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A B S T R A C T   

Developing novel antimicrobial wound dressings that have the potential to address the challenges associated 
with chronic wounds is highly imperative in providing effective infection control and wound healing support. 
Biocompatible electrospun nanofibers with their high porosity and surface area enabling efficient drug loading 
and delivery have been investigated in this regard as viable candidates for chronic wound care. Here, we design 
Casein/Polyvinyl alcohol (CAN/PVA) nanofibers reinforced with silver nanoparticles (Ag NPs) by the electro
spinning technique to develop diabetic wound healing scaffolds. The prepared samples were characterized using 
spectroscopic and electron microscopic techniques. The biocompatibility of the polymer samples were assessed 
using 3 T3 fibroblast cell lines and the maximum cell viability was found to 95 % at a concentration of 50 μg/mL 
for the prepared nanofibers. Scratch assay tests were also performed to analyze the wound healing activity of the 
nanofibers wherein they demonstrated increased migration and proliferation of fibroblast 3 T3 cells. Moreover, 
these nanofibers also exhibit antibacterial efficiency against Gram-negative bacteria, Escherichia coli (E.coli). 
Therefore, the antimicrobial nature of the electrospun nanofibers coupled with their moisture absorption 
properties and wound healing ability render them as effective materials for wound dressing applications.   

1. Introduction 

Design and fabrication of functional biomaterials is essential to 
revolutionize research in the field of restorative biotherapeutics. [1–3] 
Due to the regenerative nature of the skin, wound healing can be 
deemed as a rational objective of regenerative medicine. Chronic non
healing wounds are one of the most common complications in diabetic 
patients and can be challenging to treat due to impaired wound healing 
processes. A hyperglycemic microenvironment results in delayed re- 
epithelialization, insufficient vascular lesions, and insufficient extra
cellular matrix (ECM) synthesis in diabetic wounds [4]. By eliminating 
oxidative stress, inflammation, and bacteria, one can effectively treat 
diabetic wounds [5,6]. 

Polymeric materials, both natural and synthetic have been used 
extensively in diabetic wound dressings owing to their physicochemical 
characteristics and biological activity. They provide numerous advan
tages, such as the ability to engineer tissue, dress wounds, and drug 
delivery. The production of nanofibers for skin regeneration has been 
reported previously using natural polymers such as collagen, Chitosan, 

and gelatin blended with synthetic polymers such as poly 
(− caprolactone) (PCL), poly(lactide-co-glycolide) (PLGA), and PVA [7]. 
These polymers showed accelerated hemostatic activity and wound 
healing due to their increased thrombin generation and stable blood clot 
formation. In recent studies, nanofibers have been shown to be struc
turally similar to native ECM and to promote skin regeneration [4]. 
Fibrous polymer matrices such as PVA produced by electrospinning have 
also been widely used for cell culture studies [8–9]. Due to its rubbery 
and elastic nature with high degree of swelling in water and biological 
fluids coupled with its high biodegradability and biocompatibility, PVA 
closely simulates biological tissue and is beneficial for wound dressing 
applications. Casein which is a natural milk protein that is a good source 
of bioactive peptides and serves as a very good antidiabetic agent has 
also been used in this respect to improve wound healing. The impact of 
nanotechnology in recent years has also led to the advancement in the 
field of bioengineering [10]. Novel materials can be synthesized by the 
appropriate selection of a biopolymer and nanofiller to affect specific 
applications [11,12]. Incorporation of biologically relevant nano
particles can further improve the wound healing properties owing to 

* Corresponding author. 
E-mail address: maryterrysmc@gmail.com (N.L. Mary).  

Contents lists available at ScienceDirect 

International Journal of Biological Macromolecules 

journal homepage: www.elsevier.com/locate/ijbiomac 

https://doi.org/10.1016/j.ijbiomac.2024.131501 
Received 11 July 2023; Received in revised form 18 March 2024; Accepted 8 April 2024   

mailto:maryterrysmc@gmail.com
www.sciencedirect.com/science/journal/01418130
https://www.elsevier.com/locate/ijbiomac
https://doi.org/10.1016/j.ijbiomac.2024.131501
https://doi.org/10.1016/j.ijbiomac.2024.131501
https://doi.org/10.1016/j.ijbiomac.2024.131501
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijbiomac.2024.131501&domain=pdf


International Journal of Biological Macromolecules 267 (2024) 131501

2

their excellent overall biological properties and high surface to volume 
ratio. Hybrid nanocomposites represent the combination of diverse 
functionalities of individual materials that exhibit good potential for 
therapeutic and diagnostic applications [13]. Bioimaging and disease 
treatment are important areas wherein these nanocomposites find util
ity. The applicability of these nanocomposites relies heavily on the filler- 
matrix interactions, filler type and concentration [14–17]. Nano
particles and biologically active fragments that combine to form nano
composites or nanofibers are optimal for drug delivery and wound 
healing applications [18–21]. It is possible to tailor electrospun nano
fibers and load them with active agents in order to develop solutions for 
wound care that are effective. These applications are vital in the treat
ment of diabetic wounds which are generally more susceptible to in
fections [22]. High chemical inertness and SPR property of Ag NPs were 
employed for the preparation of hybrid nanocomposites [23]. Reports 
suggest that a green electrolysis of Ag-decorated MoS2 nanocomposites 
and curcumin stabilized Ag NPs incorporated nanofibers shows an 
enhanced antibacterial effect and low cytotoxicity [24,25]. SBA-15/ 
polydopamine (PDA)/Ag nanocomposites were used as an efficient 
nanocatalyst and microbial agent [26]. Also, Ag NPs, incorporated in 
polyvinyl alcohol melamine formaldehyde film, were used for wound 
dressing in diabetic patients [27]. Thus, the incorporation of different 
type of antidiabetic, anti-inflammatory and antibacterial therapeutic 
nanomaterials into nanofibers improve their efficacy as bioactive dres
sing with reduction of adverse side effects [28], 

.Here, we report the fabrication of Casein/Polyvinyl Alcohol (CAN/ 
PVA) films and nanofibers reinforced with Ag NPs. The nanofiber and 
films were functionalized by incorporating Ag NPs to formulate smart 
materials for enhanced nonlinear applications [29]. Moreover, the 
nanofiber scaffold can mimic the extracellular matrix, providing struc
tural support to cells and facilitating tissue regeneration. Characteriza
tion was performed using Attenuated Total Reflectance-Fourier 
Transform Infrared (ATR-FTIR) spectroscopy, Ultraviolet-Visible 
(UV–Vis) Spectroscopy, Scanning Electron Microscopy (SEM), Trans
mission Electron Microscopy (TEM), Differential Scanning calorimetry 
(DSC) and X-Ray diffraction studies (XRD). The fabricated films and 
nanofibers demonstrated remarkable antibacterial activity upon contact 
with Gram-negative bacteria. In addition, an MTT assay using 3 T3 cell 
lines was performed to study the wound healing activity of the films. The 
results demonstrated that the nanofibers with incorporated Ag exhibited 
significantly greater scratch wound closure compared to the film. CAN/ 
PVA nanofibrous mats have been used previously for wound dressing 
applications [30]. Similarly, PVA/hyaluronic acid/L-arginine nano
fibers have also shown effectiveness in wound gap closure [31]. Casein 
glycerol-based wound dressing films have also been reported. [32] 
However, to the best of our knowledge, Ag NPs incorporated electrospun 
nanofibers of CAN/PVA have not been reported till date. The nanofibers 
prepared in the present work exhibit complete wound closure within 48 
h. CAN was selected for dressing production due to its biocompatibility, 
biodegradability, stability, non-toxicity, and cost-effectiveness. More
over, its antimicrobial and antihypertensive properties aid in diabetes 
prevention and control, thereby enhancing wound healing potential. 
PVA was employed to enhance the electrospinnability of CAN due to its 
biocompatibility, chemical resistance, and moisture absorption capa
bilities. Thus, the combination of these polymers enables wound dres
sing potential with optimal characteristics. Furthermore, the 
incorporation of Ag NPs augmented the dressing's antibacterial activity. 
Thus, based on the enhanced wound healing and antibacterial activity, 
these electrospun nanofibers have demonstrated excellent biocompati
bility and cell growth promotion, presenting new avenues for chronic 
wound care in tissue engineering. 

2. Materials and methods 

2.1. Preparation of CAN/PVA film and nanocomposite film 

For the present synthesis, CAN (Mw = 2061) and PVA (Mw =

140,000) were purchased from Aldrich Chemie. Silver nitrate (AgNO3) 
and Sodium Hydroxide (NaOH) were purchased from Sigma Aldrich. All 
of the chemicals were used without further purification and Milli Q 
water was used as a solvent. Citrate capped Ag NPs were prepared by a 
method reported by us earlier [33]. The solutions of CAN and PVA were 
prepared by dissolving powdered chemicals to a concentration of 3 wt% 
in Milli Q water and stirred at room temperature for 30 min. The 
blending process of CAN/PVA at 30:70 weight ratio was carried out 
using a probe sonicator. The synthesized Ag NPs were added at a con
centration of 0.15 wt% relative to the total weight of the polymer blend. 
The dispersion process was carried out by sonication for 30 min to 
ensure an even distribution of the NPs throughout the polymer matrix. 
Solution casting method was used to prepare both CAN/PVA films and 
its Ag nanocomposites (CAN/PVA-S1). In this method, the polymer 
blend and the nanocomposite solution were cast into the Petri dish and 
allowed to dry to obtain CAN/PVA and CAN/PVA-S1 films. 

2.2. Preparation of composite nanofibers 

Electrospinning was used for the preparation of nanofibers. In a 5 mL 
syringe, the Ag NPs reinforced CAN/PVA solution as prepared above was 
loaded. A DC voltage of 20–25 kV was applied between the syringe and 
collector which was covered with Aluminium foil and a flow rate of 0.6 
mL/h was maintained. As the jet moved towards the collector, the sol
vent evaporated and composite nanofibers (CAN/PVA-S2) were formed 
and deposited on the Aluminium foil. 

2.3. Antibacterial activity: well/disk diffusion method 

Agar well/disc diffusion method was used to study the antibacterial 
activity of the nanocomposites [34,35]. Bacterial culture of Escherchia- 
coli (E. coli) was swabbed on freshly prepared nutrient agar which was 
poured on sterile petridishes. After solidification, the prepared polymer 
samples at different concentrations (25, 50, 75, 100 μg/mL) were loaded 
in wells/discs and the plates were incubated at 37 ◦C for 24 h. An 
inhibitory zone was measured in mm around each well/disc after 
incubation. 

2.4. Cell viability determination by MTT assay 

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro
mide) assay is a quantitative colorimetric method for the determination 
of cell survival and proliferation [22]. The assessed parameter is the 
metabolic activity of viable cells. 3 T3 mouse fibroblast cells were 
seeded in a 96-well plate at a density of 1 × 105 cells. The cells were 
incubated overnight at 37 ◦C and 5 % CO2 with a complete medium. 
After 70 % confluence, the complete medium was replaced with an 
incomplete medium containing different concentrations of working so
lution of prepared nanocomposites (25, 50, 75 and 100 μg/mL) for 24 h 
and 48 h. At the end of the incubation period, the medium was discarded 
and replaced with fresh incomplete medium containing 10 μL of MTT 
and incubated for 4 h at 37 ◦C and 5 % CO2. The MTT containing me
dium was then discarded and 100 μL of sterile DMSO was added to each 
well to dissolve the obtained purple formazan crystals. The amount of 
formazan crystals formed is indicative of the mitochondrial oxidation of 
MTT and the plate was read at 595 nm. 

Percentage of cell viability=(A595nmoftreatedcells/A595 nm of control)x 100.
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2.5. In vitro wound healing assay (Scratch assay) 

The in vitro wound healing assay was performed by the method 
described by Liang et al. 2007 [36]. The direct contact method was used 
in the scratch assay. 3 T3 mouse fibroblast cells were seeded in 6 well 
tissue culture dishes (1 × 105 cells/well). After the confluence was 
reached, cell monolayers were incubated in serum free medium for 12 h. 
After 12 h, the cell monolayers were gently scratched with a sterile 
pipette tip to create the wound and extensively rinsed with medium to 
remove all cellular debris. 100 μL of the nanocomposites were added and 
incubated for 24 h and 48 h. The rate of cell migration and healing was 
assessed by placing the cells under an inverted microscope and photo
graphing them. Subsequently, the cells' ability to migrate and fill the gap 
over time was monitored. Manual image analysis was then employed to 
measure the remaining wound area. The scratch healing rate was 
analyzed as the decrease in wound area over time, normalized by the 
initial wound area. 

3. Results and discussion 

3.1. ATR-FTIR absorption spectra 

FTIR spectroscopy was used to identify the functional groups 
involved in polymer blends as well as their unique interaction with 
nanoparticles. The recorded FT-IR spectra of the polymer blend and its 
nanocomposites are presented in Fig. 1. The stretching and bending 
vibrations of the hydrogen bonding –OH group of CAN/PVA blend was 
observed at 3040–3650 cm− 1 and 1630–1650 cm− 1 [37]. A strong ab
sorption band at 2927 cm− 1 corresponds to the -C-H stretching fre
quency. The characteristic peaks of CAN are observed at 1639, 1534, 
1442 and 1229 cm− 1 which corresponds to -C=O stretching, both -C-N 
stretching and -N-H bending, -C-H deformation and -N-H deformation, 

respectively [38]. The absorption bands at 1080 and 915 cm− 1 indicate 
stretching and bending vibrations of -C-O groups in PVA [28]. The - 
C––O stretching frequency shifts from 1635 cm− 1 in CAN/PVA to 1639 
cm− 1 in CAN/PVA-S1. Similar observations were reported in the case of 
nanocomposites of PVP with Ag NPs [39]. The IR spectra of CAN/PVA- 
S2 was found to be essentially the same as the solvent casted films of 
CAN/PVA-S1. Analogous findings were also reported in the case of PEO 
and Nylon 6 nanofibers and films [40,41]. Therefore, it may be 
concluded that there are no structural changes in the polymer samples 
during the fabrication of nanofibers. 

3.2. UV–Visible absorption spectroscopy 

UV–Visible absorption spectroscopy was performed for CAN/PVA, 
CAN/PVA-S1 and CAN/PVA-S2 in water and the spectra are given in 
Fig. 1(d). These spectra indicate that the SPR peak is observed at 408 nm 
in the spectrum of CAN/PVA-S1 while the SPR phenomenon is indicated 
by the peak at 414 nm in the case of CAN/PVA-S2. These observations 
suggest that Ag NPs have been successfully incorporated into the poly
mer matrix of both the film and the nanofibers. These absorption bands 
match the characteristic SPR band of Ag NPs [42–43]. 

3.3. SEM analysis 

Scanning Electron Microscopy (SEM) was used to study the 
morphology of the polymer blend CAN/PVA and the nanocomposites 
with metal NPs. The SEM images of the polymer samples are given in 
Fig. 2. The SEM image of CAN/PVA shows a continuous homogenous 
morphology which confirms the miscibility of the two polymers. The 
miscibility of the two polymers in the blend can be attributed to inter
molecular hydrogen bonding between PVA and CAN. SEM micrograph 
of CAN/PVA-S1 shows the presence of Ag NPs in the matrix of the blend. 

Fig. 1. ATR-FTIR spectrum of a) CAN/PVA b) CAN/PVA-S1 c) CAN/PVA-S2 d) UV–Visible absorption spectra of CAN/PVA, CAN/PVA-S1 and CAN/PVA-S2.  
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From the surface of the CAN/PVA films, it can be deduced that the PVA 
content has an influence on the physical characteristic of the blended 
film. A similar type of morphological change was reported earlier in the 
case of PVA/PAN blended film [44]. Basavarajeshwari et al. reported 
that a miscible blend was formed by the physical interaction of PVA and 
PVP [45]. SEM analysis was also carried out on CAN/PVA-S2 and Fig. 2 
(c) shows the SEM images and size distribution of the nanofibers. The 
arrangements of nanofibers were fairly random with no distinct 

alignment in this case. However, the surface of the composite nanofibers 
are smooth, indicating good incorporation of Ag NPs into the CAN/PVA 
polymer blend. 

3.4. TEM analysis 

In order to determine the size of NPs in the nanocomposites of CAN/ 
PVA, TEM investigation was carried out on the nanocomposites, namely, 

Fig. 2. SEM images of (a) CAN/PVA (600×), (b) CAN/PVA-S1(3000 X) c) SEM image and particle size distribution of CAN/PVA-S2 (80,000×) . TEM images of CAN/ 
PVA-S1 at (d) lower and (e) higher magnification. TEM images h) lower magnification i) higher magnification and j) SAED pattern of CAN/PVA-S2. DSC thermo
grams of h) [i] CAN/PVA and [ii] CAN/PVA-S1. Comparative study of DSC thermograms g) of [i] CAN/PVA-S1 and [iii] CAN/PVA-S2 miscibility of the component 
polymers in the blend at this composition. Furthermore, the nanocomposites with metal NPs have higher Tm values than the CAN/PVA polymer blend. Thus, the 
introduction of Ag NPs in CAN/PVA blend enhanced the Tm value. Similar trend was also observed in case of the nanofibers as represented in Fig. 2(g), but here we 
observe a decrease in the Tg value due to the amorphous nature of nanofibers. 
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CAN/PVA-S1. From the TEM analysis of CAN/PVA-S1 Fig. 2(d,e), 
effective incorporation of Ag NPs in the CAN/PVA matrix was re- 
affirmed. The average size of the NPs was found to be 8 nm. High Res
olution Transmission Electron Microscopy (HR-TEM) and Selected Area 
Electron Diffraction Pattern (SAED) analyses were carried out on the 
electrospun nanofiber CAN/PVA-S2 and the images are given in Fig. 2(h, 
i,j). Along with the successful incorporation of Ag NPs incorporated in 
the CAN/PVA matrix, the SAED pattern also indicated the spherical 
shape of the NPs. 

3.5. DSC analysis 

The thermal transition behaviour of the polymer blend and its 
nanocomposites were determined using DSC analysis. DSC thermograms 
of the samples are given in Fig. 2(f,g) which provide insights into the 
glass transition temperature (Tg) and melting temperature (Tm). There 
are two endothermic peaks in each of the thermograms. The first peak 
corresponds to Tg and the second peak represents the Tm. On compar
ison of the DSC curve of CAN/PVA blend and its nanocomposites, it was 
found that the second endothermic peak (Tm) of the blend shifted to 
higher temperatures. It confirms the presence of Ag NPs in the blends 
and its enhanced thermal stability with the formation of different crys
talline forms. Tg and Tm of the blend and Ag nanocomposites are 
tabulated in Table 1 

Tg of CAN/PVA blend is found to be 84 ◦C which is in between the Tg 
of casein at 76 ◦C and that of pure PVA at 88 ◦C. This suggests that the 
polymers are miscible and compatible at this composition as is also 
observed from the TEM images. The nanocomposites containing Ag NPs 
have slightly higher Tg values than that of the blend. This indicates that 
the incorporation of Ag NPs increases the Tg value of the blend. Simi
larly, the melting temperature of CAN/PVA (231 ◦C) is in between the 
Tm values of pure PVA (241 ◦C) and pure CAN (210 ◦C) indicating. 

3.6. XRD analysis 

The physical and mechanical properties of polymers and their 
nanocomposites are strongly dependent on the percentage and nature of 
their crystalline and amorphous regions. Also, this amount is responsible 
for chemical reactions, the absorptivity of dyes and pigments, and hu
midity in the case of polymeric fabrics. The reactivity will be higher 
when the amorphous part of the polymer is larger [46]. XRD has been 
used to characterise changes in the crystal structure parameters, 
including the degree of crystal orientation, the apparent crystal size, and 
the lattice strain along the axis of the crystal unit cell [47]. XRD 
diffraction patterns were obtained for three samples, namely, CAN/PVA, 
CAN/PVA-S1,CAN/PVA-S2 and the diffractograms are presented in 
Fig. 3. It may be seen in the diffraction pattern of CAN/PVA that there is 
a major peak at about 2θ = 200 which corresponds to the plane of pure 
PVA [48]. Since all the three samples contain PVA as the major 
component this is the main peak in diffraction patterns of the three 
samples. In the diffraction pattern of CAN/PVA, there is additional peak 
at a lower 2θ value (around 120) and this peak is due to casein. A sharp 
and high intensity peak is seen at 2θ = 50 in the XRD pattern of CAN/ 
PVA-S1 and also a sharp high intensity peak at about the same 2θ 
value in the case of CAN/PVA-S2. These observations establish that the 
two nanocomposites contain the metal NPs. 

3.7. Antibacterial analysis of CAN/PVA-S2 

The antibacterial efficacy of the nanofiber, CAN/PVA-S2 against 
gram negative bacteria- Escherchia-coli (E.Coli) was evaluated. Different 
concentration of the samples were tested and the results are shown in 
Fig. 4 (a) and Table 2. At a low concentration of 25 μg/mL, the zone of 
inhibition is found to be almost comparable to that of the control indi
cating enhanced antibacterial activity of the nanofibers. With the in
crease in concentration of the nanofiber, the zone of inhibition increases 
gradually signifying moderately effective antibacterial action even at 
higher concentrations. Casein is milk protein and is used for the anti
diabetic and antibacterial study [49]. PVA has been used in various 
applications in the field of medicine, pharmaceuticals, etc. and Ag NPs 
has been reported to be non-toxic to human cells but shows toxicity to 
bacteria because of its affinity to proteins and nucleic acid [50].Addi
tionally, the higher surface area to volume ratio of naofibers promotes 
greater antibacterial activity. Thus the increased antibacterial efficacy is 
due to the combined effect of all the three components comprising the 
nanofiber. 

3.8. In vitro wound healing potential of CAN/PVA-S1 and CAN/PVA-S2 
in 3 T3 fibroblast cell lines 

Natural polymers such as collagen, Chitosan, and gelatin were 
blended with synthetic polymers of poly (ε-caprolactone) (PCL), poly 
(lactide-co-glycolide) (PLGA), PVA for the production of nanofibers for 
skin regeneration [51]. Recent studies have shown that nanofibers can 
offer a structural resemblance with native ECM and promote skin 
regeneration [52]. Due to its rubbery and elastic nature with high degree 
of swelling in water and biological fluids PVA closely simulates bio
logical tissue and is beneficial for wound dressing applications. Excellent 
biological properties and the surface to volume ratio of Ag incorporated 
nanofibers make it a good material for wound healing [53]. 

The cell viability at different concentrations of CAN/PVA,CAN/PVA- 
S1 and CAN/PVA-S2 at 24 & 48 h of incubation are shown in Fig. 4 (b,c, 
d). For in vitro cell viability tests, both the film and nanofiber samples 
demonstrated a maximum cell viability of 95 % at a concentration of 50 
μg/mL indicating the enhanced biocompatibility of these materials and 
their non-toxicity. 

The proliferation and migration of 3 T3 cells were studied by using 
an in vitro wound healing assay in confluent culture. Cell proliferation is 
an essential event during re-epithelization, so proliferating fibroblast at 
the wound site ensures an adequate supply of cells to migrate and cover 
the wound surface. Synthesis of an extracellular matrix (ECM) is a key 
feature of wound healing. Dermal reconstruction is characterized by the 
formation of granulation tissue, which includes cell proliferation, ECM 
deposition, wound contraction and angiogenesis. Scratch assay using 3 
T3 cell lines was performed to study the wound healing activity of films 
and nanofibers as shown in Fig. 4 (e-m). The migration rate of 3 T3 cells 
was evaluated until complete healing. After making scratch wounds, the 
cells were supplemented with 50 μg/mL of sample and photomicro
graphs were taken using inverted microscope to assess the healing ac
tivity at different time intervals. Based on the in vitro scratch wound 
assay, CAN/PVA-S2 showed increased migration and proliferation of 
fibroblast 3 T3 cells. Migration and proliferation of 3 T3 cells was also 
observed to confirm the therapeutic activity of CAN/PVA-S2 in wound 
healing. The images indicated efficient migration and proliferation of 
the fibroblast cells and hence the sample served as a good material to 
enhance the in vitro wound healing ability. From the results, it can be 
depicted that the nanofibers with incorporated Ag shows complete 
closure of the wound when compared to the film. This can be attributed 
to the fact that electrospun nanofibers require shorter response time and 
excise more control over the release rate of the drug thereby resulting in 
efficient wound healing [54]. Additionally, the use of nanofiber scaf
folds can be beneficial in diabetic wound treatment due to their ability to 
promote wound healing and prevent infection. The small size of the 

Table 1 
Glass transition temperature (Tg), Melting temperature (Tm) of CAN/PVA and 
CAN/PVA-S1.  

Sample Name Tg 0C Tm 0C 

CAN/PVA  84  231 
CAN/PVA-S1  86  239  

N. George et al.                                                                                                                                                                                                                                 



International Journal of Biological Macromolecules 267 (2024) 131501

6

Fig. 3. XRD patterns for (a) CAN/PVA, (b) CAN/PVA-S1 (c) CAN/PVA-S2.  

In vitro

Fig. 4. a) Effect of different concentrations of CAN/PVA-S2 on the zone of inhibition. Percentage of cell viability of 3 T3 cells in b) CAN/PVA c) CAN/PVA-S1 d) 
CAN/PVA-S2. In vitro wound healing of 3 T3 cells treated with CAN/PVA at e) 0 h f) 24 h g) 48 h In vitro wound healing of 3 T3 cells treated with CAN/PVA-S1 at h) 0 
h i) 24 h j) 48 h. In vitro wound healing of 3 T3 cells treated with CAN/PVA-S2 at k) 0 h l) 24 h m) 48 h. 
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nanofibers provides a large surface area, which can support cell adhe
sion proliferation and migration aiding in the wound closure process. 

4. Conclusion 

In conclusion, in this study, we have successfully fabricated CAN/ 
PVA film and its nanocomposites functionalized with Ag NPs by solution 
casting method. Additionally, electrospinning technique was employed 
to prepare composite nanofibers. Spectral and morphological studies 
confirmed the formation of composite films and nanofibers. The 
appearance of characteristic absorption peaks in the UV–Vis spectrum at 
specific wavelengths indicated the presence of Ag NPs, confirming the 
successful functionalization of the polymer blend. DSC analysis reveals 
that the polymer blend is miscible and compatible at the studied 
composition, and the incorporation of metal nanoparticles enhances 
both the Tg and Tm values of the blend and its nanocomposites. The 
nanofiber also exhibits a similar trend but with a decrease in Tg value 
due to their amorphous nature. Both the film and the nanofiber show a 
maximum cell viability of 95 % at 50 μg/mL against mouse fibroblast 
cells. MTT tests showed greater scratch wound closure for Ag incorpo
rated nanofibers when compared to the films. Considering these find
ings, the nanofiber scaffold developed through electrospinning, 
particularly Ag NPs incorporated nanofibers holds promise for treating 
diabetic wounds and preventing infection. The nanofiber scaffold could 
potentially serve as a supportive frame work or scaffold for the growth of 
the cells and facilitate the healing process in diabetic wounds. Addi
tionally, the presence of Ag NPs within the nanofibers could contribute 
to the prevention of bacterial infections, which are commonly associated 
with diabetic wounds. 
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