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Abstract 
Natural polymers are finding widespread applications 

in drug delivery, scaffold fabrication, bio plastic 

production, food packaging, wound dressing etc.  due 

to their availability, biodegradability, 

biocompatibility, renewable nature, ease of 

modification to achieve the desirable properties etc. In 

the present study, the commercially available soy 

protein extract (SPE), chitosan(CSN) and their 

physical blend(CSN-SPE) have been chosen as drug 

carrier matrices to campare their in vitro drug release 

features in simulated intestinal fluid for controlled 

release applications taking 5-fluorouracil (5-FU) as a 

typical drug.  The percentages of 5-FU released from 

the SPE, CSN and CSN-SPE tablets as a function of 

time were quantified by reverse phase High 

Performance Liquid Chromatography using KH2PO4 

solution (pH 6.8) as the mobile phase and C-18 column 

as the stationery phase.  

 

The observed drug release features were found to be 

different for these polymer carriers. The percentages of   

drug released during the initial periods upto 60 min 

were less in the CSN-SPE tablet than those observed 

for CSN and SPE tablets. This implied that the drug 

release rate can be modified by the proper choice of 

natural polymers in the blends as carriers. The   

thermal degradation characteristics of CSN, SPE and 

CSN-SPE blend and their 5-FU tablets were also 

analysed   by simultaneous Thermogravimetry (TG) 

and Differential Thermal Analysis (DTA).  

 

Comparative analysis of the TG and DTA traces of 

these polymers and their 5-FU tablets implied that 

there may be a drug-matrix interaction. This along with 

different degrees of swellability and degradability of 

these polymers might account for the differences in the 

drug release features. The structures of CSN, SPE and 

CSN-SPE blend were characterized by FT-IR 

spectroscopy.   
 

Keywords: Soy protein extract, Chitosan, 5- Fluorouracil, in 
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Introduction 
In the last five decades, significant research efforts were 

made to understand the interactions between biomaterials 

and targets that resulted in the creation of advanced products 

with different biomedical uses.  In recent years, a paradigm 

shift from biostable biomaterials to hydrolytically and 

enzymatically biodegradable biomaterials for medical and 

allied applications has been observed.  Many of the 

permanent prosthetic devices used for temporary therapeutic 

applications may be replaced by biodegradable devices that 

could support the body to repair and regenerate the damaged 

tissues. Biopolymers are the suitable choice materials for 

these applications. Biopolymers are carbon neutral and are 

always renewable because they are made from plant 

materials which can be grown indefinitely.  

 

Hence the use of biopolymers would create a sustainable 

biomaterial industry. Polymeric blends from combination of 

different types of biopolymers have been used for the 

development of biosensors, body implants, scaffolds in 

tissue engineering, wound dressing and drug carriers. 

Biopolymers are increasingly used as carriers for targeted 

delivery of drugs, genes and vaccines with controlled rate 

and time. Excipient development had become a core area of 

research in pharmaceutical drug delivery because it 

influences the formulation development and drug delivery 

process in various ways.  

 

Since, the material properties of biopolymers are suitable for 

various industrial and medical applications with plethora of 

advantages over conventional synthetic polymers, they had 

garnered a great deal of interest both in academic and 

industrial research. The use of biodegradable biopolymers 

for biomedical applications is continually increasing and 

evolving.8. 

 

Among  the biopolymers,  the versatile  polysaccharides and 

proteins  are finding tremendous  applications as  carriers in 

drug, protein, gene etc., delivery systems with improved 

pharmacokinetic features, scaffold in tissue engineering,  

hydrogels in wound dressings,  packaging material and 

edible films in food industry, bioplastics due to their 

biodegradability, biocompatibility, low cost, renewable and 

ecofriendly  nature, high adsorption capabilities etc. 1,5,21 The  

biopolymers can be processed into  various  forms like films, 

beads, fibers, nanoparticles, foams etc. The main advantage 

of biodegradable polymers was that their degradation 

products were non-toxic and could be completely eliminated 
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from the body by natural metabolic pathways with minimal 

or negligible side effects.7,10,11,18,11,26,28  

 

The applications of food-grade biopolymer for the 

encapsulation, protection and controlled release of bioactive 

food ingredients were also gaining increasing interest in the 

research fields of functional foods and pharmaceutics. Plant 

proteins (mainly soy proteins, zein and wheat gliadins), 

which are widely available and environmentally economic 

compared to animal derived proteins, can be made into 

various delivery platforms such as micro and nanoparticles, 

fibers, films and hydrogels24,29. 

 

Protein nanoparticles had promising properties like 

biodegradability, non-antigenicity, metabolizability, greater 

in vivo and storage stability, relative ease of preparation and 

particle size monitoring etc.3,25 These polymers due to their 

biochemical similarity with human extracellular matrix 

components were readily recognized and accepted by the 

body. Natural bio polymers inherit numerous advantages 

including natural abundance, relative ease of isolation and 

room for chemical modification through the multiple 

functional groups to meet the various technological and 

specific needs. 

 

Many polysaccharides had been chemically modified to 

achieve consistent physicochemical properties including 

mechanical stability, degradability and bioactivity and were 

processed into microparticles, hydrogels and 3D porous 

structures for tissue regeneration applications14,16,22. Proteins 

and polysaccharides had been widely used for a variety of 

biotechnological and pharmaceutical applications such as 

medical scaffolding and implants, carriers in drug delivery, 

inert diluent for drug and wound dressing  because of their 

high biocompatibility and biodegradability14,16,22. 

  

Modified biopolymers were widely studied as a potential 

carrier material for site specific drug delivery 

applications.  Chitosan was one of the most valuable 

biopolymers for biomedical and pharmaceutical applications 

due to biodegradability, biocompatibility, antimicrobial 

nature, non-toxicity and anti-tumor properties4,19.  

Conjugated chitosan by thiolation, glycosylation and 

folation with improved biocompatibility was also used as 

drug carrier. But due to limited thermal stability, 

biopolymers undergo significant degradation during 

prolonged industrial thermal processing. Hence, 

understanding   the thermal characteristics of these polymers 

and their blends need to be investigated for broadening their 

applications. Thermal analysis was widely used to 

investigate the thermal and thermo-oxidative degradation 

features of biopolymers.13,17,27  

 

The present study involves the thermal degradation behavior 

of the chitosan (CSN), soyprotein extract (SPE), CSN-SPE 

blend (50:50, w/w) and in vitro release characteristics of 5-

fluorourcil (5-FU) anticancer drug with these polymers as 

drug carriers. CSN is a random biocopolymer of 

glucosamine and N-acetyl-glucosamine and is made by 

deacetylation of chitin, a natural polymer from the 

exoskeletons of crustaceans. It is extensively used in tissue 

engineering, wound healing and drug delivery applications 

due to its inherent biocompatibility and biodegradability. It 

also had unique characteristics such as pH dependent 

molecular conformation and solubility in the environment in 

which it is found, mucoadhesivity and the ease of 

overcoming the barriers in epithelial cell junction6.  

 

Soy protein, the major component of soybean, is 

biodegradable, non toxic, environmentally friendly and 

readily available from the abundant renewable plant 

resource. It had been considered as an interesting starting 

material for biotechnological, biomedical and biodevice   

applications. But the soy protein films are highly brittle and 

hygroscopic. To surmount this problem, soy protein had 

been blended with other proteins or polysaccharides. This 

had improved the mechanical and water vapour barrier 

properties of the protein films. Soy protein is a complete 

protein  as  it meets all the essential amino acid 

requirements to support normal growth and development of 

infants and children. Soy protein isolates consist of 90% 

protein and its   major components were glycinin (11S, 34%) 

and P-conglycinin, (7S, 27%). The rest of the protein 

consisted of whey proteins (y-conglycinin), the basic 7S 

globulin, lipoxygenase, agglutinins, P-amylases and trypsin 

inhibitors (in 2S fraction)20. 

 

Material and Methods 
Chitosan (CSN,High molecular weight) was purchased from 

Marine Hydrocolloids, Cochin. Soy Protein Extract (SPE) 

was prepared from natural soyabean. 5-Fluorouracil (5-FU, 

>99%, anticancer, Himedia) was used as purchased. 

Pancreatin, sodium carbonate, NaOH and monobasic 

potassium phosphate (KH2PO4) (Himedia, Mumbai) and 

conc. hydrochloric acid were used as received. Simulated 

intestinal fluid (SIF, pH 7.4) was prepared as per United 

States Pharmacopeia. The structures of 5-FU and CSN are 

shown in figure 1. 

 

Soy Protein Extract (SPE): Commercial soya bean was 

purchased from the local market and soaked in water for 

about 2 hrs to remove the hull.  It was then blanched in water 

(1 g in 4 ml water) and ground into a paste. To the paste, 

sodium carbonate solution was added, stirred and the pH was 

adjusted to 8.5. The alkali treated paste was then centrifuged 

to remove the debris. The supernatant was treated with the 

HCl and its pH was adjusted to its isoelectric pH (4 to 5). 

The precipitated protein was allowed to settle down and then 

filtered out. It was vacuum dried and then lyophilized to get 

the dry powder form.   

 

Preparation of chitosan- soyprotein extract (CSN-SPE) 

blend: A physical blend of CSN and SPE in the ratio 1:1 

(w/w) was made by grinding both the polymers into fine 

powders individually and then grinding them together using 

a mortar and pestle. 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/amino-acid-requirements
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/amino-acid-requirements
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Figure 1: Chemical structures of 5-fluorouracil and chitosan 

 
Preparation of SIF: 0.5 g of pancreatin dissolved in 150 ml 

of water was mixed with 38.5 ml of 0.2N NaOH and 3.4 g 

of KH2PO4 in 250 ml of Millipore water. The pH was 

adjusted to 7.4 and then the volume was made up to 500 ml. 

The SIF thus prepared was used for drug dissolution studies 

of the tablets CSN-5FU, SPE-5FU and CSN-SPE-5FU. 

 

Fourier Transform-Infrared Spectroscopy (FT-IR): FT-

IR spectra of the polymer samples under ATR mode were 

recorded on the powder samples for the spectral range 400-

4000    cm-1 using Shimadzu FT-IR spectrophotometer at a 

resolution of 2 cm-1 with 32 scans.  

 

Thermal studies: Thermal degradation studies on CSN, 

SPE and their 1:1(w/w) blend and their tablets with 5-FU 

were performed via simultaneous Thermogravimetry(TG) 

and Differential Thermal Analysis (DTA) on NETZSCH 

STA-2500 Regulus both under nitrogen and air atmospheres 

at a heating rate of 10oC per minute. The sample size was 3-

6 mg. 

 
HPLC analysis: HPLC analysis of 5-FU samples was 

carried out on Binary Gradient Agilent 1220 HPLC infinity 

series fitted with C18 column (5 mm diameter, Agilent 

technology) using 0.5M monobasic potassium phosphate as 

mobile phase at a flow rate of 1ml/min under isocratic 

elution. Injection volume was 20 µL and run time was 12 

min. Variable wave length UV detector at 265 nm was used.  

 

Preparation of Tablets: The polymers samples CSN, SPE 

and CSN-SPE (1:1 w/w) blend were finely powdered using 

mortar and pestle. In a typical tablet (2.5 mm thickness and 

13 mm diameter) formulation, exactly 200 mg of dried 

polymer matrix was loaded with 25mg of 5- FU by mixing 

and grinding in a mortar and pestle to ensure homogeneity 

and pelletized as tablet using KBr press at 1.5 psi pressure. 

 

In vitro drug dissolution study: In vitro drug dissolution 

studies were performed in SIF at 37OC by embarking the 

compressed tablet in stainless steel cylindrical mesh 

immersed in 150 ml of SIF taken in a thermostated 250 ml 

beaker. Aliquots of samples (2 ml each) were withdrawn at 

10, 20, 60, 120 and 180th minutes of the dissolution 

experiments for estimating the quantity of drug released 

using   HPLC (Binary Gradient HPLC Agilent 1220 infinity) 

with UV (265 nm) detector and C18 column. After each 

withdrawal, a volume equivalent (2 ml) of aliquot sample 

was incubated fresh SIF solution was added into 

experimental solution to maintain the volume of the solution 

constant.  

 

Quantification of 5-FU released: The percentages of drug 

released at different known intervals of time was estimated 

by HPLC. 20 microlitre of the solution from the 2 ml of 

aliquot sample withdrawn from the drug release experiment 

was syringed out using a 50 μL syringe and injected into the 

column in each experiment. Chromatograms of pure 5-FU of 

known concentrations were also recorded under the identical 

experimental conditions used for the 5-FU released from the 

tablets in drug release experiment. 

 

Results and Discussion 
FT-IR spectra: The FT-IR spectra of CSN, SPE and CSN-

SPE (1:1 w/w) blend shown in figure 2 dispalyed several 

characteristics absorption peaks in the range 3400 - 550     

cm-1. The absorption peaks assignments2,6,9,12,15 were 

furnished in table 1. 

 

Analysis of TG/DTA thermograms: The recorded 

TG/DTG and DTA thermograms for the CSN, SPE and 

CSN-SPE   polymer carriers and their 5-FU tablets were 

shown in figures 3 to 6 respectively. The TG/DTA 

thermogram of pure 5-FU was shown in figure 7. The onset 

degradation temperatures for polymers CSN, SPE and CSN-

SPE were greater than 150oC. Hence these polymer carriers 

were sufficiently thermally stable for their use as drug 

carriers in drug delivery applications. 

 

Comparison of TG thermograms of CSN, SPE and CSN-

SPE blend (Figure 3) indicated that their thermal stability 

decreased in the order CSN>SPE>CSN-SPE (1:1 w/w 

blend) under nitrogen atmosphere.  The initial weight loss 

was attributed to the loss of moisture and other volatile 

impurities. The residual masses at 500oC for CSN, SPE and 

CSN-SPE were 40.1, 32.8 and 28.55% respectively. The 

multistep degradation in SPE was attributed to the presence 

of its different constituent proteins such as glycinins, 

conglycinins, agglutinin etc. In the DTG thermogram  of the  

blend CSN-SPE,  the DTG peak  corresponding to  the major 

degradation step of CSN component had broadened   

compared to that in  pure CSN.
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Figure 2: FT-IR spectra of chitosan(CSN), soyaprotein extract(SPE) and CSN-SPE blend 

 

Table 1 

Assignment of absorption peaks in FT-IR spectra of chitosan(CSN), soya protein extract (SPE) and CSN-SPE blend 
 

Sample Frequency of absorbance 

peak (cm-1
 ) 

Peak assignment 

 

   Chitosan6,9,12,15 

3200-3363 O-H  & N-H stretching 

1650.1 C=O stretching  of amide (from  residual   N-acetyl 

group) 

1109 Asymmetric stretching of C-O-C bridge 

1028 C-O stretching  vibration 

1260 OH bending vibration 

833 CH  bending out of the  plane of the ring 

monosaccharide 

 

 

  Soy protein extract2 

1633 Amide I  ( C=O stretch) 

3274  N-H  & O-H stretching 

1541 Amide II (N-H bending & C-N stretching) 

1044 C-O stretching 

1120 Asymmetric stretching of  C-O-C bridge 

2960 CH3  asymmetric stretching 

 

Chitosan- soy protein 

extract blend 

                 3274.2 O-H  and N-H stretching 

2932 CH3 asymmetric stretching  

1650 C=O stretching  of amide 

                   1033 C-O stretching 

It appeared that in the presence of SPE, the degradation of 

CSN might be enhanced. But there was no significant 

difference in the DTG peaks of CSN degradation in CSN-

SPE-5-FU and CSN-5-FU tablets (Figure 4). This difference 

might be due to polymer-polymer and drug-polymer 

interactions in the tablet. This might be also one reason for 

the observed differences in the drug release features of the 

tablets.  
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Figure 3: TG/DTG thermograms of chitosan(CSN), soy protein extract(SPE) and 1:1 (w/w)  

blend of CSN and SPE under nitrogen 

 

 
Figure 4: TG/DTG thermograms of CSN-5-FU, SPE-5-FU and CSN-SPE-5-FU tablets under nitrogen 
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Figure 5: DTA traces of CSN, SPE and CSN-SPE (1:1 w/w blend) recorded in N2 

 

 
Figure 6: DTA traces of CSN-5-FU, SPE-5-FU and CSN-SPE (1:1 w/w)-5-FU (1:1 w/w blend) recorded in N2 

 

The thermal degradation patterns for the polymer 

components namely CSN, SPE and CSN-SPE blend in their 

corresponding 5-FU tablets (Figure 6) were slightly different 

from those of pure polymers and the blend (Figure 5).  This 

might be due to drug- matrix interaction23. In the presence of 

drug the residual weight at 500oC displayed in the TG trace 

(Figure 6) was more for the CSN-SPE-5-FU tablet than those 

for CSN-5-FU and SPE-5-FU tablets. The onset weight loss 

temperature for pure 5-FU was observed at 294o C (Figure 

7). 
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Figure 7: TG/DTG and DTA thermograms of 5-FU recorded under nitrogen 

 
Analysis of DTA thermograms shown in figure 5 indicated   

that the CSN degrades exothermically around 310-315o C 

and SPE degraded with broad endotherm around 145oC with 

multistep degradation. The endotherms below 80oC (Figures 

5 and 6) in CSN, SPE and CSN-SPE and their 5-FU tablets 

were attributed to the loss of moisture and other volatile 

impurities if any. The exothermic peak   due to CSN 

degradation in the CSN-SPE blend was shifted to slightly 

lower temperature and broader compared to that observed in 

pure CSN.  

 

A similar trend was noticed for the corresponding 

degradation temperature observed in the DTG trace (Figure 

3). This may be due to the plasticizing effect of the 

constituent proteins present in SPE.20 But unlike the broad 

exotherm of CSN in CSN-SPE, the exotherm of CSN in 

CSN-SPE-5-FU tablet (Figure 6) was narrow and only 

slightly shifted to lower temperature.  

 

Chromatographic estimation of 5-FU: Chromatograms of 

5-FU solutions of various known concentrations (5-30 

μg/ml) prepared in SIF were recorded using Agilent HPLC 

as per the experimental parameters mentioned earlier to find 

the retention time of the sample peak and the concentration 

dependent peak areas. The retention time was found to be 

6.2 min for pure 5-FU. A typical chromatogram of a standard 

solution of 5-FU (25 μg/ml) in SIF was shown in figure 8(A). 

 

A representative chromatogram of   the 5-FU released 

experimental solution from SPE-5-FU tablet dissolution 

study in SIF at 60 minutes was furnished in figure 8(B).  The 

standard plot of chromatographic peak area (at retention 

time= 6.2-6.3 min) vs 5-FU concentration for the standard 5-

FU solutions was shown in figure 9. The peak area varied 

linearly with 5-FU concentration for the chosen 

experimental conditions.  

 

The amounts of drug released in the drug dissolution study 

for the different intervals of time were calculated using the 

calibration curve (Figure 9) and the 5-FU peak areas 

(retention time 6.2-6.3 min) of the recorded chromatograms 

of the experimental solutions at different time intervals of 

dissolution study. The 5-FU release curves namely 

percentage of 5-FU released vs time (min) in SIF for the 

CSN-5-FU, SPE-5-FU and CSN-SPE-5-FU tablets at 37oC 

were shown in figure 10. 

 

Comparison of the release profiles (Figure 10) implied that 

the percentage of drug release was more for CSN-5-FU 

tablet in the initial 60 min time compared to those for the 

other two tablets. After 60 min of tablet dissolution, the 5-

FU release rate decreased in CSN-5-FU tablet and only 15% 

drug release was observed at 180 min. In SPE-5-FU and 

CSN-SPE-5-FU tablets, the percentage of drug release 

increased nearly linearly with time and a net drug release of 

40 and 20 % respectively were observed after 180 minutes. 

Initially the percentage release of 5-FU followed the order 

SPE-5-FU > CSN-5-FU> CSN-SPE-5-FU. But at 180 

minutes, the percentage of 5-FU released from the tablets 

followed the order SPE-5-FU> CSN-SPE-5-FU> CSN-5-

FU.  

 

Conclusion 
SPE prepared from soya bean,CSN and CSN-SPE ( 1:1 w/w) 

blend were  used as drug carriers for invitro controlled 

release of 5-FU  in simulated intestinal fluid(SIF).  
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Figure 8: Chromatograms of (A) a standard 5-FU solution (25 μg/ml in SIF) and (B) 5-FU released at 60 min from 

SPE-5-FU tablet with 0.5 M monobasic potassium phosphate buffer as mobile phase 

 

 
Figure 9: HPLC Calibration curve for the standard 5-FU drug 
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Figure 10: 5-FU release profiles in SIF at 37oC from (c) CSN-5-FU, (a) SPE-5-FU and (b) CSN-SPE-5-FU tablets 

      

The drug release profiles constructed by estimating the 

percentage of 5-FU released using reverse phase HPLC with 

C18 column and variable wavelength UV detector (265 nm) 

were quite different for the three carriers. The percentage of 

drug   released from CSN-SPE-5-FU tablet was much lower 

than those observed for the CSN-5-FU and SPE-5-FU 

tablets. This might be attributed to the differences in drug-

polymer interaction and swellability of tablets in SIF.   

 

The polymers and tablets were also characterized for their 

thermal degradation and structure by simultaneous 

TGA/DTA and FT-IR spectroscopic studies respectively. 

The onset degradation temperatures for CSN, SPE and CSN-

SPE blend were greater than 150°C. Hence the polymers 

were thermally stable enough for drug delivery use as 

carriers. Analysis of TG and DTA traces of the polymers and 

their 5-FU tablets indicated the more likely presence of 

polymer-drug interactions. The study revealed that the CSN-

SPE blend may be a promising carrier for slow release of 5-

FU and other similar drugs. The polymer blend may also 

serve as a promising scaffold material for tissue engineering 

applications. 
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