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In the present study, a simple method was developed to prepare stomach specific drug 

delivery. The beads were prepared by ionotropic gelation method using calcium chloride 

as crosslinker and gas forming calcium carbonate (CaCO3) as floating inducer. In vitro 

release studies of prepared beads were achieved up to 12 h. The creation of floating 

beads was optimized using 32 full factorial design and analysis of variance. 
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INTRODUCTION 

Gastroretentive dose forms are oral formulations 

that have the ability to resist fast stomach 

emptying and stay in the GI system. These systems 

are perfect for drugs with a limited window of 

absorption. They are designed as formulations of 

modified-release drug delivery systems with the 

ability to modify the release rate and be site-

constrained in the gastrointestinal tract (stomach). 

Several factors affect the effectiveness of 

gastroretentive drug delivery systems, such as the 

site of medication absorption, the length of 

stomach transit, and the impact of food. Oral dose 

forms with the ability to resist fast stomach 

emptying are referred to as gastroretentive dosage 

forms. They are designed to be retained in the GI 

system. These systems are perfect for drugs with a 

limited window of absorption. The efficiency of 

gastroretentive drug delivery systems is influenced 

by a number of variables, including dietary effects, 

stomach transit duration, and the medication's 

location of absorption. The simplicity of 

medication administration has a significant impact 

on compliance. When taking medication, a patient 

https://www.ijpsjournal.com/
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is more likely to adjust to it if it does not disrupt 

regular routines. Oral dose forms continue to be 

the best method of administration. This is a result 

of a variety of variables, such as the drug's 

convenience in storage and transportation, 

controlled distribution, formulation flexibility, and 

generally lower cost when compared to other 

dosage forms. The creation of a systematic drug 

that may be given in a single dosage form is the 

common goal of drug delivery systems. 

Particularly when the patient is required to take the 

drug in question on a regular basis throughout their 

lifetime. Reduced frequency of medical 

administration would also result from an 

integrated single unit dose form. Also, it should be 

mentioned. The mechanisms for oral medication 

administration involve a complicated absorption 

process. In order for the medication to be absorbed 

in the stomach, small intestine, or colon, it must be 

soluble in gastric fluid. 

Alginate beads are multi-unit floating dosage 

forms beads made from freeze-dried calcium 

alginate. These can be made by dissolving sodium 

alginate solution into an aqueous solution of 

calcium chloride and watching calcium alginate 

precipitate. This process results in the formation of 

2.5-mm-diameter spherical beads. Low-

methoxylated pectin, cellulose acetate, 

polycarbonate, calcium alginate, Eudragit, and 

agar are a few of the polymers that were used to 

create these systems. By adding sodium alginate 

solution to a calcium chloride aqueous solution, 

calcium alginate can be precipitated to create 

spherical beads. Following the separation of the 

beads, a porous system that can sustain a floating 

force for more than 12 hours is created by snap-

freezing them in liquid nitrogen and freeze-drying 

them at 400C for 24 hours. 

The Benefits of Floating Drug Delivery System. 

• Drugs that are absorbed through the stomach 

benefit from the gastro-retentive system such 

as antacids and ferrous salts. 

• Beneficial for drugs that act locally effective in 

the stomach, such as antacids. 

• Because of the intestine's alkaline pH, floating 

medications of all kinds, including capsules 

and tablets, will remain in the fluid for a 

considerable amount of time. 

• In order to retain the medication in a floating 

state in the stomach and promote a stronger 

response, the FDDS formulation is effective in 

promoting intestinal movement and diarrhoea. 

In order to increase patient compliance, FDDS 

decreases the dosing frequency. 

• Care for gastrointestinal issues such as 

gastroesophageal reflux disease. 

• Despite the first-pass effect, the plasma drug 

concentration has little impact on 

bioavailability. 

• Hydrodynamically balanced system / Floating 

Drug Delivery System (HBS/FDDS) 

formulations may be helpful for administering 

aspirin and other medications of a similar 

nature because they are acidic and irritate the 

stomach. 

• The medication is transported to a specific 

location. [1,7] 

METHODOLOGY  

Materials 

Table 1: List of Materials 

Materials Supplier 

Metoclopramide 

Hydrochloride 
Ronak Healthcare, Gujrat 

Sodium alginate Loba Chemie Pvt. Ltd 

Calcium carbonate SD Chem Lab India 

Calcium chloride Loba Chemie Pvt. Ltd 

Poloxamer 188 Vishal chem, Mumbai 

  

Methods: 

Identification of Pure Metoclopramide 

Hydrochloride 

Description:   

Metoclopramide Hydrochloride white or almost 

white crystalline powder. Very soluble in water, 

freely soluble in alcohol. 
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Solubility: 

Solubility of pure Metoclopramide Hydrochloride 

was checked in water. 

Melting point of pure Metoclopramide 

Hydrochloride: 

The sample obtained was characterized for melting 

of the substance. The melting point was 

determined by introducing small amount of 

substance in the capillary attached to graduated 

thermometer and constant heat was applied with 

assembly suspended in Thiele’s tube containing 

paraffin bath. The temperature required to melt the 

substance completely was noted. 

Study of UV spectrum of pure Metoclopramide 

Hydrochloride: [17] 

Accurately weighted 100 mg of Metoclopramide 

Hydrochloride was transferred in to the 100 ml 

volumetric flask and volume was made up to 100 

ml with 0.1 N HCl. From this solution, 1 ml was 

withdrawn and added to the 10 ml volumetric flask 

and diluted to 10 ml with 0.1 N HCl. Finally, 

volume was scanned in the range of 200-400 nm. 

The wavelength of the maximum absorption was 

noted, and UV spectrum was taken. 

 Study of IR spectrum of pure Metoclopramide 

Hydrochloride: 

IR spectroscopy is one of the most powerful 

analytical techniques, which offers the possibility 

of detecting chemical interactions. The purity of 

the chemical was determined by analyzing the IR 

spectra of Metoclopramide Hydrochloride. A 

Fourier transform infrared spectrophotometer was 

used to record the IR spectra of Metoclopramide 

Hydrochloride. Utilizing dried potassium 

bromide, a baseline correction was made. 

Standard curve of pure Metoclopramide 

Hydrochloride in 0.1N HCl [17] 

Standard curve of Metoclopramide Hydrochloride 

in 0.1N HCl: 

Accurately weighted 100 mg of Metoclopramide 

Hydrochloride was added to the 100 ml volumetric 

flask. Volume was made up to 100 ml with 0.1 N 

HCl (1000 µg/ml) pH 1.2. From this solution 1 ml 

was withdrawn and added into 10 ml volumetric 

flask and volume was made to 10 ml with 0.1 N 

HCl (100 µg/ml). This solution was used as stock 

solution. From the stock solution 0.2, 0.4, 0.6, 0.8, 

1.0, 1.2, 1.4, 1.6 ml were withdrawn and added to 

10 ml volumetric flask and finally diluted to 10 ml 

with 0.1 N HCl to get the solution with 

concentration of 1-10 µg/ml respectively. Each 

solution’s absorbance at 272 nm was measured 

using a UV-visible spectrophotometer. The graph 

was plotted for absorbance verses concentration 

Compatibility study  

IR spectral analysis: 

Compatibility of drug with excipients was carried 

out using IR spectroscopy. The Infrared spectra of 

formulations recorded with KBr method were 

captured using Fourier Transform Infrared 

Spectrophotometer (spectrum one, made by 

Thermo Fisher Scientific India). A baseline 

correction was made by using dried potassium 

bromide. Scanning was done from 500 to 3500cm-

1 

Differential Scanning Calorimetry (DSC) 

Thermal analysis: 

 Differential Scanning Calorimetric analysis 

(DSC) was used to study the interaction between 

drug and polymer. Thermo-grams were recorded 

for pure Metoclopramide Hydrochloride and 

Metoclopramide Hydrochloride with the 

excipients to check the compatibility of 

Metoclopramide Hydrochloride with them using 

Differential Scanning Calorimeter (KEP 

Technologies, France) by using setaram software 

data acquisition. Under nitrogen purge with a 

constant flow rate of 5 ml/min, thermal analysis 

was carried out using an empty pan as a reference 

and a scan rate of 500C per minutes from 20 to 

5000C. 

Factorial Design: 

In statistics, a full factorial experiment is an 

experiment whose design consists of two or more 

http://en.wikipedia.org/wiki/Statistics
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factors, each with discrete possible values or 

"levels", and whose experimental units take on all 

possible combinations of these levels across all 

such factors. A full factorial design may also be 

called a fully-crossed design. In this method two 

or more factors are selected. The selected factors 

may also be called as variables. The number of 

selected factors is varied in each formulation at 

specific predetermined levels keeping the amount 

of other ingredients constant. These levels are 

selected with preliminary studies of factors. The 

levels could be selected as low/ medium/ and high 

and coded as -1 / 0 / +1. With the help of this 

method, one could detect the effect of individual 

variable in each formulation and also the 

combined or interactive effect of variables in each 

formulation. Thus, the factorial method is used to 

design the formulation and to evaluate the effect of 

factors in the formulation.  

A study, in which there are 2 factors with 3 levels, 

is called a 32 factorial design. A 32 full factorial 

design (FFD) was constructed where the amounts 

of Sodium Alginate (X1) and Poloxamer 188 (X2) 

were selected as the factors. The levels of the two 

factors were selected based on the preliminary 

studies carried out before implementing the 

experimental design. All other formulation and 

processing variables were kept invariant 

throughout the study.   

Table 2. Amount of variables in 32 factorial design 

batches 

 

Table 3. A 32 full factorial experimental design 

layout 

Formulation 

code 

Coded Values 

X1 X2 

F1 1% (-1) 30(-1) 

F2 1% (-1) 40(0) 

F3 1% (-1) 50(+1) 

F4 2% (0) 30(-1) 

F5 2% (0) 40(0) 

F6 2% (0) 50(+1) 

F7 3% (+1) 30(-1) 

F8 3% (+1) 40(0) 

F9 3% (+1) 50(+1) 

 

Method of Preparation of floating beads: 

[12,19,20] 

Ionotropic Gelation Method:  

 
Figure 1. Floating Beads of Metoclopramide 

Hydrochloride 

 The floating beads of Metoclopramide 

Hydrochloride were prepared using the sodium 

alginate as gelling agent, calcium chloride as 

crosslinking agent, calcium carbonate as gas 

forming. Metoclopramide Hydrochloride alginate 

beads were made using the ionotropic gelation 

technique. Sodium alginate was dissolved in 100 

ml of distilled water and stirred continuously. 

Next, polymer was added to the solution, shown in 

Table no. 7 and stirred up to 20 minutes. 

Metoclopramide Hydrochloride and calcium 

carbonate were added to the above solution. The 

mixture was set aside for 25 minutes to allow air 

bubbles to escape. This mixture was extruded into 

a solution of calcium chloride using a syringe. The 

beads were gathered, washed with distilled water, 

and then set to dry. A 32 factorial design was 

applied to develop the formulation. Sodium 

alginate (gelling agent) and poloxamer 188 

(polymer) were selected as two factors. The 

amount of these two factors were varied at 3 

different levels (as low, medium and high). Total 

nine formulations were prepared and the effect of 

Coaded Values 
Actual Value(mg) 

X 1 X2 

-1 1% 30 

0 2% 40 

+1 3% 50 

http://en.wikipedia.org/wiki/Experimental_unit


Vishakha Nagare, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 12, 1377-1397 |Research 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 1381 | P a g e  

two factors along with their combined effect were 

studied in the formulation. 

 

Figure 2. Formulated Floating beads of Metoclopramide Hydrochloride 

Table 4. Formulation of floating beads of Metoclopramide Hydrochloride. 

 

Sr. No 

Ingredients 

 

Formulation 

F1 F2 F3 F4 F5 F6 F7 F8 F9 

1 
Metoclopramide 

Hydrochloride (mg) 
40 40 40 40 40 40 40 40 40 

2 Sodium alginate 1% 1% 1% 2% 2% 2% 3% 3% 3% 

3 Poloxamer 188 30 40 50 30 40 50 30 40 50 

4 Calcium chloride 3% 3% 3% 3% 3% 3% 3% 3% 3% 

5 Calcium carbonate (gm) 1 1 1 1 1 1 1 1 1 

In vitro evaluation of formulated floating beads 

of metoclopramide hydrochloride. 

Uniformity of content: [49] 

 The drug content of the beads was determined by 

taking 50 mg beads of each formulation. 50 mg 

from each formulation were accurately weighed 

and triturated in a mortar and pestle. In the 100 ml 

of 0.1N HCL, the beads powder was added. It was 

stirred for 2hours using a magnetic stirrer. From 

this solution, 1 ml was withdrawn and added to a 

10 ml volumetric flask, and finally the volume was 

made to 10 ml with 0.1 N HCL (10μg/ml), then the 

solution was filtered with Whatman filter paper, 

and the absorbance of the resulting solution was 

measured at 272nm using a UV 

spectrophotometer. 

Drug content = Actual drug content / Total Weight 

of beads ×100  

Entrapment efficiency: [12] 

 To make a fine powder, the beads were smashed 

with a mortar and pestle. Approximately 100 mg 

of powder was properly weighed and 

quantitatively placed into a 100-ml volumetric 

flask, and the volume was made up with 0.1 N 

HCL. After 24 hours, the solution was filtered 

using Whatman filter paper. 1 ml of filtrate was 

pipetted out and diluted to 10 ml. The solution was 

analyzed spectrophotometrically at 272 nm using 

a UV-visible spectrophotometer (Shimadzu 

Double beam UV 1800, Japan). The method's 

precision and accuracy were tested. The 

entrapment efficiency was determined using the 

following formula. 

Drug entrapment = (Practical drug content / 

Theoretical drug content) 100 

In Vitro buoyancy study: [12, 21] 

50 individual floating beads were introduced to 

100 ml of simulated stomach fluid (pH 1.2), which 

was kept at 37.50C and swirled at 100 rpm with a 

magnetic stirrer. The quantity of floating beads 

was visually counted every hour for the next 12 

hours. The number of beads floated were 

calculated by the following equation. 
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% Floating beads = Floating beads / Total beads × 

100  

In vitro dissolution study: [12]  

In vitro dissolution of Metoclopramide 

Hydrochloride floating beads was studied using 

the USP Type II paddle dissolution apparatus. 

Beads equivalent to 40 mg of metoclopramide 

hydrochloride were suspended in 900 ml of 0.1 N 

HCL (pH 1.2). The dissolution medium was stirred 

at 100 rpm and maintained at 37±0.5˚C. 5 ml 

aliquots were withdrawn at a specific time interval 

with an equal volume of fresh, pre-warmed 

dissolution medium to maintain the sink condition. 

The samples were filtered through membrane filter 

paper, diluted appropriately, and examined at 272 

nm with a UV Spectrophotometer (Shimadzu 

Double Beam UV1800 Japan). All dissolution 

tests were performed in triplicate. 

Scanning electron microscopy (SEM) [21] 

The morphological characteristics of 

metoclopramide hydrochloride floating beads 

were investigated using JSM 6330 JEOL (Japan) 

Scanning Electron Microscope. The sample for 

this investigation was prepared by dusting 

microsphere powder on two-fold sticky tape that 

was fastened to an aluminum stub. The analyzer 

also recorded photomicrographs with a 2000A 

thickness and gold covering around the stub using 

a sputter coater. 

DATA ANALYSIS: 

The effect of formulation variables on the response 

variables were statistically evaluated by applying 

ANOVA at 0.05 level using a commercially 

available software package Design-Expert® 

version 360 (Stat-Ease Inc.). To describe the 

response surface curvature, the design was 

evaluated by quadratic model, which bears the 

form of equation: 

Y = b0 + b1X1 + b2X2 + b3X12 + b4X22 + 

b5X1X2…………… 

Where, Y is the response variable, b0 the constant 

and b1, b2, b3, b4, b5 the regression coefficient. 

X1 and X2 stand for the main effect; X1X2 are the 

interaction terms, show how response changes 

when two factors are simultaneously changed. 

X12 and X22 are quadratic terms of the 

independent variables to evaluate the nonlinearity. 

The polynomial equation was established by 

applying ANOVA using the Design-Expert 

software version 7.1.6. Also, the data were 

subjected to 3-D response surface graph and 

contour plots to study the interaction of 

independent variables i.e., Sodium Alginate (X1) 

and Poloxamer 188 (X2) on dependent variable. 

RESULTS AND DISCUSSION 

Characterization of Drug 

Description:  Metoclopramide Hydrochloride is a 

white or almost white odorless powder. 

Solubility: Freely soluble in alcohol, very soluble 

in water. 

Taste: Metoclopramide Hydrochloride is 

intensely bitter in taste. 

Melting point: Melting point of Metoclopramide 

hydrochloride was found to be 1020C 

UV Spectrophotometry of the Metoclopramide 

Hydrochloride.                                          

Determination of λ max 

The maximum absorbance 0.490 and minimum 

absorbance 0.075 was found to be at 272 nm. 

 
Figure 3. UV Spectrum of Metoclopramide 

Hydrochloride 

Standard Curve of Metoclopramide 

Hydrochloride. 

Standard calibration curve of Metoclopramide 

Hydrochloride in 0.1 N HCl was plotted by using 
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the observations recorded in table and as shown in 

figure. 

Table 5. Observation for standard calibration 

curve of metoclopramide hydrochloride. 

Sr. 

No 
Concentration (g/ml) Absorbance 

1 0 0 

2 2 0.075 

3 4 0.125 

4 6 0.181 

5 8 0.246 

6 10 0.320 

7 12 0.372 

8 14 0.459 

9 16 0.490 

 

 

 
Figure 4. Calibration curve of Metoclopramide 

Hydrochloride in 0.1N HCL

Table 6. Standard curve statistics 

Sr. No Parameters Observation 

1 Absorbance maximum 0.490 

2 Slope 0.031208 

3 Intercept 0.002333 

4 Coefficient of Correlation (r2) 0.9965 

Infrared Spectrum Analysis  

 
Figure 5. Chemical Structure of Metoclopramide 

Hydrochloride 

The infrared spectrum of the pure drug 

Metoclopramide Hydrochloride was studied and it 

was found that all the various functional groups 

present in the structure of Metoclopramide 

Hydrochloride were present. Thus, through 

infrared spectroscopy the purity of compound was 

identified and presence of any impurities in the 

sample was overruled. The details of the peak 

observed and the corresponding functional groups 

are as in the table given below.  

Table 7. Interpretation of IR spectrum of Metoclopramide Hydrochloride and formulation F9 

Sr. 

no 

Wave number (cm-

1) 
Interpretation 

Peak observed 

cm-1 

1 3500 – 3000 OH stretching vibration 3185.95 

2 2000 – 1500 NH bending vibration 1589.96 

3 2000 – 1500 C=C stretching 1533.66 

4 1500 – 1000 -OCH3 stretching 1254.80 

5 1500 – 1000 -CN stretching 1208.28 

Thermal Analysis 

A sharp endothermic peak was observed at 105º 

C which corresponds to the melting point of 

Metoclopramide Hydrochloride. Thus, the purity 

of the drug was ascertained  

Evaluation of floating beads 

y = 0.0312x
R² = 0.9965

0
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Compatibility study using Infrared Spectrum 

Analysis 

 
Figure 6. IR Spectrum of Metoclopramide Hydrochloride 

 

 

Figure. 7 IR spectrum of formulation F9 batch 

 

 
Figure 8. IR of Spectrum Pure Metoclopramide Hydrochloride 
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Table 8. Interpretation of IR spectrum of Metoclopramide Hydrochloride and formulation F9 

Sr. no Wave number (cm-1) Interpretation 
Peak observed 

cm-1 Drug Formulation 

1 3500 – 3000 OH stretching vibration 3188.15 Yes Yes 

2 2000 – 1500 NH bending vibration 1587.82 Yes Yes 

3 2000 – 1500 C=C stretching 1533.87 Yes Yes 

4 1500 – 1000 -OCH3 stretching 1251.28 Yes Yes 

5 1500 – 1000 -CN stretching 1207.48 Yes Yes 

 

The infrared spectrum of pure drug 

metoclopramide hydrochloride was studied and it 

was found that all the important peaks that 

correspond to various functional groups present in 

the structure of Metoclopramide Hydrochloride 

was present. The drug exhibits peaks due to the 

3185.95 OH stretching vibration, 1589.96 NH 

bending vibration (Primary and secondary amide), 

15.33 C=C aromatic stretching, 1254.80 -OCH3 

stretching, 1208.28 -CN amine stretching. In the 

IR study, it was found that there was no exhibited 

interaction between metoclopramide 

hydrochloride and excipients used. Physical 

mixture showed band at 3188.15 OH stretching 

vibration, 1587.82 NH bending vibration, 1533.87 

C=C stretching, 1251.28 -OCH3 stretching, 

1207.48 -CN stretching. [38] 

 
Figure. 9 DSC of Metoclopramide Hydrochloride 

 
Figure.10 DSC of Formulated F9 batch
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Thermal Analysis  

A sharp endothermic peak was observed at 105º C 

of Metoclopramide hydrochloride. Supporting 

evidence for compatibility between drug and 

excipients was obtained from DSC studies. In DSC 

thermograms of pure Metoclopramide 

hydrochloride (Fig.), and formulations (Fig.), no 

any shift in the endothermic peaks of drug was 

found, which suggested that there was no any 

interaction between drug and formulation mixture. 

[69] 

Characterization of formulated floating Beads 

of Metoclopramide Hydrochloride  

Particle size: 

Formulations Percentage Yield 

F1 88.32±0.98% 

F2 91.84±1.09% 

F3 86.76±1.23% 

F4 94.98±0.76% 

F5 98.47±1.56% 

F6 94.98±1.32% 

F7 97.63±0.62% 

F8 94.76±0.98% 

F9 98.20±1.26% 

Table 9: Particle Size Analysis 

 All formulations were round in particle shape with 

smooth surface. The mean particle size of beads of 

metoclopramide hydrochloride ranged from 91.12 

to 113.00 µm (Table 9). The mean diameter of 

prepared beads was increased with an increase in 

sodium alginate concentration (F1-F9) due to 

increased viscosity of solution which influence the 

interaction between disperse phase and dispersion 

medium that affect the size distribution of particle. 

the sodium alginate concentration to 1% W/V 

resulted in clumping of the beads after drying 

whereas high concentration alginate (2% to 

3%W/V) resulted free flowing beads. This could 

be attributed to an increase in relative viscosity at 

higher concentration of polymer and formation of 

larger particle. [38,69] 

Percentage Yield 

Formulation Particle Size (µm) 

F1 87.14±0.34 

F2 91.86±0.24 

F3 87.36±0.31 

F4 91.12±0.21 

F5 97.32±0.15 

F6 99.00±0.21 

F7 101.18±0.09 

F8 112.28±0.18 

F9 113.00±0.34 

Table 10. Percentage yield 

The studies were conducted, and the maximum 

percentage yield was found to be 98.20% with F9 

batch and minimum of 86.76% with batch F3.  [68] 

Drug Content 

The data for drug content of floating beads of 

Metoclopramide hydrochloride is as shown below. 

Table 11: Drug Content 

Formulations Drug content (%) 

F1 72.49±0.25 

F2 69.28±0.39 

F3 75.46±0.17 

F4 79.57±0.08 

F5 81.56±0.17 

F6 85.01±0.10 

F7 91.73±0.23 

F8 93.83±0.11 

F9 95.09±0.17 

Determination of drug content was carried out to 

quantify the amount Metoclopramide 

Hydrochloride in prepared beads, it was found to 

be in range 69.28% to 95.05%. The all nine 

batches’ results are shown in Table 11, indicating 

drug content improved with an increase in sodium 

alginate and poloxamer 188 concentrations. 

Enhanced drug content with an increase in sodium 

alginate concentration could be due to enhanced 

availability of the calcium binding site in anionic 

liner polysaccharide chain and consequently, an 

additional degree of crosslinking by raising the 

sodium alginate fraction. [69  

Table No 12: Entrapment Efficiency 

Formulations Entrapment Efficiency (%) 

F1 80.27±0.075 

F2 78.42±0.78 

F3 79.07±0.20 

F4 88.20±0.05 
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F5 82.00±0.22 

F6 86.42±0.16 

F7 91.10±0.07 

F8 90.60±0.34 

F9 96.12±0.23 

 

All values are expressed as mean ± SD (n=3) 

The determined encapsulation efficiency of prepared 

metoclopramide HCl beads is elaborated in Table.15. 

The effect of polymer content on encapsulation 

efficiency was studied. The encapsulation efficiency in 

0.1 N HCl ranged from 78.42 to 96.12%. On 

examination of the results, an increase in percent 

entrapment efficiency from 78.42 to 96.12 as the 

polymer concentration increased was observed. It is 

evident that with the increase in polymer concentration, 

entrapment efficiency also increased. Additionally, the 

increased viscosity, which is directly related to polymer 

concentration, hindered drug mobility, which had an 

impact on entrapment efficiency. [67, 68] 

In Vitro Buoyancy Study 

Table 13. In vitro buoyancy study 

Formulations Floating lag time (min) Floating Time In vitro Buoyancy Study (%) 

F1 2:10±0.34 ˃12 100±0.43 

F2 1:39±0.12 ˃12 99±0.28 

F3 1:52±0.43 ˃12 99.66±0.11 

F4 2:21±0.29 ˃12 99.34±0.37 

F5 2:12±0.98 ˃12 98.66±0.45 

F6 2:20±0.61 ˃12 99±0.81 

F7 1:33±0.55 ˃12 100±0.68 

F8 1:29±0.23 ˃12 99±0.39 

F9 1:14±0.58 ˃12 100±0.47 

All values are expressed as mean ± SD (n=3)  

The table no 13 shows the in vitro buoyancy data of 

Metoclopramide Hydrochloride beads in simulated 

gastric fluid pH 1.2. all formulation had a lower density 

than simulated gastric fluid. The in vitro floating study 

revealed that all formulation had excellent floating 

ability. due to the formation of air bubbles during 

preparation, the beads containing gas producing agent 

floated for longer than 12 hours. [12] 

 

Figure 13. Floating beads Initial Time (F1, F2, F3) 

 

Figure 14. Floating beads after 12hr (F7, F8, F9) 

Scanning electron microscopy (SEM)  

The scanning electron microscopy (SEM) 

photographic images of optimized formulation F9. 

Drug loaded Metoclopramide Hydrochloride beads are 

represented in figure A demonstrated that round in 

shape.  Surface morphology of dried beads figure B and 

C demonstrated rough surface, visible wrinkles, and 

rough appearance caused by embedded 

metoclopramide HCl. The magnification capacity of 

microscopic fields allows for a clear and concise 

examination of various images. The image 1B at 200x 

magnification indicating and figure. C shows the tidy 

material at 500x magnification with inner penetration 

of sodium alginate and metoclopramide. 
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Figure 15. A                                                 Figure 15.B 

 

                           
Figure 15.C                                                   Figure 15.D 

Figure. Scanning electron microscopic photograph of drug loaded floating beads (magnification X45, X95, 

X200, X500) 

In vitro Dissolution Study: 

 

Figure 16. Dissolution test apparatus 
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Table 14: In vitro dissolution profile of formulation F1, F2, F3 

Time Cumulative % Drug Released 

 F1 F2 F3 

0 0 0 0 

2 42.7±0.63 37.08±0.98 36.17±0.45 

4 69.56±0.24 64.07±0.78 63.28±0.56 

6 76.32±0.28 71.26±0.5 69.14±0.49 

8 84.56±0.66 76.32±0.92 72.60±0.23 

10 86.38±052 84.8±0.61 77.40±0.39 

12 92.02±0.37 86.79±0.57 81.75±0.16 

   All values are expressed as mean ± SD (n=3) 

 
Figure 17. In vitro dissolution profile of F1-F3 

Table 15: In vitro dissolution profile of formulation F4, F5, F6 

Time Cumulative % Drug Released 

 F4 F5 F6 

0 0 0 0 

2 41.12±0.12 38.12±0.39 39.98±0.26 

4 64.96±0.43 59.83±0.67 54.12±0.49 

6 75.67±0.47 73.18±0.61 67.97±0.23 

8 79.09±0.81 73.43±0.28 71.12±0.63 

10 82.16±0.32 80.35±0.97 78.4±0.22 

12 89.23±0.29 83.31±0.97 82.28±0.76 

values are expressed as mean ± SD (n=3) 

 
Figure 18. In Vitro-dissolution profile of F4-F6 
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Table 16: In vitro dissolution profile of formulation F7, F8, F9 

Time Cumulative % Drug Released 

 F7 F8 F9 

0 0 0 0 

2 38.67±0.34 35.12±0.11 33.82±0.34 

4 68.19±0.45 65.7±0.34 61.16±0.54 

6 74.3±0.29 71.49±0.86 69.46±0.25 

8 79.96±0.22 75.06±0.28 72.18±0.96 

10 89.12±0.17 79.98±0.22 76.4±0.89 

12 92.32±0.38 84.12 ±0.26 79.87±0.52 

                   All values are expressed as mean ± SD (n=3)  

 

 

Figure 19. In Vitro-dissolution profile of F7-F9 

The floating beads were subjected to in-vitro 

release using paddle type 2 dissolution apparatus 

in 900ml of 0.1 N HCl medium. The dissolution 

profile of pure metoclopramide hydrochloride 

alginate beads given in table 17, 18 and 19. The 

release of all formulation observed was between 

63.12% to 73.98%. The polymer concentration 

(1%W/V sodium alginate) shows release 71.73, 

68.61 and 73.98 respectively. From F4 to F6, the 

values are 63.12, 64.98 and 62.66. From 

formulation F7 to F9 shows the release 66.44, 

69.34, and 63.18 respectively. It was chosen as an 

ideal formulation showing an extended drug 

release over a period of 8 hours with acceptable 

floating property. 

 Data Analyses of Formulations: 

 Traditional designing of the pharmaceutical 

formulations is based on time consuming approach 

of changing one variable at a time which does not 

take into consideration the joint effect of 

independent variables. Thus, factorial design can 

serve as an essential tool to understand the 

complexity of the pharmaceutical formulations. 

The results can be expressed either as simple linear 

or second order polynomial equation to 

statistically evaluate the responses obtained after 

experiments. A 32 full factorial design was 

selected, and the 2 factors were evaluated at 3 

levels. The amount of Sodium alginate (X1) and 

Poloxamer 188 (X2) were selected as independent 

variables and the dependent variables were 

rel12hr. The data obtained was treated using Stat-

Ease Design Expert 360 software and analyzed 

statistically using analysis of variance (ANOVA) 
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Table 17. Design Summary 

Factor Name Unit Type 
Coded Level Actual Level 

Low Medium High Low Medium High 

X1 Sodium alginate % Numerical -1 0 +1 1% 2% 3% 

X2 Poloxamer 188 Mg Numerical -1 0 +1 30 40 50 

 
Table 18. Response Summary 

Response Name Unit Observations Analysis Minimum Maximum 

Y1 Rel12hr Hrs. 9 Polynomial 79.87 92 

Table 19. The responses of all formulations 

Responses X1 X2 Rel12hr  (%) 

F1 1% (+1) 30 (+1) 92.02 

F2 1% (+1) 40 (0) 86.76 

F3 1% (+1) 50 (-1) 81.75 

F4 2% (0) 30 (+1) 89.23 

F5 2% (0) 40 (0) 83.31 

F6 2% (0) 50 (-1) 82.28 

F7 3% (-1) 30 (+1) 92.32 

F8 3% (-1) 40 (0) 87.50 

F9 3% (-1) 50 (-1) 79.87 

 

The data clearly indicates that Rel12hrs are 

strongly dependent on the selected independent 

variables. The equations related with responses of 

rel 12hrs to transformed factors are shown below.  

Drug Rel12hrs = +85.25+0.3400X1-4.04X2-

0.5675X1X2+2.42X12+0.2800X22                                           

[R2=0.8446]…………………….(1) 

[ Adjusted R2 = 0.5856, Predicted R2 = - 0.5899, 

F= 3.26, P = 0.1797] 

From the response surface model plot of drug 

release it is observed that change in concentration 

of sodium alginate affects the drug release. The 

information, the equation conveyed was the basis 

to study the effects of variables. The regression 

coefficient values are the estimates of the model 

fitting. The R2 was high indicating the adequate 

fitting of the quadratic model. 

All the polynomial equations were found to be 

statistically significant (P< 0.05), as determined 

using ANOVA, as per the provision of Design 

Expert software. The values of the correlation 

coefficient indicate a good fit. The polynomial 

equation can be used to draw conclusion after 

considering the magnitude of coefficient and the 

mathematical sign it carries; i.e., positive or 

negative.  

7.8. ANOVA Study:  

Evaluation and interpretation of research findings 

are utmost important, and P-value serves a 

valuable purpose in these findings. ANOVA and 

Multiple regression analysis were done using Stat-

Ease Design Expert 360 software. Table represents 

ANOVA for the dependent variables rel12hrs.  

The coefficient of X1 and X2 were found to be 

significant at P values is greater than 0.1000 

indicate the model term is not significant effect of 

the variables on the selected responses. Increasing 

the amount of poloxamer 188 resulted in the 

decrease in the release of Metoclopramide 

hydrochloride. Overall, both the variables caused 

significant change in the responses. 
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Table 20: Analysis of variance for Rel12hr. 

Source 
Sum of 

Squares 

Degree of 

Freedom 

Mean 

Square 
F Value P Value 

Model 

Significant/ 

Nonsignificant 

Model 111.94 5 22.39 3.26 0.1797 Not significant 

X1 0.6936 1 0.6936 0.1010 0.7714  

X2 98.09 1 98.09 14.29 0.0324  

X1X2 1.29 1 1.29 0.1876 0.6941  

(X1)2 11.71 1 11.71 1.71 0.2826  

(X2)2 0.1568 1 0.1568 0.0228 0.8895  

Residual 20.60 3 6.87    

Core Total 132.54 8     

   
Figure 20: Response 3-D surface plot for DR 

CONCLUSION  

The objectives of the study were developed 

sodium alginate beads for intragastric delivery of 

Metoclopramide Hydrochloride. The beads was 

prepared by the gelation technique using calcium 

chloride as a crosslinker and calcium carbonate as 

a gas forming floating inducer. The entrapment 

efficiency of alginate beads was significantly 

improved after the inclusion of sodium alginate 

was significantly improved after the inclusion of 

sodium alginate in the matrices and by increasing 

the poloxamer ration. Various aspects of the 

formulation, the characterization, Fourier 

Transform Infrared Spectroscopy, Differential 

Scanning Calorimetry, in vitro drug release, in 

vitro floating behavior studies, and scanning 

electron microscopy was carried out and 

evaluated. Scanning electron microscopy proved 

that the rough appearance and visible wrinkles of 

floating beads exhibit great buoyancy in simulated 

gastric fluid. The best formulation from batches 

F1-F9, found to be excellent yield, percent 

entrapment and release of drug, was batch F9 with 

drug release of 81.78%. 
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