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Abstract 
Biodegradable polyurethane is considered as a potent biomaterial in various field of biomedical 

engineering. Polyurethane as a polymer shows their ability to get the product with wide variety of 

physical and mechanical properties. Biodegradable polyurethane membrane was composed by reacting 

PEG 400 and HDI in presence of DBTDL, catalyst. Morphological feature and functional group were 

analyzed by FESEM and FTIR. Degradation, cytotoxicity and in vitro antimicrobial activity were 

evaluated. In vitro drug release profile was analyzed using lysine hydrochloride drug. The material 

presented in this study shows the effective release of lysine hydrochloride which may consider as an 

efficient material for further study and clinical research. 
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1. Introduction 

Since 1960, polyurethanes got exploited for their various customable biological, physical, 

chemical, mechanical and medical properties [1]. It represents a family of materials consisting 

urethane linkages. This family of polymers can be utilized for synthesizing hard, brittle and 

vary elastic membranes. Polyurethanes, which have found biomedical applications like 

artificial implants, shows elastomeric properties along with good tear resistance, toughness and 

resistance to abrasions [2]. Interrelated surface properties of polarity, surface charge and 

hydrophobicity are believed to affect biocompatibility [3]. Thrombus formation and protein 

absorption may also get affected by the presence of micro domain surface morphology and its 

mobility [4]. Biomedical field currently consumes huge amount of biodegradable polymers. 

Polyurethanes having biodegrading property plays a major role in this sector [5]. Ether and 

ester group containing polyurethane shows impressive biodegradation. Biodegradable property 

is more prominent in polyester based polyurethane than polyether based once [6]. Polyurethane 

membrane having only poly (butylenes succinate) soft segment shows lower degradation rate, 

whereas enhanced biodegradation is shown by the membrane having PEG (Polyethylene 

glycol) soft segment. Due to good biodegradability and biocompatibility, PEG has been 

extensively used as biodegradable polymer preparing co-monomers [7, 8]. Membrane formed by 

PEG have been widely explored, not only due to their good hydrophilicity but also for having 

low fouling potential, good strength, high stability in pH and temperature variation, good 

processability, protein absorption and minimum cell adhesion [9, 10]. It is found that PEG based 

linear polyurethane swell and absorb without dissolving in aqueous media [11]. This happens 

for the phase separated domain morphology. In the soft segment PEG domain, the hard 

segment domains consisting of strong urethane-urea hydrogen bonds are dispersed [12]. 

Porous membranes have complex irregular structures while having diverse range of pore sizes 

which is important for penetration of both particle and liquid but difficult to characterize 

quantitatively [13, 14]. Thus for the characterization of the heterogeneous membrane structure, 

technique was employed. Porous polyurethane membranes posses the required breathability 

for having numerous inter connected pores within [15]. Moreover it imparts some restriction to 

chemical and pathogen particles which are larger than the membrane pore size [16]. This 

membrane can easily be functionalized and is very versatile. Hence this porous polyurethane 

membrane was finally selected as the substrate for the required study.  
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The purpose of this study was synthesis and characterizes the 

polyurethane membrane, exhibiting significant porosity. 

Biodegradation Cytotoxicity and antimicrobial assay of the 

polyurethane membrane were performed, including SEM 

(Scanning Electron Microscopy) and FTIR (Fourier 

Transform Infrared Spectroscopy) characterization. Finally 

the in vitro release profile of lysine-hydrochloride was 

measured. 

 

2. Materials and Method 

2.1 Materials 

Polyethylene glycol (PEG 400) was purchased from Merck, 

India. Hexamethylene Diisocianate (HDI) and Dibutyltin 

dilaurate (DBTDL) were purchased from Sigma Aldrich, 

India. Benzene was purchased from Chemsavers, India. 

Lysine hydrochloride (lycimond drug) a commercial drug of 

wound healing was purchased from Diamond Drugs private 

limited, India. 

 

2.2 Preparation of biodegradable polyurethane membrane 
Polyurethane membrane was synthesized by a one step 

polymerization reaction by reacting hexamethylene di-

isocianate and polyethylene glycol (PEG 400) in a 2:1 molar 

ratio of NCO: OH. Benzene, at 50 wt% of reagent as a solvent 

in the reaction and Dibutyltin dilaurate at 0.05wt% was used 

as a catalyst. The reaction was taken place in necked round 

bottom flask on a magnetic stirrer for 2hrs at maintained 

temperature 80°C. Finally, the viscous solution was casted on 

a glass petri dish and was kept in room temperature for 24hrs 

followed by 80°C treatment in an oven for 5hrs. 

 

2.3 Surface morphology study using SEM 

The surface morphology of polyurethane membrane was 

observed by Field Emission Scanning Electron microscopy 

(Hitachi S2700) at an accelerating voltage of 5KV. Sample 

was cut in small thin pieces and coated with gold to observe 

the surface property in FESEM with suitable magnification. 

2.4 Structural and functional group study using FTIR: 

To study the structural and functional group, FTIR Spectrum 

of synthesized polyurethane membrane was taken using 

Nicolet Magna IR-760 Fourier Transform Infrared 

Spectrometer. The spectrum of FTIR was measured with 

4500-500 cm-1 frequency range at 4 cm-1 resolution. 

 

2.5 Degradation study 

Small pieces of membrane (2cm in diameter) were incubated 

in SBF solution for 0, 5, 10, 15, 20 and 25 days swollen. The 

pieces were dried into an oven for 24hrs at 37 °C. Weight 

changes were measured by using weighing balance 

(Sartorious BP-110 Analytical Balance). The degradation 

percentage was evaluated by using the following formula: 

 

 
 

Here, W0 denotes initial weight (mg) 

Wl denotes final weight (mg) 

 

2.6 Cytotoxicity evaluation 

For cytotoxicity study, PBMC was isolated from the blood 

and culture in suitable growth medium with 5% CO2 

incubation at 37 °C for 3-5 days for proper growth. After 

suitable growth, biomaterial (2mm diameter) was placed with 

equivalent amount of cells in well plate for 24hrs and 

maintaining the growth conditions. Finally, MTT assay was 

performed and result was measured in well plate reader at 

490nm. One way ANOVA was performed to check the 

statistical significance of the result analysis at 0.05 level of 

significance. 

 

2.7 Antimicrobial activity check 
Antimicrobial activity was performed against clinical 

pathogenic bacteria Escherichia Coli. (gram -ve) and 

Staphylococcus aureus (gram +ve). This study was 

accomplished to ensure that the material promotes any growth 

or not and also observed efficiency in comparison with 

antibiotic streptomycin using disc diffusion method. 

Polyurethane membrane was sliced in small round shape as a 

disc and placed on the bacterial culture, subjected to overnight 

incubation at 37 °C. 

 

2.8 Preparation of lysine hydrochloride loaded 

Polyurethane 

Each dry Polyurethane membrane (1cm in diameter) was 

loaded with 500µl of 1mg/ml lysine hydrochloride solution. 

Lysine hydrochloride loaded membrane was kept at 4°C for 

further experiments. 

 

2.9 In Vitro drug release study 
In vitro drug release study was performed with the membrane 

at different intervals by UV-Vis spectrophotometer (Carry 60 

UV-Vis, Agilent Technologies). Drug loaded samples were 

immersed in 10ml of SBF. OD was recorded periodically at 

490nm. The change of OD values estimates the release 

efficiency of the membrane. 

 

3. Result and Discussion 

3.1 Biodegradable polyurethane synthesis 
The main aim of this finding was to synthesize biodegradable 

polymer with porous structure. In this synthesis, an ester 

linkage was taken place in the polyurethane backbone. The 

rate of biodegradation could be ruled by ester linkage in the 

polyurethane chain [17]. In this synthesis, low molecular 

weight polyethylene glycol (PEG 400) was reacted with 

hexamethylene diisocianate (HDI) with molar ratio of NCO: 

OH at 2:1. This reaction was a single step reaction in solvent 

medium of benzene with DBTDL as a catalyst. Synthesized 

polyurethane film (shown in Fig. 1(a, b)) was casted onto a 

glass petridish and subjected to evaporation of residual 

solvent in the presence of atmospheric moisture for 24hrs. 

 

  
 

Fig 1: (a) Polyurethane membrane synthesized in laboratory; (b) 

Shows the thickness of the synthesized membrane 

 

3.2 Characterization of Materials 

Surface topology and chemical constituent can effectively 

influence the cellular activity like adhesion, growth and 

bioactivity of the membrane [18]. The scanning electron 
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microscope image of biodegradable membrane is shown in 

the Fig. 2 which depicted favorable porous structure. Porous 

structure of the membrane would facilitate cellular nutrient 

supply, signaling, cell migration and proliferation. This 

porosity controls the transfer of water and removal of cellular 

metabolites [19]. So this porous polyurethane membrane can be 

advantageous in drug release for clinical applications. 
 

 
 

Fig 2: Surface morphology of polyurethane membrane using 

Scanning Electron Microscope 
 

 
 

Fig 3: FTIR Spectra of biodegradable polyurethane membrane 
 

Important assign peaks of polyurethane membrane are shown 

in Fig. 3 and details are listed in the TABLE-I. FTIR 

spectrum of synthesized polyurethane membrane was taken in 

between the frequency range 4000-500 cm-1 to evaluate the 

functional group of materials like; symmetric stretching of 

NCO and COC bonds in polyurethane was marked at 920 cm-

1. The peak at 1237 cm-1, 1465 cm-1 and 1754 cm-1 might be 

the estar linkage. N-H and L-H stretching bonds was observed 

at 2948 cm-1 and 3326 cm-1 respectively. Since the peak was 

absent at 2270 cm-1 region it might denote that there is no free 

–NCO group. 
 

Table 1: Details of the peaks of FTIR Spectrum 
 

Wave no cm-1 Peak Assignment 

920 
Symmetric stretching of N-CO-O and C-O-C 

bonds in polyurethane 

1237 Ester linkage 

1465 Ester linkage 

1703 C=O 

1754 Ester linkage 

2948 C-H stretching 

3326 N-H stretching 

3.3 Degradability and Cytotoxicity of biodegradable 

polyurethane 

A degradation phenomenon is an important bench mark for 

the biodegradable polyurethane membrane. This property 

analysis was carried out by the weight loss percentage 

corresponding time intervals. This degradation test of 

polyurethane membrane was performed in vitro over a period 

of 25 days shown in Fig. 4. Initially the degradation rate was 

higher up to 10 days (approx 45%) and then the rate slightly 

decreased. Finally at 25th day, the degradation rate was 

marked at 84.7%, which refers that the material has a good 

biodegradability. 

 

 
 

Fig 4: Degradation of polyurethane membrane, shows weight loss 

percentage with time 

 

Cytotoxicity experiment was done to check whether 

biodegradable polyurethane membrane shows any kind of 

toxicity. Cytotoxicity of this membrane was check against 

isolated PBMC (Peripheral Blood Mononuclear Cell). As per 

the result shown in Fig. 5, for treated and control, one way 

ANOVA was performed to check the statistical significance 

level of the analysis which reveals the peak value 0.16976 at 

0.05 level. The population mean are not significantly 

different. It implies that the material doesn’t show any 

cytotoxic effect. 

 

 
 

Fig 5: Cytotoxic assay analysis of control vs treated membrane 

 

3.4 Antimicrobial Assay analysis 

Antimicrobial efficacy of polyurethane membrane was 

investigated against S. aureus and E. coli. The study was 

performed in comparison with streptomycin antibiotic to 
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observe the antimicrobial performance. In Fig 6(a), (b) shows 

the antimicrobial assay against S. aureus and E. coli 

respectively. The zone of inhibition for polyurethane and 

streptomycin (antibiotic) were 18mm and 20mm respectively. 

Similarly, zone of inhibition against E. coli polyurethane and 

streptomycin have shown 19mm and 20mm respectively. 

From the result, it is clearly observed that the material shows 

the almost same level of active antimicrobial property like 

streptomycin without any processing with drugs or 

antimicrobial agents. 

 

 
 

Fig 6: (a) Antimicrobial assay against gram +ve bacteria S. aureus; (b) Antimicrobial assay against gram -ve bacteria E. coli 

 

3.5 In vitro lysine hydrochloride release profile 
In in vitro study, the polyurethane membrane was loaded with 

lysine hydrochloride via physical absorption to evaluate the 

release activity. In Fig. 7 shown the release profile of lysine 

hydrochloride which was increased as the duration went on. 

The drug release activity of the membrane was abruptly 

increased after 48 hrs and remains constant after 120hrs. 

Structure of less porous membrane has caused the slow drug 

release [20]. As per the result analysis, this material has shown 

the effective porosity for the lysine hydrochloride release 

which may have the potential for clinical applications. 

 

 
 

Fig 7: Lysine hydrochloride drug release from polyurethane 

membrane in SBF 

 

4. Conclusion 

In this study, the main aim was to synthesis and characterizes 

biodegradable polyurethane membrane to check the specific 

drug release activity along with Cytotoxicity analysis for 

biocompatibility of the materials. Synthesized material is 

adequate porous and contains significant functional groups. 

The material is degraded in SBF solution due to presence of 

estar linkage in the polyurethane membrane that implies the 

material as a biodegradable. Cells (PBMCs) growth over 

polyurethane membrane surfaces exhibits no cytotoxic effect. 

Antimicrobial assay ensures that the material doesn’t promote 

the clinical pathogenic bacterial growth. Drug release profile 

significantly refers it as potential material for further in vivo 

studies. Simply, we may assume that the product chemistry 

and property analysis confirms it as a dynamic biomaterial for 

the study of in vivo potentiality and clinical research. 
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