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Abstract

In the present study, biodegradable poly(amidoamine) dendrimers (PAMAM G1/G2/G3) was covalently functional-
ized with carbon nanotubes (CNTs) and nanostructured hydroxyapatite was immobilized onto CNTs-PAMAM matrix
through coordination bond between the —~NH, groups of dendrimer and Ca®* of hydroxyapatite. The structural and
morphological behaviors of the nanohybrids were established through spectroscopic and microscopic analyses.
In vitro cytotoxicity and cell proliferation was assessed through osteoblast-like MG 63 cell line using 3-4, 5-
dimethylthiazole-2-yl, 2,5-diphenyl tetrazolium bromide assay for 3 days. The more abundant of -NH, group exist
in PAMAM(G3) dendrimer attracts more number of HAp molecules onto their surface which exhibits enhanced

activity in cell proliferations even at higher concentrations.
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Introduction

In recent years, combinations of nanotechnology and
tissue engineering provides new horizon to nanostruc-
tured materials in biomedical applications. Specifically
bone tissue engineering is an emerging filed due to
numerous bone disorders, especially more than 20 mil-
lion people are affected annually by accidents or dis-
eases [1]. Some inorganic bioactive materials such as
calcium phosphate, ceramics and bioactive glass, etc.,
have been applied for bone tissue engineering [2].
Hydroxyapatite (HAp) is a well-known calcium phos-
phate which belongs to apatite group. This HAp has
the chemical formula of Ca;¢(PO4)s(OH), which resem-
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bles the inorganic component of bone and teeth. HAp is
highly biocompatible biodegradable and osteoconductive
material [3]. However, the brittle nature of inorganic
bioactive materials cannot match with natural bone.
Hence, it is not suitable for load bearing applications
[4]. Under this circumstance, Carbon nanotubes (CNTSs)
have been chosen to improve the mechanical properties
of hydroxyapatite.

Carbon nanotubes (CNTs) received greater interest in
many research areas due to its excellent physical and
chemical properties. Specifically, CNTs are widely used
for biomedical applications such as tissue engineering,
drug delivery, gene delivery, bone regeneration, biosen-
sor, nano-pharmaceuticals, etc. [5, 6]. The remarkable
properties of CNTs can provide mechanical, chemical
and physical features for cell adhesion, proliferation
and differentiation to form specific tissues. The different
size and shape, thermal and electrical conductivity, elas-
ticity, optical and biocompatible behaviors enhance the
growth of different cells which makes CNTs a success-
ful candidate in tissue engineering discipline [7, §].
Even though CNTs is considered as a promising candi-
date for biomedical applications, it has poor
dispersibility and processability. To overcome these is-
sues, many researchers tried to modify CNTs surface by
attaching hydrophilic polymers [9]. However, these
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efforts were not enough to improve the hydrophilic na-
ture of CNTs.

Therefore, dendrimers have been introduced by some
researchers to improve the aqueous dispersibility of
CNTs [10-13]. Dendrimers are highly branched and
spherical shaped polymers. The unique properties of
dendrimers viz., monodispersive, biocompatible and bio-
degradable nature, controllable molecular weight and
highly reactive surface functional groups makes it a
promising candidate in biomedical applications such as
drug delivery, gene delivery, tissue engineering and bio-
sensing [14, 15]. Recently, the combinations of
dendrimers and carbon nanotubes have been widely
used for biomedical applications due to its novel prop-
erties. Particularly, poly(amidoamine) (PAMAM)
dendrimers have highly active hydrophilic terminal

Pristine-MWCNTs MWCNTs-COOH

* = 1. PAMAM(G1)
2. PAMAM(G2)
3. PAMAM(G3)

Fig. 1 Preparation of CNTs-dendrimer-hydroxyapatite nanohybrids
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NH, functional groups. These NH, groups can be in-
creased by increasing the generation of dendrimer.
Further, the low toxicity and intrinsic biocompatibility
of PAMAM makes it a best candidate for biomedical
applications [3].

Considering these background, in this present study we
have synthesized three different types of PAMAM dendri-
mer functionalized CNTs nanohybrids. Functionalization
of dendrimer, CNTs and HAp deposition was investigated
by Fourier Transform Infrared spectroscopy. Crystalline
properties and particle size was confirmed by X-ray dif-
fraction patterns. Morphologies and weight percentage of
the elements present in nanohybrids were verified by
Field Emission Scanning Electron Microscopy, High-
resolution transmission electron microscope and Energy
dispersive spectroscopy. Finally, the binding energy of
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Fig. 2 FTIR spectra of (a) CNTs- (a)
PAMAM(G1), (b) CNTs-
PAMAM(G?2) and (c) CNTs-
PAMAM(G3)
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molecules and oxidation state was confirmed by X-ray
photoelectron spectroscopy. In vitro cytotoxicity and cell
proliferation was examined on osteoblast-like MG 63 cell
line using MTT (3-4, 5-dimethylthiazole-2-yl, 2,5-

Wavenumber (cm'1)

diphenyl tetrazolium bromide) assay. The percentage of
cell viability was monitored for 3 days and the obtained
results showed the excellent activity of the newly synthe-
sized nanohybrids.

Fig. 3 FTIR spectra of (a) CNTs-
PAMAM(G1)-HAp, (b) CNTs- a
PAMAM(G2)-HAp and (c)
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Fig. 4 XRD patterns of (a) HAp,
(b) CNTs-PAMAM(G1)-HAp, (c)
CNTs-PAMAM(G2)-HAp and
(d) CNTs-PAMAM(G3)-HAp
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Experimental methods
Preparation of CNT-COOH and hydroxyapatite

Initially acid group functionalized CNTs (CNTs-COOH)
have been prepared by preheating the as-received CNTs
(multi-walled carbon nanotubes with length and diameter
of 10-30 um and 50 nm and purity of 95%) at 350 °C
for 2 h and then 50 mg of preheated CNTs were dis-
persed with dichloromethane (15 mL) for 10 min.
Later, tetrabutyl ammonium bromide (0.25 g), acetic acid

30 40 50 60
20 (degree)

(5 mL) and KMnO, (0.065 g) were added to the above
mixture and stirred vigorously for 48 h under ambient
temperature. The resultant CNTs-COOH were centrifuged
and washed with distilled water and then dried under
vacuum [16, 17].

In a separate procedure hydroxyapatite has been prepared
by adopting wet precipitation method. First, calcium nitrate
tetrahydrate (40 mL of 0.32 M) was taken in a 250 mL round
bottom flask, to which 2.5 mL of ammonia solution was added
under stirring condition and the pH of the solution was main-
tained at 9. Later, 60 mL of potassium dihydrogen phosphate

Table 1 Results obtained from

EDS, XRD and FESEM analyses Name of the hybrids Weight percentage of elements Average Particle Size of HAp
C N O Ca P XRD FESEM
CNTs-PAMAM(G1)-HAp 2330 341 3988 1850 1191 24 25
CNTs-PAMAM(G2)-HAp 1493 598 4254 2239 1416 22 22
CNTs-PAMAM(G3)-HAp 312 824 4552 2518 1794 19 16
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Fig.5 FESEM of Hydroxyapatite

(0.19 M) was slowly added to the above mixture and which  taken in a ceramic boat and thermally heated for 2 h at 400 °C
produce white precipitate [18, 19]. Then the mixture was  and which produced synthetic hydroxyapatite (HAp) with the
stirred for 1 h under ambient temperature. The resultant was ~ Ca/P ratio of 1.67 which mimics the extracellular matrix of
washed with water and centrifuged. The obtained residue was ~ bone [20].

500nm ir NSNT 1%.0kV 9.6mm x60.0k SE 10/22/2013 13:03 500nm

Fig. 6 FESEM of (a) CNTs-PAMAM(G1)-HAp, (b) CNTs-PAMAM(G2)-HAp and (c) CNTs-PAMAM(G3)-HAp
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Fig. 7 HRTEM images of (a) Pristine-CNTs (b) CNTs-COOH and (c) nanostructured HAp

Synthesis of CNTs-dendimer matrixes

Synthesis of poly(amidoamine) dendrimer onto CNTs surface
was carried out by adopting two different reaction mechanism
viz., (1) Michael addition of methyl acrylate (MA) to periph-
eral amino groups and (2) amidation of terminal ester groups
by ethylenediamine (EDA). First, acid functionalized CNTs
(50 mg) were dispersed with 50 mL of distilled water for
10 min, to which 100 mg of 1-(3-dimethyl-amino-propyl)-3-
ethyl carbodimide and N-hydroxy succinimide were added.
Then, 100 mg of ethylenediamine was added to the above
mixture and stirred vigorously under N, atmosphere at
60 °C for 24 h. The resultant product was washed with water
and dried under vacuum and thus produced CNTs-G0-NH,.
Then, Michael addition of MA to peripheral amino groups
was carried out by taking 0.40 g of CNTs-G0O-NH, in 250 mL

@ Springer

RB flask and dispersed in 20 mL of methanol and to which
40 mL of methanol/MA solution (1:1) was added and the re-
action was performed at 30 °C for 48 h. The resultant product
was filtered, washed and dried, and thus yielded functionalized
CNTs containing the “first generation” ester group which la-
beled as CNTs-G0.5-COOCH;5. The amidation of the terminal
groups of CNTs-G0.5-COOCH; was carried out by dispersing
0.40 g of CNTs-G0.5-COOCH; with 20 mL of methanol in
250 mL RB flask and then 40 mL of methanol/EDA solution
(1:1) was added to react at 30 °C for 48 h. The resultant was
washed and dried to obtain functionalized CNTs containing
“first generation” amino groups namely CNTs-G1-NH,.
Similarly, the propagation to higher generations was car-
ried out by repeating Michael addition of MA to amino groups
and amidation of terminal ester groups with EDA. With a view
to generate the second and third generation dendrimer, the
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Fig. 8 HRTEM images of (a) CNTs-PAMAM(G1), (b) CNTs-PAMAM(G2) and (c) CNTs-PAMAM(G3)

CNTs-PAMAM(G1) matrix were employed again individual-
ly for Michael addition and amidation reactions by repeating
the same experimental procedure with the quantum of same
chemicals and thus yielded the corresponding matrixes viz.,
CNTs-PAMAM(G2) and CNTs-PAMAM(G3).

Synthesis of CNTs-dendrimer-HAp nanohybrids

Schematic illustration for nanohybrids formation was shown in
Fig. 1. At first, 1.05 g of synthesized HAp was dispersed with
10 mL of distilled water, to which CNTs-PAMAM(G1) (5 mL,
0.24 g) and methanol (10 mL) were added drop-wise and then
stirred for 48 h under room temperature. Then the resultant
CNTs-PAMAM(G1)-HAp was lyophilized at —40 °C and dried
by using air oven. Subsequently, by adopting the same experi-
mental procedure and quantum of same chemicals, the CNTs-

PAMAM(G2)-HAp and CNTs-PAMAM(G3)-HAp hybrids
were also prepared individually by using CNTs-PAMAM(G2)
and CNTs-PAMAM(G3) matrixes.

Characterizations

Structure and morphologies of the prepared samples were
characterized by various spectroscopic and microscopic anal-
yses. Fourier Transform Infrared spectra (FTIR) were per-
formed by Bruker Tensor-27 FTIR spectrophotometer. Then
X-ray diffraction patterns were obtained from Bruker D8
Advance X-ray diffraction. Field Emission Scanning
Electron Microscopic (FESEM) images were taken by
SU6600 HITACHI at 100 kV. Energy dispersive spectroscopy
(EDS) was performed through EDS DX-4 combined with
FESEM. High-resolution transmission electron microscopic
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Fig. 9 EDS of (a) CNTs-PAMAM(G1)-HAp, (b) CNTs-PAMAM(G2)-HAp and (c) CNTs-PAMAM(G3)-HAp

(HRTEM) images were taken by JEOL 3010 at 300 keV.
Finally, X-ray photoelectron spectra (XPS) was taken by
UHV chamber of a photoelectron spectrometer, Omicron
nanotechnology, Germany (GmbH) equipped with monochro-
matic X-ray source (AIKR h =1486.6 eV) and operated
atl5 kVand 20 mA (300 W).

Result and discussions
Structural and morphological characterizations

FTIR spectra of CNTs-PAMAM(G1), CNTs-PAMAM(G2)
and CNTs-PAMAM(G3) matrixes and the corresponding
nanohybrids are shown in Fig. 2a-c and 3a-c, respectively.
CNTs-PAMAM(G1) exhibits the characteristic peaks at
1638, 2439 and 2929 cm ! due to -CO-NH-, C-Hsr) combi-
nation and CH, asymmetric stretching, respectively. Then the
N-H asymmetric stretching was appeared at 3425 cm ™' and its
broadening is due to hydrogen bonding (Fig. 2a). Similarly,
CNTs-PAMAM(G2) showed the peaks at 1638 cm ! for -CO-
NH-, 2364 ¢cm ! for combination of C-Hstrys 2929 and
2856 cm ' for CH, asymmetric and symmetric stretching

@ Springer

and 3435 cm™' for N-H asymmetric stretching (Fig. 2b).
Further, CNTs-PAMAM(G3) showed the characteristic peaks
at 1638, 2364, 2929 and 3439 cm! corresponds to -CO-NH-,
combination of C-H ), CH, asymmetric stretching and N-H
asymmetric stretching, respectively (Fig. 2¢). The FTIR spec-
tra of CNTs-PAMAM(G1)-HAp (Fig. 3a), CNTs-
PAMAM(G2)-HAp (Fig. 3b) and CNTs-PAMAM(G3)-HAp
(Fig. 3c) showed the characteristic peaks for hydroxyapatite at
1075 and 942 cm ™' corresponding to U3 mode of PO4>~ asym-
metric stretching and v; mode of symmetric stretching, re-
spectively [21]. Hence, the amide linkage from FTIR results
supports the covalent bond formation between CNTs-COOH
and PAMAM dendrimer, in addition, the appearance of char-
acteristic peaks for HAp indicates the deposition of HAp onto
CNTs-PAMAM matrixes [22].

The XRD patterns of synthesized HAp and three dif-
ferent types of CNTs-dendrimer nanohybrids are shown in
Fig. 4a-d. The characteristic 2 peaks observed at 26.9°,
30.8°, 32.4°, 34.2°, 39.9°, 46.8° and 49.5° for HAp,
CNTs-PAMAM(G1)-HAp, CNTs-PAMAM(G2)-HAp and
CNTs-PAMAM(G3)-HAp were corresponding to (002),
(211), (300), (202), (310), (222) and (213). These planes
are belongs to hydroxyapatite with JCPDS data base
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Fig. 10 XPS survey spectrum of (a) CNTs-PAMAM(G1)-HAp (b) CNTs-PAMAM(G2)-HAp (c) CNTs-PAMAM(G3)-HAp

number of 9-432. Hence, the obtained results confirmed
the deposition of hydroxyapatite on CNTs-dendrimer ma-
trixes. Further, (002) reflection was used to measure the
crystalline size of the hydroxyapatite [23]. The calculated
crystal size of the deposited HAp on CNTs-PAMAM(G1),
CNTs-PAMAM(G2) and CNTs-PAMAM(G3) matrixes
was found as 24, 22 and 19 nm, respectively (Table 1).
The crystalline size of the HAp particle was decreased on
increase in dendrimer generation number. This is due to
the fact that the dendrimers with higher generations have
increased numbers of surface amino groups which create

more sites for complex formation and effectively helps to
protect colloid formation [24].

The surface morphology of the nanohybrids was investi-
gated by FESEM analysis. Figure 5 shows the traditional
needle-like morphology of hydroxyapatite. The FESEM im-
ages of all the nanohybrids showed uniform distribution of
white patches covered over CNTs-surfaces which indicates
the deposition of HAp particles onto the respective matrixes
(Fig. 6a-c). On comparing the images, CNTs-PAMAM(G3)
matrix showed more quantum of white patches due to the
abundance of more number of -NH, groups to capture more
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quantum of HAp molecules than other matrixes as discussed
in XRD analysis. The morphologies of CNTs, HAp and
PAMAM-modified CNTs were investigated by HRTEM
analysis. In Fig. 7a, pristine-CNTs showed smooth and
bundled structures. Whereas, in Fig. 7b, debundle structure
of CNTs indicates the acid functionalization of CNTs and
Fig. 7c shows the aggregated structures of hydroxyapatite
nanocrystals. Further, the roughness/heterogeneity on tube
surface (CNTs surface) was increased from CNTs-
PAMAM(G1) to CNTs-PAMAM(G2) as shown in Fig. 8a-
c. This surface heterogeneity indicates the covalent
functionalization of dendrimer molecules onto CNTs sur-
face. The weight percentages of the elements present in all
the three nanohybrids were investigated by EDS analysis
(Fig. 9a-c). Specifically, the weight percentage of Ca was
found as 18.50, 22.39 and 25.18% in CNTs-PAMAM(G1)-
HAp, CNTs-PAMAM(G2)-HAp and CNTs-PAMAM(G3)-
HADp, respectively, whereas, the weight percentage of P was
found as 11.91, 14.16, 17.94%. On comparing these results
CNTs-PAMAM(G3)-HAp showed more weight percentage
of Ca and P deposition than others which strongly support-
ed the results obtained from FESEM analysis [25].

@ Springer

The binding nature of molecules in the formation of
nanohybrids and oxidation states of Ca and P in HAp
was investigated by XPS analysis. Figure 10a-c shows
the XPS survey spectrum of CNTs-dendrimer nanohybrids
which indicates the appearance of characteristic peak for
C 1s, O 1s, N 1s, Ca 2p and P 2p. The deconvoluted C 1s
(Fig. 11) peaks for CNTs-PAMAM(G1)-HAp was obtain-
ed at 284.42 and 292.34 eV, CNTs-PAMAM(G2)-HAp at
284.6, 288.11 and 292.52 eV and for CNTs-
PAMAM(G3)-HAp at 284.54, 288.35 and 292.55 eV
which are due to -C*~C—, C*-N and —C* = O bonds, re-
spectively. The N 1s spectra (Fig. 12) showed the peaks
around 397.2 and 399.98 eV are corresponding to the
existence of -NH, and -NH groups in PAMAM. Then
the O 1s (Fig. 13) showed the peak around 530.9 eV
was due to —P-O*— which indicates the existence of
PO,*" in HAp [26]. Ca 2p (Fig. 14) showed the peaks at
350.23 and 346.66 due to 2p; and 2p; of Ca 2p in HAp,
respectively. Finally, P 2p (Fig. 15) showed the peak at
132.59 eV for P 2p;. The appearance of Ca 2p and P 2p
peaks proved the oxidation state of Ca®* and P>* in HAp
(Ca;9(PO4)s(OH),) [27-29].
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In vitro cytotoxicity and cell proliferation assay

In vitro cytotoxicity of the newly synthesized nanohybrids
were examined on osteoblast-like MG 63 cell line (obtained
from NCCS, Pune, India) using MTT (3-4, 5-
dimethylthiazole-2-yl, 2,5-diphenyl tetrazolium bromide) as-
say [18, 30]. In briefly, about 10,000 cells per well were seed-
ed on 96 well plates and different concentrations of
nanohybrids viz., 7.8, 15.6, 31.2, 62.5, 125, 250, 500 and
1000 pg/mL was treated for 24 to 72 h. Results were obtained
from repeating the experiment for two times and the percent-
age of cell death was also assessed. Further, the morphological
assessment of cells were performed using osteoblast-like MG
63 cells i.e. cell lines were treated with 31.2, 62.5, 125 and
1000 pg/mL concentrations of nanohybrids followed by incu-
bation for 24 h. After the incubation period, morphological
changes were analyzed under optical microscopy.

The percentages of cell viability of all the CNTs-dendrimer
nanohybrids were plotted against with different concentra-
tions as shown in Fig. 16. The obtained cell viability was
compared with control (cells without addition of sample)

and which taken as 100%. As shown in Fig. 16, MTT assay
was conducted to determine the viability of osteoblast-like
MG 63 cell lines treated with different concentrations of
nanohybrids and the obtained results indicates that
nanohybrids did not show potent cell growth inhibitory effect
on MG 63 cells. Specifically, different concentrations of
CNTs-PAMAM(G3)-HAp induced merely less than 10% cell
death even at 1000 pg/ml. Therefore, this experiment proved
that nanohybrids do not induce any significant toxic property
to osteoblast-like MG 63 cells. The more abundant of NH,
groups present in PAMAM structure can easily form co-
ordination bond with hydroxyapatite [31, 32]. Therefore, the
abundant hydroxyapatite highly interacts with cell membrane
and induces cells growth. In addition, to prove the non-toxic
property of nanohybrids on osteoblast-like MG 63 cell, differ-
ent concentration of nanohybrids were incubated. After incu-
bation, morphological changes of osteoblast-like MG 63 cell
were evaluated microscopically. Interestingly, MG 63 cell did
not induce any cell death as shown in the representative opti-
cal microscopic images of CNTs-PAMAM(G3)-HAp
nanohybrid (Fig. 17). Based on Fig. 17, it is observed that
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Fig. 16 MTT assay for (a) CNTs-PAMAM(G1)-HAp (b) CNTs-PAMAM(G2)-HAp and (c) CNTs-PAMAM(G3)-HAp on osteoblast-like MG 63 cells
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Fig. 17 Optical microscopy of CNTs-PAMAM(G3)-HAp on osteoblast-like MG 63 cells (a) control, (b) 1000 png/mL, (c) 125 pg/mL, (d) 62.5 ug/mL
and (e) 31.2 pg/mL
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the nanohybrids are not induced any morphological changes
or cell death on osteoblast-like MG 63 cells.

To verify the biocompatibility of the nanohybrids and their
precursors (CNTs and HAp), the MTT cell viability assay was
extended for three more days and the corresponding bar dia-
grams are shown in Figs. 18 and 19, respectively. The Pristine-
MWCNTs (Fig. 18a) showed comparably low % of cell via-
bility and which is due to the poor processability and
dispersibility of CNTs with solvents [9]. Specifically, the high
aspect ratio and strong van der Waals interactions between
CNTs facilitate the lack of chemical affinity to aqueous and
organic solvents and which produce poor reactivity with cell
membrane. Even though, HAp resembles the inorganic com-
ponent of bone, it exhibits low % of cell viability in Fig. 18b.
Of course, HAp is highly biocompatible, biodegradable and
osteoconductive material [3], but, the brittle nature and poor
mechanical properties of inorganic bioactive materials cannot
match with natural bone. Whereas, in Fig. 19, all the
nanohybrids exhibit enhanced cell viability. Particularly, the
nanohybrids derived from PAMAM(G3) matrix showed
higher activity in cell growth than remaining hybrids and
which was due to the fact that the Ca®* ions located on the
terminated surface of HAp crystals have coordination number

seven, which are strictly held in the structure. Therefore, there
is a possibility to form coordination bonds between the -NH,
of PAMAM and Ca”* of hydroxyapatite.

The biosafety of the materials (viz., CNTs, dendrimer and
HAp) used in this research was confirmed with previous re-
ports. There are wide varieties of research reported the clinical
advantages of dendrimers such as safety, easy to handle and
ease of mass production. For example, Pan Bifeng, et al., stated
that the nanoparticles combined with dendrimer molecules can
enhance the stability and dispersibility of the nanoparticles [5,
10, 14]. They have also reported that the combination of den-
drimer and CNTs can suppress the cytotoxicity of CNTs and
enhances the efficiency of the nanohybrids by facilitating the
excellent physical, chemical and mechanical properties of
CNTs to enter into the cytoplasm of the target cells. In addition,
the average size of inorganic building blocks of bone was 20—
40 nm, hence the synthesized hydroxyapatite with 20-40 nm
size found in this research can enhance the biomineral forma-
tion [33]. Also, the nano-sized HAp showed greater activity in
biomedical applications than larger-sized HAp particles [34].
Hence, the newly synthesized nanosize hydroxyapatite and its
nanoeffects are also played a vital role to achieve a selective
uptake and proliferation in osteoblast like MG 63 cells.
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Fig. 19 MTT bar graph of (a) CNTs-PAMAM(G1)-HAp, (b) CNTs-PAMAM(G2)-HAp (c) CNTs-PAMAM(G3)-HAp on osteoblast-like MG 63 cells
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Conclusion

Three different types of nanohybrids were synthesized by in-
dividual functionalization of PAMAM(G1), PAMAM(G2)
and PAMAM(G3) dendrimers onto CNTs-COOH followed
by the deposition of HAp. The structural and morphological
behaviors of the obtained nanohybrids were investigated by
spectroscopic and microscopic analyses. The in vitro cytotox-
icity and cell proliferation was examined through osteoblast-
like MG 63 cells using MTT assay. The dendrimer with higher
generation number influences the cell proliferation and the
order of reactivity was found as PAMAM(G3) >

PAMAM(G2) > PAMAM(G1). The existence of more num-
ber of NH, groups in PAMAM(G3) can attract more number
of HAp molecules onto their surface and the smaller size of
the HAp particles facilities the cell growth even at higher
concentration of nanohybrids applied for cell line studies.
Hence the newly fabricated nanohybrids are promising candi-
dates for bone tissue engineering applications in near future.
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