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ABSTRACT 

Steroidal products have been found useful in inflammations associated with Covid 19. Prednisolone is one 

readily available steroid, which is often found as uncoated normal release tablets. Modified release 

prednisolone may be desirable in Covid 19 for sustained actions. This is expected to reduce dosing 

frequency and enhance compliance. This study is concerned with development of controlled release 

prednisolone using coating technology with bio-compatible, cross-linked starch-albumin films.  Starches 

and proteins are excellent film formers with good flexibility, transparency, and bio-compatibility.  The 

cross-linked starch-albumin films were prepared using glycerol as the plasticizer: starch (A), starch-albumin 

(B), starch-albumin cross-linked with formaldehyde at 1 % (C), 5 % (D) and 10 % (E). Equilibrium moisture 

sorption (EMS) at 100 % relative humidity, equilibrium swelling (ESC) in buffer solutions of pHs 2, 7 and 

9, and DSC thermal properties were evaluated. In-vitro drug release from the film coated prednisolone 

tablets were evaluated in 0.1N HCl, water and phosphate buffer 8.0 as dissolution media. Films showed 

ESC in the order A>D>E>B>C; D>C>A>E>B and A>D>C>B>E in acidic, neutral and alkali media 

respectively. EMS was in the order B>E>A>D>C; with slight shift in the melting temperatures. In-vitro 

release at 240 min varied from 78 to 117 % (E>D>C>A>B); 19 to 60 % (D>B>C>E>A) and 49 to 60 % 

(B>A>C>D>E) in 0.1N HCl, water and PBS respectively. Cross-linking improved the stability and swelling 

of films. The in-vitro release in alkaline medium suggests their usefulness for controlled drug delivery. 

New pH-responsive polymers, with improved physicochemical properties for coating prednisolone tablets 

were developed. 
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INTRODUCTION 

Corona virus disease (COVID-19) is an 

infectious disease and a global public health crisis 

which originated as an epidemic in Wuhan, 

China, and has now become a pandemic as 

declared by the WHO on March 11th, 2020 [1]. It 

has affected every part of the globe including 

Nigeria with first recorded case in February, 

2020. Although Covid-19 vaccines are now 

available, corticosteroids like prednisolone have 

been used in the management of respiratory and 

inflammatory symptoms [2-4]. 

Starches are renewable biopolymers that are 

widely available and can be obtained from 

different botanical sources [4]. They are excellent 

film formers as they are used as coatings for 

pharmaceutical formulations in drug delivery 

systems and as packaging materials. The 

advantages of starch-based films include 

biodegradability, renewability, ease of 

modification or combination with other materials 

to improve their functional and physicochemical 

properties. Composites prepared with starch and 

proteins are known to enhance the strength of the 

matrix and form good barriers to gasses [5]. 

Biopolymers are usually prepared into films with 

the use of plasticizers such as polyols (glycerol) 

in order to improve their handling (bending and 

stretching) [6]. Moreover, it is necessary to cross-

link starch with multifunctional reagents so as to 

improve its physico-mechanical properties [4]. 

When cross-linked, films become impermeable 

and sturdy to withstand the pressures that come 

with handling, heat and acid treatments [7]. 

Proteins such as Serum albumin are natural and 

eco-friendly with good water solubility, little 

toxicity, and can be used to sustain the release of 

drugs [8]]. They have acid and amino groups that 

function as polyelectrolytes in aqueous solutions 

[9]. Albumin have been used extensively to 

prepare biodegradable films, however, they have 

to be cross-linked for better functionality [10]. 

The aims of this study therefore are to prepare and 

characterize cross-linked starch-albumin films as 

coating material for controlled release of 

prednisolone tablets. 

MATERIALS AND METHODS 

Materials: 

Potato starch, serum albumin, glycerol, 

formaldehyde, buffer solutions (pH 2, 7 and 9), 

Prednisolone crystals (All were from Sigma-

Aldrich, Germany), Prednisolone tablet (Hovid, 

Malaysia). All other reagents are of analytical 

grade 
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Methods: 

Preparation of Starch and Starch-Albumin 

Films 

Five gram of potato starch was dispersed in 70 ml 

of water in a beaker labeled A. Albumin (2 g) was 

dispersed in 30 ml of water in a beaker labeled B. 

Beaker A was placed in a water bath at 70 °C to 

obtain a gelatinized starch. The contents of 

beakers A and B were mixed and stirred. Glycerol 

(5 ml) was added to the mixture as a plasticizer 

and stirred. The mixture obtained was poured into 

Petri dishes (30 ml). The dishes and their content 

were dried in a drying oven (Biobase-Biodustry, 

Sharndong) and stored for 24 hours at 40 °C after 

which they were characterized. 

Preparation of Cross-linked Starch-Albumin 

Films 

A stock solution of 37 % Formaldehyde was used 

to prepare three concentrations of Formaldehyde 

(1%, 5% and 10%). The method for the 

preparation of starch-albumin were repeated, and 

Formaldehyde (5 ml) for each of the 

concentrations (C, D and E respectively) was 

added and stirred. The resulting mixture was 

poured into Petri dishes (30 ml), and the filled 

dishes placed in the drying oven. The dishes were 

stored at 40 °C for 24 hrs after which they were 

characterized. 

CHARACTERIZATION 

Equilibrium Moisture Sorption Capacity 

(EMS) 

Square films (measuring 1 cm x 1 cm) were 

excised from the stock film samples (A, B, C, D 

and E) and weighed (Mettler Toledo). They were 

placed in pre-weighed thin aluminum foils and 

put in a desiccator containing distilled water 

(100 % RH) at room temperature (27 ºC). The 

moisture uptake was determined after seven days 

of standing. This was done in triplicates.  

Swelling capacity 

Excised films (as above) were weighed and 

placed on thin square glass slips (2 cm x 2 cm) 

and placed in Petri dishes containing 30 ml of the 

swelling media (pHs 4, 7 and 9). The weights of 

each sample (film + glass slip) were measured 

after every 6 hrs until there was no further 

increase in weight. This was performed in 

triplicates and the average % swelling for each 

sample were determined. 

Differential Scanning Calorimetry (DSC)  

The thermal properties of films were studied 

using a DSC machine (204 F1 Phoenix 

NETZSCH, Switzerland). The instrument was 

calibrated using Indium (MP 156.6 °C, Heat of 

fusion 28.5J/g) as internal standard and dry 

nitrogen was used as the purge gas (purge 20 

ml/min). Seven milligram of each film sample 

were weighed into an aluminum pan and covered 

with a perforated lid. The probes were heated at a 

temperature of 25-300 oC at a rate of 10 oC/min. 

The various thermal transitions were evaluated 

using a computer Proteus software. 

In-vitro release from film-coated tablets 
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A brand of prednisolone tablet was purchased 

from the pharmacy. Each tablet was coated with 

the composite films to determine the in-vitro 

release of the drug from the coated tablets in 

different dissolution media (0.1 N HCl of pH 1.2; 

water and phosphate buffered saline (PBS) of pH 

8.0). The test was conducted in 900 mL of the 

dissolution medium, at 37 oC under mild agitation 

(50 rpm). Aliquots of the samples were 

withdrawn from the medium and replaced with 

equal volume of the test medium to maintain sink 

conditions. This was carried out within a 6-hour 

period at regular time intervals of 0, 10, 20 

30….to 240 min, and the samples were analyzed 

using the UV spectrophotometer (Cary-60, UV-

Vis, Agilent Technologies, UK) at 245, 246 and 

240 nm for 0.1 N HCl, water and PBS 

respectively. This was done for three tablets 

representing each composite films. 

RESULTS  

Equilibrium Moisture Content (EMC) of 

Starch-Albumin Films 

The results for moisture content of composite 

films is in the order D>B>A>E>C as presented in 

figure 1. There is no significant difference in MC 

when albumin was added to starch, however, a 

decrease in moisture content was observed when 

cross-linked with formaldehyde. 
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Figure 1: Equilibrium moisture content of composite films. Samples A = Starch Only; B = Starch 

+Albumin; C = Starch +Albumin (1 % cross-linked); D = Starch +Albumin (5 % cross-linked); E= Starch 

+Albumin (10 % cross-linked). Values are mean of triplicate readings ± standard deviation 

Equilibrium Swelling Capacity (ESC) of 

Starch-Albumin Films  

Figure 2 shows the ESC of composite films in 

different pH (2, 7 and 9) media. The ESC is in the 

order D>E>A>B>C in acidic medium, 

D>C>A>E>B in neutral medium and 

A>D>E>B>C in alkaline medium.  

 

Figure 2: The equilibrium swelling capacity (ESC) of composite films in different pH media after 45 min: 

Samples A = Starch Only; B = Starch + Albumin; C = Starch + Albumin (1 % cross-linked); D = Starch + 

Albumin (5 % cross-linked); E= Starch + Albumin (10 % cross-linked). Values are means of triplicate 

readings ± standard deviation. 
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Equilibrium Moisture Sorption Capacity 

(EMS) of Starch-Albumin Films 

The EMS (at 100 %) of starch-albumin composite 

films at day 5 is in the order B>E>A>D>C as 

shown in Figure 4. It was observed that the 

addition of albumin to starch film increased the 

moisture sorption by about 2.9 folds. However, 

there was a drastic reduction in moisture sorption 

when the films were cross-linked with 

formaldehyde, with an increase in moisture 

sorption as the concentration of formaldehyde 

increased.  

 

Figure 4: The equilibrium moisture sorption (at 100 % RH) of composite films at 5 days: Samples A = 

Starch Only; B = Starch + Albumin; C = Starch + Albumin (1 % cross-linked); D = Starch + Albumin (5 % 

cross-linked); E= Starch + Albumin (10 % cross-linked). Values are mean of three readings ± standard 

deviation. 

DSC thermogram of Starch and Starch-

Albumin Films  

The thermal properties of the composite films (A-

E) are presented in Figure 3. These thermograms 

are characterized by two endothermic transitions 

similar to that of starch. The first endothermic 

transition relates to the melting of the potato 

starch amylopectin crystals and the second a 

broadened peak relate to the melting of the 

amylose and albumin.  
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Figure 3: DSC thermograph of Starch and Starch-Albumin composite films: Samples A = Starch Only; B 

= Starch + Albumin; C = Starch + Albumin (1 % cross-linked); D = Starch + Albumin (5 % cross-linked); 

E= Starch + Albumin (10 % cross-linked). Values are means of triplicate readings ± standard deviation. 

In-vitro Release profile of Prednisolone from 

Starch-Albumin Films 

The In-vitro release profile of prednisolone from 

composite films were simulated in the gastric (0.1 

N HCl), water and the intestine (phosphate buffer 

- 8.0), shown in figure 4a-c respectively. The In-

vitro release of prednisolone from composite 

films at 240 min varied from 78 to 117 % 

(E>D>C>A>B); 19 to 60 % (D>B>C>E>A) and 

49 to 60 % (B>A>C>D>E) in 0.1N HCl, water 

and PBS respectively.  
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Figure 4a: Release profile of prednisolone from tablets coated with composite films in 0.1N HCl:  

 

Figure 4b: Release profile of prednisolone from tablets coated with composite films in water,  
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Figure 4c: Release profile of prednisolone from tablets coated with composite films in Phosphate buffer 

8.0.  

Samples A = Starch Only; B = Starch +Albumin; C = Starch + Albumin (1 % cross-linked); D = Starch + 

Albumin (5 % cross-linked); E= Starch + Albumin (10 % cross-linked); Model drug = Prednisolone 

DISCUSSION  

It was observed that the addition of albumin did 

not have any remarkable effect on the EMS of 

starch films, although, when cross-linked, a 

decrease in EMS was observed, with a further 

increase as the concentration of the cross-linker 

increased.  

The formation of a more tight structure after 

cross-linking prevents the swelling of starch-

albumin films and also restricts the movement of 

molecules, leading to a decrease in the moisture 

content [15]. The moisture content of a sample is 

an indication of its stability during storage. When 

the RH of the environment increases above the 

equilibrium RH, the sample tends to adsorb 

moisture from the atmosphere, leading to an 

increase in moisture content and instability [16]. 

Therefore, the film (C) show a better stability 

pattern than the uncross-linked starch-albumin 

films, with the 1 % cross-linked starch-albumin 

film showing more ability than the rest of the 

cross-linked composite films.  

The conformational changes observed with the 

thermal properties of the films may be due to the 

presence of albumin [11]. A decrease in the 

melting peak and an increase in the second 

melting peak was observed in B; a slight shift in 

the melting peak for C was observed at 168 ºC; 

while D is characterized by two endothermic 

peaks, E is characterized by two bold and sharp 
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peaks. For starch and the starch-albumin 

composite films, the first transition which should 

correspond to the glass transition of the 

polymer(s) was characterized by a prolonged 

transition relating to the effect of heat on the 

plasticizer and moisture present in the film [12]. 

Glycerol increases the water permeability index 

of hydrophilic polymers, resulting in high 

moisture content [13]. 

Although, glass transition temperature is known 

to decrease in the presence of glycerol,  the long 

transition may be due to the evaporation of 

moisture contained in the film (14). Thus, the 

actual glass transition of the starch and the starch-

albumin complex merged with the plasticizer and 

prolonged water evaporation present in the films. 

With the addition of formaldehyde as a cross-

linking agent, a sharp melting transition 

corresponding to increase in the crystallinity of 

the material was observed. 

The In-vitro release of prednisolone from the 

different composite films in 0.1 N HCl at 240 min 

reveals that the addition of Albumin to starch 

films (B) lowered the capacity of the films to 

release the drug [17]. An increase in release was 

observed when the concentration of the cross-

linker increased.  The opposite effect was 

observed in PBS (8.0), with the highest release 

observed with B, but there was a reduction in the 

release as the concentration of cross-linker 

increased. Generally, however, the composite 

films demonstrated a delay in the release of 

prednisolone in all the media and therefore can be 

used in tablet coatings for controlled drug release 

[17].  

The behavior of these polymers in different pH 

media suggests that they are pH responsive and 

so can be termed as “smart polymers” [18]. 

Albumin contains carboxylic and amino acid 

groups that display changes in ionization states to 

be protonated or deprotonated when placed in 

various pH media. When pH is decreased, the 

polymer exhibits a cleavage of its bonds to cause 

either a degradation of polymer chains or a 

dissociation of polymer aggregates [19]. As such, 

these changes in these polymers led to changes in 

their swelling behavior as well as release 

mechanisms that can find usefulness in tablet 

coatings for controlled/targeted drug delivery 

[20]. 

CONCLUSION 

Starch and proteins are good film formers that 

may be used as coating materials for controlled 

drug release. The composite prepared with starch 

and albumin produced a polymer with new 

characteristic physicochemical properties. Also, 

treating the composite with formaldehyde as a 

cross-linking agent further improved some 

relevant functional properties of the new polymer 

such as film stability and pH-responsiveness in its 

swelling characteristics. The new cross-linked 

starch-albumin composite was effectively used 

for coating prednisolone tablets with remarkable 

pH responsive release profile.  
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