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Gastroretentive microballoons of metoprolol succinate (an adrenergic beta receptor 

blocker) were formulated using acetylated starch from cocoyam (Xanthosoma 

sagittifolium) in order to release the drug at a controlled rate and increase 

bioavailability.  Acetylated cocoyam starch (DS 1.106 ± 0.054) was characterized 

and used in various combinations with Eudragit S100 to produce microballoons of 

metoprolol succinate at varying polymer:drug ratios. The microballoons were 

characterized for morphology, entrapment efficiency, in vitro buoyancy and 

dissolution time (t50). Metoprolol microballoons containing acetylated starch had 

higher entrapment efficiency and in vitro buoyancy ( >12 h) than those containing 

Eudragit S100 alone. The dissolution time (t50) increased with polymer: drug ratio 

with formulation of starch: Eudragit S100 1:3 showing sustained drug release (t50 = 

185.50 min) at polymer:drug ratio 6:1 which was comparable to dissolution time of 

Eudragit S alone at a similar polymer: drug ratio. Acetylated cocoyam starch 

showed potential as a cheaper, alternative polymer in gastroretentive drug delivery 

systems for high entrapment, prolonged buoyancy and sustained drug release. 

 

Keywords: Acetylation, Cocoyam starch, Gastroretentive drug delivery systems, Metoprolol succinate, 

Microballoons. 

 

INTRODUCTION 

 

Microballoons (also called hollow microspheres) 

can be described as spherically shaped particles 

with a void at the core (1). They are 

gastroretentive drug delivery systems operating 

on the basis of non-effervescent systems. 

Microballoons loaded with drug in their outer 

polymer shell are prepared by methods such as 

solvent evaporation or solvent 

diffusion/evaporation to create a hollow inner 

core. The active pharmaceutical ingredient is 

mixed with the selected polymer and dissolved 

in ethanol or dichloromethane solution. A stable 

emulsion is formed and the organic solvent is 

evaporated from the emulsion by increasing the 

temperature under pressure or by continuous 

stirring (2). The void at the core is created by the 

evaporation of the solvent which forms the 

hollow internal cavity in the microballoon 

formulation.  

 

As the microballoon system floats on the gastric 

fluid, the active pharmaceutical ingredient is 

released slowly at a desired rate resulting in  

 

increased gastric retention with reduced 

fluctuations in plasma drug concentration. The 

polymer type selected determines the flow 

properties as well as the release properties of the 

microballoons formed. Polymers used in the 

preparation of the microballoons include 

polylactic acid, Eudragit
®
 S100, hydroxy 

propylmethyl cellulose, chitosan, acrylic, methyl 

cellulose, polyacrylates, polyvinyl acetate, 

carbopol, agar, polyethylene oxide, 

polycarbonates, acrylic resins and polyethylene 

and cellulose acetate (2). 

 

Cocoyam (Xanthosoma sagittifolium, family 

Araceae) is one of the most important staple 

foods in Africa, with Nigeria, Ghana and 

Cameroon contributing over 60% of the total 

African production (3). Cocoyam is a highly 

starchy food with its corm (the swollen 

underground storage stem of the plant) 

containing one of the highest amounts of starch.  

Cocoyam starch is biodegradable, low in cost 

and biocompatible (4). The potential of cocoyam 

starch as a pharmaceutical binder was 

investigated in paracetamol tablet formulations 
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and reported to be comparable with those 

prepared with cornstarch BP (5). In another 

study, the bio-adhesive properties of native, 

pregelatinized and acetylated cocoyam starches 

were evaluated and found useful in targeted 

mucoadhesive drug delivery (6). Acetylation of 

native starch involves the esterification of the 

alpha- d- glucose units of the starch by 

nucleophilic reactions resulting in the 

substitution of the free proton of the hydrophilic 

hydroxyl groups on C2, C3 and C6 with the 

hydrophobic acetyl group. The acetylated starch 

often shows an increase in hydrophobicity 

resulting in an increase in the shear strength as 

well as in heat and acid stability of the starch 

(7,8). Thus, in this study, the potential of 

acetylated cocoyam (Xanthosoma sagittifolium) 

starch would be evaluated as a sustained release 

polymer in microballoons of metoprolol 

succinate in comparison to the established 

polymer, Eudragit® S100.  

 

Metoprolol is an adrenergic beta receptor 

blocker indicated in the management of heart 

failure, myocardial infarction, angina pectoris 

and hypertension It has an average half-life of 3 

to 4 hours. It has a bioavailablity of 40-50% 

(immediate-release). The duration of action of 

metoprolol is 3 to 6 hours when taken orally. 

Hence, the development of metoprolol succinate 

microballoons as a gastro retentive formulation 

would be useful in order to release metoprolol 

succinate at a controlled rate, allowing more of 

the drug to be absorbed through the walls of the 

stomach and into system circulation (9).  

 

EXPERIMENTAL 

 

Materials 

 

Cocoyam tubers (Xanthosoma sagittifolium) 

were obtained from Bodija Market, Ibadan, Oyo 

state, Nigeria. Metoprolol succinate was 

obtained from Xi’an Sgonek Biological 

Technology Co.Ltd, Xi’an City, China. Other 

materials used were anhydrous ethanol, acetone, 

acetic acid (Tedia Company Inc, Ohio, USA), 

pyridine, absolute ethanol (Sigma-Aldrich 

GmbH, Germany), potassium hydroxide, 

hydrochloric acid, phenolphthalein (Zayo-

Sigma, Lagos, Nigeria), liquid paraffin, xylene, 

Eudragit
®
 S100, dichloromethane, Tween 80 

(BDH Limited, Poole, England).  

 

Methods 

 

Extraction of starch  

 

The starch was extracted from cocoyam by 

peeling and cutting the tubers into smaller pieces 

followed by wet milling to obtain a slurry. The 

starch slurry was strained through a muslin cloth 

and the filtrate was left to settle. The supernatant 

was decanted at 12 h intervals and the starch 

slurry re-suspended in distilled water. Sodium 

meta-bisulphite was added to prevent colour 

change due to oxidation. The starch cake was 

collected after 72 h and dried in a hot air oven at 

60 °C for 48 hours. The dried mass was 

pulverized and then screened through a sieve of 

250 μm (8). 

 

Acetylation of starch 

 

Fifty grams of native starch was suspended in 

550 mL of de-ionized water in a 2000 mL 

beaker. The suspension was pregelatinized by 

stirring at 80 °C for 30 min over a water bath. 

The pregelatinized starch was precipitated with 

one litre of anhydrous ethanol, stirring under a 

high shear homogenizer. The precipitated 

material was filtered and the residue washed 

with acetone, filtered again and dried. The dried 

powder was screened (sieve size 250 μm). 

Twenty five grams of the pregelatinized starch 

was dispersed in 200 g of pyridine in a 1 litre 

round- bottom flask. One hundred grams of 

acetic acid was added to the dispersion. The 

round bottom flask was dipped into an oil bath 

and rotated at low speed inside a fume cupboard. 

The temperature was maintained at 100 °C. The 

reaction was carried out for 4 h with continuous 

stirring. The reaction mixture was transferred to 

a beaker and cooled to room temperature to stop 

the reaction. The product was precipitated from 

1300 mL of absolute ethanol under high shear 

homogenization. The precipitate was filtered, 

washed well with ethanol to remove the pyridine 

odour in the precipitate and then filtered again. It 

was dried in an oven and then screened using 

sieve size 250 μm (8, 10). 
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Determination of degree of substitution 

 

One gram of acetylated starch mixed with 50 mL 

of 5% ethanol in a flask with a loose stopper. 

The mixture was stirred while heating in a water 

bath at 50 ⁰C for 30 min. After cooling to room 

temperature, 40 mL of 0.5 N potassium 

hydroxide (KOH) solution was added to the 

mixture. The flask was fitted with a tight stopper 

and kept at room temperature with occasional 

shaking for 72 hours for complete 

saponification. An excess of alkali in solution 

was titrated with 0.5 N hydrochloric acid (HCl) 

solution using phenolphthalein as the indicator. 

A blank test was performed. The percent of 

acetyl group and degree of substitution (DS) 

were calculated as shown (10, 11) below: 

 

            
                                

                 
 (1) 

 

         
                    

                           
  (2) 

 

Where Ac.grp (%) is % of acetyl groups, Degsub 

is the degree of substitution, Vb is the volume of 

blank (ml), Vs is the volume of sample (ml), 162 

is the molecular weight of the anhydroglucose 

unit, 42 is the molecular weight of replaceable 

acetyl group and 4300 is the molecular weight of 

the acetyl group attached with 100 

anhydroglucose units. 

 

Characterization of native and acetylated 

cocoyam starches 

 

Morphology 

 

The shape and size of the native and acetylated 

starch granules were observed using a light 

microscope and a scanning electron microscope 

(Hitachi SU8030 FE-SEM Tokyo, Japan) at an 

accelerating potential of 5.0kV.  All samples 

were supercoated with Au/Pd prior to  

examination. 

 

Fourier Transform Infrared (FTIR) Analysis 

 

The starches were analysed by FTIR (FTIR-

Thermo Nicolet Nexus 870 Madison, WI, USA) 

using KBr in transmission mode and the 

transmission spectra were recorded using at least 

32 scans with 8 cmˉ¹ resolution in the range of 

4000- 400 cmˉ¹. 

 

Densities 

 

The bulk density of the native cocoyam starch 

and acetylated cocoyam starch at zero pressure 

were determined by pouring 10 g of the powder 

at an angle of 45ᵒ through a funnel into a 100 

mL glass measuring cylinder. The bulk density 

was measured as the ratio of mass to volume 

occupied by the starch. The tapped density was 

measured by applying 100 taps to 10 g of the 

starch sample in a graduated cylinder at a 

standardized rate of 30 taps per minute from a 

height of 2.50 cm. The particle densities of the 

starches were determined by the pycnometer 

method using xylene as non- solvent. A 50 mL 

capacity pycnometer was weighed empty (W) 

and then filled with non- solvent and the excess 

wiped off. The weight of the pycnometer with 

non- solvent was determined (W1). The 

difference in weight was calculated (W2).  A 2 g 

quantity of the sample was weighed (W3) and 

quantitatively transferred into the pycnometer. 

The excess non- solvent was wiped off and the 

pycnometer was weighed again (W4). The 

particle density was calculated from Equation 3. 

 
    

           
                             (3) 

 
Flowability 

 

The flowability of the starches were assessed 

using the Hausner’s ratio (HR) and Carr’s index 

(CI). 

 

    
              

            
    (4) 

 

    
                                    

              
    (5) 

 

An open ended cylinder was placed on a base of 

similar diameter. Starch powder (5g) was 

allowed to flow freely through a funnel under 

gravity, to form a conical heap. The angle of 

repose was calculated from 

 

Tan = h/r              (6) 
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where h is the height of the powder and r is the 

radius of the base of the cone. The angle of 

repose was calculated from the mean of three 

determinations. 

 

pH 

 

The pH of 1%w/v starch slurry in deionized 

water was measured at 27.5±0.5⁰C using a pH 

meter (Phillips S-25CW Microprocessor pH 

meter, China). 

 

Viscosity 
 

The viscosity of a 1 w/v% slurry of native and 

acetylated cocoyam starches was determined on 

Brookfield rheometer (DV-III+ pro model, Brookfield 

Engineering, USA) using spindle size 3 at speeds of 50 

and 100 rpm.  

 

Swelling index 

 

Starch powder (5g) was placed in a 100-mL 

measuring cylinder and the volume occupied 

was noted (V1). Deionised water (90 mL) was 

added; the dispersion was shaken for 2 min and 

then made up to volume with deionised water. 

The slurry was allowed to stand for 24 h before 

sedimentation volume was read (V2). The 

swelling index was calculated as V2/V1.  

 

Preparation of microballoons of metoprolol 

succinate using the solvent evaporation 

method  

 

Microballoons were prepared by the solvent 

evaporation technique. A weighed amount of 

drug (100 mg per formulation) and Eudragit 

S100 or combination of acetylated 

starch:Eudragit S100 were dissolved in a 

mixture of ethanol (10 ml) and dichloromethane 

(10 m at room temperature, 27.5±0.5⁰C). The 

drug-polymer dispersion was added drop-wise 

into 250 mL of water containing 0.01% Tween 

80 maintained at a temperature of 40–50 °C and 

subsequently stirred at an agitation speed of 500 

rpm to allow the volatile solvent to evaporate. 

The formulated microballoons were filtered, 

washed with distilled water, and dried at 40 °C. 

Nine batches of microballoons were formulated 

and are shown in Table 1. 

 

Table 1: Composition of  metoprolol-loaded 

microballoons containing acetylated cocoyam 

starch and Eudragit
 
S100  

Formulation Polymer type 

(Starch: Eud*) 

Polymer: 

drug ratio 

F1 0:1 2:1 

F2 0:1 4:1 

F3 0:1 6:1 

F4 1:2 2:1 

F5 1:2 4:1 

F6 1:2 6:1 

F7 1:3 2:1 

F8 1:3 4:1 

F9 1:3 6:1 

Key: *Eud = Eudragit
®
 S100 

 

Evaluation of microballoons 

 

Percentage Yield  

 

The percentage yield of the hollow microspheres 

was calculated using the following equation.  

                                
 

Where M = weight of beads, Mo = total 

expected weight of drug and polymer. 

 

Particle size and shape  

 

The morphology of the sample was evaluated  

using a scanning electron microscope (Hitachi 

SU8030 FE-SEM Tokyo, Japan) at an 

accelerating potential of 5.0kV.All samples were 

coated with Au/Pd prior to examination. The 

mean particle size of microballoons was 

determined using an optical microscope (BH-2 

BHS, Olympus, Tokyo, Japan). 
 

Fourier Transform Infrared (FTIR) analysis 

 

The pure drug, acetylated starch, Eudragit S100 

and microballoons were analysed by FT-IR in 

transmission model (Buckscientific, M530 

model, USA). The transmission spectra were 

recorded using at least 32 scans with 8 cmˉ¹ 

resolution in the spectral range of 4000-400 

cmˉ1. 
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Porosity 

 

The porosity of the microballoons was 

determined using the density values in Equation 

8. 

 

                                           
 

Where Pb is bulk density and Pt is the true 

density. 

 

Flowability 

 

The flowability of the microballoons was 

assessed using the Hausner’s ratio, the Carr’s 

index and the angle of repose. The Hausner‘s 

ratio was determined as the ratio of the initial 

bulk volume to the tapped volume while the 

Carr’s index (% compressibility) was calculated 

using Equations 4 and 5 while angle of repose 

was calculated using Equation 6. 

 

Entrapment efficiency  

 

The amount of drug entrapped was estimated by 

crushing the quantity of microballoons 

containing 50 mg of the drug in 100 mL of 0.1N 

HCl  (pH 1.2) inside a 100 ml volumetric flask. 

The solution was filtered and the absorbance 

was measured after suitable dilution, 

spectrophotometrically (UV-1700 Pharmaspec 

Shimadzu, Japan) at 270 nm. The amount of the 

drug entrapped in the microballoons was 

calculated using the following:  

 

      
           

                     
         

 

 

Where E.E. is the entrapment efficiency and 

drug amount is the actual amount of drug 

present. 

 

In vitro buoyancy  

 

Microballoons (100 mg) were spread over the 

surface of a USP dissolution apparatus (type I) 

filled with 900 ml simulated gastric fluid of pH 

1.2 containing 0.02% Tween 20. The medium 

was agitated by rotating the paddle at 100 rpm 

for 12 h. The floating and the settled portions of 

microballoons were recovered separately. The 

microballoons were air-dried and weighed. 

Percentage buoyancy was calculated as the ratio 

of the mass of the microballoons that remained 

floating (Wf) to the total mass of microballoons 

(W) as shown in Equation 10: 

 
  

 
                                  

 

In vitro drug release studies  

 

The release rate of microballoons was 

determined using the United States 

Pharmacopoeia (USP) XXIII basket type 

dissolution apparatus. A weighed amount of 

microballoons equivalent to 25 mg dose of drug 

was placed in the basket of dissolution apparatus 

containing dissolution medium (0.1N HCl pH 

1.2). The dissolution fluid was maintained at 37 

± 1 °C and rotation speed at 50 rpm. Samples 

(10 mL) were withdrawn at different intervals 

and replaced with equal amount of the 

dissolution medium. The amount of metoprolol 

succinate released was determined at wavelength 

270 nm, using Spectrumlab75s UV-VIS 

spectrophotometer using the Beer-Lambert 

equation obtained from the standard calibration 

curve. 

 

Statistical analysis was carried out using analysis 

of variance (ANOVA) on a computer software 

GraphPad Prism
©
 4 (Graphpad Software Inc. 

San Diego, CA, USA). At 95% confidence 

interval, probability, p values less than or equal 

to 0.05 were considered significant.  

 

RESULTS AND DISCUSSIONS 

 

Characterization of native and acetylated 

cocoyam starches  

 

The yield of cocoyam starch was 34.48%w/w on 

a dry weight basis. The yield is considered to be 

satisfactory in comparison to that reported in 

literature (12). On modification by acetylation, 

the yield of acetylated starch was 85%w/w. The 

acetyl content of the modified cocoyam starch 

was 9.747 ± 1.184% with degree of substitution 
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of 1.106 ± 0.054. It has been reported that 

acetylation increases the lipophilicity of any 

starch compound (10). The reduction in aqueous 

solubility could be attributed to decrease in 

hydrogen bonding due to loss of hydroxyl 

groups and their replacement with the less polar 

acetyl groups. As the degree of substitution of 

hydroxyl groups for acetyl groups on starch 

molecules increases, starch moves from being 

hydrophilic to having increased lipophilic nature 

(13). The number of acetyl groups incorporated 

into the starch molecule is dependent on the 

reactant concentration, pH, reaction time, 

presence of catalysts as well as the nature of the 

starch and its origin (10). The values of degree 

of substitution greater than 2 have been of 

research interest for controlled drug delivery 

(14). However, acetylated starch of modest 

degree of substitution less than 2 has been 

employed in formulation of films and 

microparticles in other studies (15).  

 

Morphology  

 

The scanning electron micrographs (SEM) 

images of the native and acetylated cocoyam 

starches are presented in Figure 1. The SEM 

image of native starch showed ovoid granules 

with smooth surfaces. The mean granule size 

was 26.22±1.08µm. The SEM images of the 

acetylated starches showed that the modification 

process of acetylation resulted in disruption in 

the granular structure of the native starch, 

producing significantly larger granules (176.85± 

6.25µm) with rough and porous surfaces and 

irregular shapes. 

 

 
(a) 

 
(b) 

Figure 1: SEM of (a), native and (b), acetylated Cocoyam starches mg (×300 magnification) 
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FTIR Analysis  

 

The FTIR spectra of both the native and 

modified starches are presented in Figure 2 and 

these showed characteristic broad absorption 

bands of C-O-H stretching at 3550- 3412 cmˉ¹. 

Similarly, the bands at 1650-1850 cmˉ¹ 

attributed to characteristic C=O stretching on the 

anhydro-glucose ring were present in both native 

and modified starch but were of different peak 

heights signifying modification of the starch. 

 

Densities and flow properties 

 

The values of densities, Carr’s index, Hausner’s 

ratio, angle of repose, swelling index and pH are 

presented in Table 2. Substitution of hydroxyl 

group (molecular weight= 17.007g/mol) with 

acetyl group (molecular weight= 43.045g/mol) 

is expected to cause an increase in densities of 

the starch polymer following acetylation as there 

is a direct relationship between molecular weight 

of polymers and density of polymers (16).  

 

The Hausner’s ratio (tapped to bulk density) 

provides an indication of the degree of 

densification. On the other hand, Carr’s index is 

a measure of compressibility of a powder; the 

higher the Carr’s index, the better the 

compressibility but the poorer the flowability 

(17). The results of Carr’s index, Hausner’s ratio 

revealed that modification of native cocoyam 

starch by acetylation produced starches with 

slightly improved flow. This was further 

confirmed by the values of the angle of repose. 

a 

 
b 

 
Figure 2: FTIR spectra of (a), native and (b), acetylated cocoyam starches 
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Swelling  

 

There was an increase in the swelling capacity 

of cocoyam starch after acetylation, compared to 

the native starch. This is in line with previous 

research which has shown that acetylation of 

starch increases water absorption capacity and 

swelling power, making starch more useful 

industrially (Adewumi et al, 2020). The 

increased swelling index of starch is also 

important for it to exhibit the required polymer 

properties in a formulation intended to be 

retained on the gastric fluid for a while. The 

increased swelling capacity may be related to the 

degree of substitution (DS < 2) in the acetylation 

process.  

 

pH  

 

The acetylation of starch increased the acidity of 

cocoyam starch as expected (18). This is 

reflected in the reduced pH of acetylated starch 

in comparison with native cocoyam starch, 

which makes it suitable as an excipient for 

gastroretentive drug delivery. 

 

Table 2: Morphology and material properties 

of native and acetylated cocoyam starches 

(mean ± standard deviation, n=3) 

Cocoyam 

starch 

Native Acetylated 

Particle shape Ovoid Irregular 

Particle size 

(µm) 

26.22 ±1.08 176.85±6.25 

Particle 

density* 

0.861±0.001 1.511 ±0.043 

Bulk density*  0.429 ±0.010 0.698 ± 0.014 

Tapped 

density* 

0.690 ±0.024 1.225 ± 0.043 

Hausner’s 

ratio 

1.61 ±0.03 1.76 ±0.10 

Carr’s Index 

(%) 

37.86±1.13 42.97±3.21 

Angle of 

repose 

68.19±0.51 39.60 ±0.56 

Swelling index 0.75 ±0.00 4.88 ±0.37 

pH 5.80± 0.00 4.17 ±0.20 

*gcm
-3

 

Viscosity 

 

The values of viscosity of the starches are 

presented in Table 3. Modification of cocoyam 

starch by acetylation resulted in only a slight 

increase in viscosity even with increase in speed 

 

Table 3: Viscosity properties of native and 

acetylated cocoyam starch at spindle size 3 

with varying speeds (mean±standard 

deviation,  n=3) 

Starch Speed (rpm) Viscosity (cP) 

Native 50 5.0±0.3 

 100 7.5±0.5 

Acetylated 50 6.0±0.4 

 100 9.0±0.5 

 

Characterization of metoprolol microballoons  

 

Microballoons were prepared by the solvent 

evaporation method, using Eudragit S100, an 

established hydrophobic polymer, either alone or 

in combination with the novel acetylated 

cocoyam starch in order to manipulate the 

formulation yield, buoyancy, encapsulation 

efficiency and release kinetics of metoprolol 

from the formulations. The central hollow core 

of microballoons is most likely due to the 

difference in diffusion rate and miscibility of 

ethanol and dichloromethane in aqueous phase. 

In the primary stage of microballoons formation, 

ethanol diffuses readily from the aqueous phase 

due to its high miscibility followed by the slow 

diffusion of dichloromethane leading to the 

development of the central hollow space filled 

with water. This water evaporated from the 

cavity through the porous surface while drying 

at controlled temperature, eventually forming 

hollow microballoons (19). The properties of the 

microballoons including yield, bulk and tapped 

densities, Carr’s index, Hausner’s ratio, porosity, 

entrapment efficiency, in vitro buoyancy and 

dissolution times (t50) were determined and the 

results are presented in Table 4.
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Table 4: Properties of metoprolol-loaded microballoon formulations  (mean±sd, n= 3) 

Formulation Yield (%) 

 

Bulk 

density 

(g/ml) 

Tapped 

density (g/ml) 

Hausner’s  

Ratio 

Carr’s index 

(%) 

Porosity 

(%) 

Entrapment 

efficiency (%) 

In vitro 

buoyancy 

 (%) 

t50 

(min) 

F1 76.33± 0.47 0.25 ± 0.00 0.38 ± 0.00 1.52 ± 0.04 34.21 ± 0.00 34.21 ± 0.00 70.95 ± 0.18 35.01 ± 1.15 >240.00 

F2 90.20± 1.50 0.40 ± 0.00 0.71 ± 0.00 1.77 ± 0.00 43.66 ± 0.00 33.66 ± 0.00 63.47 ± 0.18 43.30 ± 1.66 180.20 ±9.15 

F3 96.00± 1.00 0.91 ± 0.00 1.100 ± 0.00 1.21 ± 0.00 17.27 ± 0.00 29.00 ± 0.00 61.85 ± 0.00 51.75± 1.43 185.00 ±8.10 

F4 73.33± 0.80 0.42 ± 0.00 0.48 ± 0.00 1.14 ± 0.02 12.50 ± 0.00 10.50 ± 0.00 58.10 ± 0.35 73.44 ± 0.00 125.50 ±11.65 

F5 74.00± 0.95 0.50 ± 0.00 0.56 ± 0.00 1.12 ± 0.00 10.71 ± 0.00 12.71 ± 0.00 69.05 ± 0.00 75.57 ± 2.86 130.50 ±9.70 

F6 97.00± 3.22 0.80 ± 0.00 0.83 ± 0.00 1.04 ± 0.05 3.61 ± 0.00 13.61 ± 0.00 71.57 ± 0.00 89.16 ±1.95 166.60 ±9.00 

F7 72.70± 0.50 0.25 ± 0.00 0.33 ± 0.00 1.32 ± 0.00 24.24 ± 0.00 23.24 ± 0.00 72.07 ± 0.35 67.475 ± 1.94 108.00 ±10.20 

F8 87.20± 4.00 0.33 ± 0.00 0.43 ± 0.00 1.30 ± 0.00 23.26 ± 0.00 24.26 ± 0.00 72.32 ± 0.35 77.86 ± 1.61 160.00 ±15.77 

F9 92.43 ± 3.77 0.34 ± 0.00 0.50 ± 0.00 1.47 ± 0.00 32.00 ± 0.00 32.00 ± 0.00 80.55 ± 0.00 79.37 ±  1.58 185.50 ±7.55 
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Morphology  

 

The SEM image of microballoons containing the 

acetylated starch and Eudragit S100 are 

presented in Figure 3 and this revealed hollow 

structures with near spherical shape. The 

microballoons had rough surfaces and some 

degree of porosity with visible large holes on the 

surface. The mean size of microballoons was 

190.00 ± 11.80 µm. 

FTIR  

 

The FTIR spectra of the pristine drug, the 

cocoyam starch, Eudragit S100 and 

microballoons showed there was no interaction 

between drug and the acetylated starch and 

Eudragit S100, suggesting that the drug was well 

entrapped into the polymer.

 

 
Figure 3. SEM images of microballoons (×300 magnification) 
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Figure 4. FTIR spectra of (a), metoprolol succinate; (b), acetylated cocoyam starch; (c) Eudragit  

S100; (d),  microballoon 

 

Yield 

 

Microballoons were weighed after drying, and 

the percentage yield of microballoons containing 

acetylated cocoyam starch was high and 

comparable with those containing Eudragit  

S100 alone. Microballoons with higher 

acetylated cocoyam starch content showed 

percentage yield ranging from 73.33±0.80 to 

97.00±3.77%. Generally, the percentage yield of 

the microballoons increased with polymer:drug 

ratio. 

 

Densities and flow properties of 

microballoons 

 

From the values of the bulk and tapped densities 

the Carr’s index and Hausner’s were determined. 

Carr's index values of <10 or Hausner’s ratio of 

<1.11 is considered 'excellent' flow whereas CI 

> 38 or HR > 1.60 is considered 'very poor' 

flow. The results revealed good flow properties 

for those formulations containing the 

combination of starch and Eudragit S100 (F4 - 

F9). In particular, the flow properties of the 

formulations F4 - F6 containing starch: Eudragit  

 

 

S100 at ratio 1:2 improved with the content of 

acetylated cocoyam starch.  

 

Porosity 

 

Characteristic hollow cavities were observed in 

the structure of the microballoons. The porosity 

is known to contribute to the floating behaviour 

of the microballoons (19, 20). The porosity was 

ranked in the order F4 < F5 < F6 < F7 < F8 < F9 

< F1 < F2 < F3. Porosity appears to increase 

with polymer:drug ratio but reduced with the 

amount of acetylated cocoyam starch. Generally, 

the formulations containing Eudragit S100 had 

the highest porosity.  

 

Entrapment efficiency 

 

The drug entrapment efficiency of all 

formulation batches were found to be in the 

range of 58.10 ± 0.35% to 80.55 ± 0.00 %. 

Microballoons containing acetylated cocoyam 

starch showed significantly higher (p<0.05) 

entrapment than those containing eudragit only. 

For formulations containing starch and Eudragit, 

S100 the entrapment efficiency increased with  
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polymer:drug ratio. Drug encapsulation 

efficiency was found to increase with amount of 

polymer due to an increase in cross linking 

structure and viscosity of internal phase 

resulting in reduced migration of drug in the 

aqueous phase (19). On the other hand, 

entrapment efficiency reduced with 

polymer:drug ratio in microballoons containing 

Eudragit S100 only. 

 

In vitro buoyancy 

 

The microballoons showed a floating ability or 

buoyancy varying between 35.01 ±1.15 % and 

87.86± 1.61 % for up to 12 h. The buoyancy is 

attributed to the air core hollow structure of 

microballoons formed after the evaporation of 

solvent (20). The buoyancy increased with 

content of acetylated starch due to swelling 

property imparted to the formulations as well as 

the hollow core formation which made their 

densities less than that of gastric fluid. 

Formulation F8 containing acetylated 

starch:Eudragit S100 1:3 gave the highest 

percentage buoyancy. Thus, it may be deduced 

that these microballoons can float in gastric 

fluid, retarding the passage of the microballoons 

into the intestinal region and increasing their 

residence time in the stomach.  

 

Dissolution time  
 

The dissolution study was carried out to 

determine the release time of metoprolol from 

all the formulations in simulated gastric fluid. 

The plots of percent drug released versus time 

were obtained and these revealed an initial burst 

release followed by sustained release for some 

of the formulations (21) (Figure 5). The polymer 

content of the formulations containing the 

combination of starch and Eudragit S100 (F4 - 

F9) was a major factor governing drug release 

from the microballoons. As the polymer content 

increased, the overall drug release rate from the 

polymer matrix decreased owing to increase in 

the diffusion path length of the drug (20). 

 

It was observed that the formulation F1 

containing Eudragit S100 alone showed the most 

sustained release (t50 .> 240 min).. Drug release 

from microballoons containing acetylated 

cocoyam reduced with polymer: drug ratio. 

Formulation F9 (starch: Eudragit S100, 1:3) 

gave comparable dissolution time, t50 of 

185.50±7.55 min, as that containing Eudragit 

S100 alone at a similar polymer:drug ratio of 6:1 

(t50 = 185.00 ±8.10 min). 

 

CONCLUSION  
 

Microballoon formulations of metoprolol 

succinate containing acetylated starch with 

Eudragit S100 at varying ratios were prepared 

by the solvent evaporation method. Generally, 

microballoons containing acetylated starch had 

higher entrapment efficiency, higher in vitro 

buoyancy with prolonged but shorter dissolution 

times when compared to the microballoons 

containing Eudragit S100 alone polymer: 

Acetylated cocoyam starch has showed potential 

as a cheaper, alternative polymer in 

gastroretentive drug delivery systems. 
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Figure 5: Dissolution profile of metoprolol-loaded microballoon formulation 

 

REFERENCES  

 

1. Kumar, R.; Kamboj, S.; Amrish, C.; 

Gautam, P.K.; Sharma, K.V.. 

Microballoons: An advanced avenue for 

gastroretentive drug delivery system - A 

review. UKJPB. 2016, 4(4), 29-40. 

https://doi.org/10.20510/UKJPB/4/I4/11

0644 

2. Thakral, S,; Thakral, N.K.; Majumdar, 

D.K.. Eudragit®: a technology 

evaluation. Expert Opin Drug Deliv. 

2013, 10(1), 131-149. https://doi.org/ 

10.1517/17425247.2013.736962 

3. Onyeka, J. Status of cocoyam 

(Colocasia esculenta and Xanthosoma 

spp) in West and Central Africa: 

Production, household importance and 

the threat from leaf blight. CGIAR 

Research Program on Roots, Tubers 

and Bananas (RTB), 2014, 1-39.  

4. Din, Z.U.; Xiong, H.; Fei P. Physical 

and Chemical modification of starches: 

A review. Crit. Rev. Food Sci. Nutr. 

2017, 57(12), 2691-2705. 

https://doi.org/ 

10.1080/10408398.2015.1087379. 

5. Adebayo, A.S.; Itiola, O.A. Evaluation 

of breadfruit and cocoyam starches as 

exodisintegrants in a paracetamol tablet 

formulation. Pharm. and Pharmacol 

Comm. 1988, 4(8),385 - 389.  

https://doi.org/10.1111/J.2042-

7158.1998.TB00716.X 

6. Odeniyi, M.A.; Atolagbe, F.M.; Aina, 

O.O.; Adetunji, O.A. Evaluation of 

mucoadhesive properties of native and 

modified starches of the root tubers of 

cocoyam (Xanthosoma sagittifolium). 

Afr. J. Biomed. Res. 2011, 14(3), 169-

174. 

7. Ačkar, D.; Babić, J.; Jozinović, A.;  

Miličević, B.; Jokić, S.; Miličević, R.; 

Rajič, M.; Šubarić, D.  Starch 

Modification by Organic acid and their 

derivatives. A review. Molecules. 2015, 

0 

20 

40 

60 

80 

100 

0 40 80 120 160 200 240 

P
er

ce
n

ta
g
e 

d
ru

g
 r

el
ea

se
d

 (
%

) 

Time (min) 

F1 F2 F3 F4 F5 F6 F7 F8 F9 

https://doi.org/10.20510/UKJPB%2F4%2FI4%2F110644
https://doi.org/10.20510/UKJPB%2F4%2FI4%2F110644
https://doi.org/10.1517/17425247.2013.736962
https://doi.org/10.1111/J.2042-7158.1998.TB00716.X
https://doi.org/10.1111/J.2042-7158.1998.TB00716.X


30  Okunlola and Okafor East Cent. Afr. J. Pharm. Sci. 25 (2022) 

20(10), 19554- 19570. 

https://doi.org/10.3390/molecules20101

9554  

8. Okunlola, A.; Adebayo, S.A.; Adeyeye, 

M.C. Solid State Characterization of 

Two Tropical Starches Modified by 

Pregelatinization and Acetylation. 

Potential as Excipients in 

Pharmaceutical Formulations.  Br. J. 

Pharm. Res. 2015, 5(1), 58-71.  

https://doi.org/10.9734/BJPR/2015/1344

5 

9. Huang, G.; Deng, S.;Wang R.; Xi Y.  

Preparation and in vitro-in vivo 

correlation in dogs of metoprolol 

succinate sustained-release tablets. 

Zhongguo Yi Yao Gong Ye Za Zhi. 2005, 

36, 412–414. 

https://doi.org/10.3892/etm.2017.4247 

10. Singh, A.V.; Nath, L.K. Evaluation of 

acetylated moth bean starch as a carrier 

for controlled drug delivery. Int. J. Biol. 

Macromol. 2012, 50(2), 362-368. 

https://doi.org/10.1016/j.ijbiomac.2011.

12.011 

11. Ogawa, K.; Hirai, L.; Shimasaki, C.; 

Yoshimura, T.; Ono, S.; Rengakuji, S.; 

Nakamura, Y. Yamazaki, I. Simple 

determination method of degree of 

substitution for starch acetate. Bull. 

Chem. Soc. Jpn. 1999, 72 (12), 2785-

2790. 

https://doi.org/10.1246/bcsj.72.2785 

12. Falade, K.O.; Okafor, C.A. 

Physicochemical properties of five 

cocoyam (Colocasia esculenta and 

Xanthosoma sagittifolium) starches. 

Food hydrocolloids. 2013, 30(1), 173-

181. 

https://doi.org/10.1016/j.foodhyd.2012.0

5.006 

13. Okunlola, A.; Ogunkoya, T.O. 

Acetylated starch of Ofada rice as a 

sustained release polymer in 

microsphere formulations of 

repaglinide. Nig. J. Pharm. Res. 2015, 

11 (1), 1 

14. Singh. A.V.; Nath, L.K. Evaluation of 

chemically modified hydrophobic sago 

starch as a carrier for controlled drug 

delivery. Saudi Pharm. J. 2013, 21(2), 

193–200. https://doi.org/ 

10.1016/j.jsps.2012.05.005Get 

15. Tuovinen, L.; Pelton, S.; Jarvinen, K. 

Drug Release from starch acetate films. 

J. Control. Release 2003, 91(3), 345-

354. https://doi.org/10.1016/s0168-

3659(03)00259-1 

16. Adewumi, F.; Olajide, A.; Lajide L.; 

Adetuyi, A. Functional properties of 

three native starches and their modified 

derivatives. Potravinarstvo Slovak J. 

Food Sci. 2020, 14, 682-691. 

https://doi.org/10.5219/1232 

17. Carr, R.L.  Classifying the flow 

properties of solids. Chem. Engr. 1965, 

72, 69-72.  

18. González Z.; Pérez, E. Effect of 

Acetylation on Some Properties of Rice 

Starch. Starch/Stärke. 2002, 54, 148-

154. https://doi.org/10.1002/1521-

379X(200204)54:3/4<148::AID-

STAR148>3.0.CO;2-N 

19. Mukund, J.Y.; Kanyilal, B.; Sudhakar, 

R.N. Floating microspheres: A review. 

Braz. J. Pharm. Sci. 2012, 48(1),17-30. 

https://doi.org/10.1590/S1984-

82502012000100003  

20. Jain, A.; Pandey, V.; Ganeshpurkar, 

A.;Dubey, N.; Bansal, D. Formulation 

and characterization of floating 

microballoons of Nizatidine for 

effective treatment of gastric ulcers in 

murine model. Drug Del. 2015, 22(3), 

306-311. https://doi.org/ 

10.3109/10717544.2014.891273 

21. Shen, X.;Zhang, Y.; Gu, Y.; Xu, Y.; 

Liu, Y.;  Li B.; Chen, L. Sequential and 

sustained release of SDF-1 and BMP-2 

from silk fibroin-nanohydroxyapatite 

scaffold for the enhancement of bone 

regeneration. Biomaterials, 2016, 106, 

205-216. https://doi.org/ 

10.1016/j.biomaterials.2016.08.023.

 

https://doi.org/10.3390%2Fmolecules201019554
https://doi.org/10.3390%2Fmolecules201019554
http://dx.doi.org/10.9734/BJPR/2015/13445
http://dx.doi.org/10.9734/BJPR/2015/13445
https://doi.org/10.3892%2Fetm.2017.4247
https://doi.org/10.1246/bcsj.72.2785
http://dx.doi.org/10.1016/j.foodhyd.2012.05.006
http://dx.doi.org/10.1016/j.foodhyd.2012.05.006
https://doi.org/10.1016/j.jsps.2012.05.005
https://doi.org/10.1016/j.jsps.2012.05.005
https://doi.org/10.1016/s0168-3659(03)00259-1
https://doi.org/10.1016/s0168-3659(03)00259-1
https://doi.org/10.5219/1232
https://doi.org/10.1002/1521-379X(200204)54:3/4%3C148::AID-STAR148%3E3.0.CO;2-N
https://doi.org/10.1002/1521-379X(200204)54:3/4%3C148::AID-STAR148%3E3.0.CO;2-N
https://doi.org/10.1002/1521-379X(200204)54:3/4%3C148::AID-STAR148%3E3.0.CO;2-N
https://doi.org/10.1590/S1984-82502012000100003
https://doi.org/10.1590/S1984-82502012000100003

