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Purpose: Wound patches are essential for wound healing, yet developing patches with enhanced mechanical and biological properties 
remains challenging. This study aimed to enhance the mechanical and biological properties of polyurethane (PU) by incorporating 
magnesium chloride (MgCl2) into the patch.
Methodology: The composite patch was fabricated using the electrospinning technique, producing nanofibers from a mixture of PU 
and MgCl2 solutions. The electrospun PU/MgCl2 was then evaluated for various physico-chemical characteristics and biological 
properties to determine its suitability for wound healing applications.
Results: Tensile strength testing showed that the mechanical properties of the composite patch (10.98 ± 0.18) were significantly improved 
compared to pristine PU (6.66 ± 0.44). Field scanning electron microscopy (FESEM) revealed that the electrospun nanofiber patch had 
a smooth, randomly oriented non-woven structure (PU – 830 ± 145 nm and PU/MgCl2 – 508 ± 151 nm). Fourier infrared spectroscopy (FTIR) 
confirmed magnesium chloride’s presence in the polyurethane matrix via strong hydrogen bond formation. Blood compatibility studies using 
coagulation assays, including activated partial thromboplastin time (APTT), prothrombin time (PT), and hemolysis assays, demonstrated 
improved blood compatibility of the composite patch (APTT – 174 ± 0.5 s, PT – 91 ± 0.8s, and Hemolytic percentage – 1.78%) compared to 
pristine PU (APTT – 152 ± 1.2s, PT – 73 ± 1.7s, and Hemolytic percentage – 2.55%). Antimicrobial testing showed an enhanced zone of 
inhibition (Staphylococcus aureus – 21.5 ± 0.5 mm and Escherichia coli – 27.5 ± 2.5 mm) compared to the control, while cell viability assays 
confirmed the non-cytotoxic nature of the developed patches on fibroblast cells.
Conclusion: The study concludes that adding MgCl2 to PU significantly improves the mechanical, biological, and biocompatibility 
properties of the patch. This composite patch shows potential for future wound healing applications, with further studies needed to 
validate its efficacy in-vivo.
Keywords: wound dressings, polyurethane, MgCl2, biomaterial, nanofibers

Introduction
Skin damage can alter the skin functions to various extend, even leading to death.1 Various factors, ranging from 
diabetes, burns, mechanical injuries to surgical interventions, can precipitate such damage.2 While minor skin injuries 
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often undergo natural repair processes, more severe wounds necessitate the use of skin substitutes to facilitate healing and 
regeneration.2 In these critical situations, the efficacy of wound management heavily relies on the selection of optimal 
wound dressings. Ideal dressings should possess a combination of desirable properties: antimicrobial activity, biocom
patibility, biodegradability, non-toxicity, adequate porosity, appropriate water vapor transmission rate to ensure a moist 
healing environment, robust mechanical strength, and permeability for gaseous exchange, which is essential for cell 
viability.3 Recently, polymeric wound dressings gained a wide attention in wound healing applications.

Polyurethane (PU) is a highly versatile synthetic polymer that has garnered significant interest within the realm of 
wound healing applications due to its remarkable physicochemical attributes.4 This polymer is composed of repeating 
units of isocyanates and polyols, which can be chemically modified to produce materials with diverse mechanical, 
thermal, and biodegradation properties, enabling the tailoring of PU materials for specific tissue engineering applications, 
including wound healing, nerve regeneration, and cartilage repair.5 Additionally, PU exhibits biocompatibility, making it 
an attractive candidate for medical implants and tissue scaffolds.6 The versatility of PU is further highlighted by its 
ability to be processed into diverse morphologies, including films, fibers, and foams, and its capacity to incorporate 
biologically active molecules, such as growth factors and drugs.7 In the context of wound dressing applications, PU 
patches have demonstrated remarkable efficacy in providing antimicrobial activity and promoting cell growth and 
differentiation.8

Recently scaffolds containing metallic particles have gained huge potential in wound healing applications.9,10 

Magnesium ions have garnered increasing attention in the field of regenerative medicine due to its unique biological 
and mechanical properties. Magnesium ions have been shown to promote cell proliferation, activate signaling pathways, 
cofactor activation, and modulate gene expression,11,12 making them a promising candidate for wound dressing applica
tions. In addition, Mg ions has a low toxicity and high biocompatibility, making it an attractive option for biomedical 
applications.12

Manufacturing techniques is emerging as a crucial adjunctive tool in medicine, especially with its applications in 
healthcare including anatomical personalization for prostheses, orthoses, and splints, manufacturing biomedical implants, 
wound healing applications, and bio-composite structures.13 The wound dressing patches can be fabricated through 
several manufacturing techniques such as self-assembly, phase separation, freeze drying, drawing and electrospinning.14 

In our study, the electrospinning technique is used to create patch for wound healing applications. Electrospinning is 
a highly regarded scaffold technique within the field of regenerative medicine due to its ability to produce nanofiber patch 
that closely mimic the extracellular matrix (ECM) structure of the tissue.15 The small diameters of the electrospun 
nanofibers provide a substantial surface area for cell attachment, which enhances tissue growth and development.16 

Additionally, the electrospinning process enables the creation of patch with controlled pore sizes, which optimizes the 
exchange of nutrients and waste products, as well as adjusting mechanical strength.17

Building upon previous studies that investigated the incorporation of MgCl2 into poly (vinyl alcohol) (PVA) and 
polycaprolactone (PCL) composites, this research pioneers a novel application in wound healing. While earlier research 
focused on the enhancement of mechanical properties18 and hydrophilicity of scaffolds for bone regeneration,19 this study 
marks the first exploration of MgCl2 and polyurethane in a single-step electrospinning process for wound healing 
applications. In this study, we hypothesized that utilizing a combination of polyurethane (PU) and MgCl2 in the 
electrospinning process for wound healing applications would result in improved mechanical and biocompatibility 
properties. Our experiments and analysis aimed to advance the research in wound dressings and offer valuable insights 
into the potential of using polyurethane and MgCl2 in the electrospinning process as a material for wound healing 
applications.

Materials and Methodology
Materials
The study utilized Tecoflex EG 80A polyurethane which was provided by Lubrizol (USA). It contains 35% of hard 
segments (Shore A hardness= 72, specific gravity= 1.04) with a melting point of soft segment at 22°C. Its constituent 
formulation contains hard segment of methylene bis (cyclohexyl) diisocyanate (hydrogenated MDI, H12MDI), the soft 
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segment of polytetramethylene oxide with molecular weight= 1000 g/mol and 1.4 butane diol as a chain extender. 
Magnesium chloride hexahydrate was purchased from Sigma Aldrich. Dimethylformamide (DMF) was purchased from 
Merck (USA), and the anticoagulant reagents used in the blood compatibility studies were obtained from Thermo Fisher 
Scientific (Selangor, Malaysia).

Preparation of Solutions
The PU (9 wt%) and MgCl2 (4 wt%) solutions were prepared by dissolving the materials in DMF. To fabricate the 
composite patch, the PU and MgCl2 solutions were mixed in a ratio of 7:2 (w/v%) respectively. The ratio was chosen 
based on preliminary studies, which showed that this combination resulted in the beadle’s formation of fibers from 
polyurethane.

Fabrication of Wound Patch
The composite solution of PU and MgCl2 was converted into nanofibers using electrospinning. This process involves the 
application of a high voltage to the solution, which causes it to be expelled from a needle tip and deposited onto 
a collector in the form of nanofibers. The parameters for the electrospinning process were carefully controlled to ensure 
the production of uniform and high-quality nanofibers. The solution was fed at a rate of 0.2 mL/h, with an applied voltage 
of 10.5 kV and a collector distance of 20 cm.

Characterizations Studies
Characterization studies play a crucial role in determining the suitability of a material for wound dressing applications. 
These studies provide information about the physicochemical and morphological features of the patches, which can 
impact cell behavior and tissue growth.

FESEM
The FESEM images of the developed nanofibers were obtained using a Field Emission Scanning Electron Microscope 
(FESEM, Hitachi SU8020, Tokyo, Japan) unit. The samples, which had a gold layer, were scanned at multiple locations 
to ensure comprehensive analysis. The images were then examined at higher magnification to observe the structural 
details of the nanofibers. To determine the average diameter of the nanofibers, 30 randomly selected locations were 
measured, and the results were used to calculate the mean diameter of the fibers.

FTIR
The IR data of the developed fibers was obtained using Attenuated Total Reflectance Fourier Transform Infrared (ATR 
FTIR, Thermo Fischer Scientific, Waltham, MA, USA) spectroscopy equipment. The absorbance mode was used to 
study the IR spectra of the nanofibers, and the spectra were recorded over a range of 600–4000 cm−1. This technique 
allowed for the analysis of the functional groups present in the fibers and provided insights into their chemical 
composition.

Uniaxial Mechanical Testing
The uniaxial tensile strength of the developed nanofibers was evaluated using a Gotech Testing Machines, AI-3000. 
A sample with dimensions of 40 mm x 10 mm was placed in the grips of the tensile equipment and the test was 
performed at a crosshead rate of 10 mm/min. The average strength was calculated from the stress-strain curves obtained 
during the test.

Thermal Analysis
The thermal behavior of the developed nanofibers was studied using a Perkin Elmer Thermal Gravimetric Analysis 
(TGA, PerkinElmer, Waltham, MA, USA) unit. The experiment was conducted in a nitrogen atmosphere with a heating 
rate of 10°C/min and a temperature range of 30 to 1000°C.
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Atomic Force Microscopy (AFM)
The surface roughness of the patch was characterized using an Atomic Force Microscope (AFM, NanoWizard®, JPK 
Instruments, Berlin, Germany) unit. The AFM patterns were captured by scanning a 20 µm x 20 µm area with a pixel 
resolution of 512×512.

Contact Angle Measurement
Static contact angle measurements were conducted using Video Contact angle (VCA) equipment (AST products, Inc., 
Billerica, MA, USA). A 0.5 µL water droplet was placed on the membrane, and a high-speed video camera was used to 
record a static image of the droplet within 20 seconds. The results were reported as an average of at least three separate 
recordings for each type of sample.

Blood Compatibility Analysis
Blood compatibility analysis is an important aspect of evaluating the suitability of a material for biomedical applications, 
including tissue engineering. It is performed to assess the interactions between the material and blood components and to 
determine the risk of adverse events, such as thrombosis, embolism, and inflammation. The results of these tests provide 
important information about the blood compatibility of the material, which is critical in determining its suitability for use 
in wound dressing applications. Experimental procedures involving the handling of blood were approved by the Ethics 
committee, Faculty of Biosciences and Medical Engineering, Universiti Teknologi Malaysia, with reference number 
UTM.J.45.01/25.10/3Jld.2(3). Written informed consent was obtained from all blood donors prior to their participation in 
the study.

APTT and PT Analysis
The APTT test is a laboratory test used to evaluate the intrinsic pathway of coagulation, which is one of the two main 
pathways involved in blood clotting. This test measures the time it takes for the formation of a blood clot in a plasma 
sample that has been activated with partial thromboplastin, a reagent made from animal tissue. The APTT assay was 
performed by incubating the nanofiber mats with 50 µL of platelet-poor plasma (PPP) at 37°C followed by the addition 
of 50 µL of rabbit brain cephaloplastin reagent for 3 minutes at 37°C followed by adding 50 µL calcium chloride. The 
time taken for a blood clot to form was recorded as the APTT time.20,21

The PT test is a laboratory test used to evaluate the extrinsic pathway of coagulation, which is one of the two main 
pathways involved in blood clotting. This test measures the time it takes for the formation of a blood clot in a plasma 
sample that has been activated with thromboplastin, a reagent made from animal tissue. Similarly, to APTT test, the 
PT time was measured by incubating the nanofiber mats with 50 µL of PPP followed by the addition of 50 µL of 
NaCl-thromboplastin reagent (Factor III). The time taken for a blood clot to form was recorded as the PT time.20,21

Hemolysis Percentage
The biocompatibility of the fabricated nanofibers was evaluated through an assay to measure their hemolytic activity. 
A piece of the nanofibers was incubated with diluted blood and saline solution at 37°C for duration of 1 hour. The 
negative control group was comprised of the diluted blood and saline solution, while the positive control group was 
composed of diluted blood and distilled water. Subsequently, the samples underwent centrifugation for 15 minutes at 
3000 revolutions per minute (RPM) to separate the supernatant from any cellular debris. The supernatant was then 
analyzed for absorbance using ultraviolet spectrophotometry, with a wavelength of 542 nm. The positive control 
absorbance was set to 100% and the absorbance of each sample was expressed as the percentage of hemolysis relative 
to the positive control.20,21

Antimicrobial Testing
Antimicrobial activity of developed electrospun membranes was tested in Staphylococcus aureus and Escherichia coli. 
The bacteria were grown in Mueller Hinton Agar (MHA) incubated at 20°C. About 15 mL of MHA medium was poured 
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into sterile petriplates and the plates were allowed to solidify for 5 minutes. After, the wells with 6 mm diameter were 
prepared and the prepared samples were placed with different concentrations (50 ug/mL, 100 ug/mL, 250 ug/mL, and 500 
ug/mL) and incubated at 37°C for 24 h. By measuring the diameter of the inhibitory zones (mm) surrounding the wells, 
antibacterial activity was assessed.

Cell Viability Analysis
Primary skin dermal cells, known as HDF (Human Skin Fibroblast Cells 1184, ECACC, UK), were grown in Dulbecco’s 
Modified Eagle Medium (DMEM) media with 10% fetal bovine serum and kept at 37°C with 5% CO2. Three days 
a week, the media was changed. After being cut into size of 0.5 cm × 0.5 cm, the electrospun membranes were inserted 
onto the 96 well plates. The cells were seeded into the membranes at a density of 10×103 cells/cm2 once they had reached 
80% confluence. After five days of incubation, the cell viability was assessed using the MTT test. Following five days of 
culture, 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) solution was added to the medium and 
the mixture was then incubated for four hours. A spectrophotometric plate reader was used to detect the absorbance at 
a wavelength of 490 nm after 4 hours.22

Statistical Analysis
One way analysis of variance (ANOVA) was conducted followed by Dunnett post hoc test to analyze the statistical 
significance (p < 0.05). All tests were performed thrice and the analyzed data were expressed as mean ± SD for three 
trials. A representative of three images was presented for qualitative experiments.

Results and Discussion
FESEM Investigation
Figure 1 displays the FESEM images of the fabricated electrospun nanofiber mats. The electro spun nanofiber patch presents 
a smooth and randomly oriented non-woven structure. The average fiber diameter of pristine polyurethane (PU) was found to be 
830 ± 145 nm, while the PU/magnesium chloride (MgCl2) composite exhibited a fiber diameter of 508 ± 151 nm (p < 0.05). 
Furthermore, to elucidate the distribution of MgCl2 within the polyurethane matrix, we conducted an Energy Dispersive X-ray 
Spectroscopy (EDS) analysis. The obtained results, depicted in Figure 2, confirm the presence of magnesium (1%) in the 
polyurethane matrix, in addition to the carbon and oxygen content observed in the PU/MgCl2 samples during the FESEM 
analysis.

Figure 1 The SEM images of (a) PU and (b) PU/MgCl2 patch.
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FTIR Analysis
The FTIR spectra were used to determine the chemical composition of the electrospun nanofibers and details are shown 
in Figure 3. The FTIR spectra of the prisitne PU showed several peaks including those corresponding to the NH group 
(3318 cm−1), CH group (2920 cm−1 and 2852 cm−1), CO group (1730 cm−1 and 1701 cm−1), and NH and CH vibrations 
(1531 cm−1 and 1597 cm−1 and 1414 cm−1, respectively). The peaks at 1221 cm−1, 1105 cm−1, and 770 cm−1 correspond 
to the CO group with respect to alcohol.22

When MgCl2 was added to the PU, no new peaks were observed in the FTIR spectra of the nanocomposite 
membranes. However, the intensity of the PU peaks increased, indicating strong hydrogen bond formation between 
the PU molecules and MgCl2.23 This is illustrated in Figure 4. Further, the shift of the CH peak from 2920 cm−1 to 
2940 cm−1 was observed on adding MgCl2 to the polyurethane matrix.24

Figure 2 EDX spectra of the developed electrospun (a) PU and (b) PU/MgCl2 patch.

Figure 3 FTIR images of electrospun PU and PU/MgCl2 patch.

Figure 4 Interaction of MgCl2 with the amide group of polyurethane at the region 3318 cm−1.
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Wettability Measurements
The results of the wettability measurements show that the addition of MgCl2 to polyurethane improved its wettability. 
The pristine PU nanofibrous membrane had a contact angle of 109° ± 1°, which is hydrophobic. However, with the 
addition of MgCl2, the contact angle was decreased to 78 ± 2°, indicating hydrophilic behavior (p < 0.05).

TGA Analysis
TGA was conducted to evaluate the thermal stability of electrospun PU and PU/ MgCl2 nanocomposites. Figure 5 shows 
the TGA curves of electrospun PU and PU/ MgCl2. The results showed that the addition of MgCl2 decreased the initial 
degradation temperature from 284°C in pristine PU to 198°C in PU/ MgCl2. The Differential Thermogravimetric 
Analysis (DTG) analysis (Figure 6) revealed that the number of weight loss peaks in PU increased from three to four 
with the addition of MgCl2. Additionally, it was evident that the pristine PU showed three weight loss peaks (218°C to 
360°C, 360°C to 518°C and 518°C to 745°C) and the PU/MgCl2 composite showed four weight (180°C to 263°C, 263°C 
to 362°C, 362°C to 598°C and 598°C to 953°C) loss peaks.

Figure 5 TGA curve of electrospun PU and PU/MgCl2 patch.

Figure 6 DTG curve of electrospun PU and PU/MgCl2 patch.
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AFM Analysis
AFM was carried out to evaluate the surface roughness of electrospun nanofibers and their representative 3D images are 
shown in Figure 7. The results of the AFM analysis showed that the addition of MgCl2 to the electrospun PU nanofibers 
led to a reduction in surface roughness. The average Root Mean Square (RMS) roughness for the PU was 854 ± 32 nm, 
while for the PU/ MgCl2 the roughness was 419 ± 87 nm (p < 0.05).

Tensile Testing
Mechanical testing of the electrospun nanofibers were presented in Figure 8. A detailed examination of the mechanical 
properties of electrospun membranes were summarized in Table 1. It was seen that the mechanical properties of PU was 
increased with the addition of MgCl2.

Blood Compatibility Test
The results of the blood compatibility measurements of the electrospun nanofibers showed an enhanced anticoagulant 
nature of the electrospun PU/ MgCl2 compared to the pristine PU. Three assays were performed to evaluate the blood 
clotting time of the electrospun nanofibers: APTT, PT, and hemolytic assay.

The APTT assay showed that the blood clotting time of the PU/ MgCl2 was 174 ± 0.5 s, while the pristine PU had 
a blood clotting time of 152 ± 1.2 s (p < 0.05). This result suggests that the presence of MgCl2 in the PU matrix led to 
a delay in blood clotting time.

Figure 7 AFM images of (a) PU and (b) PU/ MgCl2. Patch.

Figure 8 Tensile curves of electrospun PU and PU/MgCl2 patch.
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The PT assay also showed a similar trend with the PU/ MgCl2 having a blood clotting time of 91 ± 0.8 s, while the 
pristine PU had a blood clotting time of 73 ± 1.7 s (p < 0.05). This result further supports the observation that the 
addition of MgCl2 to the PU matrix enhanced the anticoagulant nature of the electrospun nanofibers.

The hemolytic assay was performed to determine the toxicity of the electrospun membranes to red blood cells. The 
results showed that the PU/ MgCl2 had a lower hemolytic index compared to the pristine PU, with a value of 1.78% 
compared to 2.55% (p < 0.05). The hemolytic index of the PU/ MgCl2 was considered non-hemolytic because it was less 
than 2% according to ASTMF756-00(2000).25

In-vitro Antimicrobial Testing
The antimicrobial activity of the electrospun PU and PU/MgCl2 composites were displayed in Figure 9. The zone of 
inhibition against the bacteria’s for the electrospun PU and PU/MgCl2 were evaluated after 24 hours of incubation. The 
pristine PU showed zero inhibition while the electrospun PU/MgCl2 had greater zone of inhibition than pristine PU. 
According to reports, the PU membrane’s showed zero zone of inhibition, whereas the electrospun PU/MgCl2 showed 
21.5 ± 0.5 mm (S. Aureus) and 27.5 ± 2.5 mm (E. Coli) at 500 ug/mL respectively (p < 0.05).

Table 1 Tensile Strength Measurements of Electrospun 
Membranes

Patches Tensile  
strength (MPa)

Elastic  
modulus (MPa)

Elongation  
at break (%)

PU 6.66 ± 0.44 5.35 ± 0.46 69 ± 9.64

PU/MgCl2 10.98 ± 0.18 8.2 ± 0.65 102 ± 11.68

Figure 9 Zone of inhibition of (a) PU, (b) PU/MgCl2 against E. Coli and (c) PU, (d) PU/MgCl2 against S. Aureus..
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In-vitro Cell Viability Analysis
The fibroblast cell viability of the electrospun PU and PU/MgCl2 composites is displayed in Figure 10. The fibroblast 
cells were adhered to the electrospun PU and PU/MgCl2 after three days of cell growth. On the other hand, PU/MgCl2 

had greater cell viability than pristine PU. According to reports, the PU membrane’s cell survival rate was 126 ± 5%, 
whereas the electrospun PU/MgCl2 showed 145 ± 3% (p < 0.05).

Discussions
The results from Image J analysis showed that the addition of MgCl2 decreased the fiber diameter of the pristine PU. This 
decrease in fiber diameter could be attributed to the increase in conductivity of the PU solution upon the addition of 
MgCl2. Similarly, other studies have also reported that the addition of conductive agents to polymer solutions resulted in 
the reduction of fiber diameter. For instance, one study reported that the addition of copper sulphate (CuSO4) to 
polyurethane resulted in the reduction of fiber diameter, which is consistent with the observation made in the present 
study.22 In another research, it was reported that the addition of bioactive ursolic acid to chitosan-polyvinyl alcohol 
nanofiber mats resulted in smaller fiber diameter and enhanced cell viability, as compared to the control group.26 The 
results of the FTIR spectra showed that the addition of MgCl2 to the PU resulted in strong hydrogen bond formation and 
CH peak shift. Further, there is a broad peak formation due to the interaction of MgCl2 with the amide group of 
polyurethane in the region 3318 cm−1 as indicated in Figure 4. In contact angle measurements, it was seen that the PU 
surface converts to hydrophilic on adding MgCl2. This observation is supported by a previous study, where CuSO4 was 
incorporated into polyurethane patch for wound dressing applications and found that the addition of CuSO4 improved the 
wettability of the pristine PU.22 The improved wettability of the PU/MgCl2 nanocomposite will be favorable for wound 
healing applications. A hydrophilic environment is conducive for fibroblast cell adhesion and proliferation, and thus, it 
may lead to new tissue growth. TGA results suggests that the thermal properties of the nanocomposite were affected by 
the addition of MgCl2. The decrease in the initial degradation temperature was due to the degradation of water molecules 
present in the magnesium. Further, the weight loss peak intensity increased, indicating higher weight loss, confirming the 
presence of MgCl2 in the PU matrix as seen in the Derivative Thermogravimetric (DTG). These findings suggest that the 
addition of MgCl2 altered the thermal stability of the PU nanocomposite. In AFM analysis, the reduction in surface 
roughness was attributed to the presence of MgCl2. PU contains both hard and soft segments, featuring functional groups 
such as amino, methyl, and carboxyl groups. These functional groups are known to have the potential for ion-dipole 
interactions with magnesium and chlorine ions present in MgCl2. Such interactions are conducive to the formation of 
smoother surfaces due to the alignment and bonding of these ions with the PU matrix. This phenomenon results in 

Figure 10 MTT assay of electrospun PU and PU/MgCl2 patch. * denotes significance compared to control (p<0.05).
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a reduction in surface roughness, which is in agreement with the observed experimental data. This finding is similar to 
previous studies who found that the addition of CuSO4 resulted in smoother surfaces in electrospun PU patch.22 In the 
study by Kim et al, it was demonstrated that electrospun scaffolds fabricated using PCL exhibited smoother surfaces in 
smaller-diameter scaffolds compared to larger-diameter ones.27 Our findings align with this observation, suggesting that 
the incorporation of MgCl2 had influenced the fiber diameter. As a result, the composites developed in our study feature 
fibers with smaller diameters, which could contribute to the smoother surfaces observed. Furthermore, Ghorbani et al 
observed that the surface roughness of electrospun PU was reduced and appeared smooth after oxygen plasma 
modification and demonstrated improved attachment of fibroblast cells.28 Fibroblasts play a crucial role in wound 
healing by producing ECM components and promoting tissue repair. Therefore, the smoother surfaces of the 
PU/MgCl2 nanocomposites may facilitate enhanced fibroblast activity, ultimately promoting wound healing. Recent 
studies have underscored the significance of mechanical properties in the wound healing process.29 Enhanced mechanical 
properties, such as increased tensile strength and elasticity, have been shown to positively influence various aspects of 
wound healing.30 These properties can regulate the presence of myofibroblasts, microvascular blood flow, fibrosis, 
collagen fibril thickness, and inflammatory response. By targeting these factors, enhanced mechanical properties may aid 
in preventing scar formation and promoting more efficient wound healing.31 Tensile properties findings reveal that the 
tensile strength, modulus, and elongation at break of PU increased notably with the addition of MgCl2. These observa
tions align with a prior study involving PU and CuSO4, which reported enhanced tensile strength through the 
incorporation of CuSO4. This enhancement in tensile strength in the PU/MgCl2 nanocomposites can be attributed to 
the reduced fiber diameter.22 In support of this, Wong et al documented in a separate study that patches with smaller fiber 
diameters exhibited improved tensile strength and modulus.32 Consequently, the smaller diameter in our developed 
nanocomposite likely contributed to the enhanced tensile properties. In the blood compatibility analysis, the PU/MgCl2 

nanocomposites exhibited enhanced anticoagulant properties compared to pristine PU. Blood compatibility is 
a multifactorial phenomenon influenced by surface roughness, chemical composition, wettability, surface energy, and 
protein adsorption.25 The improved anticoagulant nature of the PU/MgCl2 nanocomposites can be attributed to their 
smaller fiber diameter, reduced surface roughness, and enhanced wettability.33 The incorporation of MgCl2 into the PU 
matrix resulted in a reduced fiber diameter, which likely contributed to the observed improvement in anticoagulant 
properties. Additionally, the smoother surface of the PU/MgCl2 nanocomposites affected their wettability, making the 
material more hydrophilic. Our studies demonstrated that the wettability of the PU/MgCl2 composites increased, which in 
turn positively impacted blood compatibility. These findings highlight the crucial role of wettability in determining the 
blood compatibility of the fabricated composites and suggest that the addition of MgCl2 to electrospun PU could be 
a promising strategy for enhancing their performance in wound healing applications. In antimicrobial testing, PU/MgCl2 

nanocomposites showed enhanced activity against the gram-positive and gram-negative bacteria. Augustine et al pre
pared PCL scaffolds added with zinc oxide (ZnO) nanoparticles for wound dressing applications. The prepared 
composites displayed enhanced antimicrobial activity than the pure PCL which correlates with our findings.34 Hence, 
our developed composites with enhanced antimicrobial activity might be suitable for wound re-modeling by providing an 
antimicrobial effect. In-vitro cell viability analysis clearly showed that cells were more viable when MgCl2 was present 
in the pristine PU. According to published research, fibroblast cell adhesion and development will be promoted by 
patches with smaller fibers and hydrophilic properties.35 As previously noted, the manufactured composites hydrophilic 
nature and lower fiber diameter due to MgCl2 addition led to increased fibroblast cell attachment.

Conclusions
The incorporation of MgCl2 into the polyurethane (PU) patches significantly enhances their mechanical properties, blood 
compatibility, and antimicrobial activity, which are critical factors for effective wound healing. The smooth, non-woven 
structure, confirmed by SEM, and strong hydrogen bond formation between PU and MgCl2, verified by FTIR, contribute 
to the improved tensile strength. Enhanced results in coagulation assays and reduced hemolysis indicate superior blood 
compatibility, while increased zones of inhibition demonstrate potent antimicrobial properties. Additionally, the MTT 
assay confirms the non-cytotoxic nature of the composite patches, making them promising candidates for promoting 
efficient wound healing.
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