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Abstract: The biocompatible and bioadhesive polymers ethylcellulose and eudragit S100 are often used
for controlled delivery of drugs in low pH conditions. Recent research focuses on designing and
optimizing multiparticulate floating and bioadhesive systems using a central composite approach.
Gastro-retentive floating microparticles of ethylcellulose and eudragit S100 containing itopride
hydrochloride (ITH) were prepared using a solvent evaporation method. The impact of several process
variables, including drug-polymer ratio, were studied on physicochemical parameters such as drug
entrapment efficiency, particle size, bioadhesion, and release by employing a central composite design
strategy. The experimental results were in good agreement with the predicted values of the optimization
technique. The optimized microparticles had a 94.77 % drug entrapment efficiency, a particle size of
259.2 um, 96.98 % drug release in simulated stomach fluid (pH 1.2) after 12 hours, and an 8-hour
floating lag time. An accelerated stability analysis was conducted on the optimized formulation
according to ICH criteria, and no significant changes in drug quantity were identified during storage.
The microparticulate formulation containing ethylcellulose to eudragit S100 (in the ratio of 9:3)
prepared by solvent evaporation technique displayed suitable pharmaceutical characteristics for
controlled gastro retentive delivery of ITH. Furthermore, the results of the stability studies indicated
that the developed formulation had not undergone any major changes under stress.
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1. Introduction

Oral delivery remains the most preferred route for drug administration because of its
convenience, cost-effectiveness, and patient compliance [1, 2]. In recent years significant
advancements have been made in oral drug delivery to facilitate site-specific controlled drug
delivery [3-6]. Gastro retentive drug delivery systems (GRDDS) offer a unique opportunity for
formulation scientists for the localized action in the stomach [7, 8]. Over the years, numbers of
GRDDS delivery dosage forms, including high-density systems [9], floating systems [10],
bioadhesive systems [11, 12], and expandable systems [13], have been explored for the site-
specific drug release over a defined period. Single-unit and multiple-unit systems have been
documented in the literature [14]. Multi-unit formulations provide several advantages over
single-unit floating dosage forms, including preventing drug concentration changes at static
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and dynamic states, avoiding performance loss owing to particle impact, and providing
predictable release kinetics of encapsulated bioactive [15-17].

The choice of drug candidate and polymer is critical to the therapeutic outcome of
GRDDS. Itopride hydrochloride (ITH) is a highly selective acetylcholine esterase inhibitor and
dopamine D2 receptor antagonist that operates in the upper Gl tract (Figure 1). It can speed up
the emptying of the stomach [18-20]. Oral bioavailability, on the other hand, is roughly 60%
due to substantial pre-systemic metabolism [21]. These characteristics support the development
of a gastro-retentive formulation of ITH for improved therapeutic efficacy. Ethylcellulose (EC)
and eudragit S100 (ES), because of their stated biodegradability and biocompatibility, were
chosen as polymer components in this investigation. Furthermore, the pH-dependent drug
release of EC and ES has been thoroughly explored [22, 23]. In the current investigation, a
novel particulate gastro-retentive formulation based on a combination of floating/bioadhesive
mechanisms was developed and characterized. Finally, in central composite design, a
collection of statistical/mathematical models is used to design experiments and determine the
best-fit model for independent variables of floating microparticles for improved outcomes [24,

25].
| @]
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Figure 1. Chemical structure of ITH.
2. Materials and Methods

ITH and ES were received as a gift sample from Abbott Labs, Himachal Pradesh. EC
and polyvinyl acrylate were purchased from SD Fine Chem Limited, Mumbai. The rest of the
chemical substances were of analytical grade.

2.1. Microparticles preparation.

The desired amounts of ITH in the polymer solution (EC and ES) were dissolved in a
minimal volume of ethanol and dichloromethane (1:1), as shown in Table 1. This solution was
added to 70 ml of 0.57 % w/v PVA solution in distilled water using a 24-gauge 10ml
hypodermic syringe. To consolidate and evaporate the solvent mixture, the emulsion was
agitated at 500 rpm for 2 hours with a mechanical stirrer. The resultant suspension was
collected, washed with distilled water, and air-dried overnight at 25-30 °C in a vacuum
desiccator with calcium chloride to dry discrete microparticles [26, 27].

Table 1. Formulation design for preliminary studies.

o .
Formulation (Dr:;;)g EC (mg) ES (mg) Appearance \f;el d :i;téﬁlé) Z?;;Zzge(r:;’)
M1 50 500 100 Spherical 75 430 70.8740.22
M2 50 500 150 Spherical 78 510 78.31+0.32
M3 50 500 250 Irregular shaped 79 635 73.44+0.21
M4 50 250 100 Mixed 76 325 76.30£0.32
M5 50 250 150 Irregular shaped 78 345 70.57+0.25
M6 50 250 250 Foam 77 380 73.4440.35
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2.2. Experimental design.

The response surface method was used to explore the effect of a large number of
independent/dependent factors. Table 2 shows the formulation variable with levels determined
based on the early investigations' findings. In the creation of microparticles, two independent
parameters were considered: EC (A) and ES (B), while active substance entrapment efficiency,
% drug release after 12 hours, and particle size were dependent responses [28, 29].

Table 2. Process parameter levels were used in the formulation design.

Levels
Code Parameter 3 5 I
A EC 250 50 375
B ES 100 250 175

Table 3. Central composite design with detected response.

CFSC:?UIM'O“ Run EC (mg) ES (mg) % Entrapment | % Release 'sai\:eg.(m?:rrc::slf
M1 1 250.00 100.00 75.33 96.59 215.0
M2 4 500.00 100.00 84.4 92.51 262.9
M3 2 250.00 250.00 70.63 94.72 233.2
M4 5 500.00 250.00 94.77 96.98 259.2
M5 6 198.22 175.00 66.31 96.62 209.7
M6 8 551.78 175.00 89.03 94.39 248.1
M7 3 375.00 68.93 72.16 93.62 238.9
M8 9 375.00 281.07 86.46 97.33 2453
M9 7 375.00 175.00 73.31 96.37 233.7

The examined responses of drug entrapment (%), particle size (um), and % drug release
after 12 hours are in Table 3. The effects of independent factors on modeled responses using
the polynomial equation involving independent and interaction factors for measured responses
studied in this study based on lack of fit, model analysis, and R? evaluations. The quadratic
model was constructed through a central composite design to model the impacts of independent
variables on active agent entrapment (percent), % drug release over 12 hours, and particle size

(W)

Y = bo + biA + boB + b3AB + hsA%+ bsB?

The regression coefficients (bs, bz, bs, bs, and bs) are in response to Y, with the intercept
(b0). Individual effects were A and B, quadratic effects were A2 and B2, and the interaction
effect was AB. To determine the model's significance (p<0.05), a one-way ANOVA was used.
The F-test was used to examine individual response parameters. The outcome of independent
variant (here EC and ES) on the measured responses (here drug entrapment, particle size, and
% release afterward 12 hours) was investigated using contour plots and surface dependent
plots.

2.3. Percentage yield.

The quantity of microparticles obtained from each formulation and the initial
ingredients (starting weight) can be used to compute the % of production yield [30], as shown
in the following equation:

Wt. of microparticles

Yield (%) = x 100

Total wt. of drug and polymer
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2.4. Surface morphology analysis.

The scanning electron microscope was used to examine the microparticles' surface
morphologies using (Jeol, JSM-6100, Japan) [19] Figure 2.

2.5. Particle size analysis.

The size of produced microparticles was assessed in triplicates using the microscopy
method. Microparticles were shaken with solvent to prepare a slide and observed under the
calibrated eyepiece on microscope size [31]. The particle size distribution was determined by
the plotting frequency of particles versus particles. The mean particle size was estimated, as
shown in Figure 3.

2.6. Drug content.

Drug content was measured in triplicates using a previously published method [32, 33].
An accurately weighed amount of 25 mg microparticles was crushed in acrylic mortar-pestle.
The powdered microparticles were immersed in 10 ml of 0.1 N HCI with continual sonication
for 2 hours at 37 £ 0.5 C. The drug content in the filtrate was tested using a UV-spectroscopy
at 258 nm after sonication. The drug entrapment (DE, %) was determined using the following

formula:
Actual drug content
Theoretical drug content

DE (%) = x 100

2.7. UV- calibration curve.

The calibration curve of ITH was prepared in 0.1N hydrochloric acid solution with the
stock solution of 100 mcg/ml in HCI. Aliquots of stock solution were converted into different
dilution rages from 10-60 mcg/ml. The lambda max was verified using a 10ppm solution and
scanned between 400-200 nm. The absorbance of the above solutions was taken against the
blank (without adding the drug). A graph was plotted between absorbance and concentration
[34].

2.8. In-vitro buoyancy study.

The floating behavior of microparticles was investigated in triplicate using a method
that has previously been published [35]. At 37+0.5 °C, 50 microparticles were put in 150 ml of
0.1 N HCI. During 12 hours, the number of microparticles floating and the floating duration
were determined at a constant time period.

2.9. In-vitro drug release studies.

A dissolution device, USP dissolution apparatus-1 [36], was used to examine the drug's
in-vitro release from produced microparticles. An amount of microparticles equal to 50 mg of
the drug was added to 900 ml of 0.1N HCI (pH 1.2) and stirred at 100 rpm at 37+0.5 °C.
Throughout the experiment, a 5 mL sample was collected at regular intervals, and the
equivalent amount of new dissolution medium was replaced in the dissolution tank to maintain
the sink condition. The obtained aliquots were filtered and diluted appropriately for UV-
spectroscopic analysis at 258 nm.
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2.10. Kinetics and mechanism of in-vitro drug release.

In-vitro drug release data from several microparticle formulations containing ITH were
analyzed using kinetic models such as zero order, first order, Higuchi, and Korsmeyer—Peppas
[37, 38]. F = KOt in the zero-order model. In (1F) = K1t, is the first-order model. F = KHt1/2
is the Higuchi model, Korsmeyer—Peppas model: F = KPtn; n is the release exponent, indicative
of the drug release mechanism, where F fraction of medication released in time t and K (rate
constant). The Korsmeyer—Peppas model was used to distinguish between conflicting release
mechanisms in these formulations' in-vitro drug release behavior. The Fickian release is
indicated by a value of n 0.43 for spheres. The non-Fickian release is indicated by an n value
between 0.43 and 0.85. (both diffusions controlled and swelling controlled drug release). It's
case-Il transport when n 0.85, and it involves polymer breakdown and polymeric chain
expansion or relaxation.

2.11. Fourier transform infrared spectroscopy.

As KBr pellets, samples were reduced to powder using Fourier transform infrared
spectroscopes [39] (Perkin EImer Spectrum, BX 11). Pellets were placed in sample holders, and
spectral scanning was obtained in the wavelength range between 4000 and 400 cm*1.

2.12. Stability studies of the optimized formulation.

According to the International Conference on Harmonization (ICH) rules, the improved
formulation was retained for 3 months for an accelerated stability assessment [40].
Microparticles were wrapped in a laminated aluminum foil and preserved in a stability chamber
at a temperature of 40+2 “C and relative humidity of 75+5 %. After 0, 30, 60, and 90 days,
samples were extracted, and a paired Student's t-test was used to look for any statistical
differences in adhesion retention periods, floating properties, and drug content. At p<0.05,
differences were judged significant [41].

3. Results and Discussion

3.1. Preliminary studies.

Table 1 shows the formulation design for preliminary studies. When the liquid
temperature was elevated above 35 °C, no microparticles were formed (M6). Solid spumes but
no microparticles were formed. The formation of microparticles was also found to be affected
by the stirring speed. Increased stirring speed to 500 rpm (M5) produced approximately
spherical microparticles; however, when speed was increased to 1000 rpm (M4), microparticles
created during cross-linking collided with great energy and were destroyed.

3.2. Optimization.

The design expert's software offered a total of 9 experimental trial formulations for two
components, EC (A) and ES (B), which were modified at three distinct levels for the central
composite design. For the optimization response parameters in this investigation, the impacts
of independent factors on drug entrapment (%), particle size (um), and released after 12 hours
(%) were studied. Table 3 shows a summary of the experimental plan as well as observed
results.

https://biointerfaceresearch.com/ 5 of 14


https://doi.org/10.33263/BRIAC133.212
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC133.212

Table 4. ANOVA for Response Surface Quadratic Model (drug entrapment).

Source Sum of Squares | df Mean Square F Value p-value

Model 715.39 5 143.08 10.17 0.0424
A-AEC 533.68 1 533.68 37.92 0.0086
B-B ES 83.81 1 83.81 5.96 0.0925
AB 56.78 1 56.78 4.03 0.1382
A2 24.10 1 24.10 1.71 0.2819
B2 39.79 1 39.79 2.83 0.1913

Residual 42.22 3 14.07

Cor Total 757.61 8

The model proposes the following polynomial equation for % drug entrapment:

R1=73.31+8.17*A+3.24*B+3.77*A*B+2.88*A%+3.70*B>

The model's F-value of 10.17 indicates that it is statistically significant (p 0.0424)
(Table 4). A and B are important model terms in this scenario. The 0.9443 'Pred R Squared' is
in reasonable agreement with the 0.8514 Adj R-squared. The signal-to-noise ratio is measured
by 'Adeq Precision," and a ratio of 8.992 indicates a good signal.

Table 5. ANOVA for Response Surface Quadratic Model (% release).

Source Sum of Squares | df Mean Square F Value p-value
Model 21.77 5 4.35 10.32 0.0416
A-AEC 3.09 1 3.09 7.33 0.0734
B-B ES 7.70 1 7.70 18.24 0.0236
AB 10.05 1 10.05 23.81 0.0165
A2 0.74 1 0.74 1.76 0.2768
B2 0.79 1 0.79 1.86 0.2656
Residual 1.27 3 0.42

Cor Total 23.04 8

The following polynomial equation for % release is proposed by the model:

R2 = 96.37-0.62*A+0.98*B+1.59*A*B-0.50*A%-0.52*B?

The model F-value of 10.32 suggests the model is significant (p < 0.0416) (Table 5). In
this case, A, B, and AB are significant model terms. The 'Pred R -Squared' of 0.9450 is in
reasonable agreement with the Adj R-squared of 0.8534. The ratio of 8.992 indicates an
adequate signal.

Table 6. ANOVA for Response Surface Quadratic Model (particle size).

Source Sum of Squares | df Mean Square F Value p-value
Model 2443.39 5 488.68 9.66 0.0455
A-AEC 2054.59 1 2054.59 40.60 0.0078
B-B ES 69.33 1 69.33 1.37 0.3263
AB 119.90 1 119.90 2.37 0.2214
A2 1.16 1 1.16 0.023 0.8893
B2 103.64 1 103.64 2.05 0.2478
Residual 15181 3 50.60

Cor Total 2595.20 8

The polynomial equation for particle size proposed by the model is as follows:

R3 = 233.70+16.03*A+2.94*B-5.48*A*B-0.63*A2+5.97*B2
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The F-value of 9.66 for the model indicates that it is significant (p < 0.0455) (Table 6).
Significant model terms in this situation are A, B, and AB. The 'Pred R-Squared' of 0.9415 is
in good agreement with the Adj R-squared of 0.8440. The ratio of 8.233 suggests a good signal.

Table 7. All response variables in terms of the actual and predicted value.

Standard R3 Particle size R2 % Release R1 % Entrapment
Order Actual Predicted Actual Predicted Actual Predicted
Value Value Value Value Value Value
M1 215.00 214.59 96.59 96.57 75.33 72.25
M2 262.90 257.59 92,51 92.16 84.40 81.05
M3 233.20 231.43 94.72 95.36 70.63 71.19
M4 259.20 252.53 96.98 97.29 94.77 95.06
M5 209.70 209.77 96.62 96.24 66.31 67.52
M6 248.10 255.10 94.39 94.48 89.03 90.62
M7 238.90 241.47 93.62 93.94 72.16 76.13
M8 245.30 249.80 97.33 96.72 86.46 85.28
M9 233.70 233.70 96.37 96.37 73.31 73.31

The results of investigated responses (drug

Residuals vs. Predicted

entrapment, particle size, and percent
release after 12 hours) were found to be within limits for all of these formulations proposed by
the central composite design. Table 7 shows the actual and predicted responses for all response
variables studied in this study and the parentage of prognosis errors. Linear correlation plots
between the residuals versus predicted values are present in Figures 2a, 2c, and 2e, and their
corresponding residual plots showing the scatter of the actual, the predicted response variables
are presented in Figures 2b, 2d, and 2f.
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Figure 2. (a) Entrapment, (c) particle size, and (e) release linear correlation plots for the residuals versus
predicted values; (b) entrapment, (d) particle size, and (f) release residual plots for the scatter of the actual, the
predicted response variables.

The three-dimensional response surface graph is particularly useful for learning about
the main and interaction effects of the independent components. The three-dimensional
response surface graph, Figures 3a and 3c, connected to drug entrapment efficiency, shows that
as the EC ratio (A) and ES (B) ratios grow, so does drug entrapment efficiency. Particle size
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increases as both polymer ratios increase, according to the three-dimensional response surface
graph, Figures 3c and 3d (A and B). The three-dimensional response surface graph of percent
release after 12 hours and the drug to polymer ratio, on the other hand, reveals a decline in
percent drug release after 12 hours.
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Figure 3. 3D surface response plots for drug entrapment efficiency (a and b), particle size (c and d), and release
rate (e and f).
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The ideal values of the parameters for maximum entrapment, percentage release, and
least particle size were determined using the software's estimation profiler. Finally, the best EC
(A =500), ES (B = 250), and constant stirring speed (500 rpm) were found from pre-trials.
These figures indicate 95.06 % drug entrapment, 252.53 microns particle size, and 97.29 %
release. These expected response values were confirmed in vitro with ITH-loaded
microparticles made using previously optimized process parameters, yielding an average of
94.77 % drug entrapment, 259.2 microns size, and 96.98 % release. The projected drug
entrapment, particle size, and release model have 99.69 %, 102.64 %, and 99.68 % validity,
respectively.
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Figure 4. Desirability 3D and contour graph of the particle system.

The desirability ramp for optimization of particles is shown in Figure 4; when the target
of ES was set at 175, then the values of EC gave 26 solutions. While increasing EC
concentration, the entrapment, particle size, and release were between 66-94%, 92-97.33%,
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and 209-262 microns. The predicted value for solutionl was entrapment (73.31), particle size
(233.7), and 96.37%, respectively, as shown in Figure 4.

3.3. Drug entrapment efficiency.

Depending on the formulation composition, the drug entrapment efficiency of formed
ITH-loaded microparticles ranged from 66.31 to 94.77 (Tables 3 and 7). An increased
proportion of ITH-EC and ES100 ratio was shown to promote drug entrapment in
microparticles, but an increase in rpm decreased drug entrapment.

3.4. Particle size.

The size of dried ITH entrapped EC, and ES100 microparticles were assessed using a
microscopic technique for each formulation. The mean particle size distribution ranged from
209.70 to 262.90 microns (Table 5). Adding more drug-polymer ratios to formulations was
found to increase particle size. As the stirring rpm was increased, the particle subdivision
caused by the generation of more energy decreased.

3.5. Bioadhesion study.

The in-vitro adhesion study of the dried ITH entrapped microparticles for each
formulation was performed using the agar plate method, and particles were found to have good
adhesion.

3.6. In-vitro floating study.

We conducted a floating test to determine whether the prepared microparticles were
able to float. The lag time of floating microparticles was zero. More than 87% of microparticles
remained floating after 12 hours for all formulations. Because nearly all formulations of the
generated microparticles remained buoyant following the buoyancy test period, the
investigating factors did not affect their floating ability (12 h). Because there was no floating
lag period, the microparticles' initial density in 0.1 N HCI was less than 1.004.

3.7. UV- Calibration curve.

The calibration curve of ITH was prepared in 0.1N HCI with the stock solution of 100
mcg/ml in HCI. Aliquots of stock solution were converted into different dilution rages from
10-60 mcg/ml. The lambda max was verified using a 10ppm solution and scanned between
400-200 nm. The absorbance of the above solutions was taken at selected Amax against the
blank solution, and a graph of absorbance vs. concentration was plotted, shown in Figure 5.

3.8. In-vitro drug release.

The in-vitro drug release studies were carried out to formulate EC: ES100
microparticles containing ITH prepared with optimized parameters predicted from the
prediction profiler in 0.1N HCI (pH 1.2). Dissolution studies showed that 96.98% loaded ITH
was released in a controlled manner within 12 hours, Figure 3e and 3f and Figure 6. Initially,
the drug release was rapid, up to 30 minutes, and then there was a slow release period. The
observed initial high drug release was due to the release of the drug near microparticles'
surfaces due to adsorption.
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Figure 5. Standard curve of ITH.

The slower release phase was attributed to the portion of the drug that had to be released
from the microparticles by diffusion through the media filled pores and channels, leading to
slow release. The slow-release continued till the entire amount of drug was released

completely.

120.00
100.00
80.00
60.00

40.00

% Cumulative Release

20.00

0.00

% Cumulative Release
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Figure 6. Cumulative drug release from developed formulations.

The in-vitro drug release data from the optimized formulation of EC: ES100
microparticles containing ITH was evaluated kinetically using various mathematical models
like zero order, first order, Higuchi, and Korsmeyer—Peppas model. The results of the curve
fitting into these above-mentioned mathematical models are given in Table 6. The drug release
from these microparticles followed a zero-order model (R? = 0.9636) for 12 h. The value of
release exponent (n) was determined to be 0.1465, indicating that the transport of the drug
across the polymeric matrix takes place by a Fickian diffusion process.
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Table 8. Kinetics model with their R2 values.

Kinetic Models R2 K

Zero order 0.9636 0.1465
First order 0.8265 0.0053
Higuchi plot 0.7810 136.082
Korsmeyer-Peppas 0.3083 0.0972
Hixson Crowell 0.9260 0.0092

3.9. FT-IR spectral analysis.

The drug-loaded formulation's FT-IR spectrum showed characteristic absorption bands
at 3453.26 cm?, 3139.61 cm™, 2938.02 cm™, 1635.40 cm™, 1401.83 cm™, and 1114.59 cm™,
This indicated that the drug's peak was the same for all batches, and there was no interaction
between the excipients in the formulation.

3.10. Stability study of the optimized formulation.

An accelerated stability study was performed on the optimized formulation in
accordance with ICH guidelines, and no significant change was found in the drug content on
storage, i.e., 94+0.235.

4. Conclusions

The utility of design experts in the optimization of a gastro-retentive mucoadhesive
dosage form containing ITH was demonstrated in this work. The solvent evaporation approach
was a straightforward, repeatable, and consistent process for the manufacture of these EC and
ES floating microparticles containing the ITH system for gastro-retentive administration. The
design expert's findings revealed that the polymer to drug ratio and the amount of both
polymers used had a significant impact on the dependent variables of drug entrapment
efficiency, particle size, and percentage release. Furthermore, the developed formulation has
both floating and bioadhesive capabilities, according to in-vitro buoyancy and release
experiments. These features allow the microparticles to stick to the gastric mucosal surface and
remain in the stomach for an extended period, potentially ensuring the ITH's localized impact
on the stomach. Based on the findings, it can be stated that statistical tools such as design
experts are very useful in analyzing the connections between multiple independent variables
and in developing fast formulations.
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