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 Development of new biomaterial-based approaches for regeneration of 
soft tissues and organs such as heart, brain, uterine, ovarian, and others 
has received much attention in recent years. Here, we explain the stages 
of design and development of the biocompatible Collagen/Polyvinyl 
alcohol (COL/PVA) nanofiber scaffolds to transfer human umbilical cord 
mesenchymal stem cells (HUC-MSCs) to damaged soft tissue. In this 
study, by optimizing the percentage ratio of COL to PVA, the need for a 
cross-linking process to maintain the nanofibers' stability in aqueous 
environments was eliminated and this strategy significantly increased 
the biocompatibility of the synthesized nanofibers. The chemical 
structure of synthesized scaffolds was evaluated by Fourier-transform 
infrared spectroscopy (FT-IR). In addition, other physicochemical and 
biological aspects of the fabricated scaffolds, including nanofiber 
diameter, in vitro degradation, swelling behavior, mechanical properties, 
morphologies, and biocompatibility were surveyed. Physiochemical 
assessments showed that un cross linked 60/40 COL/PVA nanofiber 
scaffolds had a successful performance in terms of morphology and 
stability. Furthermore, these scaffolds had no toxicity on HUC-MSCs. 
Therefore, study was continued with the most ideal percentage 
composition of the prepared nanofiber scaffolds. Scanning electron 
microscope (SEM) images showed proper cell adhesion and distribution 
of HUC-MSCs throughout the nanofiber scaffolds. 
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Introduction 

Soft tissue engineering focuses on the repairing 

and regeneration of soft tissues and organs of the 

body and is developing rapidly. Tissue 

engineering emerged in the 1980s, as researchers 

sought to develop methods to regenerate 

functional tissues. Initially, the focus was on hard 

tissues such as bone, but attention gradually 

shifted to soft tissues. In recent years, studies in 

the field of soft tissues and organs regeneration 

and repairing such as endometrium [1], uterus 

[2], ovary [3], skin [4], kidney [5], and nerve [6] 

using tissue engineering technology have 

received much attention. Specifically, 

technologies based on biomaterials in the field of 

reproductive system tissue engineering have 

provided very promising preliminary results 

[7,8]. Adult stem cells derived from various 

sources such as umbilical cord (UC), bone 

marrow (BM), and menstrual blood (Men) 

showed very high potential for the regeneration 

of different tissues [7,9,10]. However, the direct 

transfer of mesenchymal stem cells (MSCs) to 

desired position faces various challenges that 

peruse researchers to overcome these 

complications. High rate of cell death through 

necrosis and apoptosis immediately after 

transplantation is one of the most important 

problems [11]. To solve this challenge and 

improve the retention and survival of transferred 

cells, MSCs can be encapsulated in biomaterials 

such as hydrogels and scaffolds [12]. These 

biomaterials by simulating natural extracellular 

matrix (ECM) create an ideal environment for the 

survival and attachment of cells [13,14]. Tissue 

G R A P H I C A L A B S T R A C T  

 



 Jahanbani Y., et al., / Chem. Methodol., 2024, 8(5) 386-400 
  

388 | P a g e  

engineering seeks to rebuild partial and complete 

tissues through these biomaterials and stem cells 

[15]. Studies have shown that natural and 

synthetic polymers combination can be a suitable 

option for making scaffolds with the expected 

characteristics [16-18]. Of course, achieving a 

structure with appropriate morphology, strength, 

and flexibility is one of the challenging issues 

regarding soft tissue engineering scaffolds. 

Collagen/ Polyvinyl alcohol (COL/PVA) nanofiber 

scaffolds prepared by electrospinning method as 

natural and synthetic polymers combined 

scaffolds have been highly regarded in this field 

due to their similarity to the ECM of native body 

tissues [19]. COL as a natural polymer and one of 

the important components of native ECM tissue is 

widely used in scaffold construction. Existence of 

Arg-Gly-Asp (RGD) peptide sequences as cell 

adhesion cites and matrix metalloproteinase 

(MMP) as biodegradation cites have given a 

unique bioactivity to this substance [13]. 

Compared with its excellent biological properties, 

COL faces challenges regarding mechanical 

properties and structural stability. Using physical 

and chemical cross-linking processes and 

combining collagen with a stronger synthetic 

polymer seems to be a suitable solution to these 

shortcomings [20,21]. Presence of PVA as a FDA 

approved synthetic polymer with collagen in the 

scaffold structure can provide improved 

mechanical stability and controlled degradation 

properties [22]. In addition, COL/PVA scaffolds 

are usually cross-linked by glutaraldehyde (GA) 

to improve water solubility [23]. Despite the 

widespread use of glutaraldehyde as a traditional 

cross-linking agent of scaffolds, many studies 

show that GA components on the surface of GA 

cross-linked scaffolds causes the induction of cell 

apoptosis and as a result reduces the 

biocompatibility of the synthesized scaffolds 

[21,24]. In general, most currently used cross-

linker agents have limited potential to cause toxic 

effects [25]. It seems that eliminating the use of 

cross-linker agents in the synthesis of scaffolds 

can have a significant effect on improving the 

biocompatibility of these scaffolds.  

In this study, we assumed that natural and 

synthetic polymers combination lead to 

synthesize of scaffolds with satisfactory 

physicochemical features and scaffold-cell 

interactions. Furthermore, by optimizing the 

ratio of these polymers, the cross-linking stage 

can be eliminated. As mentioned previously, use 

of stem cells loaded scaffolds is a new and 

promising approach for healing damaged organs 

and tissues [7,26-27].  

Experimental 

Materials  

Polyvinyl alcohol; PVA (88%, MW = 88.000–

98.000 D), glutaraldehyde (25% aqueous 

solution), MTT (3-(4, 5-dimethylthiazol-2-yl) - 2, 

5- diphenyl tetrazolium bromide), and phosphate 

buffer solution (PBS) were purchased from 

Sigma- Aldrich (USA). Fetal bovine serum (FBS), 

Dulbecco’s modified Eagle’s medium (DMEM), 

penicillin and streptomycin, and trypsin- EDTA 

were purchased from Life Technologies (GIBCO). 

Rat tail type I collagen was purchased from 

Fannavaran Nano-Meyar Shaya company. 

Analytical grade of solvents and reagents were 

purchased from Merck Inc. (Germany). 

Preparation of Electrospinning Solutions 

To prepare the COL/PVA electrospinning 

solutions, the PVA and COL solutions were 

prepared separately and so on mixed together. 

The PVA 10 wt. % solution was achieved by 

dissolving 2 grams of PVA powder in deionized 

water at 80 °C for 1.5 h under stirring condition, 

and then 0.2 grams of COL powder was dissolved 

in 10 mL of demineralized water containing 0.5 M 

acetic acid to prepare the COL solution. In the 

next step, COL solution was mixed with PVA 

solution at the COL/PVA volume ratios (V/V) of 

20/80, 40/60, 60/40, and stirred for 2 hours at 

ambient temperature to obtain homogeneous 

electrospinning solutions. 

Electrospinning Process 

To implement electrospinning process, pre-

prepared solutions were placed into a 5 mL 

plastic syringe equipped with a blunt-tipped 21-



 Jahanbani Y., et al., / Chem. Methodol., 2024, 8(5) 386-400 
  

389 | P a g e  

gauge stainless steel needle. The applied voltage 

and injection rate were adjusted at 27 kV and 0.3 

mL/h, respectively. Horizontal distance of needle 

tip and aluminum foil collector for nanofibers 

collection were adjusted to 8 cm and the rotating 

speed was set on 360 rpm. Conditions of 

electrospinning process was set at 25 ± 2 °C and 

30 ± 1% relative humidity [28,29]. Electrospun 

nanofiber scaffolds to remove the residual 

solvent were subjected to vacuum conditions for 

24 hours at room temperature. It is necessary to 

mention, electrospinning ability of prepared 

solutions was strongly influenced by the ratio of 

COL to PVA. By increasing COL ratio, the 

electrospinning ability of prepared solutions was 

drastically decreased, while the presence of COL 

in scaffold improves many of its biological 

properties. It seems very important to achieve 

the optimal concentration of COL in the scaffold 

structure.  

Cross-Linking of Electrospun COL/PVA Nanofibers 

Both COL and PVA are hydrophilic polymers, and 

hence COL/PVA nanofibers structure is rapidly 

destroyed in water environments [30]. To protect 

nanofibers from dissolving in aquatic 

environments, nanofiber mats should be cross-

linked. To prepare cross-linking solution 2 % 

glutaraldehyde, 1 % ethanol, and 0.1 % 

hydrochloric acid was added in 100 grams of 

acetone. The glutaraldehyde cross-linking 

process was carried out by placing the prepared 

nanofibers with their aluminum foils in a sealed 

jar containing cross-linking solution for 30 min. 

Afterwards, for blocking the residual 

glutaraldehyde aldehyde groups, nanofiber 

scaffolds were immersed in glycine aqueous 

solution (1%, v/v), and incubated for 2 hours at 

37 °C, and then the fibers were rinsed with 

deionized water and placed in the vacuum oven 

for 24 hours at room temperature.  

Characterization of Nanofibrous Scaffolds 

Fourier-Transform Infrared Spectroscopy (FTIR) 

Characterization 

The chemical structure of COL/PVA nanofibers 

has been examined using FT-IR. Range of 4000–

450 cm-1 was used on the ATR-FTIR (BRUKER, 

Tensor 27). 

Field Emission Scanning Electron Microscopy 

(FESEM) Analysis of COL/PVA Nanofibers 

After the gold coating stage, the morphologies of 

un-cross linked and cross-linked COL/PVA 

nanofibers were characterized by FESEM 

(FESEM; Sigma VP, ZEISS, Germany). About all 

synthesized nanofibers the average nanofiber 

diameters were deliberated by ImageJ software.  

Mechanical Analysis 

The mechanical tests of un-cross-linked and 

cross-linked COL/PVA nanofibers were 

investigated by a Zwick tensile testing machine 

(Z010, Zwick/Roell, and Ulm, Germany). For this 

test, the prepared nanofibers were cut with 

dimensions (10 mm × 10 mm), and 10 N 

compression was applied with loading rate of 5 

mm/min. The analysis was performed at ambient 

temperature. Stress-strain diagrams were drawn 

for each of prepared samples, and Young’s 

modulus was deliberated. 

In Vitro Swelling and Biodegradation Behavior of 

the COL/PVA Nanofibers 

The swellability of the prepared nanofibers was 

evaluated by swelling experiments. The prepared 

samples were initially cut with dimensions (1 × 1 

× 1 cm3) and their weights were measured. 

Thereafter nanofibers at 37 °C were immersed in 

a phosphate buffer solution (PBS, pH = 7.4). The 

scaffolds were taken out from the PBS solution 

after a certain period of time and their wet 

weights Ww were measured. It is worth 

mentioning that before Ww measuring removing 

excess water of samples by filter paper is 

necessary. Swelling percent (%Sw) was calculated 

using Equation (1) [31]. 

((Ww-Wd)/Wd) × 100                                               (1) 
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To investigate the biodegradability of synthesized 

scaffolds, the scaffolds were cut in dimensions (1 

× 1 × 1 cm3) and weighed, and then placed in PBS 

solution for a certain period. After the specified 

time, the scaffolds were removed from the PBS 

solution, dried, and weighed, the values are the 

mean ± standard deviation (n = 3). Weight loss 

percentage was measured using Equation (2) 

[32]. 

((Ww-Wt)/ Wd) × 100                                                (2) 

Cell Culture Studies 

Before starting the cell culture step, it is 

necessary to sterilize all the synthesized scaffolds 

[33]. For scaffolds sterilization, the prepared 

samples were placed in 12-well cell culture plates 

and immersed for 30 min in a 70% ethanol 

solution [34]. To completely remove ethanol from 

nanofibers, after ethanol evaporation, 

synthesized nanofibers were washed three times 

with PBS solution. After going through these 

steps, to perform the last stage of sterilization 

UV-lamp was used, and then samples were 

incubated over night at 37 °C in Dulbecco’s 

modified Eagle medium (DMEM) [34]. 2×106 

HUC-MSCs was dripped onto each scaffold. Cell 

culture medium was also refreshed every three 

days. 

Cell Morphology Studies 

After 3 days of cell culture, morphology of 

cultured cells on scaffolds was analyzed by SEM. 

For SEM imaging, the steps were taken in this 

order: The cell-seeded nanofiber scaffolds after 

PBS washing were fixed in 2.5% glutaraldehyde 

solution. In the next step, sequence of 

ethanol/water solutions with volume ratios of 50, 

70, 90, and 100% to dehydration of scaffolds 

were used and so on prepared samples were 

dried at 37 °C. 

In Vitro Biocompatibility Evaluation 

Biocompatibility of synthesized nanofibers was 

investigated by MTT assay. To this aim, HUC-

MSCs were seeded on sterilized scaffolds with a 

density of 2×106 cells per scaffold in 96- well 

plates. HUC-MSCs in scaffold-free media were 

considered as control group. All tests were 

repeated 3 times for all samples. After 24, 48, and 

72 hours of incubation, the media was refreshed 

by150 μL of complete cultivation environment, 

and 50 μL of MTT (3 mg/mL in PBS) solution was 

added and incubated for 3 hours. After 

supernatant removing, 200 μL of DMSO was 

added to each well. Afterwards, for dissolving the 

formed formazan crystals, plates were shaken for 

45 min and 100 μL of supernatant was moved to 

another 96-well plate. Eventually, absorbance 

was measured at 570 nm by plate reader. 

Statistical Analysis 

All results were reported as the mean ± standard 

deviation (SD). Data analysis was done by using 

T-test and two-way ANOVA assay (ANOVA). Data 

were analyzed by GraphPad Prism (version 7.03, 

GraphPad Software Inc, USA), and p < 0.0001 was 

considered as statistically significant.  

Results and Discussion 

In the current study, COL/PVA nanofibers were 

manufactured and optimized to eliminate the 

need for cross-linking step. The biocompatibility 

of scaffolds and their interactions with cells 

analyzed by seeding of HUC-MSCs on synthesized 

scaffolds. 

Characterization 

FTIR Analysis 

Chemical structure and interactions between 

different elements of synthesized scaffolds were 

investigated by Fourier-transform infrared 

spectroscopy (FTIR). Figure 2 illustrates the FTIR 

results for COL, PVA, un-cross-linked and GA 

cross-linked COL/PVA nanofibers. Any structural 

changes that might have occurred after being 

crosslink were identified and analyzed using 

FTIR spectroscopy. As seen, COL spectra (Figure 

1, graphic of blue) showed two main peaks in 

1700-1500 cm-1 [35]. Amide I peak from C=O 

stretching vibrations and amide II peak from N-H 
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bending vibrations coupled with C-N stretching 

were appeared in the range of 1660-1630 cm-1 

and 1550-1570 cm-1, respectively. As expected, in 

the PVA spectrum (Figure 1, graphic of green), 

there was broad band from O-H group stretching 

vibration in the range of 3275-3250 cm-1. 

Furthermore, absorption bands related to 

asymmetric and symmetric stretching vibration 

of C-H group were appeared in the range of 2930-

2940 cm-1 and 2905-2910 cm-1, respectively. The 

band related to C=O group was appeared at 1650-

1720 cm-1. The appeared band in 1656 cm-1 is 

related to overlap of water bound with C=O 

bonding group. In addition, C-O stretching group 

was detected at wave number of 1035.5 cm-1 and 

C=C group was detected at 1631.5 cm-1 [36]. 

Figure 1 (black spectra) is spectrum of COL/PVA 

nanofibers. COL/PVA spectra showed the 

existence of O-H stretching and N-H stretching 

groups at 3429- 3435 cm-1. In addition, creating 

physical cross linking between PVA hydroxyl 

groups with COL amide groups caused the 

intensity of O-H stretching peak and the weak 

amid I and II peaks. The C-H stretching group was 

detected in wave numbers of 2920.16-2930.16 

cm-1. Cluster C=C stretching and C=O peaks were 

located at wave numbers 1650-1720 cm-1 [30].  

Figure 1 (red spectra) is spectrum of GA cross 

linked COL/PVA nanofibers. Absorption analysis 

results show that O-H bending and stretching 

group absorption peak at wave numbers 3429- 

3435 cm-1 has been removed as a result of the 

inclusion of oxygen molecules in crosslinking. In 

addition, the intensity of the carbonyl peak in 

wave number range of 1650-1720 cm-1 was also 

increased compared to the spectrum of uncross 

linked nanofibers [37,38]. 

 

Figure 1. FTIR analysis of (a) PVA, (b) collagen, (c) GA cross linked COL/PVA nanofibers, (d) Un cross linked 

COL/PVA nanofibers  

SEM Images of COL/PVA Nanofibers 

The SEM images of the COL/PVA nanofibers with 

different percentages of COL and PVA are 

depicted in Figure 2. Based on SEM images, all 

scaffolds had a three-dimensional porous 

structure. Diameter of the COL/PVA nanofibers 

with volume ratios of 20/80, 40/60, and 60/40 

were around 100-500, 100-450, and 100-300 µm, 

respectively. The quality of electrospinning 

process depends a large extent on the 

characteristics of prepared electrospinning 

solution. For example, higher COL concentrations 

disrupt the fallow of the electrospinning solution 

in the needle [39]. On the other hand, studies 

have proven that the presence of COL in tissue 
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engineering scaffolds has a significant effect on 

increasing the biocompatibility of synthesized 

scaffolds. Consistent with previously published 

studies, the average diameter of nanofibers 

decreases with increasing collagen percentage 

[39,40]. In this study, the average nanofiber 

diameter was determined using ImageJ software 

by selecting 10 random points in the SEM images. 

The higher percentage of collagen in the 

electrospinning solution increases the viscosity of 

the solution and causes problems in its flow 

inside the needle [39,41]. 

Figure 2. SEM images of (a) COL/PVA 20%, (b) COL/PVA 40%, (c) COL/PVA 60% un cross linked nanofibers. 

Average diameter and distribution of COL/PVA 20%, COL/PVA 40%, COL/PVA 60% un cross linked nanofibers 

determined by ImageJ. Results are presented as mean ± standard deviation  

 

We found that the electrospinning ability of 

COL/PVA blends decreased drastically with 

increasing COL content of electrospinning 

solution. On the other hand, the COL presence in 

the structure of synthetic scaffolds has a very 

significant effect on improving the 

biocompatibility of scaffolds. Therefore, one of 

the important challenges in this research is to 

achieve the optimal amount of COL in the scaffold 

structure. 

Mechanical Analysis 

Endometrial scaffolds are artificial ECM 

structures to provide mechanical support for the 

uterus cells and vascular architecture for blood 
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perfusion. Generally, in all tissues the 

composition and organization of ECM determines 

the mechanical properties of the tissue. Soft 

tissues due their Young's modulus of 

approximately 1 MPa have high flexibility [42-

44]. The mechanical properties of prepared 

nanofibers are strongly dependent on nanofibers 

structure and their interactions and also their 

surface morphology [45,46]. The tensile strain–

stress curves of the 20%, 40%, 60%, and GA cross 

linked COL/PVA 20% electrospun nanofibers are 

shown in Figure 3 (a,b). As evident in the 

diagrams, by increasing the percentage of 

collagen in the nanofibers structure, the Young's 

modulus of the produced structures increased. 

Actually, nanofibers contain a higher percentage 

of collagen have finer nanofibers that are more 

strongly connected to each other and thus have 

better mechanical properties. As expected, the 

mechanical features of nanofibers become much 

stronger due to GA cross linking process. This is 

while the strain of nanofibers due to the relative 

confusion of the created networks reduced by 

cross linking. It seems that the mechanical 

resistance of COL/PVA 60% without cross linker 

can also be sufficient for the endometrial tissue 

scaffolds. 

 

Figure 3. SEM images of (a) COL/PVA 20%, (b) COL/PVA 40% GA cross linked nanofibers 

Swelling and Degradation Evaluation 

Biological fluids play a very important role in 

communicating between cells and transporting 

nutrients. Swelling rate of scaffolds show the 

synthesized scaffold ability in water absorption 

and retention. This property causes the 

absorption and retention of body fluids to 

facilitate cellular communication and mass 

transfer [47]. The swelling ratio in biomaterials is 

strongly dependent on the scaffold properties 

such as hydrophilicity, porosity, pore size pore 

shape, and cross-linking density of polymeric 

networks [48-50]. Therefore, designing scaffolds 

with optimal swelling behavior is essential for 

cell survival and ultimately better support for 

new tissue formation. The swelling ratio of the 

prepared samples was investigated in PBS 

solution for 24, 48, and 72 hours. The 

experiments results are illustrated in Figure 4. As 

is clear in Figure 4 (a) the swelling ratio of 

prepared scaffolds within the 72 hours of the 

analysis, due to the hydrophilic nature of collagen 

and PVA is still high [51]. The swelling ratio in all 

synthesized nanofibers is increasing with time. 

Swelling ratio was significantly higher in GA cross 

linked 20% and 40% COL/PVA nanofibers 

compared to un cross linked 60% COL/PVA 

nanofibers. Moreover, a denser, and chaotic, 

dense, and stronger polymeric network with 

lower porosity was made by increasing the COL 

percentage in the COL/PVA nanofibers. Thus, its 

swelling ratio was decreased in un cross linked 
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60% COL/PVA nanofibers in comparison with 

cross linked 20% and 40% COL/PVA nanofibers. 

Biodegradability is another feature that can be 

investigated in the design and construction of 

tissue engineering scaffolds [52]. Scaffolds In 

vitro degradation rate was evaluated at 37 °C in 

PBS solution [53]. In Figure 4 (b), weight loss of 

prepared scaffold samples in certain time 

intervals is displayed. As it can be seen, the 

weight loss of un-cross-inked COL/PVA 

nanofibers (60%) is significantly higher 

compared to GA cross linked nanofibers. There 

was no significant difference in the 

biodegradation rate of GA cross linked (20%) and 

(40%) COL/PVA nanofibers. After 21 days, the 

percentage of weight loss of un-cross-linked 

COL/PVA nanofibers (mean 66.33) was 

acceptable. Unlike uncross linked 60% COL/PVA 

nanofiber, un-cross-linked 20% and 40% 

COL/PVA nanofibers were degraded as soon as 

they came into contact with the water 

environment Figure 4. Probably, increasing the 

COL percentage in the structure of nanofibers will 

create denser networks in the structure of the 

scaffold, and this will optimize the 

biodegradability of nanofibers without the need 

for GA cross linker. 

 

 

Figure 4. The stress-strain curves of (a) COL/PVA 20%, COL/PVA 40%, COL/PVA 60% un cross linked 

nanofibers and (b) COL/PVA 20% un cross linked and GA cross linked nanofibers. Data are expressed as mean ± 

standard deviation (n = 3) 

Biological Evaluation of the Scaffolds 

To assess the biocompatibility of the synthesized 

scaffolds, MTT assay was used according to ISO 

10993–5:1999 standard [54]. In this analysis, the 

effects of GA cross linked 20%, 40% nanofibers 

and un-cross-linked 60% COL/PVA nanofibers on 

viability and proliferation of HUC-MSCs were 

examined (Figure 5). In this method the optical 

density (OD value) was measured as the 

mitochondrial redox activity of living cells. In this 

study cell viability of control and sample groups 

was measured after 24, 48, and 72 hours of 

incubation. As seen in Figure 5, the cell viability 
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in all prepared scaffold samples improved by 

over time. As previous studies have shown, the 

COL/PVA nanofiber scaffolds showed high 

biocompatibility [19,55-56]. HUC-MSCs on cell 

culture plates without scaffolds were considered 

as the control group. The 60% un cross linked 

COL/PVA nanofibers compared with 20% and 

40% GA cross-linked nanofibers, had more cell 

viability. As expected, by increasing the COL 

percentage in the synthesized scaffolds and 

removal GA, synthesized scaffolds 

biocompatibility increased [57]. In addition, HUC-

MSC cells seeded on the un-cross-linked 60% 

COL/PVA nanofibers had highest proliferation 

rate. Studies have shown that higher levels of 

apoptosis, poor cell attachment to scaffold and 

spread of residual cells could be the reason for 

the reduced biocompatibility of GA cross-linked 

COL/PVA nanofiber scaffolds [24]. After culturing 

for three days, the proliferation activity of control 

group was decreased through contact inhibition. 

While, cells seeded in COL/PVA nanofiber 

scaffolds due to high surface area-to-volume ratio 

of scaffolds maintained high proliferation activity. 

According to the results obtained from the 

previous sections, high biocompatibility and 

acceptable physicochemical properties of 60% 

un-cross-linked COL/PVA nanofibers (60%) the 

study was continued with these nanofibers. 

Figure 5. A. Swelling behavior of the GA cross linked COL/PVA 20%, COL/PVA 40% GA and un cross linked 

COL/PVA 60% nanofibers in PBS (at pH=7.4) during 15 days). Data are expressed as mean ± standard deviation 

(n = 3) (****p < 0.0001). B. The degradation graph of COL/PVA 20%, COL/PVA 40% GA cross linked and un cross 

linked COL/PVA 60% nanofibers in 30 days. The medium was replaced with a fresh medium every 4 days. The 

degradation process was fulfilled at 37°C. Data are expressed as mean ± standard deviation (n = 3). C. un cross 

linked COL/PVA 60% nanofibers and un cross linked COL/PVA 20% and 40% nanofibers  

 

Morphological Characterization of UCMSCs on 

COL/PVA Nanofiber Scaffolds and Cell Adhesion 

Study 

The morphology of cells on the prepared 

scaffolds and the quality of cell adhesion to the 

scaffold is checked by SEM imaging. The results 

showed that HUC-MSCs had well cell to the 

nanofiber scaffolds attachment and normal 

round-shape morphology (Figure 6 , 7). Good cell 

adhesion occurred as a result of the ability of 

synthesized scaffolds to successfully mimic the 

function of natural ECM. COL contains the 

arginine-glycine-aspartic acid (RGD) sequences 

that are useful for promoting cell attachment and 

proliferation [58,59]. This is why the presence of 

collagen in the scaffold structure has a significant 

impact on its biocompatibility. In fact, cell 

adhesion to the scaffold surface is strongly 

influenced by various properties such as surface 
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roughness, biodegradability, porous structure, 

and swelling properties of the scaffold. Cells 

apparently prefer to adhere and spread on 

uniform morphology of surface in dense 

scaffolds.  

 

 

Figure 6. MTT assay for HUC-MSCs cultured on the routine medium (control), GA cross linked COL/PVA 20%, 

COL/PVA 40% and un cross linked COL/PVA 60% nanofibers for 24, 48, and 72 hr.  (****p < 0.0001) 

 

Figure 7. Scanning electron microscopy images of HUC-MSCs fallowing 3 days of culture throughout the un cross 

linked COL/PVA 60% nanofibers. (a) COL/PVA 60% scaffold before cell seeding, (b) COL/PVA 60% scaffold after 

cell seeding  
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Conclusion 

In this study, COL/PVA nanofiber scaffolds were 

successfully fabricated. By optimizing the ratio of 

COL to PVA it was possible to achieve desirable 

biological and physicochemical properties in 

synthesized scaffolds. Increasing the COL 

percentage and removing glutaraldehyde had a 

significant effect on increasing the 

biocompatibility of COL/PVA nanofiber scaffolds. 
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