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Abstract 

Devitalized tissues present in a wound bed serve as a reservoir for bacterial growth  and contain elevated 

levels of inflammatory mediators that promote chronic inflammation and impair  cellular migration 

necessary for wound repair. Effective wound cleansing and debridement are essential for granulation and 

re-epithelization. Among various debridement methods, enzymatic debridement is highly selective method 

that uses naturally occurring proteolytic enzymes. Papain combined with urea has been widely used to 

remove necrotic/devitalized tissues. Our approach is to encapsulate papain and urea in PVA nanofiber to 

bring out sustained release to enable breakdown of fibrinous material in necrotic tissue and enhance 

wound healing. Physico-chemical characterization of nanofiber depicted the enzyme interaction with the 

polymer and also confirmed that the enzyme was evenly distributed in the nanofibers in an amorphous 

state. Fluorescence spectroscopy confirmed that the structural integrity of the enzyme was maintained 

after encapsulation. The results of antibacterial activity along with cell compatibility assays confirm the 

structural and functional integrity of the enzyme preparation along with the b iocompatibility of the 

electrospun nanofiber and thereby provide more suitability as a dressing for wound debridement .

Introduction 

Papain is an endolytic cysteine protease (EC: 3.4.22.2) widely used 

in food, pharmaceutical, leather, cosmetic and textile industries.1-3 It 

is a highly functional proteolytic enzyme with bactericidal, 

bacteriostatic, and anti-inflammatory property hence has been 

proven to be effective in healing process of wounds, lesions, and 

ulcers.4 Papain breaks down fibrinous material in necrotic tissue and 

requires the presence of sulfhydryl groups, such as cysteine, for its 

activity. Urea is usually combined with papain in order to expose the 

activators of papain in the necrotic tissue. Urea also denatures 

proteins, making them more susceptible to proteolysis by papain. 

The combination of papain and urea is approximately twice as 

effective in degrading proteins compared with papain alone.5 Papain 

gets deactivated quickly in their free state in solution therefore; it 

must be immobilized in a matrix system for its effective use. 

Enzyme immobilization and their application have attracted 

continuous attention in the field of biomedicine, biosensors 

fabrication, bioremediation, fine chemistry and protein digestion in 

protein analysis.6 Immobilized enzyme performance at various fields 

largely depends on the structure of supporting material.  
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Nanostructured supports are believed to retain the catalytic activity 

as well as ensure the immobilization efficiency of enzyme to a 

greater extent.7 Various nanostructured supports such as 

nanoparticles, nanospheres, nanofibers etc. are used for enzyme 

immobilization. Uniform distribution, recycling and losses during 

encapsulation are the predominant drawbacks of nanoparticles and 

nanospheres. However, nanofibers overcome these drawbacks and 

also provide several attractive aspects like high porosity, 

interconnectivity, high surface to volume ratio and easy handling.8 

The electrospun nanofibers provide an ideal wound dressing material 

due to its useful properties, including oxygen permeable high 

porosity, variable pore size distribution and most importantly, 

morphological similarity to the natural extracellular matrix (ECM) in 

the skin, all of which promote cell adhesion, migration, and 

proliferation.9 Enzyme immobilization can be achieved by either 

binding onto the surface of the support or encapsulating in the 

supporting matrix. Currently nanofibers based supporting matrixes 

are gaining much attention because of the versatility to fabricate the 

polymer fiber with larger length, diameter aspect ratio.10 

Encapsulation of enzyme with supporting matrix brings high enzyme 

loading efficacy and allow possibility of mixing more than one type 

of enzyme into nanofibers.11 Immobilization of papain onto various 

supports such as mesoporous silica,12 macroporous bead carrier of 

copolymer,13 polyacrolein microspheres, anion-exchange resins,14,15 

epoxy polymer,16 superparamagnetic nanoparticles17 and polymeric 

nanofibers has been previously reported. PVA was selected as a 

matrix owing to its biocompatibility and good thermo-chemical 

behaviour.18,19 The present study essentially deals with encapsulation 

of papain and urea into PVA nanofiber so as to achieve the 
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combined beneficial effects of papain and urea for wound 

debridement. In vitro release, encapsulation efficiency, structural 

integrity of enzyme in nanofiber was analyzed. The functional 

integrity was confirmed through antibacterial activity, cell 

compatibility assays suggesting the possibilities of exploring the 

potential of nanofiber as biocompatible material. The study 

therefore, opens up venues for multiple methods of devitalizing the 

wounds and thereby enhances healing process. 

Materials and Methods 

 

Materials 

Poly (vinyl alcohol) (PVA; 99% hydrolysis (Cat. No. 363146), 

MW~85000-125000) and cysteine hydrochloride was purchased 

from Sigma-Aldrich (St. Louis, USA). Papain (source carica 

papaya) was obtained from Sigma-Aldrich. Casein, trisodium citrate 

dihydrate, ethylenediaminetetraacetic acid (EDTA), L-cysteine 

hydrochloride, sodium carbonate (Na2CO3), trichloroacetic acid 

(CCl3.COOH), ethanol, Folin Ciocalteau’s reagent and urea were 

purchased from SD fine chem. Ltd, Mumbai, India. All other 

chemicals and solvents were of analytical grade and used without 

further purification. Deionized water was used throughout the study. 

 

Preparation of Papain/ Urea loaded PVA nanofiber 

Papain-urea/PVA was prepared at various ratios to understand the 

highest encapsulation efficiency and release of papain and urea from 

PVA nanofiber.10% (w/v) of PVA solution were prepared by 

dissolving in deionized water at 80° C with constant stirring for 4-6 

hours. Papain (in range of 5-50 wt% to polymer) activated with urea 

in a ratio of 2:1 were mixed with 10% PVA solution and stirred at 

room temperature to obtain a homogenous mixture. The freshly 

prepared P-U/PVA (Papain-Urea/PVA) blend was loaded into 5 ml 

syringe equipped with an 18-gauge blunt stainless steel needle. The 

feeding rate was controlled by a syringe pump (physics instrument & 

co., India) and was fixed at 0.3 ml/h. The electric potential was 

applied to the metallic needle (0.5mm inner hole diameter) and the 

tip to collector distance was set to 10-12 cm. As the jet breaks up 

into fibers from the Taylor cone, the liquid was evaporated and gave 

rise to relatively dry fibers which were subsequently spun on the 

aluminium foil until multi-layered fiber mat was obtained. The 

electrospinning process was carried out at 24 ± 1° C and relative 

humidity of 68 ± 3° C in an enclosed Plexiglas box.  

 

Characterization of papain and urea loaded PVA nanofibers 

Fourier transform infrared spectrum of the prepared samples was 

measured using FTIR spectrometer (Perkin-Elmer). The electrospun 

nanofibers were cut into small pieces and mixed with KBr to make 

sample pellets. Measurements were taken in a range between 4000 - 

400 cm−1 with a resolution of 2 cm−1. The surface morphology and 

the diameter were analysed by scanning electron microscopy 

(Hitachi, Japan) using an acceleration voltage of 10 kV. Prior to the 

experiment the samples were gold sputter coated under argon 

atmosphere to render them electrically conductive. The average 

diameter of the electrospun fibrous mats was measured using the 

inbuilt software attachment of SEM. To visualize the presence and 

distribution of the proteins into electrospun PVA nanofiber 

scaffolds, a model protein BSA conjugated with FITC was added to 

the polymer solution. A thin layer of electrospun fibers was collected 

on a glass slide and observed under fluorescence microscope (Leica 

microsystems, Germany). The thermal characteristics were 

determined using a differential scanning calorimeter (Q-200 

differential scanning calorimeter TA, instruments Co., USA). 

Samples were crimped in a standard aluminium pan and heated from 

40o C to 250o C at a heating rate 10o C per minute under constant 

purging of nitrogen at 20 ml/min. 

 

Measurement of bio catalytic activity of immobilized and native 

papain 

The catalytic activity of papain and papain released from PVA NF 

was determined by reaction with 2% casein at 37o C in 0.01 M PBS 

in accordance to Sahoo et al.20 Catalytic activity was carried by 

activation of papain according to the following procedure. 20 mg of 

encapsulated papain in 50 mmol/L phosphate buffer was mixed with 

50 mmol/L L-cysteine hydrochloride and 3 mmol/L 

ethylenediaminetetraacetic acid (EDTA) and incubated for 30 min at 

30o C. The activated papain (0.5ml) was added to test tube 

containing 0.5 ml of 2% casein. The reaction was carried out at a 37o 

C for 15 min and stopped by the addition of 2 ml of 30% w/v 

trichloroacetic acid solution (TCA) and centrifuged. To 0.5 ml of the 

supernatant 1 ml of 0.5 mol/L Na2CO3 was added and kept for 10 

min. After that, 1ml of Folin Ciocalteau’s reagent was added. The 

tubes were incubated 30 min in dark condition for color 

development. The color solution was measured against the reagent 

blank at 660 nm using spectrophotometer (Perkin-Elmer, USA). 

Papain activity was expressed in terms of amount of enzyme 

required to release 1µg of tyrosine per minute per milliliter. In case 

of native papain, the activity was measured following the above 

procedures and instead of NF released papain 0.5 ml of 1mg/ml 

native papain solution in 10 mM PBS (pH 7.4) was used. 

Estimation of encapsulation efficiency      

Ten milligram of papain loaded nanofibers were weighed accurately 

and dissolved in 1 ml of phosphate buffer (pH 7.4). The resulting 

solution was centrifuged at 2,500 rpm for 10 minutes (Remi 

Instruments Ltd, Mumbai, India), and the supernatant was assayed 

(n=3) for enzyme content by modified casein digestion method. 

Results were expressed as a mean ± standard deviation of three 

experiments. Encapsulation efficiency was determined using the 

following equations                                

   Amount of enzyme encapsulation 

Actual loading (%) =        X 100 

                    Amount of   nanofiber taken 

 

 

 

       Actual enzyme loading 

Encapsulation efficiency (%) =       X 100 

                                                Theoretical enzyme loading   

  

 

In vitro enzyme release 

The release characteristics of papain from the papain loaded PVA 

nanofiber mats were determined using PBS at pH of 7.4. A weighed 

quantity of enzyme loaded composite nanofibers (approximately 10 

mg) was immersed in a 10 ml of phosphate buffer (pH-7.4). The 
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samples were incubated at 37 ± 5o C with continuous shaking at 100 

rpm. At predetermined time intervals (every 60 min) aliquots of 1ml 

were withdrawn and replaced by an equal volume of respective 

medium to maintain constant volume. After filtrations through 

Whatmann membrane (No. 1), the amount of enzyme released from 

the composite nanofibers were calculated by analyzing the samples 

using an UV spectrophotometer at a wavelength of 280 nm. Enzyme 

released at specified time periods were plotted as percentage 

released versus time. All measurements were conducted in triplicate 

and results are reported as average values. 

Fluorescence spectroscopy 

A fluorescence spectrometer (Hitachi F-4500) was used to detect 

changes in the tertiary structure of the papain-loaded in nanofibers. 

The emission spectrum (300–500 nm) of each sample was collected 

at an excitation wavelength of 280 nm. When excited at 280 nm, the 

emission spectrum is a result of contributions from both tryptophan 

and tyrosine residues in the protein. Each protein spectrum was 

corrected by subtracting the spectrum of the appropriate blank 

solution (phosphate buffer pH 7.4). 

Antibacterial assessment 

Antibacterial activity of the electrospun nanocomposite fibrous mats 

was studied using kinetic testing method with E.coli gram negative 

bacteria. Approximately 10 mg of sample nanofibers were added to 

50 ml of bacterial nutrient solution with a bacterial concentration of 

~109 colony forming units per ml. A bacterial nutrient solution with 

the same concentration of bacteria was used as the control. The 

optical density of the bacterial broth at 600 nm was measured by 

ultraviolet-visible spectrophotometry. 

In vitro biocompatibility assays 

The cytotoxic effect of nanofiber was assessed by MTT (3-[4, 5-

dimethlythiazol-2-yl]-2, 5-diphenly tetrazolium bromide (MTT, 

sigma, USA) assay.21 The sample nanofiber mats were placed in 12 

well plates and sterilized by UV radiation for 1 h. 8 x 103  cells per 

well (HaCaT) were seeded onto it and allowed to adhere and 

proliferate overnight in a CO2 incubator at 37º C. After 24 h 

incubation with nanofibers at 37º C, the cells were treated with MTT 

(0.5 mg/ml) for 3 h. The formazan complex formed was solubilized 

with DMSO (dimethyl sulphoxide) and the absorption was measured 

at 570 nm with a reference wavelength of 630 nm, in a micro plate 

reader (Biorad). The percentage of viability was calculated using the 

optical density of the control and treated cells. 

      The haemolytic assay was done for nanofiber samples as 

described by Sai et al.22 RBCs were isolated from heparinized blood 

by centrifugation. The cells were washed three times with 5 mM 

HEPES buffer containing 150 mM sodium chloride. Aliquots of 1 ml 

suspension containing 107 cells in the microfuge tubes were 

incubated with different nanofiber samples in triplicate at 37o C for 

30 min with gentle mixing. The tubes were then centrifuged and 

absorbance (Abs) of the supernatant was measured at 540 nm. The 

lysis obtained with water was considered as 100%. Percent 

haemolysis was calculated using the following equation:  

Abs of sample – Abs of negative control 

X 100 

Abs of positive control – Abs of negative control 

 

The anticoagulant properties of the nanofiber samples were 

determined by a kinetic clotting time method described in the 

previous studies.23 The sample nanofibrous mats were cut into small 

pieces in a dimension of 20 x 20 mm2 in triplicate and were placed 

into individual well of 12-well tissue culture plate. Coverslips 

without nanofibers were used as control. Then, fresh human blood 

(20 µl) was dropped onto the surface of the nanofibrous samples and 

the cover slips, respectively, followed by adding 10 µl of CaCl2 

solution (0.2 mol/l) to each blood drop and incubating at 37o C for a 

predetermined period of (5, 10, 20, 40, and 60 min). After that, 5 ml 

water was added into each well carefully and incubated at 37o C for 

5 min. The concentration of free hemoglobin in water was measured 

at 540 nm using spectrophotometer. 

Statistical analysis 

Enzyme content and all the in vitro studies were repeated three times 

and the results were expressed as mean and standard deviation from 

the three replicates. 

 

Results and Discussion 

 

Morphology and structure of P-U/PVA nanofibers 

Papain/urea loaded PVA nanofiber has been developed and various 

in vitro characterizations were successfully performed. Most 

enzymes are not directly electrospinnable because of low viscosity 

(even at very high concentration). To facilitate the electropinning of 

enzymes, the most convenient method is to make solution with 

electrospinnable polymer. The polymer concentration and electrical 

conductivity are important factors that influence the fiber diameter 

and distribution in electrospinning. In this regard various 

concentration of PVA from 7 to 10% and the potential was altered 

from 15 to 25 kV to develop fine nanofibers. Fig.1 (a, b) shows the 

SEM image of 10% PVA containing 30 wt % papain and 15 wt % 

urea mixture resulted in randomly oriented continuous nanofiber 

(average diameter of 200 - 400 nm) with porous interconnected 

network structure. PVA at 10% was identified as the optimum 

concentration for electrospinning since spinning at lower 

concentrations resulted in fibers with larger diameters along with 

spray formation. Desired size range of nanofibers was obtained at a 

high potential of 25 kV.  Therefore, a combination of 10% of PVA at 

a potential of 25 kV was selected as the ideal condition for obtaining 

the composite fibers at the desired nano size range. Beaded 

nanofiber (Fig.1(c, d)) was formed when the papain concentration 

was increased to more than 30 wt% to polymer. This is due to the 

increased interaction of PVA and papain which resulted in the 

reduced stability of PVA solution.24  High encapsulation and 

catalytic efficiency was optimized at 30 wt% papain and 15 wt% 

urea, which resulted in smooth and bead free distribution of 

nanofibers.  Based on the fiber quality, the ratio of papain and urea 

was optimized as 2:1 and the same was fixed for subsequent studies. 

When the ratio of urea was enhanced, the fiber yield was not good 

owing to foaming of electrospinning solution. The encapsulation and 

distribution of enzyme/protein into PVA nanofibers was further 

confirmed by encapsulating BSA-FITC into the nanofibers as shown 

in Figure S1.  
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Fig.1. SEM image of Papain loaded PVA nanofiber mats with different 
concentration of Papain: (a, b) 30 wt% (c, d) 50 wt% [bar = 5 µm in (a, 

c), bar = 1 µm in (b, d)]. 

Characterizations 

FTIR spectrum (Fig.2.) shows the spectra of PVA  carboxyl 

vibration at around 1665 cm-1.The  peak 3429 cm-1 is due to a 

polyhydroxyl (-OH) group and 1064.4 cm-1 is due to C-O stretch of 

cyclic ether. The specific absorption peaks at 1413 cm-1 and 1319 

cm-1 corresponding to the C-C and –CH2 stretch band.25 The spectra 

of native papain showed a peak at 3385 cm-1 due to the N-H stretch 

of a secondary N-substituted amide, 868 cm-1 and 850 cm-1 due to 

aromatic residue of tryptophan or tyrosine, with C=O stretch of a 

carboxylate anion and an amide group at 1645 cm-1, and strong 

peaks between 1150-1050 cm-1 and 705-570 cm-1 due to C-S stretch 

of sulphide and disulfides.26 The N-H stretching frequency of pure 

urea appeared in a broad peak at 3500 cm-1, carbonyl stretching 

frequency and N-C-N stretching frequency occurred at 1680cm-1 and 

1460 cm-1respectively.27 The spectra of the P/PVA and P-U/PVA 

nanofiber showed peaks at 3422 cm-1 and 3416 cm-1 for the 

substituted secondary amide which is wider than that of PVA fibers 

due to the superposition of stretching vibration of O-H and N-H 

bonds.28 

 

Fig.2. FTIR spectra of papain and urea loaded PVA nanofiber 

preparations (a) PVA NF, (b) Papain powder, (c) P/PVA NF, 

(d) P-U/PVA NF and (e) Urea powder 

The physical state of the components in the nanofiber is depicted in 

Fig.3. Pure papain showed endothermic peaks at 183.05° C, 211.02° 

C, while urea exhibited at 136.87° C and 226.78° C. The melting 

point of only PVA NF was observed at approximately 223.67° C.  

P/PVA and P-U/PVA NF showed a single peak at 211.24° C 

and215.24° C which is similar to thermogram of the polymer but the 

polymeric peak shifted to lower temperature due to the presence of 

papain and urea. The reduction of endothermic peak in the nanofiber 

suggested that papain and urea was embedded in PVA and existed in 

an amorphous state indicating a thermodynamic compatibility. 

 

Fig.3. DSC thermogram of papain and urea loaded PVA nanofiber 

preparations (a) PVA NF, (b) P/PVA NF, (c) P-U/PVA NF, (d) 

Papain powder and (e) Urea powder. 

Biocatalytic activity of immobilized and native Papain 

Enzyme delivery through nanofibers is considered to be efficiently 

achieved only if its activity is retained. To ensure that the process of 

electrospinning and the strong polar interaction with PVA do not 

hinder the functional integrity of the enzyme, the biocatalytic 

activity was determined. The graphical representation of the activity 

(Fig.4) clearly indicates that there is dose dependent increase in the 

activity with reference to the enzyme loading. At low loading 

percentages of enzyme corresponding to 5% and 10%, the activity 

was minimum which may be attributed to the low concentration of 

the active enzyme available on release from the fibers. The optimum 

activity was observed with a loading efficiency of 30 wt% of 

enzyme. However, at high concentration, the activity again 

diminished probably owing to the steric hindrance effect.29 The study 

confirms that the biological activity of papain was therefore not 

affected during electrospinning and it is a viable approach to entrap 

enzyme protein and possibly other peptides/proteins into ultrafine 

fibers.  
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Fig.4. Biocatalytic activities of native papain and Papain 

immobilized in PVA NF with 5-50 wt % papain contents.  

Papain loading efficiency 

The papain loading in the PVA NF mats are shown in Table 1.The 

encapsulation efficiency of papain in the nanofiber mat was 

determined as 50% with respect to total amount of papain used in 

electrospinning which shows the good incorporation of papain in the 

nanofibers. Papain is a water soluble enzyme; formed homogenous 

mixture with the hydrophilic polymer without compromising on its 

activity and also did not denature under high electric voltage 

condition during the process of electrospinning. Lower encapsulation 

efficiency was obtained when the concentration of papain and urea 

were increased more than 30 wt% of papain and 15 wt% of urea. 

*papain was activated with urea in a ratio of 2:1. 

Table 1 Loading and encapsulation efficiency of papain in PVA 

nanofiber 

In vitro release kinetics 

The release rate of papain was examined by immersing papain 

loaded electrospun fiber mats into PBS solutions with pH of 

7.4. Fig.5 shows the papain release profiles from P/PVA and P-

U/PVA nanofiber mats. The percentage of cumulative papain 

release reaches approximately 40% within 30 min. A burst 

release was observed initially due to diffusion owing to high 

surface and porosity of the hydrophilic polymer which allowed 

more papain to diffuse from the nanofibers to the surrounding 

medium.30After the burst release, a sustained release was 

observed, up to 24 hours. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5. Papain release profile from P/PVA and P-U/PVA nanofiber mats. 

 

Fluorescence spectroscopy 

The fluorescence spectra of papain and papain released from 

the PVA nanofibers were compared in Fig.6. The fluorescence 

studies of native papain and papain released from nanofiber 

didn’t show clear changes in the microenvironment of aromatic 

chromophore. The λmax of the non-entrapped papain spectrum 

was 345nm. The λmax value in the range of 300-350 nm 

corresponds to intense emission of tryptophan.25 Both native 

papain and papain released from nanofiber showed λmax in this 

range. Thus PVA nanofiber maintained the tertiary structure of 

papain under encapsulated condition. 

 

Fig.6. Intrinsic fluorescence spectra of native papain and papain 

released from optimized formulation of P/PVA and P-U/PVA 

nanofibers. 

 

Antibacterial activity measurement 

Papain is known to exhibit antimicrobial activity thereby to 

understand the functional integrity of the enzyme in the 

nanofiber preparation bactericidal testing was carried out. Fig.7. 

showed antibacterial activity of free papain, PVA NF, P/PVA 

Conc. of 

Papain 

*(%wt.) to 

polymer 

Theoretical 

loading 

(% w/w) 

Actual loading 

(% w/w) 

Encapsulation 

efficiency 

(% w/w) 

5 4.7 1.86 ±  0.26 
 

39.63 ± 5.6 

10 9.09 3.58 ± 0.61 39.50 ± 6.73 

20 16.6 7.56 ± 0.87 45.53 ± 5.3 

30 23 11.56 ± 0.89 50.33 ± 3.70 

50 33 10.68 ± 0.91 32.30 ± 2.76 

Page 5 of 7 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

6 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012 

NF, U/PVA NF, and P-U/PVA NF against gram negative 

bacteria E.coli, commonly found on contaminated tissues in 

acute and chronic lesions of wounds. The control PVA NF 

itself showed a 50% of bactericidal activity and incorporation 

of papain and urea in the PVA NF (i.e P-U/PVA NF) exhibited 

a continuous and stable antibacterial activity than the free 

papain.  

 
 
Fig.7. Comparison of antibacterial activity of papain, PVA, urea and 

their combinations in nanofiber. 

 

In vitro biocompatibility assay 

 

Cytocompatibility assay 

 

The cytocompatibility was carried out to investigate the 

biocompatibility of nanofiber membranes. The cell viability 

was evaluated using ISO10993-5 standard test method of 

indirect MTT assay. The viability of HaCaT cells that were 

cultured directly on the nanofiber membrane is shown in Fig.8. 

Literature also indicated that urea at a concentration of 0.1 

mg/ml is not toxic.31  After 24 hours of incubation the cell 

viability remained more than 80% indicating that the nanofiber 

membranes were favourable to the adherence and proliferation 

of cells.  

 

 
 
Fig.8. MTT assay of HaCaT cell proliferation after the cell was treated 

with electrospun P/PVA, P-U/PVA, PVA nanofibers and free papain 

and urea powder. 

Hemolytic assay 

For application in therapeutics as wound dressing, one main 

concern of the fibrous materials is their potency of hemolysis 

when contacting blood.32 Thus biocompatibility, especially 

blood compatibility, is the most important property with regard 

to biomedical materials. Table 2 shows the hemolytic activity 

of control and nanofiber samples.  

 

 

 

 

 

 

 

 

 

 
 

Table 2 Hemolysis percentage of water, buffer and papain loaded 

nanofiber samples.   

 

Less than 10% of hemolysis was observed with PVA, P/PVA, 

U/PVA, P-U/PVA nanofibers preparations. The hemolysis with 

water is considered as 100%. The nanofiber being non-

hemolytic thereby is suitable for biological application. 

 

Anticoagulation of electrospun composite PVA nanofiber 

 

The blood clotting behaviour of PVA NF, P/PVA NF, U/PVA 

NF, P-U/PVA NF were shown in Fig.9. The main aim of in 

vitro dynamic clotting time test was to measure the extent of 

blood clotting time influenced by the materials. The figure 

shows the optical density (OD) values of hemoglobin at 540 nm 

in a predetermined time intervals. A higher OD values was due 

to higher hemoglobin concentration suggesting less clotting 

behaviour of the nanofiber membranes. There is no significant 

difference in the OD values between the pure PVA and P/PVA, 

P-U/PVA nanofibers due to the fact that papain and urea are 

well incorporated within the nanofiber. The surface property of 

PVA nanofiber loaded with papain and urea does not have 

much change when compared with that of the PVA nanofibers 

without loading.33 The longer the clotting time was the better 

anticoagulation the material possessed. The blood incubated 

with sample nanofiber membranes had a significantly higher 

absorbance than glass at each time point measured. Thus, the 

results indicate that all the PVA fibrous mat with or without 

loading of papain and urea possess good anticoagulant 

property. 

 

 

Sample 

 

% Hemolysis 

 

 

Positive Control 

Negative Control 

PVA NF 

P/PVA N 

U/PVA NF 

P-U/PVA NF 

  

 

100 

0.03 

8.18 

9.09 

7.27 

6.36 
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Fig.9. Anticoagulation assay of papain, urea and papain urea loaded 

PVA nanofibers at different time intervals. 

 

Conclusions 
 

The study enables simultaneous and multiple protein/drug 

delivery through nanofibers with retention of structural and 

functional integrity. The current study therefore paves way for 

designing and development of biomaterial dressing for wound 

debridement. 
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