 656 | 70.0
116 | 4|98 | 7181|709/l 4|7

1o | 613|837 [ 588 | 66.1 | 626 | 742 | 701 | 633 | 69.7 | 70.3 | 827 | 70.0 | 773
o | 9| 3 |6 | 1|9 |7 3| 7|1 5] 6] 8

., | 662|861 | 672|743 | 680 | 800 | 773 | 60.3 | 714 | 788 | 898 | 743 | 841
1 28| 214|256 2871|388/ 7

., | 702|906 | 721|823 770 | 860 | 8L1 | 736 | 785 | 843 | 943 | 79.4 | 899
4 | 3| 4|5 | 9| al|l1]|6 | ale6]| 5| 2]|3
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Fig. 7: Cumulative drug release (%) for repaglinide microspheres (F1-F13)
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The release of drug from the microspheres was varied in the range of 70.24% to 94.35% in 12 hrs
study. The release study of all the batches showed the wide variation in the pattern of the drug
release. This shows the significant outcome of the chosen independent variables along the drug
release from the polymeric matrix.
It can be observed from the plot that 72.64% of the drug was released in a dissolution medium
consisting of SGF pH (1.2) within 12 hours. To determine the mechanism of release kinetics from
hollow microspheres, the release rate data were subjected to various kinetic models for the goodness
of fit.
The R? values of release kinetic models were found to be 0.883, 0.960, 0.995, and 0.978 for zero-
order, first-order, Higuchi’s square root, and Korsmeyer—Peppas models, respectively. The results
indicated that the in vitro drug release of repaglinide from microspheres was best described by
Higuchi’s release equation, indicating the release of drug from the insoluble matrix by the diffusion-
controlled process.
Residual solvent analysis
The gas chromatogram of standard chloroform solution in dimethyl sulfoxide (DMSO) and
optimized formulation dissolved in DMSO is shown in figure 8a and 8b.

Figure 8(a). GC scan of standard chloroform solution
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Figure 8(b). GC scan of optimized formulation prepared in DMSO solution
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The retention time of chloroform was 4.6 min as observed in standard preparation of chloroform.
The peak of DMSO was observed at 11.8 minutes in both standard and sample preparation. But, no
Chloroform peak at 4.6 min was observed in sample chromatogram. Chloroform residue was within
the limits, in the repaglinide loaded microspheres. Hence, the prepared formulation OF1 is
considered to be safe for human use.

In Vivo Study
Floating Behavior (Radiographic study)
The optimized formulation of the floating microspheres (OF1) which showed good in vitro floating
ability and enhanced drug release were selected for studying in vivo floating efficiency by
radiological method. X-ray images of the rats were taken before giving the dosage form and they
serve as the control. The radiographs obtained at 0 hour, 3 hour, 6 hours, 9 hours and 12 hours are
shown in figures 9 (a), (b), (c), (d) & (e) which indicated uniform distribution of the floating
microspheres in the stomach fluid and buoyancy for more than 12 hours.
Fig. 9: X-ray images of the GIT of a rat, showing the movement of an optimized floating
microsphere (OF1) in the stomach (a) before administration (empty stomach), (b) 3 hr after
administration, (c) at 6 hr, (d) at 9 hr and (e) after 12 hr.

a)0 hr (b) 3 hr (c) 6 hr (d) At 9 hr

\

(e) At 12 hr
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This study also confirmed that the prepared floating microspheres were able to retain in stomach for
prolonged release of repaglinide.

Antidiabetic study

The in vivo efficiency of the optimized Repaglinide loaded floating microsphere was performed in
alloxan induced diabetic rats and was estimated by measuring the blood glucose level. It was seen
that there was an increase in the glucose level after alloxan administration when compared with the
normal group. As expected, repaglinide showed a decrease in blood glucose level when compared
with the alloxan group. Also, the optimized floating microsphere loaded with repaglinide also
showed a potential decrease in blood glucose level. The comparative in vivo blood glucose level
along with the reduction in blood glucose level in alloxan-induced diabetic rats after oral
administration of the optimized repaglinide loaded microsphere is shown in figure 10. Treatment
with formulation caused significant (p < 0.01) reduction in blood glucose level as compared to pure
drug treated group of animals as evident from figure 10.

Fig. 10: Comparative blood glucose level of different groups of animals

(The alloxan diabetic model used for estimation of the effective nature of the prepared microsphere
is resembled here. As seen in the blue line, there was no such enhancement of serum blood glucose
level when estimated at different time interval of 0 days, 3 days, 10 days, 17 days and 24 days. The
red line indicates the gradual increase in serum blood glucose level at different time interval for the
alloxan treated group. Similarly, the grey line and the yellow line represent the effectiveness of the
standard drug repaglinide and the prepared Eudragit -RL100 microsphere loaded with repaglinide,
respectively, in controlling the serum blood glucose level when estimated in the given time interval.)

Comparative study of optimized v/s marketed formulation
Comparative study was done in between the optimized formulation (OF1) and marketed formulation
(MF) of Repaglinide tablets (Eurepa® (2mg); Torrent). Comparative data for these two formulations
is shown in table 9.
Table No.9: Comparative drug release study of marketed formulation (Eurepa®) and
optimized formulation (OF1)

Time (hours) | Marketed formulation (Eurepa®) | Optimized formulation (OF1)
0 0 0
0.5 60.45 3.52
1 92.86 7.33
2 99.48 11.46
3 19.76
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4 24.84
5 31.22
6 38.6
7 45.39
8 51.07
9 59.34
10 61.36
11 68.28
12 72.64

The result revealed that in comparison to the marketed product, the optimized formulation OF1 has
better control over release rate of drug. Drug release in marketed product was found the 99.48% in 2
hours whereas the drug release in optimized formulation OF1 was found 72.64 % in 12 hrs. Thus, the
optimized formulation was found better controlled drug release over 12 hrs, which was found for
longer time than the marketed formulation. The comparative drug release of these formulations is

shown figure 11.

Fig. 11: Comparative Release Profile of MF (Eurepa®) and Optimized Batch (OF1)
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Stability study

After storage the formulations were withdrawn periodically and analyzed for various physical
parameters, results were reported in table 10.
Table 10: Stability studies for optimized formulation (OF1)

Before 25°C+2°C+60% +£5% RH | 40°C £2°C + 75% * 5% RH
E;/rzlrl:]ae?;rg stability After 3 After 6 After 3 After 6
P storage months months months months
storage storage storage storage
Shape Spherical Spherical Spherical Spherical Spherical
Color White White White White White
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Entrapment | 98.23% | gg45, 17 | 9789421 | 9882+12 | 98.20+18
efficiency 1.4
In vitro drug
78.34 +
release at the 7942 +15 78.68+1.2 7842 +15 78.02+1.8
1.3
end of 12 hrs.
Total floating
>12 hrs >12 hrs >12 hrs >12 hrs >12 hrs

time
The data is presented as mean value £ S.D. (n = 3)

No visible physical changes were observed in the formulation throughout the study period in both the
conditions. There was no significant change observed in the entrapment efficiency, in vitro buoyancy
and drug release pattern of the drug on storage for six months.

Conclusion

The results of this study emphasized that response surface methodology with CCD is a very useful
statistical technique to determine the effect of selected independent variables on the dependent
variables. Repaglinide microspheres were prepared successfully by emulsion solvent evaporation
method using the Eudragit RL 100 polymers in various ratios. It was found that the prepared
microspheres were spherical, free flowing, high percentage entrapment efficiency and high
percentage yielding capacity. The method of preparation was found to be reliable and inexpensive.
The results of optimization revealed that the concentration of polymer and concentration of PVA
have a significant effect over response variables such as particle size, entrapment efficiency,
buoyancy, and percentage cumulative drug release. The low density of microspheres showed well in
vitro floating ability and drug release profile. Hence, floating microspheres of Repaglinide prolonged
the retention time in the stomach, which can ultimately result in improved bioavailability at a much
lower dose. In addition, formulated microspheres can be chosen for in vivo antidiabetic study
exhibited satisfactory results. The feasibility of the optimization procedure in developing hollow
microspheres can be demonstrated by close agreement between the observed responses and predicted
values of the optimized formulation.

So, from the results it can be concluded that drug retardant polymer and emulsifier concentration
affect all the evaluation parameters significantly. Hence the prepared polymeric microspheres of
Repaglinide might be proved to be potential candidate for safe and effective sustained drug delivery
from microspheres for the treatment of type 11 diabetes.
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