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Nanocomposite sponges composed of biocompatible polymers and inorganic 
materials have attracted much attention within various fields such as biomedicine, 
pharmaceutics, and food packaging. In this study, we have fabricated some novel 
nanocomposites with a combination of salt leaching for fabrication of PDMS 
(polydimethylsiloxane) sponge, in situ synthesis of Zn-based metal-organic 
framework (Zn-MOF), and dip coating process for coating Zn-MOF@PDMS 
sponge with chitosan. Chitosan stabilizes Zn-MOF particles and promotes the 
biocompatibility of the as-obtained composites. The surface morphology of PDMS 
and its nanocomposites was investigated by scanning electron microscope (SEM). 
X-ray diffraction was conducted to study the microstructure of the prepared 
Chitosan@Zn-MOF@PDMS sponge. The nanocomposite sponge, Chitosan@
Zn-MOF@PDMS, was also studied by elemental EDS mapping technique. The 
antibacterial and cytotoxicity activities of the as-prepared sponges were also 
evaluated. Chitosan and Zn-MOF improved the antibacterial properties of 
the PDMS sponges against Escherichia coli and Staphylococcus aureus. The 
Chitosan@Zn-MOF@PDMS sponge exhibited a remarkable decline in the amount 
of viable bacteria cells (> 4.5 log10 CFU). The obtained Biological results showed 
that the as-obtained scaffolds, Zn-MOF@PDMS and Chitosan@Zn-MOF@PDMS, 
had suitable surfaces for attachment of cells and proliferation compared to the 
pure PDMS scaffold. The Chitosan@Zn-MOF@PDMS sponge has the potential 
for antibacterial and tissue engineering purposes owing to their biocompatibility, 
porosity, and good mechanical stability. 
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INTRODUCTION
A scaffold is considered a critical component 

in the tissue engineering (TE) field owing to 
providing proper support for cell adhesion and 
growth. These structures are in contact with tissue 
after implantation, so, a suitable scaffold should 
have biocompatibility, bio-stability, and also 
proper surface properties including roughness and 
morphology [1, 2]. Various natural and synthetic 
materials such as metals, polymers, and composites 
have been used for the preparation of tissue 
engineering scaffolds [3, 4]. 

Owing to the importance of porosity in 
tissue engineering, the fabrication of polymeric 
micrometer-, nanometer-sized porous structures 
(sponges) has been considerably researched. 
Synthetic biocompatible polymers such as 
polydimethylsiloxane (PDMS) have been used as 
scaffolds due to their superior biodegradability and 
biocompatibility, low cost, and excellent mechanical 
properties [5, 6]. However, the application of pure 
PDMS is limited in TE due to its hydrophobicity. 
Therefore, to solve this problem, increasing 
the hydrophilicity of PDMS sponges is needed. 
Incorporating hydrophilic MOFs into the PDMS 

http://creativecommons.org/licenses/by/4.0/.
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matrix can be used to improve the hydrophilicity of 
PDMS, porosity as well as roughness [7, 8]. 

MOFs are versatile porous materials synthesized 
from metal ions and organic linkers. Owing to 
their many advantages consisting of regular pores, 
ultrahigh porosity, as well as chemical stability, 
MOFs have served as excellent materials for some 
applications such as gas storage, catalysis, sensing, 
molecular separation, diagnostics, and therapeutics 
in biomedicine [9-11]. The application of MOFs 
in the biological fields, however, is restricted due 
to their low mechanical properties and particle 
forms. Fabrication of nanocomposites of MOFs 
with biocompatible polymers such as chitosan, 
cellulose, PCL (poly(ε-caprolactone),   polylactic-
co-glycolic acid,   and  PLA (polyLactic Acid) can 
be used to overcome these shortcomings [12-15].   

Postoperative infection due to the bacteria 
adhesion into scaffolds can be prevented using 
antibacterial agents such as chitosan. The 
antibacterial property of chitosan was widely 
investigated and used in recent years. Chitosan 
owing to its biocompatibility, biodegradability, 
and nontoxicity exhibits more advantages in 
comparison to inorganic antibacterial agents 
such as Ag nanoparticles [16, 17]. This material 
is a natural polysaccharide that shows intrinsic 
antibacterial and good adhesion activity and 
can induce proliferation, differentiation, and 
cell adhesion. Furthermore, the –NH2 and OH 
moieties, polar groups, in the chitosan structure 
can enhance the hydrophilic character of the final 
composites [18, 19].  

Generally, it seems that the incorporation of 
Zn-MOF as an additive into PDMS and coating 
with hydrophilic chitosan has a synergetic effect 
on biocompatibility and antibacterial activity. This 
research aimed to develop PDMS sponges using 
salt leaching, followed by the incorporation of Zn-
MOFs to obtain functional composite materials. 
Finally, some new Chitosan@Zn-MOF@PDMS 
nanocomposite sponge was coated with chitosan 
by the dip-coating procedure.  The antibacterial 
activity of the nanocomposite sponges was studied 
against Escherichia coli and Staphylococcus aureus. 
Additionally, some biological studies including cell 
viability and cell proliferation were also conducted.  

EXPERIMENTAL
Materials and methods

Zinc(II) acetate hexahydrate, ethanol, 
chitosan, PDMS, citric acid, and acetic acid 

were purchased from Merck Company. 1, 3, 
5-benzenetricarboxylic acid were supplied from 
Sigma Aldrich Company. FTIR spectra of the 
fabricated compounds were obtained using an 
FT BOMEM MB102 spectrophotometer. The 
microstructure of the as-prepared materials 
was characterized using the X-ray diffraction 
technique (XRD, X,Pert Pro using CuKα 
radiation). The morphological properties of the 
sponges were investigated with TESCAN MIRA3 
and KYKY-EM3200 Scanning Electron 
Microscope (SEM). 

Synthesis of Zn-MOF 
Zn-MOF was synthesized by the method 

described in the reported reference [20]. In brief, a 
solution of 14.30 mmol (3.13 g) of Zn(OAc)2.6H2O 
in 25 mL of H2O was mixed with a 9.50 mmol (2.00 
g) of 1,3,5-benzenetricarboxylic acid, in 25 mL of 
EtOH. The obtained solution was sonicated for 90 
min. The product was centrifuged, ethanol-washed, 
and subsequently dried at 60 °C for 24 h to ensure 
purity and optimal processing conditions.

Fabrication of PDMS sponges 
The PDMS prepolymer and thermal curing 

agent were mixed with a 10:1 ratio. Then, citric 
acid monohydrate was added to the PDMS (1:1 
or 3:1 mass ratios) and the obtained mixture was 
stirred magnetically for 1 h, and then cured for 2 
h at 80 °C to conduct polymerization. Finally, the 
as-fabricated 3D PDMS sponge was kept in EtOH 
under mild shaking for 24 h to remove citric acid; 
EtOH was changed several times. The PDMS (1:1) 
and PDMS (1:3) sponges were prepared after 
drying.

Fabrication of Zn-MOF@PDMS sponge 
To obtain a Zn2+@PDMS sponge, an aqueous 

solution of zinc nitrate was prepared by dissolving 
0.63 g of Zn(NO3)2.6H2O in 15 mL EtOH. The 
fabricated PDMS sponge was submerged in the 
solution and subjected to continuous agitation for 
24 h to facilitate effective material interaction and 
modification. Then, the Zn2+@PDMS sponge was 
separated, added into a solution of H3BTC (0.2 g 
in 15 mL EtOH), and stirred for 24 h. After the 
modification, the Zn-MOF@PDMS sponge was 
isolated and dried at 60 °C for 24 h to achieve a 
stable composite. An identical preparation method 
was used to fabricate all of the Zn-MOF@PDMS 
composites. 
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Preparation of Chitosan@Zn-MOFs@PDMS sponge
The dip-coating procedure was used for the 

fabrication of Chitosan@Zn-MOF@PDMS sponges. 
0.14 g chitosan was dissolved in 10 mL acetic acid 
(2%). After obtaining a bubbles free and clear solution 
of CS, the Zn-MOF@PDMS sponge was immersed 
into the prepared chitosan solution for 1 h under mild 
shaking. Then, the Chitosan@Zn-MOFs@PDMS 
sponge was separated and dried at 60 °C for 24 h. 

Antibacterial activity test
Antibacterial activity of the prepared sponges 

was assessed against Staphylococcus aureus 
ATCC 6538 (Gram-positive) and Escherichia coli 
ATCC 25922 (Gram-negative). To investigate the 
antibacterial effect of sponges, bacterial suspensions, 
adjusted to a turbidity of 0.5 McFarland standard 
(1.5 × 108 CFU mL-1), were prepared in saline. 
Sponge samples (2.5 cm2) were then introduced 
to the bacterial suspensions and incubated at 37 
°C with shaking (170 rpm) for 4 h. The number 
of CFUs was subsequently determined. To assess 
the long-term antibacterial effects, four cycles of 
evaluation were conducted, with sponge samples 
being washed, sterilized, and reused for each cycle.

Isolation and culture of human endometrial 
mesenchymal stem cells (EnMSCs)

Endometrial tissue samples were received and 
washed in PBS with 3% penicillin/streptomycin. 
After removing platelets and cutting the tissue, 
collagenase type 1 was applied at 1 mg mL-1 for 2 
h to facilitate enzymatic processing. The processed 
tissue was passed through a 70 µm strainer, and 
the resulting cells were cultured in a DMEM/F12 
medium supplemented with 10% FBS and 1% pen/
strep to promote cell growth and proliferation.

Seeding of human endometrial mesenchymal stem 
cells on the scaffolds

Before culturing EnMSCs on the scaffolds, 
the scaffolds were immersed in 70 °C ethanol for 
5 minutes and then immersed in sterile PBS for 
24 h. For further sterilization, the scaffolds were 
revealed to UV light for 4 h. Then, the scaffolds 
were punched into discs with a diameter of 6 mm 
and embedded in 96-plate plates, and 1×104 cells/
well was seeded to each disc. 

Preparation of samples for scanning electron 
microscopy (SEM)

For SEM photography, the EnMSCs were 

seeded on PDMS scaffolds and cultured for 3 
days. Then for SEM photography, the culture 
media was carefully withdrawn from wells and 
the cells were washed with PBS and fixed with 300 
μL of 2.5% glutaraldehyde solution (Sigma, USA) 
and maintained at 25 °C for 2-3 h.  Ascending 
concentrations of ethanol (30, 50, 60, 70, 80, 90, 
and 100%) were used for the dehydration step. 
Then, the photos were taken after covering the 
samples with gold utilizing an SEM microscope 
(LEO 1455VP, Japan).

The cell viability analysis
Shortly, EnMSCs were seeded on PDMS 

scaffolds with a number of 1 × 104 cells/scaffold. 
The samples were cultured in DMEM/F12 media 
supplementary with 10% FBS for cell attachment, 
penetration, and growth on the scaffolds. Then, 
after 1-3 days, cell viability was evaluated by MTT 
solution with a concentration of 0.5 mg mL-1. After 
3-4 h the supernatant solutions were withdrawn 
and 100 µL of DMSO was added to each well for 
dissolution of the formazan. The absorbance was 
measured at 570 nm by an ELISA reader (Fax 
STAT, USA). In this examination, 2D culture was 
assessed as a control sampling.

Acridine Orange/ Ethidium Bromide staining
In this process, EnMSCs were first seeded on 

the PDMS scaffolds for 48 h in DMEM/F12 media 
supplemented with 10% FBS. Cells were then 
fixed with 4% paraformaldehyde for 30 min. The 
cells were then washed with PBS and the acridine 
orange/ethidium bromide solution (100 μg mL-1) 
was added in each well for 5 min. After that, the 
samples were obeyed and photted with a fluorescent 
microscope (Olympus, Japan).

RESULTS AND DISCUSSION 
Preparation and characterization of materials

Chitosan@Zn-MOF@PDMS nanocomposite 
was successfully fabricated by a three-step process 
consisting of salt leaching, in situ synthesis of Zn-
MOFs, and dip-coating processes. Scheme 1 shows 
the procedure of composite fabrication in detail. 
The PDMS pre-polymer and curing agent were 
mixed with citric acid particles and then cured at 
80oC. After the leaching of citric acid particles by 
dissolving in ethanol, PDMS sponges were created. 
Then, Zn-MOF was incorporated into the PDMS 
sponge. The PDMS and Zn-MOF@PDMS sponges 
were coated with a thin layer of chitosan using the 
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dip-coating method. The structural characterization 
of the nanocomposites was investigated using FT-
IR, XRD, SEM, and EDS mapping techniques. 

Figure 1 illustrates the FT-IR spectra of the 
as-prepared compounds. The incorporation 
of Zn-MOF into the PDMS was confirmed by 
comparison of the IR spectrum of the PDMS, 
Zn-MOF, and the nanocomposites. The Zn-MOF 
showed a band at 741 cm-1 that is characteristic of 
Zn-O groups. The absorption band at 1439, 1556, 
and 1618 corresponded to the C-C, C-O, and C=O 
bond vibrations, respectively [22, 23]. For PDMS, 
the ν(Si-C-H), ν(Si-O), ν(Si-C), and νasym(C-H) 
are observed at 805, 1024, 1258, and 2960 cm-1, 
respectively [24, 25]. Additionally, the Chitosan@
Zn-MOF@PDMS sponge showed absorption peaks 
that are related to the coated chitosan. The chitosan 
has characteristic bands at 1398, 1423, 1578, and 
1632 cm-1 which can be related to the CH2-OH, 
CH-OH, N-H, and C=O, respectively [26, 27].  

X-ray diffraction analysis was employed to 
examine the crystallinity and structural properties 
of the fabricated materials. The XRD patterns of Zn-
MOF, PDMS, Zn-MOF@PDMS, and Chitosan@
Zn-MOF@PDMS are presented in Figure 2. The 
PXRD pattern of Zn-MOF exhibits strong peaks at 

2θ = 18.67o, 19.43o, 22.19 o, corresponding to (331), 
(420), and (333) Planes, respectively [22]. The 
PDMS displays broad diffraction peaks at 12o and 
22.5o which confirm its amorphous nature [28]. 
The diffraction peaks of the Zn-MOF disappear in 
the Zn-MOF@PDMS and Chitosan@Zn-MOF@
PDMS which can be corresponded to lower percent 
and homogeneous dispersion of the Zn-MOF in 
the PDMS matrix. 

SEM technique was applied for studying the 
morphological feature of PDMS and its composite 
sponges (Figure 3). SEM images of PDMS, Zn-MOF@
PDMS, and Chitosan@Zn-MOF@PDMS sponges 
demonstrate that the PDMS sponge’s morphology 
remains consistent upon incorporation of Zn-MOFs 
and chitosan into the polymer matrix, indicating that 
the combination process does not significantly alter 
the sponge’s structure. Additionally, SEM images 
of the Zn-MOF@PDMS showed that the Zn-MOF 
nanoparticles were firmly incorporated into the holes 
and surface of PDMS sponges. 

Si, Zn, and N elemental EDS mapping for the 
Chitosan@Zn-MOF@PDMS are shown in Figure 4. 
The EDS-mapping also approves the incorporation 
of Zn-MOF and chitosan into the surface of the 
PDMS sponges.

 

 

 

Scheme 1. Fabrication of PDMS incorporated by Zn-MOF and coated with chitosan. 

 

Scheme 1. Fabrication of PDMS incorporated by Zn-MOF and coated with chitosan.
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Figure 1. FT-IR spectra of Zn-MOF, PDMS, Zn-MOF@PDMS, and Chitosan@ Zn-MOF@PDMS. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. XRD patterns of Zn-MOF, PDMS, Zn-MOF@PDMS, and Chitosan@ Zn-

MOF@PDMS. 

  

Fig. 1. FT-IR spectra of Zn-MOF, PDMS, Zn-MOF@PDMS, and Chitosan@ Zn-MOF@PDMS.

Fig. 2. XRD patterns of Zn-MOF, PDMS, Zn-MOF@PDMS, and Chitosan@ Zn-MOF@PDMS.
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Antibacterial activity of the as-prepared sponges
In this study, bactericidal (lethal) action was 

defined as the treatment that resulted in a ≥ 3 
log10  reduction in CFU. The results, which are 
presented in Figures 5 and 6, showed that the 
activated sponges were effective against both 
gram-negative and gram-positive bacteria used 
in this study. The PDMS-chitosan film caused 
less than 2 log10 CFU reduction in the number of 
viable bacteria. The results showed the addition 
of Zn-MOF to the PDMS sponges, potentiated 
the antibacterial activity against  tested  bacteria. 
The lethal effect on E. coli cells was observed by 
the use of Zn-MOF@PDMS (3:1) and Chitosan@
Zn-MOF@PDMS (3:1) sponges. The bactericidal 
activity against S.aureus was achieved by the use 
of Zn-MOF@PDMS (3:1), Chitosan@Zn-MOF@
PDMS (1:1), and Chitosan@Zn-MOF@PDMS (1:3) 
sponges. The PDMS sponges containing Zn-MOF 

induced concentration-dependent decreases in cell 
viability. The Zn-MOF has a good  antibacterial 
effect  by  releasing  Zn2+ to kill microorganisms 
[29]. In this study, the combination of chitosan and 
Zn-MOF showed synergistic antibacterial activity 
against tested bacteria in which chitosan likely 
enhanced the penetration of Zn2+  ions into the 
cell by its membrane-damaging ability [30]. Also, 
it was found that the  antibacterial activity  of the 
activated composites could be conserved even after 
rinsing four times, suggesting their potential use in 
long-term antibacterial coatings.

Biological studies of the as-obtained scaffolds
Morphology of human endometrial mesenchymal 
stem cells 

The morphology of the extracted EnMSCs is 
shown in Figure 7. As shown in figure 7a, EnMSCs 
could adhere to the bottom of the flask on the 

 

 

 

 

 

 

 

 

  Figure 3. SEM images of (a) PDMS, (b) Zn-MOF@PDMS, and (c) Chitosan@Zn-

MOF@PDMS. 

  

Fig. 3. SEM images of (a) PDMS, (b) Zn-MOF@PDMS, and (c) Chitosan@Zn-MOF@PDMS.

 

 

 

 

 

 

 

 

 

 

 Figure 4. Si, Zn, and N elemental mapping of Chitosan@Zn-MOF@PDMS. 

  

Fig. 4. Si, Zn, and N elemental mapping of Chitosan@Zn-MOF@PDMS.
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first day after isolation with low density. Figure 7b 
exhibits the EnMSCs in the third passage. The cells 
are homogenous and uniform with the morphology 
of mesenchymal cells. Here the cells are in high 
density and observed in a spindle shape [31, 32]. 
Also, the cells were in the exponential phase of 
growth and proliferated rapidly (Figure 7).

Comparison of survival rate of the cells by MTT 
assay

Two scaffold types, with and without chitosan, 
were employed in this study (Figure 8). Scaffolds 
coated with chitosan exhibited significantly 
enhanced attachment, survival, and proliferation 
of EnMSCs compared to those without chitosan. 
Additionally, among the PDMS (1:3) and PDMS 
(1:1) scaffolds, EnMSC attachment, survival, and 
proliferation were notably higher in the PDMS 
(1:3) scaffolds. The results also demonstrated 
that the presence of Zn-MOF led to substantial 
improvements in EnMSC attachment, survival, 

proliferation, and biocompatibility. Overall, 
chitosan-coated and Zn-MOF-containing scaffolds 
showed superior performance in promoting 
EnMSC growth. In addition, the results showed 
that cell survival in the cultured samples after three 
days was significantly higher than one day so this 
growth increased significantly in the samples having 
chitosan and Zn-MOF [33, 34]. The study’s findings 
indicate a significant enhancement in scaffold 
biocompatibility when incorporating chitosan and 
Zn-MOFs. The comparative results between various 
scaffold compositions reveal that certain structural 
properties directly influence cellular responses. For 
instance, the observation that PDMS (1:3) scaffolds 
support higher cell survival and proliferation than 
PDMS (1:1) and that the presence of Zn-MOF 
promotes superior attachment of EnMSCs is 
crucial. Pella et al. explored the biocompatibility of 
chitosan hydrogels when used as scaffolds for cell 
culture. They highlight chitosan’s ability to promote 
cell adhesion and proliferation through its favorable 

 
 

Figure 5. Antibacterial effect of Chitosan@PDMS, Zn-MOF@PDMS, and Chitosan@Zn-MOF@PDMS 

composites against E. coli after different washing cycles. 

  

Fig. 5. Antibacterial effect of Chitosan@PDMS, Zn-MOF@PDMS, and Chitosan@Zn-MOF@PDMS composites against E. coli after 
different washing cycles.

 

 

Figure 6. Antibacterial effect of Chitosan@PDMS, Zn-MOF@PDMS, and Chitosan@Zn-MOF@PDMS 

composites against S. aureus after different washing cycles. 

  

Fig. 6. Antibacterial effect of Chitosan@PDMS, Zn-MOF@PDMS, and Chitosan@Zn-MOF@PDMS composites against S. aureus after 
different washing cycles.
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chemical properties and hydrophilicity, facilitating 
nutrient exchange and metabolic activity. Similar 
to our research, they discussed MTT assays to 
evaluate cell viability [35]. Consistent with our 
study, Bahrani et al. highlighted the potential of 
zinc-MOFs as innovative materials in biomedicine. 
Their study aimed to evaluate the biocompatibility, 
biodegradability, and multifunctionality of these 
MOFs, emphasizing their applications in drug 
delivery, imaging, and antibacterial therapies. The 
findings indicate that zinc-based MOFs possess 

advantageous properties, including low toxicity, the 
ability to degrade in physiological environments, 
and effective encapsulation and release of 
therapeutic agents. The review concludes that these 
materials present significant promise for advancing 
biomedical technologies while ensuring safety and 
sustainability [36].

SEM investigations of cell-scaffold interactions
Figure 9 illustrates the attachment and 

extension of EnMSCs on the scaffolds. As shown 

 

 

 

 

 

 

 

 

Figure 7. The morphology of the extracted EnMSCs (20 X magnification). a) EnMSCs in the first 

passage. b) EnMSCs in the third passage. 

  

Fig. 7. The morphology of the extracted EnMSCs (20 X magnification). a) EnMSCs in the first passage. b) EnMSCs in the third passage.

 

 

 

 

 

 

 

 

 

Figure 8. Diagram of cell survival and biocompatibility of different samples by the MTT method on 

EnMSCs at 1 and 3 days after culture (experiments repeated three times). 

  

Fig. 8. Diagram of cell survival and biocompatibility of different samples by the MTT method on EnMSCs at 1 and 3 days after culture 
(experiments repeated three times).
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in Figure 9, the most presence of EnMSCs was 
related to samples a and b which contain Zn-
MOF. Figures 9c and 9d display the Zn-MOF@
PDMS sponge in the absence of Zn-MOF. Notably, 
sample b exhibited a significantly higher quantity 
of EnMSCs compared to the other samples. The 
permeability of Zn-MOF in PDMS (1:3) sponge 
is better than PDMS (1:1), because it is spongier, 
and the pores in it are more and larger [37]. It has 
also been determined that the presence of Zn-MOF 
increases the survival and proliferation of cells on 
the scaffold, so as expected, the attachment and 
survival of EnMSCs in the PDMS (1:3) samples 
were significantly higher than in the PDMS (1:1) 
samples [8]. The interplay between pore size and 

cellular infiltration in PDMS scaffolds elucidates 
the importance of scaffold design in tissue 
engineering. Larger and more interconnected 
pores, found in the PDMS (1:3) scaffolds, likely 
allow for improved oxygen and nutrient diffusion, 
crucial for maintaining cell viability over time. It 
parallels research by other authors, emphasizing 
that scaffold architecture is pivotal for optimizing 
cell-scaffold interactions [38]. Furthermore, the 
incorporation of Zn-MOFs not only improves 
biocompatibility but could also impart antibacterial 
properties, which is vital in preventing infection 
in tissue engineering applications. The increased 
surface area and porosity the Zn-MOFs provide 
may enhance the material’s interactions with cells 

 

 

Figure 9. SEM photographs of the interaction of EnMSCs with different samples 48 h after culture. 

(a)  Chitosan@Zn-MOF@PDMS (1:1), (b) Chitosan@Zn-MOF@PDMS (1:3), (c) 

Chitosan@PDMS (1:1), and (d) Chitosan@PDMS (1:3) sponge. 

  

Fig. 9. SEM photographs of the interaction of EnMSCs with different samples 48 h after culture. (a) Chitosan@Zn-MOF@PDMS (1:1), 
(b) Chitosan@Zn-MOF@PDMS (1:3), (c) Chitosan@PDMS (1:1), and (d) Chitosan@PDMS (1:3) sponge.
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and the biological environment, a trend seen in 
other nano-enabled composites [36]. Nalbach et 
al. synthesis and characterization of PDMS/ZnO 
nanocomposite scaffolds for tissue engineering. 
This study investigates PDMS incorporated with 
zinc oxide nanoparticles, discussing their effects 
on cell behavior and antibacterial properties. The 
findings show improved mechanical strength 
and bioactivity, reflecting results similar to Zn-
MOFs in our research, where incorporating metal 
frameworks increases cell attachment and viability 
[39].

Acridine Orange/ Ethidium Bromide staining
At this stage of the research, the cells were 

cultured on the scaffolds for 48 h and stained with 
acridine orange. Acridine orange staining is double 
staining that is used to investigate cell death and 
survival. In cells stained with acridine orange, 
orange and red colors indicate dead cells and green 
color indicates living cells [40]. In this stage, because 

we fixed the cells, so the cells are orange in color 
(in the usual dyeing, because the scaffold also turns 
green, there was not enough contrast for the cells). 
Here the purpose was to check the presence of cells 
on scaffolds and compare their number in different 
samples. The results showed that the number 
of cells in the samples containing Zn-MOF was 
higher than in the samples without Zn-MOF and in 
the image of the Chitosan@Zn-MOF@PDMS (1:3) 
sponge sample, the density of cells was higher than 
in other samples (Figure 10). The methodology 
employed, particularly using Acridine Orange 
staining for assessing living cell populations in 
various scaffold environments, supports the robust 
characterization of cell responses to biomaterials. 
This critical evaluation through quantitative 
assays like the MTT assay also suggests that 
the growth-promoting effects observed are not 
just qualitative; they offer a pathway for future 
applications in regenerative medicine. The findings 
of the original article align with broader research 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Staining of the EnMSCs cultured on the different scaffolds with Acridine Orange/ 

Ethidium Bromide (10 X magnification). (a)  Chitosan@Zn-MOF@PDMS (1:1), (b) 

Chitosan@Zn-MOF@PDMS (1:3), (c) Chitosan@PDMS (1:1), and (d)  Chitosan@PDMS (1:3) 

Sponge. 

 

 

 

 

Fig. 10. Staining of the EnMSCs cultured on the different scaffolds with Acridine Orange/ Ethidium Bromide (10 X magnification). (a) 
Chitosan@Zn-MOF@PDMS (1:1), (b) Chitosan@Zn-MOF@PDMS (1:3), (c) Chitosan@PDMS (1:1), and (d) Chitosan@PDMS (1:3) 

Sponge.
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themes in tissue engineering, shedding light on the 
intricate balance between material composition, 
scaffold architecture, and biological outcomes. 
Further exploration could include in vivo studies 
to validate these promising in vitro results and to 
assess the long-term functionality and safety of 
these chitosan-coated Zn-MOF scaffolds in clinical 
applications.

CONCLUSIONS
In this study, we have composed Zn-MOFs and 

chitosan with biocompatible PDMS to enhance 
porosity, hydrophobicity, and antibacterial activity. 
The Chitosan@Zn-MOF@PDMS nanocomposites 
combine the benefits of PDMS (flexibility, low 
cost, and stability), Zn-MOFs (porosity and 
hydrophilicity), and the antibacterial property 
of chitosan. The successful incorporation of the 
Zn-MOFs nanoparticles and chitosan into the 
PDMS was confirmed by FT-IR, XRD, SEM, and 
EDS techniques. The uniform dispersion of Zn-
MOFs nanoparticles into the PDMS matrix was 
investigated by SEM and EDS-mapping techniques. 
The Chitosan@Zn-MOF@PDMS exhibit proficient 
antibacterial properties toward both gram-
positive S. aureus and gram-negative bacterium 
E.coil. The obtained Chitosan@Zn-MOF@
PDMS demonstrated favorable morphological 
and biochemical characteristics, resulting in 
satisfactory cell adhesion and proliferation 
outcomes. Therefore, the Chitosan@Zn-MOF@
PDMS sponge with improved antibacterial activity 
and suitable biocompatibility could be used as a 
new environmentally friendly scaffold in the tissue 
engineering field.  
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