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ABSTRACT 

The objective of present study aims to formulate enclosed floating alginate beads of Prochlorperazine Maleate (PCZM) for the 
treatment of nausea and vomiting. The Prochlorperazine Maleate which is having lower bioavailability up to 12.5% and also, it’s a 
lower biological half-life so which required multiple dosing frequencies 3-4 times a day. Bioavailability refers that to extend and rate 
at which the active moiety enters into the systemic circulation to the site of action. Biological half-life is the time that a body requires 
to eliminate one-half the quantity of an administered substance. So, by using Floating Alginate Beads of Prochlorperazine maleate 
which is help to Produced sustained released action up to 12 hours. Hence, it helpful for improvement of bioavailability and biological 
half-life, and reduced frequency of dosing. The Prochlorperazine Maleate (PCZM) beads were formulated by the Ionotropic gelation 
method by sodium alginate solution containing Low methylated pectin in various ratios. The Preformulation study was performed 
like Physical characters, Drug Excipients compatibility study by Calibration curve, FTIR and DSC study. The floating alginate beads were 
evaluated by different parameters like Percentage yield, Drug Content (DC) & Entrapment Efficiency (EE), In-vitro Drug Release study, 
particle size analysis, Z-Potential, SEM, PXRD, Stability study. The result of the FT-IR and DSC study indicated the stability and 
compatibility of the drug & polymers. The standard calibration curve in 0.1 N HCl (pH 1.2) showed a regression of 0.999. The 
percentage yield was found to be 86.29% to 95.90%. The drug content was found to be 3.7- 4.7 mg. The percentage buoyancy was 
found to be 89.40% to 97.50%. The in-vitro drug release study of the formulated batch was ranged from 77.29% to 91.44% at the end 
of 12 h. The best formulation was selected as batch B-2 which gives the best result based on Percentage Yield, DC, EE, buoyancy study, 
and In-vitro Drug Released study. Particle size observed in Nano range that is 393.3 nm and, Z-potential found to be -2.84mV. By 
Scanning Electron Microscopy (SEM) the beads were shown to be Spherical and slightly rough surface because of drying. A powdered 
X-Ray Diffraction study showed that the drug is converted from crystalline to an amorphous form. The B 2 Optimized batch drug 
content was found to be 4.62 mg and it is having no change in its physical appearance. Hence it shows good stability up to 60th day. 

Keywords: Prochlorperazine maleate, Sodium alginate, Pectin, Floating drug delivery, Ionotropic gelation. 
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INTRODUCTION 

he objective of the drug delivery system is to deliver 
a therapeutic amount of drugs to the right place in 
the body to quickly reach them and maintain the 

proper desired concentration of drugs. The oral route 
increases progressively when used for the delivery of 
therapeutic agents due to the low compensation of the 
therapy and the ease of administration leading to get more 
patients satisfaction. Near about 50% or more drugs are in 
the oral drug delivery system available in the market.1-3 

Conventional (commercial) oral dosage forms offer no 
control over drug delivery, leading to fluctuations in the 
plasma drug concentration levels. These have the difficulty 
of releasing all or nothing from the emptying process, 

although the multi-unit particle system passes through the 
GIT to evade the vagaries of gastric emptying and thus 
release the drug more consistently. Numerous approaches 
have been developed to increase the retention of an oral 
dosage form in the stomach. for example, floating systems, 
expansion-by-expansion systems, muco-adhesive systems, 
and high-density systems.4-6 

Floating multiparticulate gastroretentive drug delivery 
systems based on effervescent and non-effervescent 
approaches. Hollow microspheres are, empty spherical 
particles without the nucleus in a severe sense, this 
alginate are typically free-flowing powders consisting of 
synthetic proteins or polymers, which are ideally spherical 
beads of approximately 2.5 mm diameter.5-6 
Microparticles are different spherical microcapsules that 
function as the solid substrate on which the drug is layered 
or encapsulated in the bead's core. Beads can provide 
controlled release properties and the bioavailability of 
pearl formulated drugs can also be improved. Floating 
alginate beads achieves the goal of developing a gastro-
retentive drug delivery system is to maintain the drug's 
release action, as well as to improve the therapeutic effect 

Development and Characterization of Enclosed Prochlorperazine Maleate Floating 
Alginate Beads
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of the dosage form into the stomach or gastric media until 
all of the drugs is completely released in the desired 
period. These multiparticulate dosage forms have several 
advantages over single-unit preparations, including 
immutable dispersion in the gastrointestinal tract (GIT), 
invariable drug absorption, reduced inter-and intra-
individual variability, avoid possibilities of dose discharge, 
improving flow property, and are more flexible 
formulation processes.5-6 

Definition 

Floating drug delivery systems are low-density systems 
that have suitable buoyancy to float overhead the gastric 
contents and continue to float in the stomach without 

disturbing the rate of gastric emptying for an extended 
time.8 

This result is longer gastric retention time and good control 
of fluctuations in plasma drug concentration. Many 
floating systems treated in granules, powders, capsules, 
tablets, laminated films, and sacred microspheres, alginate 
beads have been developed.9 

MATERIALS AND METHODS 

Prochlorperazine Maleate Gift sample from Harika Drugs 
PVT. LTD Hyderabad. Sodium Alginate Pallavi Chemicals 
and Private Ltd, Andheri Mumbai. Pectin Pallavi Chemicals 
and Private Ltd, Andheri Mumbai. Calcium Chloride 
Research Lab Fine Chem Industries, Mumbai. 

Formulation and Development 

Table 1: Formulation Table for Prochlorperazine maleate loaded floating beads 

Formulation 
code 

Prochlorperazine 
maleate (mg) 

Sodium Alginate 
(mg) 

Pectin (Low 
Methylated) (mg) 

Calcium Chloride 
(%) 

B-1 200 1 0.5 5 

B-2 200 1 1 5 

B-3 200 1.5. 0.5 5 

B-4 200 1.5 1 5 

B-5 200 1 0.5 10 

B-6 200 1 1 10 

B-7 200 1.5 0.5 10 

B-8 200 1.5 1 10 
 

Methods 

Formulation and Characterization of Beads will be 
prepared by the Ionotropic gelation method. 10-11 

Preparation of Floating beads by Ionotropic Gelation 
Method 

All ingredients were weighed properly according to the 
formula. Then weighed quantity of Pectin was dissolved in 
the water and kept aside for at least 1 h. Then sodium 
alginate was dissolved in 50 ml of water to form a uniform 
paste solution. After 1 h when pectin solution was formed 
properly. The prepared pectin solution added into the 
sodium alginate paste with continuous stirring up to get 
the uniform paste of required consistency. To this 
prepared uniform paste, Prochlorperazine maleate was 
added with continuous stirring and this mixture get ultra-
sonicate for 15 minutes to remove air bubbles. Then 
Calcium chloride solution 5% (5g in 100ml water) and 10 % 
(10g in 100 ml water) was kept on a magnetic stirrer for 
continuous stirring. For the preparation of floating beads, 
Drug + polymer solution was added dropwise into calcium 
chloride solution through the syringe with the needle of 24 
gauges with 300 RPM. This complete solution allowed 
standing for 1 h for curing. Then prepared floating beads 
were filtered with Whatman filter paper, washed it 2 to 3 
time with water and air-dried at room temperature or hot 

air oven up to 25°C for 48 hr. and stored in plastic sealable 
bags. 

Flow Chart for Formulation of Prochlorperazine Maleate 
Floating Beads 

Sodium Alginate + Distilled Water 

↓ dissolved 

                Pectin + Distilled Water 

   ↓ dissolved (kept aside for at least 1 h) 

Sodium Alginate + Pectin (mix with continuous Stirring up 
to uniform paste) 

↓ 

Drug Dispersed into Polymeric solution by continuous 
stirring 

↓ 

Added dropwise through 24 Gauze needle under calcium 
chloride solution with magnetic stirring Crosslinking 

solution 

↓ 

http://www.globalresearchonline.net/
about:blank


Int. J. Pharm. Sci. Rev. Res., 68(2), May - June 2021; Article No. 27, Pages: 183-193                                                          ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

185 
 

Beads were formulated (Filter, wash with water and air-
dried at room temperature or hot air oven up to 25°C for 

48 hr) 

Preformulation Studies 

The Preformulation studies are conducted to establish the 
physicochemical characteristics of the drug and its 
compatibility with the various excipients. The 
Preformulation studies are necessary to formulate drugs 
into stable, safe, and effective dosage form. 

Physical State:12-13 

❖ Colour 

❖ Nature 

❖ Odour 

Melting point 

A small amount of drug powder was placed into a fusion 
tube. That tube is set in the melting point determining 
apparatus containing liquid paraffin. The temperature of 
the drug put in a capillary was gradually increased 
mechanically and read the temperature at which powder 
started to melt up to all powder gets melted and 
temperature is calculated by the thermometer.14 

Drug Solubility 

Drug solubility studies of Prochlorperazine maleate were 
achieved threefold by adding required amounts of the 
drug to water and buffer solutions having different pH (4.5) 
buffers. The solutions containing flasks were kept on a 
rotary shaker for 24 h. After 24 h, solutions were 
determined by using UV spectrophotometer at 256 nm, 
which was the maximum absorption analyzed prematurely 
and drug concentrations were calculated. 

Drug excipient compatibility study 

The drug and excipients are chosen for the formulation 
were screened for compatibility by physical methods and 
Fourier Transform Infrared (FTIR) spectroscopic studies.15 

Compatibility Study by FTIR 

Infrared spectroscopy can be used to determine a 
compound and also to investigate the composition of the 
mixture. Pure drugs, polymers, excipients, and drug 
excipient mixture were subjected to FTIR studies to 
investigate the Drug- excipient interactions. The IR spectra 
of the test samples were obtained by the Pressed Pellet 
Technique using Potassium bromide.16 

Potassium Bromide Pellet Method 

A minor quantity of finely ground solid samples intimately 
mixed with about 100 times its weight of powdered 
potassium bromide. The finely ground mixture was then 
passed under very high pressure in a press (at least 25,000 
psig) to form a small pellet (about 1-2 mm thick and 1 cm 
in diameter). The resulting pellet was transparent to IR 
radiation and was run as such. 

Differential Scanning Calorimetry (DSC) 

The DSC studies were carried out to observe the thermal 
behavior of drug-loaded Beads whether the drug was 
encapsulated in them or not. The DSC analysis of pure 
drug, polymers, and the physical mixture of drug and 
polymers were carried out using a differential scanning 
calorimeter (METTLER TOLEDO). The Sample of 5 mg was 
placed in a 50μl perforated aluminum pan and sealed. Heat 
runs for each sample were set from 5⁰C to 300⁰C using 
nitrogen as purging gas and samples were analyzed.16 

Calibration Curve Preparation 

Preparation of Buffer Solutions 

Preparation of 0.1 N (1.2 pH) Hydrochloric Acid 

8.5ml of the hydrochloric acid was dissolved in distilled 
water and made up to 1000 ml to get0.1N hydrochloric 
acid.17 

Preparation of Calibration Curve for Prochlorperazine 
Maleate 

100 mg of Prochlorperazine maleate drug was transferred 
to a 100 ml of volumetric flask and made up to volume with 
0.1 N HCL. 10 ml was pipetted out into a separate 100 ml 
flask and made up to volume with 0.1 N HCL. 5ml, 10ml, 
15ml, 20ml, 25ml and 30ml were taken and made up to 
100ml using 0.1 N HCL. The absorbance of the resulting 
solutions was measured at 256nm using a UV 
spectrophotometer. The calibration curve was plotted 
concentration versus Absorbance.18-19 

Flow property measurements 

The flow properties of powers/beads are critical for an 
efficient Capsule filling operation. A good flow of the 
sample to be filled is necessary to assure efficient mixing 
and acceptable weight uniformity for the filled capsule. 
The flow property measurements include bulk density, 
tapped density, angle of repose, compressibility index, and 
Hausner’s ratio. The flow property measurements of the 
beads were determined.17 

Angle of Repose 

The angle of repose benefits to evaluate powder 
flowability by assessing inters particulate friction. In 
general, the higher the angle of repose gives poor 
flowability of the powder. The angle of repose of each 
powder blend was determined by the glass funnel method. 
And it is calculated used by the following equation as 
follows, 20 

tan θ = h/r 

θ = tan-1 (h/r) 

Where, θ = Angle of repose, 

h = Height of the pile, 

r = Radius of the cone made by powder blend. 
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Tapped Density 

The Tapped density aids to determine packing geometry 
and flowability. The Tapped density is the volume of 
powder was determined by tapping 100 using a measuring 
cylinder having a weighed amount of sample. Tapped 
density is calculated by the following equation, [20] 

ρt = M / Vt   

 Where,   

 ρt = Tapped density.  

 M = Weight of the powder.  

 Vt = Tapped volume.   

Bulk Density 

Bulk density is the ratio of mass to bulk volume. It may 
impact the dissolution and other properties and depends 
on the particle size, shape, and tendency of particles to 
hold together. The cylinder was dropped three times from 
a height of one inch for the rest of two seconds. The bulk 
density is calculated by the following equation, 20 

ρb = M / Vb   

Where,   

ρb = Bulk density,   

 M = Weight of the powder,   

 Vb = Bulk volume.  

Hausner’s Ratio 

The lower Hausner’s ratio indicates good flow properties. 
As well as the greater ratio indicates poor flow property. 
Hausner’s ratio can be calculated by formula, 20 

Hausner's ration =
𝑇𝑎𝑝 𝐷𝑒𝑛𝑠𝑖𝑡𝑦

𝐵𝑢𝑙𝑘 𝐷𝑒𝑛𝑠𝑖𝑡𝑦
 

Carr’s Index:  

Carr’s index is an important property for maintaining 
uniform weight. Carr’s index is calculated using the 
formula, 20 

𝐂𝐚𝐫𝐫’𝐬 𝐈𝐧𝐝𝐞𝐱 =
𝑇𝑎𝑝𝑝𝑒𝑑 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 − 𝐵𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦

𝑇𝑎𝑝𝑝𝑒𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦
 100 

Characterization Parameters of Enclosed 
Prochlorperazine Maleate Floating Beads  

Percentage Yield 

The prepared sample is to collect and weigh accurately. 
The measured weight separated by the total amount of 
non-volatile material that is used in the formulation gives 
the percentage yield. Percentage yield is calculated by the 
following formula, 21 

Percentage Yield = 
𝐴𝑐𝑡𝑢𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

𝑇𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑢𝑔 𝑎𝑛𝑑 𝑃𝑜𝑙𝑦𝑚𝑒𝑟𝑠
 × 100 

 

 

Drug Content 

100 mg equivalent drug-loaded polymer beads will be 
dissolved in a suitable solvent. It will be stirred using a 
magnetic stirrer. The resulting solution will be then filtered 
and the filtrate will be suitably diluted with a suitable 
solvent. Drug content can be determined 
spectrophotometrically by the single-point method. 22 

Drug content = 
A test  × 𝐶 𝑠𝑡𝑑)

𝐴  𝑠𝑡𝑑
 

Where. A test is Absorbance of test 

C std is the Concentration of standard 

A test is Absorbance of standard. 

Drug Entrapment Efficiency 23 

Entrapment Efficiency =
𝐴𝑐𝑡𝑢𝑎𝑙 𝑌𝑖𝑒𝑙𝑑 

𝑡ℎ𝑒𝑟𝑜𝑡𝑖𝑐𝑎𝑙 𝑌𝑖𝑒𝑙𝑑
 × 100 

In vitro buoyancy study 

Alginate beads (300mg) were scattered over the USP XXIV 
dissolution apparatus type II containing 900 ml of 0.1 N HCl 
and 0.02% Tween 80. The medium was disturbed with a 
paddle revolving at 100 rpm for 12 hr. The floating and the 
immersed portions of particles were collected separately. 
The microparticles were dehydrated and weighed. The 
Buoyancy percentage is measured as the ratio of the mass 
of the particles that remained buoyant and the total 
mass/weight of the particles. 23-25 

% Buoyancy = 
𝑄𝐹

𝑄𝐹+𝑄𝑆
 

Where,   

QF = Weight of the floating Beads   

Qs = Weight of settled Beads  

In-vitro drug release study  

The drug release analysis of alginate beads is conducted by 
using USP dissolution apparatus Type II containing 900 ml 
of 0.1 N HCl as dissolution media (pH- 1.2) at 100 rpm and 
37°C. Then a 10 ml sample was taken at 1 hr. the time 
interval for 12 hr. and at the same volume of fresh medium 
replaced to maintain sink condition. Taken samples were 
assayed spectrophotometrically at a suitable wavelength. 
The drug release was analyzed by UV 
spectrophotometer.26-28 

Particle Size analysis 

The Particle Size analysis of the drug-loaded beads of 
Prochlorperazine Maleate was measured on a Zeta dip 
tube (Malvern Instrument V.2.3) at a scattering angle of 
90°. A sample (0.5 mg) of the floating alginate beads 
suspended in 5mL of distilled water was used for the 
measurement. Each reading was made in triplicate. 29 

Determination of Zeta potential 

The Zeta potential of the drug-loaded beads of 
Prochlorperazine Maleate was measured on a Zeta dip 
tube (Malvern Instrument V.2.3) by determining the 
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electrophoretic mobility in a micro electrophoresis flow 
cell. All the samples were measured in water at 25°C. Each 
reading was made in triplicate. 29 

Scanning Electron Microscopy (SEM) 

Morphological examination of the surface and internal 
structure of the dried beads can be performed by using a 
scanning electron microscope. 30, 31 

P-XRD Analysis 

XRD Analysis carried out due to study the nature of drug 
used in a formulation. By the XRD analysis, the amorphous 
or crystalline nature of the drug can find out. And 
preparation for the final formulation the drug nature 
remains as it is for that the XRD comes in a Preformulation 
studied. 16 

Stability studies 

Stability is defined as the extent to which a product 
remains within specified limits throughout its period of 
storage and use. A drug formulation is said to be stable if it 
fulfills the following requirements. 32 

1. It should contain at least 90 % of the stated active 
ingredient.  

2. It should contain an effective concentration of added 
preservatives if any  

3. It should neither exhibit discoloration or precipitation 
nor develops a foul odor.  

4. It should not develop irritation or toxicity. 

Procedure 

The formulation was divided into 2 sets of samples and 
stored at Room Temperature (30 ºC) 40ºC ± 2ºC, 75ºC % 
RH ± 5 % in humidity control ovens ( ICH Q1A-Q1F 2003) 
After 60 days drug contents of all samples were 
determined by the method as in Drug content 

During storage at different temperature and humidity 
conditions (room temperature as well as in stability 
chamber at 40±2°C/75±5% RH), the optimized formulation 

was assayed at regular intervals of 15th, 30th, and 60th 
days. 32 

RESULT AND DISCUSSION 

Preformulation study 

Physical State 

❖ Colour: A white or pale-yellow powder. 

❖ Nature: Crystalline 

❖ Odour: Practically Odorless. 

Melting Point 

The melting point of the Prochlorperazine maleate was 
determined by the capillary fusion method. A capillary was 
sealed at one end filled with a small amount of 
Prochlorperazine maleate and the capillary was kept 
inverted i.e., sealed end downwards into the melting point 
apparatus. The melting point was found to be 226°C-
228°C. 

Solubility 

Prochlorperazine maleate is very slightly soluble in distilled 
water (0.002±0.01) and soluble in ethanol (0.231±0.023). 

Calibration Curve For Prochlorperazine maleate 

The data for the calibration curve of Prochlorperazine 
Maleate is given in (table 2). 

Table 2: Data for calibration curve of Prochlorperazine 
Maleate 

Concentration µg/ml Absorbance 

5 0.1193 

10 0.2438 

15 0.3546 

20 0.4781 

25 0.5987 

30 0.7145 

 

Figure 1: Calibration curve of Prochlorperazine Maleate 

y = 0.0238x + 0.0017
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It was found that the solutions of Prochlorperazine 
maleate in 0.1 N HCl show linearity (R2=0.999) (Fig. 1) in 
absorbance at concentrations of 5-30 µg/ml and obey Beer 
Lambert’s Law. 

Compatibility study 

The possible interactions between the drug and the 
excipients used in the formulation were studied by FTIR 
spectroscopy. The results are given below. 

FT-IR study 

 

Figure 2: FT-IR spectra of prochlorperazine maleate, Physical Mixture, Formulation 

Table 3: FT-IR spectral observed and standard values 

Sr. no Probable function groups Standard IR values (cm-1) Observed IR values (cm-1) 

1 Hydroxyl (OH) 3100-3700 3402.54 

2 Ar. C-H from CH3 3100-3000 3009.05 

3 C-H) of aliphatic groups CH3 and CH2 3000-2840 2970.48 

4 Ar. C-Cl 885-550 871 

5 C=O 1710-1680 1689.70 

6 Ar. C=C 1670-1600 1638.47 

The Fourier transform infrared spectroscopy (FTIR) 
spectrum for the pure Prochlorperazine maleate as shown 
in fig. 2.  The displayed band at 3402.54 cm-1 attributed to 
the hydroxyl (OH) in the maleate group, while the band 
3009 cm-1 assigned to the (C-H) aromatic rings in the 
backbone of the prochlorperazine. The (C-H) of aliphatic 
groups (CH3 and CH2) appeared in the expected area for 
the stretching vibration at 2970.48 cm-1. The bands 
appeared at 1689.70 cm-1 attributed to the (C=O) 
stretching of two carboxylic groups of maleate structure. 
The band appeared at 1638.47 cm-1attributed to (C=C) of 

the aromatic ring. The band appeared at 871 cm-1 (C-Cl) 
stretching in the benzene ring. While the fingerprint area 
showed the bending bands of the drug. 

The FTIR spectrum of Prochlorperazine maleate after 
formulation in floating beads forms as shown in Fig. 2 
displayed the same functional group's band with small 
shifting indicating the compatibility and uniformity of 
excipients with the drug without any chemical 
modification of the drug. 

 

 

 

 

 

Prochlorperazine Maleate 

Physical Mixture 

Formulation 
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Differential Scanning Calorimetry (DSC) 

 
Figure 3: DSC Spectrum of Prochlorperazine Maleate, Physical Mixture and Formulation 

The DSC analysis of pure Prochlorperazine maleate 
showed a characteristic, sharp endothermic peak at 
222.41°C-228.51°C corresponding to its melting point and 
indicates the crystalline nature of the drug. The DSC 
analysis of the physical mixture of drug and excipients 
revealed a negligible change in the melting point of 
prochlorperazine maleate in the presence of excipients, 
indicating no modification or interaction between the drug 
and excipients shown in Fig. 3. 

Flow properties 

The angle of repose shows the good flow property of 
floating beads showed in (table 4). The B-2 formulation 
shows the excellent flow of the Beads also the Tapped 
Density, Hausner’s ratio. Carr’s index, within the excellent 
range, so that the prepared formulation is in complies with 
all flow properties. 

Table 4:  Flow Property of Floating Alginate Beads 

Formulation No. B-1 B-2 B-3 B-4 B-5 B-6 B-7 B-8 

Angle of repose 32.89 28.55 32.88 32.49 26.65 31.41 31.88 30.54 

Tapped Density 0.466 0.472 0.478 0.408 0.471 0.504 0.527 0.489 

Hausner’s Ratio 1.14 1.15 1.12 1.11 1.14 1.13 1.16 1.14 

Compressibility Index 12.56 14.12 12.56 11.28 10.46 12.94 12.38 12.48 

Bulk Density (g/ml) 0.524 0.436 0.465 0.471 0.512 0.502 0.531 0.529 

The bulk densities of various Prochlorperazine maleate 
floating beads formulations were found to be within the 
range (0.436-0.531 g/ml) as shown in (table 4). The density 
of all formulations found that less than the density of 0.1 
N HCl (1.004g/ml). So that, the floating alginate beads are 
float in 0.1 N HCl. 

Characterization of Enclosed Prochlorperazine Maleate 
Floating Alginate Beads  

Percentage yield 

The Percentage yield of Prochlorperazine maleate Beads of 
formulated batches was found to be 86.29% to 95.90 %. 
Present investigation it was found that the polymer, co-

polymer concentration, and crosslinking agent 
concentration was not more effect on percentage yield. 
The B-2 batch gives the highest result it was found to be 
95.90%. 

Drug content and drug entrapment efficiency 

The drug content of different batches B-1 to B-8 was found 
to be 3.7 mg to 4.7 mg. The percentage of Entrapment 
Efficiency was found to be 74% to 94%. The B-2 batch 
showed the best result than other batches. The present 
study was concluded that the increase in the polymer and 
co-polymer concentration will increase the entrapment 
efficiency.

Prochlorperazine Maleate 

Formulation 

Physical Mixture 
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In-vitro buoyancy study 

Table 5: In-vitro % buoyancy study of batches B-1 to B-8. 

Formulation no. Floating lag time (seconds) Floating time (h) Percentage Buoyancy (%) 

B 1 30 ˃12 h 93.33 

B 2 10 ˃12 h 97.50 

B 3 37 ˃12 h 91.40 

B 4 23 ˃12 h 89.50 

B 5 25 ˃12 h 95.26 

B 6 13 ˃12 h 92.00 

B 7 17 ˃12 h 89.40 

B 8 26 ˃12 h 94.80 

All the batches had floating time greater than 12 h. Thus, 
had very little floating lag time (10 to 37 sec) as given in 
(table 5). This is due to the low relative density of Sodium 
Alginate and Pectin which helped the beads to become 
buoyant. The percentage buoyancy was found to be 

89.40% to 97.50% of Batch B-1 to B-8. it was found that 
varying the polymer and copolymer concentration in the 
beads formulation will normally effect on floating lag time 
and buoyancy time of the beads in dissolution media. The 
formulation B-2 gives optimum buoyancy up to 97.50%. 

In-vitro drug release study 

Table 6: in-vitro drug release study of FAB 

TIME (Hr.) 
CUMULATIVE PERCENTAGE DRUG RELEASE (%) 

B 1 B 2 B 3 B 4 B 5 B 6 B 7 B 8 

0 0 0 0 0 0 0 0 0 

1 20.72 24.81 26.92 14.67 17.85 20.80 14.82 15.73 

2 26.09 29.50 31.99 21.55 23.22 25.26 20.19 20.95 

3 32.52 35.70 37.51 28.74 29.65 31.08 26.62 27.53 

4 39.55 41.90 42.96 34.56 36.68 35.85 33.66 31.54 

5 45.38 48.10 49.84 39.33 42.50 41.29 39.48 36.98 

6 52.03 54.30 56.42 45.23 49.16 45.98 46.13 43.87 

7 56.72 60.50 62.32 50.67 53.85 50.97 50.82 50.45 

8 62.47 67.24 69.58 55.97 59.60 57.63 56.57 56.34 

9 68.37 77.22 75.78 62.32 65.50 64.13 62.47 63.61 

10 76.16 84.18 80.92 70.11 73.29 72.91 70.26 68.60 

11 81.98 90.38 87.73 75.93 79.11 79.26 76.08 74.95 

12 84.10 91.44 90.20 77.29 81.23 83.04 78.20 78.73 

 

Figure 4: In-vitro drug release study of FAB of batches B-1 to B-8 
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The in-vitro drug release study of batch B-1 to B-8 was 
carried out and the percentage of drug release from the 
FAB ranged from 77.29% to 91.44% at the end of 12 h 
shown in (Table 6). The results showed that the drug 
release pattern was affected by polymer concentration, 
the ratio of drug-polymer mixture, and the concentration 
of the crosslinking agent.   

The Selection of Best Formulation 

The best formulation was selected as batch B-2 which gives 
the best result based on Percentage Yield, Drug content, 
Buoyancy Study, and in-vitro Drug Released study. 

Size analysis 

The particle size of the optimized B-2 batch results 
measurement of the mean particle size of the optimized 
formulation (Batch: B-2) of the floating alginate beads was 
found to be 393.3 nm. The particle size of the Alginate 
beads was found to be in the nano range. This is because 
the viscosity of the formulation is optimum, which in turn 
reduces the interfacial tension, and finally increases the 
stirring efficiency, which results in reduced particle size. 
The present study indicated that there was not any 
remarkable effect of concentration of excipients on the 
particle size of prepared Alginate beads. 

Zeta potential 

Zeta potential of optimized formulation (Batch: B2) of the 
floating beads was found to be –2.84 mV. The results 
showed good zeta potential. This result evident that the 

interaction between the polymers: Alginate and Pectin 
may impact the Zeta potential. Choosing a sufficient 
amount of alginate in comparison with the amount of 
Pectin can cause electrostatic repulsion between floating 
beads to provide enough surface charges for stabilization 
of the formulation.  

Morphology study by Scanning Electron Microscopy 
(SEM) 

SEM photomicrograph of drug-loaded Floating Alginate 
beads optimized batch B-2 was showed Spherical and the 
external surface was slightly rough/ shrinkage which could 
be drying. The SEM photomicrograph of the structure of 
the entire bead under 500 µm views of the Floating beads 
of optimized formulation show in Figure No.5 reveals that 
pores and channels are distributed throughout the surface. 
Present investigation indicates that there were no 
significant effects of variables on the surface morphology 
of alginate beads. 

 

Figure 5: SEM Photomicrograph of optimized batch B-2  
 

Powder- XRD 

 

Figure 6: PXRD of Optimized B-2 Floating Alginate Beads Formulation 

Powder XRD of Prochlorperazine Maleate and formulation 
was recorded using Rigaku diffractometer. The 
prochlorperazine maleate showed intense peaks or sharp 
peaks described multi-crystalline patterns in Fig. 6. 
However, the prochlorperazine maleate enclosed floating 
alginate beads showed diminished or less intense peaks in 
Fig. 6, revealing that the prochlorperazine maleate was get 
converted into an amorphous form. 

Stability studies 

Throughout the time of storage at different temperature 
and humidity conditions (room temperature as well as in 

stability chamber at 40±2°C/75±5% RH), the optimized 
formulation B 2 was assayed at regular intervals of 15th, 
30th, and 60th days. The B 2 Optimized batch drug content 
was found to be 4.62 mg and it is having no change in its 
physical appearance. Hence it shows good stability up to 
60th day.  

CONCLUSION 

The present study reports the development of floating 
alginate beads for sustained release of Prochlorperazine 
maleate following oral administration. This was 
successfully prepared by the Ionotropic gelation method 

Prochlorperazine Maleate Formulation 
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which can be taken once daily having an advantage over 
immediate release dosage form which required 3-4 times 
administration daily. Thus, once a day formulation results 
in improved bioavailability and thereby patient 
compliance. The result demonstrated that the release of 
the drug is dependent on the different ratios of hydrophilic 
polymers Sodium Alginate and Pectin. It can be 
conclusively stated that the B-2 formulation appears to be 
a promising system for the sustained release of 
Prochlorperazine maleate for Anti-emetic therapy based 
on actual percentage yield, Drug content, Percentage 
buoyancy study, and in-vitro drug release data. From the 
results, it was also concluded that the release rate of the 
drug is slow and consistent in polymer ratio of 1:1 than 
other formulations. 
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