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Improvement in the healing of bone fractures using
a cyclodextrin/Ni-MOF nanofibers network: the

development of a novel substrate to increase the
surface area with desirable functional properties
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In this study, a B-cyclodextrins (B-CDs)/Ni-based MOF (B-CDs/Ni-based MOF) fibrous network with focus
on biocompatible and biodegradable properties was used as a new material for orthopedic applications.

The final products were synthesized by an efficient, rapid, and controllable electrospinning route under

optimal conditions, including a flow rate of 0.3 mL g~2, applied voltage of 18 kV, and spinning distance of
20 cm. Efficient characterization by various analyzes showed that the B-CDs/Ni-based MOF fibrous
nanostructures had a thermal stability at about 320 °C and homogeneous particles with a narrow size

distribution. The BET analysis results showed a specific surface area of 2140 m? g=! for these

compounds, which facilized potential conditions needed for the application of these compounds as
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a new substrate to improve the healing of bone fractures. The results showed the better porosity of the

B-CDs/Ni-based MOF scaffolds as an essential property, leading to higher proliferation and nutrition and
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1. Introduction

Bone tissue engineering has aroused considerable attention
recently as a successful approach for bone regeneration and
repair. Bone engineering can meet a number of requirements by
selecting a cell type capable of maturing or differentiating into
bone cells with a controllable phenotype, regulating growth
factors, and providing an optimal scaffold." A scaffold is
considered ideal when both the degraded and bulk forms are
biocompatible or when it can be represented by an inter-
connected and permeable porous structure to allow cells to
penetrate while it must also contain nutrients with good
chemistry and surface structure for the proliferation and
adhesion of cells. Efforts have been made to build scaffolds
capable of mimicking the architecture used in the naturally
occurring extracellular matrix (ECM). A variety of protein fibrils
and fibers form the naturally occurring ECM, which takes the
form of a hydrated network of intertwined glycosaminoglycan
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oxygen delivery, resulting in more tissue regeneration. This study proposes a novel strategy for a fibrous
network substrate with distinct properties for orthopedic purposes.

and collagen chains. This network structure in the scaffold is
able to withstand compressive and tensile stresses by relying on
hydrated networks and fibrils. The ECM not only provides
a suitable cell microenvironment, but also enables the trans-
mission of signals to cell membrane receptors, eventually
reaching the nucleus through intracellular signaling cascades.
Thus, the porous and fibrillar architecture enables the ECM to
improve cell function, especially adhesion, migration, and
proliferation.”*

One recent strategy for mimicking the structure of a natural
ECM is through electrospinning processes using nanofibers.
Some applications of this approach are in the production of
nanofibrous structures using synthetic and natural polymers
such as polycaprolactone, polyurethane, poly(lactide), poly(pt-
lactide-co-glycolide), silk fibroin, chitosan, and collagen.>™* In
addition, it is possible to control the rate of system degradation
by combining natural and synthetic polymers.**™* For example,
increasing the natural polymer content increases the degrada-
tion kinetics of a biosynthetic compound. The rate of scaffold
degradation can be matched to the growth rate of the regener-
ating tissue through appropriate mixture composition. Various
tissues, which can be engineered by fabricating polymeric
nanofibrous networks, have been proposed.*™*® In a study by Li
et al.,, chondrocyte proliferation was enhanced and the chon-
drogenic phenotype could be maintained through a fabricated
biocompatible electrospun polycaprolactone (PCL) membrane."

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Cyclodextrins (CDs) are natural cyclic oligosaccharides that
consist of glucose units. Among these, special attention has
been paid toward B-cyclodextrin (B-CD), whose cycle has seven
glucose units, owing to its high availability. CDs are strongly
able to accept lipophilic compounds in their cavity in an
aquatic medium, which makes them a suitable candidate for
the construction of optimized engineering scaffolds.>>*
Supramolecular three-dimensional (3D) scaffolds were con-
structed using B-CD-anchored polymers.*»** 3-CDs have been
widely applied in biomedical engineering due to their superior
properties, namely excellent biocompatibility, bioresorb-
ability, hemocompatibility, bioactivity, mechanical flexibility,
non-toxicity, and easy processability. Tissue engineering can
show a performance enhancement when using p-CD-anchored
scaffolds through increasing the oxygen content in tissue
engineered architectures, sequestering the growth factors, and
regulating collagen self-assembly.>*” Such scaffolds are also
capable of releasing drugs within cell cultivation.”® Neverthe-
less, one key weakness is their small surface area. This
bottleneck may be circumvented by utilizing the fibrous
composites of this polymer via porous compounds, such as
carbon nanostructures, metal-organic frameworks (MOFs),
and zeolites.”

The strong interplay of organic linkers and metal ions can
lead to the fabrication of MOFs with 3D crystalline structures,
ultrahigh porosity, and regular pores.**** Such admirable
properties have made MOFs widely used candidates for
building sensors, catalysts, and medical devices, as well as for
gas separation.**** Some of techniques used for the fabrication
of MOFs include mechanochemical, electrospinning, sono-
chemical, solvochemical, and electrochemical procedures.
Evidence suggests that the porosity of polymer fiber mats can be
increased by augmenting them with MOFs as compounds with
a highly porous structure. Composites of such porous materials

B-CDs/Ni-based MOF scaffolds

Scheme 1 Schematic bone tissue engineering process.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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typically contain nanostructures or microstructures of MOFs
that are blended in a polymer matrix with fibrous or monolithic
shapes.*>%”

The present work aimed to fabricate and characterize a new
composite scaffold composed of B-cyclodextrins (B-CDs)/Ni-
based MOF (B-CDs/Ni-based MOF). It was hoped an admirable
template could be achieved for osteogenesis by combining B-
CDs and a Ni-based MOF, which could further contribute to the
successful development of composite scaffolds for bone
regeneration and repair (Scheme 1).

2. Experimental

2.1. Materials and apparatus

All the chemicals used in this study were obtained from Merck
or Sigma Aldrich, with high purity and without any further
purification needed.

Fourier transform infrared spectroscopy (FT-IR; SHIMADZU
FT8400 spectrometer) was performed with a Bruker Tensor 27
series for determination of the vibrational frequency of the
prepared samples in the range of 400 and 4000 cm™'. The B-
CDs/Ni-based MOF composites were examined for their crys-
tallite size, phase structure, and crystallinity using a Philips PC-
APD X-ray diffractometer and Ko radiation (a,, A, = 1.54439 A)
and graphite mono-chromatic Cu radiation (o4, 4, = 1.54056 A)
(the Netherlands). The data were analyzed by X'Pert HighScore
Plus software. The captured XRD patterns were within 26 values
of 2° to 80° with a step size of 0.016°. The B-CDs/Ni-based MOF
composites were morphologically explored by scanning electron
microscopy (SEM) and energy dispersive spectrometry (EDS)
(KYKY & EM 3200). Transmission electron microscopy (TEM)
was performed using an H-7500 transmission electron micro-
scope (Hitachi, Japan). A STA-1500 Thermal Analyzer was
employed to analyze the thermal behavior in N, in the range of
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ambient temperature up to 350 °C. Magnetization measure-
ments were carried out with a Lakeshore system (model 7407)
under magnetic fields at room temperature.

The tensile properties of the electrospun fiber scaffolds were
determined with a tabletop MicroTester (Instron 5845, USA)
using a low force load cell with a capacity of 10 N. Strip-shaped
specimens (30 x 6 mm?) were tested at a crosshead speed of 10
mm min~'. Ambient conditions were controlled at 25 °C and
humidity at 74%. At least six samples were tested for each type
of electrospun fibrous scaffold. The ultimate strength, Young's
modulus, and tensile elongation were calculated based on the
generated tensile stress-strain curves.

2.2. Fabrication of the B-CDs/Ni-based MOF composite

The Ni-based MOF samples were synthesized as per the
following: In a 150 mL glass beaker, 4.8 mmol of Ni(NO3),-6H,0
and 0.9 mmol of polyvinylpyrrolidone (PVP) were dissolved in
80 mL of ethanol (Sol. A). In a 100 mL glass beaker, 1.7 mmol of
pyridine-2,6-dicarboxylic acid (pyridine 2,6-dicarboxylic acid
was formed as pyridine 2,6 diammonium acetate) was dissolved
in 30 mL of ethanol (Sol. B). For conventional solvothermal
crystallization, the resultant solution (Sols A and B) was trans-
ferred into a Teflon reactor with a tight cap and kept at 80 °C for
7 h. For ultrasonic synthesis, however, Sols A and B were
transferred into a Teflon reactor and irradiated in the ultrasonic
bath for specific sonication time at the predetermined
temperature. The resulting product was filtered, washed, and
dried at 80 °C for 7 h.%®

A routine electrospinning process was carried out by
blending 2 mg of Ni-MOF and 5 mg of B-CDs powder (Merck) in
acetic acid (Aldrich) in a glass vial, followed by stirring vigor-
ously at 70 °C for 40 min. Then, electrospinning was performed
under mild circumstances including 20% humidity and at 30 ©
C. The optimized circumstances for the electrospinning
included a voltage of 20 kV and spinning distance of 8 cm. The
Ni-based MOF concentration was kept constant at 10 wt% with
a flow rate of 0.16 mL h™'. Scheme 2 shows a schematic
representation of the B-CDs/Ni-based MOF composite.
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2.3. Invitro biocompatibility

To observe the adhesion behavior of MC3T3-E1 osteoblasts on
the Ni-based MOF and B-CDs/Ni-based MOF membranes,
circular specimens of 3 mm diameter dimensions were
prepared. Briefly, the samples were fitted in a 96-well microplate
culture dish and subsequently sterilized with 70% ethanol for
30 min. The specimens were again washed twice with PBS
solution, and once with 70% ethanol, and then dried as much
as possible. Next, 100 pl of MC3T3-E1 cell solution containing 1
x 10? cells was seeded on each sample well on a microplate and
incubated for 3 days to observe the cell line interactions with the
nanofibrous membranes. After incubation, 4% para-
formaldehyde phosphate buffer solution was added and kept at
4 °C for 4 h to fix the cells with the membranes. After that, the
specimens were refrigerated for 1 h and then washed 3 times
with PBS solution. After successive washing with ethanol, 50 pl
butyl alcohol was added to each specimen and refrigerated for 1
day. Finally, all the specimens were freeze-dried for 12 h. One-
way ANOVA and Tukey post hoc tests were used to analyze
multiple comparison pairs, at a significance level of p < 0.05 and
n = 4 for all circumstances.

2.4. Cell culturing

Normal human dermal fibroblasts (NHDF) as a representative
of primary mature mesenchymal cells were used to analyze the
possible effects of B-CDs/Ni-based MOF on cell viability. The cell
line of NHDF was selected for in vitro testing of the planar
fibrous materials, provided by ATCC (LGC Standards; Lomiankij;
Poland). The cell culture was done in fibroblast growth
medium-2 (FGM-2, BulletKit™ from Lonza, Basel, Switzerland)
with 5% CO, at 37 °C. The materials were sectioned into 10 mm
round samples, followed by sterilization via 70% ethanol for
half an hour and washing thoroughly in phosphate-buffered
saline (PBS, pH 7.4) prior to cell culture. The NHDF cells were
implanted in the eighth passage (2000 cells per well) on the
material surface. The material-cell interplay was explored on
days 1, 6, and 12 after incubation. A cell counting test (cck-8,
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Scheme 2 Synthesis rote for preparation of the B-CDs/Ni-based MOF composite.
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Merck) was utilized to determine the cell viability, so that 250 L
of 10% cck-8 solution (in FGM-2 medium) was appended to
each sample and incubated with 5% CO, at 37 °C for 3 h. The
optical density (OD) was read at 450 nm versus 650 nm (a
reference wavelength). The fibroblasts were visualized by fluo-
rescence staining. The specimens were rinsed with PBS (pH 7.4)
twice, and then fixed by 2.5% glutaraldehyde in PBS at 4 °C for
half an hour. Subsequently, the specimens were rinsed with
PBS, and stained by 4',6-diamidino-2-phenylindole (DAPI,
Merck) plus fluorescein isothiocyanate-labeled phalloidin
(phalloidin-FITC) (Merck). Next, the cells were exposed to Triton
(0.1%, Merck) for permeability testing, followed by rinsing in
PBS and incubating with exposure to phalloidin-FITC (1 mg
per mL stock solution diluted in PBS as 1 : 1000) for half an hour
at ambient temperature. Afterward, the specimens were rinsed
in PBS and incubated with exposure to DAPI for 5 min at
ambient temperature. Finally, the specimens were rinsed in PBS
and observed via a NICON Eclipse Ti-e fluorescent microscope.

3. Result and discussion

3.1. Characterization of the B-CDs/Ni-based MOF composite

A variety of methods, including XRD, FT-IR, EDS-mapping, FE-
SEM, BET, and TGA, were employed to characterize the -CDs/
Ni-based MOF composites. Fig. 1 illustrates the FT-IR spectra
captured for the B-CDs nanofibers and B-CDs/Ni-based MOF
fibrous fabricated via the electrospinning process. According to
the FT-IR spectrum for the B-CDs, there were characteristic
peaks observed at 3077 to 3317 cm™ ' belonging to O-H group
stretching. The peak at 2850 cm ' was related to C-H
symmetric/asymmetric stretching vibration. Moreover, the
1653 cm ™ * band related to H-O-H deformation of water in B-
CD. In addition, the peaks at 1161 and 1012 cm ™" corresponded
to C-H overtone stretching vibrations and the peak at
1012 cm ™' to C-H, C-O stretching vibration. There was also
a peak at 1161 cm ™' belonging to the absorption of C-O-C
vibration.*® According to the FT-IR spectrum for the B-CDs/Ni-
based MOF composite, all the peaks corresponding to the p-
CDs and Ni-based MOF were still there in the final structure of

Transmittance %

3600 2050 2300 1650

Wavenumber (cm)

1000 350

Fig. 1 FT-IR spectra of B-CDs (a), Ni-based MOF (b), and B-CDs/Ni-
based MOF composite (c).

© 2023 The Author(s). Published by the Royal Society of Chemistry
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the B-CDs/Ni-based MOF specimen, strongly confirming the
successful fabrication of the polymeric fibrous composite.

Fig. 2 illustrates the XRD patterns obtained for the f-CD and
B-CDs/Ni-based MOF composite. Fig. 5a shows the amorphous
nature of -CD, while Fig. 5b shows the crystalline form of the
Ni-based MOF. Based on the XRD pattern (Fig. 5c) for the
physical mixture, both species were present as isolated solids,
because the diffractogram exhibited both Ni-based MOF peaks
and the B-CD amorphous halo. Scherrer's eqn (1) was used to
determine the crystallite size of the as-fabricated B-CDs/Ni-
based MOF composite.

092
" Bcosb

(1)

where, 2 indicates the X-ray wavelength (1.54056 A for Cu lamp),
@ refers to half the width of the maximum intensity diffraction
peak, and 6 means half the Bragg diffraction angle.” The
average crystallite size was estimated to be 132.4 £ 0.02 nm for
the B-CDs/Ni-based MOF composite and 130.6 & 0.01 nm for the
B-CDs.

Fig. 3 illustrates the SEM images captured for the -CDs/Ni-
based MOF composite and B-CDs. Fig. 3a shows the continuous
and cylindrical morphology of the B-CDs fibers with a mean
diameter of 165 nm. Fig. 3b confirms the unchanged shape of
the B-CDs nanofibers during the composite fabrication. As can
be observed, the Ni-based MOF composite had been embraced
by the B-CDs matrix. Fig. 3c shows the TEM image of the 3-CD/
Ni-based MOF composite, which confirmed its fibrous
morphology with an average fiber diameter of 600 nm for this
compound. According to Fig. 3c, Ni-based MOF particles had
agglomerated onto the surface of the B-CD nanofibers. In

Intensity

“

0 10 20 30 40 50 60 70
2 Theta/degree

Fig. 2 XRD patterns of B-CDs (a), Ni-based MOF (b), and B-CDs/Ni-
based MOF composite (c).
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Fig. 3 SEM images of B-CDs (A), B-CDs/Ni-based MOF composite (B), and TEM image of B-CDs/Ni-based MOF composite (C).

addition, the average diameter of nanofibers increased after
incorporating the Ni-based MOF into the fibers.

Fig. 4a-c show the EDS-mapping results for the composite.
As can be seen, the Ni-based MOF composite was uniformly
dispersed on the polymeric matrix. The yellow points highlight
the existence of Ni in that location.

Fig. 5 presents a thermal analysis of the B-CDs/Ni-based MOF
composite. The thermal analysis approximately began at 40 °C
and ended at 550 °C. The first (124 °C) and second temperatures
were related to the partial weight loss due to the vanished and
evaporation of trapped solvents. A proportional loss with the
ascent in temperature was observed at 234 °C, probably due to
the decomposition of the linker on the skeleton. The weight loss
of the coordinated water dissociation for the nanocomposites
was determined at 441 °C. According to these findings, a high
thermal stability was noted at increased temperatures.

Fig. 4 EDS-mapping of B-CDs/Ni-based MOF composite.

5604 | RSC Adv, 2023, 13, 5600-5608

Fig. 6 presents the N, adsorption-desorption isotherm of the
B-CDs/Ni-based MOF composite, Ni-based MOF, and B-CDs. The
N, sorption determinations were utilized to measure the phys-
ical features, such as pore-size distribution, pore volume, and
surface area. Fig. 6a and b display the type IV isotherms for the
B-CDs and Ni-based MOF with a clear hysteresis loop. The
surface areas were determined to be 1136 m”> g ' for the Ni-
based MOF composite and 849 m> g~* for the B-CDs. Based
on the observations (Fig. 6¢), a type IV isotherm with a type H2
hysteresis loop was found for the PB-CDs/Ni-based MOF
composite, typically confirming the materials with inkbottle-
like pores and a uniform mesoporous structure. The B-CDs/
Ni-based MOF composite had the surface area of 2140 m” g™,
probably indicating a high porosity and a broad pore opening,
which would make this composite one of the best substrates to
improve bone-fracture healing.

The Ni-based MOF and B-CDs/Ni-based MOF composite
magnetic hysteresis loops were measured in the presence of
a magnetic field by VSM. Fig. 7 shows the hysteresis loops of the
Ni-based MOF (curve a) and B-CDs/Ni-based MOF composite
(curve b) at room temperature. This behavior proved that the Ni-
based MOF had super-paramagnetic properties. The Ni-based
MOF had a small remanent magnetization (Mr, 0.01479 emu
¢~ ") and coercivity (He, 150.0 Oe), which indicated its magnetic
behavior and that it showed saturation magnetism (Ms, 0.0821

120 1
110 1
100 1

90 4

TG%

80 -

60 . . . v )
200 300 400 500 600

Temperature (°C)

0 100
Fig. 5 TGA analysis of B-CDs/Ni-based MOF composite.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 N, adsorption—desorption isotherms $-CDs (a), Ni-based MOF
(b), and B-CDs/Ni-based MOF composite (c).

emu g ). In addition, as shown in Fig. 7 (curve b), its magnetic
properties (Mr (0.0082 emu g~ ), He (100.0 Oe), and Ms (0.0305
emu g ")) decreased with increasing the B-CDs to Ni-based
MOF.

The mechanical properties such as tensile modulus, ulti-
mate tensile stress, and ultimate strain, were evaluated for the
B-CDs and B-CDs/Ni-based MOF fibrous scaffolds. The tensile
properties, Young's modulus, and strain at break are summa-
rized in Table 1 and Fig. 8. The tensile strengths of the B-CDs
and B-CDs/Ni-based MOF fibrous scaffolds were around 3.94 +

View Article Online

RSC Advances

0.2 and 2.31 £ 0.1 MPa respectively. The 3-CDs blended with Ni-
based MOF showed no improvement in the tensile property of
the scaffold compared to the B-CDs fibrous scaffold. With
regard to the elongation, the blended B-CDs did not reduce the
extension ability but maintained the stability of the Ni-based
MOF fibrous scaffolds.

3.2. Biocompatibility of the fibrous scaffolds

In regenerative medicine, an ideal scaffold is expected to have
high biocompatibility. To study cell activity, the mitochondrial
activity of MC3T3-E1 cells on the B-CDs, Ni-based MOF, and -
CDs/Ni-based MOF fibrous scaffolds mats after three days of
culture was investigated by the WST-1 method (Fig. 9). In the
metabolically active cells, tetrazolium compound is metabo-
lized to formazan and is secreted into the medium. The
resulting colorimetric change in the medium can be spectro-
photometrically measured to represent the mitochondrial
activity of the viable cells. The cell proliferation assay was per-
formed according to ISO-10993-5. According to ISO-10993-5,
a cell viability below 40% indicates a material is highly toxic,
60-40% is moderately toxic, between 80% and 60% is weakly
toxic, and above 80% is considered to be non-toxic. At day 3 the
cell viabilities were above 82%, 87%, and 96% for the B-CDs, Ni-
based MOF, and B-CDs/Ni-based MOF fibrous scaffolds mats,
respectively (p < 0.05). Since the percentage of cell viability for
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Fig. 7 VSM magnetization curves of Ni-based MOF (a) and B-CDs/Ni-based MOF composite (b).

Table 1 Tensile properties of the electrospun fibrous scaffolds

Tensile strength

Strain at break

Sample (MPa) Young's modulus (MPa) (%)
B-CDs 3.94 £ 0.2 11.25 + 0.8 121
B-CDs/Ni-based MOF 2.31 £ 0.1 8.37 £ 1.1 106

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 8 Stress—strain curve for the B-CDs and B-CDs/Ni-based MOF
under tensile loading.

98 -

o
o

[}
(=]

Cell Viability (%)
-1
F=.

B-CDs Ni-based MOF  B-CDs/Ni-based MOF

Fig.9 MC3T3-E1 cell viability (%) of the B-CDs, Ni-based MOF, and B-
CDs/Ni-based MOF nanofibrous membranes at day 3 using the WST-1
colorimetric assay.

all three compounds was more than 80%, these compounds
could be classed as non-toxic. The nature of B-CDs may be one
of the factors that caused the high biocompatibility in the
fibrous nanostructures. The presence of porosity in this struc-
ture could improve the efficiency of the final composition.

3.3. Cell culturing

The two scaffolds of B-CDs/Ni-based MOF composite and B-
CDs fabricated in this study were examined with the NHDF
cell line. Fig. 10 shows the morphology of NHDF cells co-
cultured with different types of scaffolds after 1, 6, and 12
days. With increasing the culture time, the cells grew and
proliferated well. The NHDF cell show a normal and well-
preserved morphology for a period of 12 days. Only a small
number of cells could be observed at day 1. A large amount of
cells proliferated and attached to the scaffolds at day 12. On
the other hand, the addition of the Ni-based MOF into the B-
CDs scaffolds improved cell attachment, showing a well-

spread morphology and higher proliferation when
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View Article Online

Paper

B-CDs

]r; CDs/Ni-based
MOF composite

Fig.10 Fluorescent microscopy of cells seeded on B-CDs and B-CDs/
Ni-based MOF composite scaffolds on days 1, 6, and 12 after cell
seeding. Staining: phalloidin-DAPI. Scale bar: 50 um.

compared to the B-CDs scaffolds alone. Further, the scaffold
possessed desirable cytocompatibility and sufficient
mechanical strength for bone repair. According to the results,
the better porosity of the B-CDs/Ni-based MOF scaffolds is an
essential property leading to improved proliferation, and
nutrition and oxygen delivery, resulting in more tissue
regeneration.

The results obtained were consistent with other reports
and show that the modified B-CDs composite exhibited
significantly higher bone regeneration. Lee et al. demon-
strated that modified B-CD with polymer scaffolds promoted
significantly higher bone regeneration than unmodified p-CD
scaffolds.”® Du et al. indicated that the addition of hydroxy-
apatite into B-CD-based polyurethane scaffolds improved cell
attachment, giving a well-spread morphology and higher
proliferation. In addition, this B-CD composite scaffold has
the potential to be applied in bone repair and regeneration.*
In Lukasek et al.’s report, a cyclodextrin-enriched composite
scaffold revealed better performance in in vitro experiments
compared with pristine polycaprolactone or polypyrrole-
covered polycaprolactone scaffolds.*" Yi et al. indicated that
the poly(i-lactide)-B-CD-hydroxyapatite composite possessed
a rather large biocompatibility and bioactivity, and it could be
a promising candidate as a bone tissue engineering
material.*?

© 2023 The Author(s). Published by the Royal Society of Chemistry
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4. Conclusions

The electrospinning process is known to be a suitable method
for producing fibrous scaffolds with diverse biological
purposes, and hence was applied in this study to construct a -
CDs/Ni-based MOF composite using -CDs and Ni-based MOF.
The Ni-based MOF was confirmed to be present in the B-CDs
matrix based on the XRD and FT-IR findings. According to the
SEM images, the integration of the Ni-based MOF had no
impact on the fibrous shape of the f-CDs. The EDS-mapping
images confirmed the uniform dispersion of the Ni-based
MOF content in the polymer matrix of the as-fabricated nano-
composites. The cytocompatibility of the composite scaffolds
was proven via their favorable interactions with NHDF cells. The
addition of Ni-based MOF into the B-CDs scaffolds improved
the cell attachment, giving a well-spread morphology and
higher proliferation. Therefore, the as-fabricated B-CDs/Ni-
based MOF composite can be suggested to be an impressive
scaffold for successful tissue engineering and regeneration
medicine owing to the scaffold porosity.
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