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Fluorescent-magnetic iron oxide coated fluoridated HAp/Ln®>* (Ln=Eu or Tb) nanocomposites were
prepared for cellular imaging.
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Fluorescent-magnetic iron oxide coated fluoridated HAp/Ln** magnetite tiny particles with high surface energy, which were
(Ln=Eu or Tb) nanocomposites were prepared. After so preferentially adsorbed onto the surface of FHAp/ Eu*(or Tb*)
transforming hydrophobic fluoridated HAp/Ln®*" nanorods nanorods. Due to the interaction of van der Waals forces and
into hydrophilic ones, iron oxide particles were coated on the magnetic dipole, these magnetite tiny particles can grow slightly.
their surface via thermal decomposition of Fe(acac)s. Once these magnetite tiny particles grew to reach a critical size,
Fluorescent-magnetic nanocomposites developed in this study they were stabilized with TEG. Consequently, iron oxide particles
demonstrate excellent fluorescent-magnetic properties and ~ Were decorating on the surface of FHAp/ Eu®" (or Tb™) nanorods
prominent biocompatibility. to form nanocomposites.

Fluorescent-magnetic nanocomposites can be used widely for a

great deal of biological areas.® It is well known that ¢¢¢§
hydroxyapatite (HAp) is the main inorganic component of bones Hydrating . R Cetlutarimaging 1, y ,’l
and teeth of humans and animals; therefore HAp has excellent : 2 ' i
. - . S 10-21 . Nanocompostie Iz (A
biocompatibility and biodegradability. In 2012, Hui et al. (R
exploited a hydrothermal approach to dope rare earth with
fluorine ions to fabricate fluoridated HAp nanocrystals with ° o 0
excellent luminescent properties and high biocompatibility.? asEirans | Oucsn PUCHFIZ 1o Newowoss G
Therefore, Ln*" ion doped HAp nanoparticles are quite suitable to Fig. 1 Scheme showing the synthesis of iron oxide coated FHAp/ Eu®* (or
- - - - . 3+ . . . .
fabricate fluorescent-magnetic nanocomposites for biological ¢ Tb™) nanocomposites and their used for cell imaging.

applications.?

In this study, new fluorescent-magnetic nanocomposites were
prepared through coating iron oxide on the surface of fluoridated
HAp (FHAp)/Ln*" nanorods. Briefly, hydrophobic FHAp/Eu®*
(or Th*) nanorods were firstly fabricated. Next, a surfactant of
Pluronic F127 was adopted to convert hydrophobic FHAp/Eu®*
(or Tb*) nanorods into hydrophilic ones. Furthermore,
fluorescent-magnetic nanocomposites of iron oxide coated
FHAp/EU® (or Tb®") nanorods were fabricated through thermal
decomposition of Iron (Ill) acetylacetonate (Fe(acac)s) in
triethylene glycol (TEG) on the surface of FHAp/EU®* (or Th*")
nanorods. Moreover, the experiments about characterization,
photoluminescence and magnetic of nanocomposites were carried
out. Finally, the in vitro cytotoxicity and cellular imaging of
nanocomposites were investigated. The findings in this study
demonstrated that nanocomposites developed in this study show
unique  fluorescent-magnetic ~ properties and  excellent
biocompatibility.

As described in the experimental section, thermal decomposition
of Fe(acac); was adopted to fabricated nanocomposites. Figure 1
presents the detailed scheme about the preparation of
nanocomposites for cellular imaging. It was reported that the
formational mechanism of iron oxide coated FHAp/ Eu** (or Tb*")
nanocomposites was speculated as following.?> 2 After Fe(acac),
were decomposed, some of them were reduced by TEG into

Figure 2a illustrates the transmission electron microscopy (TEM)
images of hydrophobic FHAp/ Eu®* nanorods. It can be noticed in
figure 1a that hydrophobic nanorods are a well-defined rod shape
with homogeneously distributed around 150 nm in length.
Furthermore, the surfactant of Pluronic F127 was used to modify
the surface of hydrophobic FHAp/ Eu® nanorods in order to
transform hydrophobic nanorods into hydrophilic ones. As shown
in figure 2b, hydrophilic FHAp/ Eu®* nanorods are still keep good
rod shape with uniform in size, which indicate that the surface
modification of hydrophobic FHAp/ Eu** nanorods with Pluronic
F127 did not seem to cause morphological changes. Moreover,
The TEM images of three nanocomposites at different mass ratio
of FHAp/EUW®* nanorods and iron oxide (5:1, 2:1 and 1:1)
fabricated under same experimental conditions were shown in
figure 2c, 2d, and 2e, respectively. High resolution transmission
electron microscopy (HRTEM) image shown in figure 2f further
reveals obviously that the successful decoration of iron oxide on
the surface of FHAp/ Eu®* nanorods. Interestingly, as shown in
figure 2f, these tiny iron oxide particles on the surface of
s0 nanocomposite were distributed uniformly.
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Fig. 2 a) TEM images of hydrophobic FHAp/ Eu®>* nanorods; b) TEM
images of hydrophilic FHAp/ Eu®* nanorods; c), d) and e) TEM images of
nanocomposite at different mass ratio of FHAp/Eu3+ nanorods and iron
oxide (5:1, 2:1 and 1:1); f) a high resolution TEM image of 10-Eu-FHAp

(FHAp/ Eu*": 10 = 2:1)

Figure 3 shown XRD pattern of the 10-Eu-FHAp (FHAp/Eu®":
10 = 2:1).This XRD displays that there is only FHAp/Eu** and
iron oxide appeared in the final products, which confirmed that
iron oxide has been successfully decorated on the surface of
FHAp/Eu** nanorods.
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Fig.3 XRD pattern of the I0-Eu-FHAp (FHAp/ Eu’": 10 = 2:1).

It was shown in figure 4a) the emission spectrum of the 10-Eu-

15 FHAp (FHAp/ Eu®: 10 = 2:1) in water at 405 nm excitation and

b) emission spectrum of 10-Tb-FHAp (FHAp/ Tb*: 10 = 2:1) in
water at 488 nm excitation. From this figure, it can be seen that
the main emission peaks appear in 674 nm for 10-Eu-FHAp and
539 nm for 10-Tb-FHAp, respectively. Importantly, these

20 nanorods kept well stable so that strong fluorescence could still

be detected after stored about a month. Above findings implied
these nanocomposites have excellent luminescent properties and
stable in aqueous solutions, which are suitable for cellular
imaging.
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Fig.4 a) The emission spectrum of the 10-Eu-FHAp (FHAp/ Eu®": 10 = 2:1)

in water at 405 nm excitation; b) the emission spectrum of 10-Th-FHAp
(FHAp/ Tb**: 10 = 2:1) in water at 488 nm excitation.
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Iron oxide particles were coated on the surface of FHAp/Ln*
nanorods to enable them magnetic. A vibrating sample
magneretomet (VSM) was used to analyze the magnetic
properties of nanocomposites. Figure 5 illustrated room-
temperature hysteresis curve of the 10-Eu-FHAp (FHAp/EU®': 10
= 2:1). The amount of magnetization of nanocomposites was
shown against the varying magnetic field. The saturation
magnetizations were determined to be 4.8 emu/g of iron oxide for
nanocomposites, which indicate that the supraparamagnetic
property of the iron oxide particles in the nanocomposites is
remain, which makes these nanocomposites be promising tools
for the current and potential biomedical applications such as
biological imaging, cell tracking, magnetic bioseparation, and so
on.
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Fig.5 Room-temperature hysteresis curve of the 10-Eu-FHAp (FHAp/Eu3+:
10 =2:1).

In order to apply I0-Ln-FHAp for biological field, their
cytotoxicity must be examed using CCK-8 assay. It is shown in
Figure 6 that for A549 cells incubated with 10-Ln-FHAp (FHAp/
Ln*: 10 = 2:1) at 0, 20, 40, 80, 150 and 300 pg mL*
nanocomposites concentration for 8 h and 24 h, the resulting of
cell viability displays low cytotoxicity of nanocompositions to
A549 cells. Their cell viability values were still greater than 90%
even at 300 pg mL™ of nanocomposites concentration, which
further confirms the low toxicity of nanocomposites. These
nanocompositions should thus be promising tools for various
biological applictions.
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Fig.6 CCK-8 assay of A549 cells cultured at different nanocomposites
concentrations with: a) 10-Eu-FHAp (FHAp/ Eu’: 10 = 2:1) for 8 h; b) 10-
Th-FHAp (FHAp/ Tb>*: 10 = 2:1) for 8 h; c) 10-Eu-FHAp (FHAp/ Eu®": 10 =

5 2:1) for 24 h; d) 10-Th-FHAp (FHAp/ Tb**: 10 = 2:1) for 24 h.

10-Ln-FHAp applied for cellular imaging were examined to
demonstrate the penetration of the nanocomposites into the cells
with CLSM. In figure 7, the images in figure 7B obtained from
the red channel which demonstrates the red fluorescence of 10-
1 Eu-FHAp (FHAp/ Eu®: 10 = 2:1); the images in figure 7E
obtained from the green channel which shows the green
fluorescence of 10-Th-FHAp (FHAp/ Tb*: 10 = 2:1). It can be
seen in figure 7 that the nanocomposites were internalized in the
cytoplasm around cell nucleus, which confirms nanocomposites
15 can be used efficiently for cellular imaging.

- _. P
Fig.7 CLSM images of A549 cells after 4 h incubation in medium with 250
pg mL™ nanocomposites: A-C) I0-Eu-FHAp (FHAp/ Eu®": 10 = 2:1); D-F) lO-
Th-FHAp (FHAp/ T*: 10 = 2:1). Left column show bright fields; B) red
20 fluorescent image excited at 405 nm; E) green fluorescent image excited
at 488 nm; images in right column obtained by combination of the left
and middle column. Scale bar = 20 um.

Conclusions

10-Ln-FHAp with fluoresce and magnetism were successfully
25 developed in this study through thermal decomposition of
Fe(acac); in triethylene glycol (TEG) on the surface of
FHAp/Ln** nanorods. These ‘two-in-one’ fluorescent-magnetic
nanocomposites demonstrate excellent biocompatibility and the
properties of photoluminescence and magnetic, which enable

30 them be utilized in various biological fields. It can be expected in
the future that these nanocomposites fabricated in this study will
play import roles in biological applications.
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