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A B S T R A C T   

Bone-targeted polymeric nanoparticles for alendronate delivery based on Poly (lactic-co-glycolic acid) conju
gated chitosan (CS-PLGA) and alendronate conjugated PLGA (Alen-PLGA) are fabricated and their superior 
performances are evaluated. The nanoparticles exhibited sustained Alen release without obvious burst release 
and good cytocompatibility against MC3T3 cells. Alen-modified nanoparticles demonstrated a high affinity to 
hydroxyapatite, which is the main mineral component of bone, indicating their feasibility for bone-targeted 
delivery. In addition, unlike nanoparticles without Alen, Alen-modified nanoparticles were preferentially 
taken up by MC3T3 cells, compared to HDF cells, revealing their specific uptake for osteoblast-like cells. Thus, 
the Alen-modified nanoparticles can potentially be developed as bone-targeted carriers for osteoporosis 
treatment.   

1. Introduction 

Osteoporosis is one of the most common metabolic disorders char
acterized by loss of bone mass and strength, which can significantly 
increase the potential of skeletal fractures and deterioration of bone 
microstructure, leading to serious secondary health problems and even 
death [1–4]. Current therapeutic approaches for osteoporosis treatment 
mainly rely on medication such as bisphosphonates (alendronate and 
zoledronate) and hormone (estrogen and calcitonin) [5–8]. Among 
them, alendronate (Alen) is an active molecule with well-proven efficacy 
indicated as first-line regimen for osteoporosis treatment [9,10]. Alen 
can prevent bone resorption and enhance the osteogenic differentiation 
[11,12]. However, the clinical use of Alen was limited due to its low oral 
bioavailability (only 0.7%) and numerous side effects related to the 
gastrointestinal tract [13]. 

Recently, multifunctional nanoparticles have been developed for the 
effective treatment of osteoporosis, and targeted drug delivery is 
considered a promising system to minimize the side effects and enhance 
the bioavailability [14–16]. For bone-targeted drug delivery, 
bisphosphonate, tetracycline and phytic acid are well-known functional 
ligands [17,18]. Among them, Alen is widely employed in the fabrica
tion of bone-targeted drug carriers due to its high affinity to bone tissue 
as well as its therapeutic effects on bone diseases [19]. Ahn et al. 
developed Alen-conjugated nanodiamonds (Alen-NDs) as potential 
therapeutic agents for osteoporosis treatment [2]. Alen-NDs can reduce 
the proliferation rate of MC3T3-E1 cells without cell death, and change 
the cellular morphology from a fibroblastic shape to a cuboidal shape, 
demonstrating superior performance on osteogenic differentiation. Ye 
et al. synthesized bone-targeted near-infrared light and upconversion 
nanoparticles based on mesoporous-silica for the treatment of 
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osteoporosis [5]. This nanoplatform showed reliable bone-targeting 
properties due to the Alen modification, and demonstrated a favorable 
curative effect of reversing osteoporosis due to the controllable release 
of NO in the bone tissue. 

In this work, we designed Alen-modified nanoparticles based on CS- 
PLGA conjugate and Alen-conjugated PLGA (Alen-PLGA). Chitosan (CS) 
is a natural cationic polysaccharide with excellent biocompatibility and 
biodegradability, which has a variety of pharmaceutical uses and is 
widely used in drug delivery system [20,21]. On the other hand, Poly 
(lactic-co-glycolic acid) (PLGA) is one of the most widely used polymers 
for drug delivery in human and has been approved by United 
States-Food and Drug Administration, European Medicine Agency and 
other federal agencies, due to its biodegradability, biocompatibility and 
immune neutral properties [22,23]. Hence, CS-PLGA conjugate with 
merits of both CS and PLGA was synthesized for better drug delivery 
promises. Alen was selected as an anti-osteoporosis model drug as well 
as a bone-targeting ligand to modify PLGA. Thus, CS-PLGA/Alen-PLGA 
nanoparticles were prepared and their potential for bone-targeted de
livery was evaluated. 

2. Experimental part 

2.1. Materials 

PLGA (lactide:glycolide 75:25; MW~9500, Dalian Meilun Biotech
nology Co., Ltd), CS (75% deacetylation, MW ~100 kDa, Ningbo Haixin 
Biological Co.), N-hydroxysuccinimide (NHS, Quzhou Xinteng Chemical 
Co., Ltd), alendronate (Alen, Hewns Technology Co., Ltd), N-Ethyl-N’- 
(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC⋅HCl, Sino
pharm Chemical Reagent Co., Ltd), fluorescein isothiocyanate isomer I 
(FITC, Macklin Biochemical Co., Ltd), nano hydroxyapatite (HAp, 
Macklin), Rhodamine B (RB, Shanghai Yuanye Bio-Technology Co., 
Ltd.). 

2.2. Synthesis of PLGA conjugated CS (CS-PLGA) 

The synthesis of CS-PLGA was according to our previous work [24]. 
Briefly, PLGA (0.2 g, 0.02 mmol), EDC⋅HCl (14.8 mg, 0.07 mmol) and 
NHS (6.1 mg, 0.053 mmol) were dissolved in 35 mL dimethyl sulfoxide 
and stirred at room temperature for 2 h. Then, the mixture was added to 
0.2 g CS (1.24 mmol) dissolved in 10 mL acetum (10%) and stirred for 
another 24 h. Subsequently, the mixture was dialyzed against distilled 
water using a dialysis tube (MWCO: 8–14 kDa, Yuanye Bio-Technology 
Co., Ltd) for three days, and the residue was freeze-dried to harvest 
white cotton-like product (yield 89.4%). The degree of substitution (DS) 
of CS with PLGA was 1.92% determined using elemental analysis by 
comparing the carbon/nitrogen (C/N) molar ratio [25,26]. 

RB-labeled CS-PLGA (RB–CS–PLGA) was synthesized [27] for 
nanoparticle preparation in the cellular uptake and HAp affinity test. In 
brief, RB (16 mg, 0.0344 mmol), EDC (20.5 mg, 0.0107 mmol) and 
DMAP (0.9 mg, 0.0074 mmol) were dissolved in 4 mL distilled water and 
stirred of 0.5 h at 37 ◦C. Then, the mixture was added to CS-PLGA so
lution (160 mg dissolved in 16 mL 10% acetum) and stirred for another 
24 h in dark. Subsequently, the reaction mixture was dialyzed against 
distilled water, and the residue was freeze-dried to harvest pink 
cotton-like product (yield 77.6%). 

2.3. Synthesis of alendronate modified PLGA (Alen-PLGA) 

The synthesis of Alen-PLGA was according to previous work [28]. 
Briefly, 32.5 mg Alen (0.1 mmol) was dissolved in 5 mL acetum (10%) 
and then freeze-dried to obtain acidulated Alen. PLGA (0.4 g, 0.04 
mmol), EDC⋅HCl (29.6 mg, 0.155 mmol) and NHS (12.2 mg, 0.106 
mmol) were dissolved in 4 mL dimethyl sulfoxide and dichloromethane 
mixed solution (v/v, 1:1) and stirred at room temperature for 2 h. To 
this, acidulated Alen dispersed in 1 mL dimethyl sulfoxide was added 

slowly under stirring. After another 24 h reaction, the dichloromethane 
was removed by rotary evaporation and then dialyzed against distilled 
water using a dialysis tube (MWCO: 3500 Da) for three days. The residue 
was freeze-dried to harvest white powder product (yield 86.9%). 

2.4. Preparation of Alen-loaded nanoparticles 

Nanoparticles was prepared according to a similar procedure re
ported [13], and FITC labeled Alen (FITC-Alen) (synthesized according 
to our previous work [24]) was used for quantitative analysis. In brief, 
4.5 mg FITC-Alen dispersed in 1% PVA solution was added to a right 
amount of CS-PLGA solution (5 mg mL− 1 in 10% acetum) and stirred 
under room temperature in dark for 10 min. Subsequently, PLGA-Alen 
solution (5 mg mL− 1 in dichloromethane) was added to the 
CS-PLGA/FITC-Alen mixture and ultrasonicated for 15 min using an 
ultrasonic processor (JY92-IIN, power 25%). The dichloromethane was 
removed by rotary evaporation, and then the product was collected by 
centrifugation (12000 r/min) and washed using distilled water. The 
unloaded FITC-Alen in the supernatant was detected by fluorescence 
spectrophotometer. The loading content (LC) and loading efficiency (LE) 
of alendronate was calculated using the following formula: 

LC(%)=
The fed amount of Alen − The amount of Alen in supernatant

The amount of Alen − loaded nanoparticles
× 100%  

LE(%)=
The fed amount of Alen − The amount of Alen in supernatant

The fed amount of Alen
× 100% 

For empty nanoparticles without Alen-loading, PVA solution not 
containing FITC-Alen was used in the preparation process. For empty 
nanoparticles without Alen-decoration used in the HAp affinity test, 
PLGA instead of PLGA-Alen was used in the preparation process. Five 
different nanoparticle formulas were prepared by altering the feeding 
volume, as shown in Table 1. 

2.5. Characterization 

Infrared spectroscopy and 1H NMR analysis of the synthesized sam
ple were performed on Nicolet 6700 Fourier infrared spectrometer 
(Thermo Nicolet. USA) and Bruker AMX 400 MHz spectrometer (Bruker 
Swiss), respectively. The morphology, particulate size and surface 
charged of the prepared nanoparticles were detected by scanning elec
tron microscopy (SEM) (Nova Nano SEM 450, FEI. USA) and Mastersizer 
(Malvern Zana ZS 90, US), respectively. 

2.6. In vitro drug release 

The drug release of Alen from nanoparticles was studied in vitro by 
dialysis method, and Phosphate Buffer Saline (PBS) at pH 7.4 was used 
as the release medium. Briefly, 3 mg Alen-loaded nanoparticles were 
dispersed in 1 mL PBS, and then transferred to a dialysis tube (MW 8–14 
kDa). The dialysis tube was immersed into a brown vial containing 10 
mL PBS and incubated at 37 ◦C in a thermostat water bath in dark. 2 mL 
of the release medium was taken out for fluorescence test at previous set 
timepoint, and 2 mL fresh PBS was supplemented to maintain the 
volume. 

2.7. Cytotoxicity test 

The cytotoxicity of the nanoparticles against MC3T3 cells was 
assessed by CCK-8 assay. In brief, 8 × 103 cells were seeded in 96-well 
plate, and 100 μL DMEM containing 10% fetal bovine serum was 
added. The cells were cultured in an incubator at 37 ◦C under 5% CO2 for 
24 h, and then the DMEM of each well was discarded and replaced with 

C. Jing et al.                                                                                                                                                                                                                                     



Polymer Testing 110 (2022) 107584

3

equal volume of medium containing different concentration of nano
particles (10–1000 μg mL− 1). After another 24 h of incubation, the 
culture medium was removed and the wells were washed gently using 
PBS three times. Subsequently, 100 μL DMEM containing 10 μL CCK-8 
solution was added, and the optical density of each well was recorded 
using a microplate reader after 2 h incubation. 

2.8. Cellular uptake 

HDF and MC3T3 cells were applied in the cellular uptake test. 1 ×
104 cells were seeded in 24-well plate and cultured in DMEM supple
mented with 10% fetal bovine serum. After 24 h incubation, the culture 
medium was removed and replaced with equal volume of medium 
containing nanoparticles (50 μg mL− 1). At predetermined time (3 and 
24 h), each well was washed gently using PBS to remove the nano
particles that were not taken by cells. The amount of cellular uptake was 
quantitated using a similar method reported in previous [17]. 200 μL 
HCl was added to each well to solubilize the cells for 24 h, and then the 
solution was transferred to a 96-well plate for the measurement of 
nanoparticles using a microplate reader at 533 nm. The amount of 
cellular uptake was defined as the optical density of nanoparticles 
divided the number of cells (measured by CCK-8). In addition, HDF and 
MC3T3 cells treated with nanoparticles were washed three times with 
PBS and then fixed in 4% paraformaldehyde for 3 h. After washing three 
times with PBS, cell nuclei were stained with 4-6-diamidino-2-phenylin
dole (DAPI), and the cell morphology was observed under a Leica TCS 
SP5 II laser confocal microscope. 

2.9. Affinity of nanoparticles to HAp 

For the HAp affinity test, RB-labeled empty nanoparticles with or 
without Alen-decoration were used, and nano hydroxyapatites were 
compressed to Hap disks (d = 1 cm, 100 mg/disk). In brief, 4 mL 
nanoparticle dispersion (1 mg mL− 1 in 0.9% NaCl) was added in a brown 
vial containing one HAp disk and incubated in dark under shaking for 
0.5 h, 2 h and 18 h, respectively. The optical density of nanoparticle 
dispersion was recorded at 553 nm, and the binding ratio of nano
particles to HAp was defined as the percentage of optical density 
reduction at 553 nm [24]. The HAp disks were washed using distilled 
water and then observed under a Leica TCS SP5 II laser confocal 
microscope. 

2.10. Statistics 

Statistical comparisons were accessed by variance analysis 
(ANOVA), and statistical significance was accepted at p < 0.05. 

3. Results and discussion 

3.1. Synthesis of CS-PLGA and Alen-PLGA 

CS-PLGA and Alen-PLGA were synthesized though the amidation 
reaction between carboxyl group in PLGA and amino group in GC or 

Alen. The synthetic routes are illustrated in Scheme 1A and 1B, and the 
chemical structure was confirmed by FTIR and 1H NMR spectrum. As 
shown in the FTIR spectrum of CS-PLGA (Fig. 1A), the broad absorption 
band between 3000 and 3600 cm− 1 was due to O–H stretch super
imposed on N–H stretch of CS, and the peaks at 1582 and 1645 cm− 1 

represented the vibration of amide I and amide II bands of CS [29,30]. 
The peak at 1746 cm− 1 represented the presence of C––O group of amide 
[20,31]. In the 1H NMR spectrum of CS-PLGA (Fig. 2A), the broad peak 
at approximately δ 3.6 was assigned to the protons on methoxy groups 
(–CH2–O-) of the CS unit [32,33], and peaks at approximately δ 1.45 
(overlapping doublets) indicated the methyl groups lactic units in PLGA, 
and multiplets at δ 4.8 and 5.2 were corresponded to the methylene 
groups of glycolic acid and methine groups of lactic acid residues, 
respectively [24,34]. All the results showed that PLGA was successfully 
conjugated to CS. 

In the FTIR spectrum of Alen-PLGA (Fig. 1B), the peak at 3565 cm− 1 

was attributed to O–H stretch from Alen, and the broad absorption band 
at 3100-3450 cm− 1 was assigned to N–H stretch of amide (–CO–NH) 
bond [6]. Compared to the spectrum of Alen, peaks at 1601 and 1645 
cm− 1 assigned to the N–H bend became much weaker in Alen-PLGA, 
suggesting the substitution of –NH2 group in Alen and the conjugation 
of PLGA and Alen. Peaks at 2963 and 2877 cm− 1 could be attributed to 
presence of C–H stretching, and the peak at 1746 cm− 1 represented the 
presence of C––O group of amide, and the peak at 1078 cm− 1 inferred 
the presence of C–O of PLGA [22]. The 1H NMR spectrum of Alen was 
characterized mainly by two broad peaks at δ 3.0 and 2.0 (Fig. 2B), 
which were owing to the protons on methylene groups of –NH–CH2- and 
–CH2-CH2-, respectively [6,28]. In the 1H NMR spectrum of Alen-PLGA 
(Fig. 2C), the typical signals at approximately δ 1.45 (overlapping 
doublets) were owing to the methyl groups of lactic units in PLGA, and 
the multiplets at δ 4.8 were corresponding to the methylene groups of 
glycolic acid, and the peaks at approximately δ 5.2 were owing to the 
methine groups of lactic acid residues in PLGA [20,35]. In addition, the 
presence of Alen was confirmed by the small broad peaks at δ 3.2 and 
2.2, indicating the successful synthesis of Alen-PLGA conjugation. 
Enlargement and integral of the diagnostic signals enabled calculation of 
the degree of substitution of Alen in the PLGA backbone, giving a mean 
conjugation yield of 49.6%. 

3.2. Characterization of nanoparticles 

Fig. 3A showed the SEM images of nanoparticles prepared by 
different feed ratios. The nanoparticles have regular spherical 
morphology with a diameter of 200–300 nm. Table 2 showed the hy
drodynamic diameter and zeta potential of the nanoparticles. As shown 
in Fig. 3B, the nanoparticles had a Gaussian distribution in particle size, 
and the particles size had a slightly increase with the increase of Alen- 
PLGA ratio when the overall polymer amount was kept constant. The 
average size of nanoparticles was 209.7 ± 15.5, 237 ± 9.5 and 256.5 ±
4.6 nm for NP1, NP2 and NP3, respectively. The relative stability of 
nanoparticles was evaluated by incubating the nanoparticles in PBS for 
82 h, and the particle sizes were measured using DLS at intervals. As 
shown in Fig. 3C, the particle size had a slight fluctuation during the 

Table 1 
The formulations of 5 different nanoparticles.  

Sample Volume of CS-PLGA 
solution (mL) 

Volume of Alen-PLGA 
solution (mL) 

Volume of 1% PVA 
solution (mL) 

Volume of RB–CS–PLGA 
solution (mL) 

Volume of PLGA 
solution (mL) 

Ratio of 
CS- 
PLGA 
to Alen- 
PLGA 

Ratio of oil to 
water phase 

NP1 2 1 1.5 – – 2:1 2/7 
NP2 1.5 1.5 3.75 – – 1:1 2/7 
NP3 1 2 6 – – 1:2 2/7 
NP4 0 1.5 3.75 1.5 – 1:1 2/7 
NP5 0 – 3.75 1.5 1.5 1:1 2/7  
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incubation time at room temperature, and this may be caused by the 
drug release and swelling of the polymeric nanoparticles. The surface 
charge of nanoparticles was indicated by zeta potential. The surface 
charge of the nanoparticles decreased with the increase of Alen-PLGA 
amount in the nanoparticles. As shown in Table 2, when the CS- 
PLGA/Alen-PLGA ratio was 2:1 (NP1) and 1:1(NP2), the nanoparticles 

had positively-charged surfaces, and when the ratio CS-PLGA/PLGA- 
Alen was 1:2 (NP3), the surface of nanoparticles was negatively 
charged. Since chitosan contributes positive charges to the nanoparticle 
due to the protonation of amino groups, and Alen contributes negative 
charges to the nanoparticle due to the ionization of phosphate groups, 
the negative charged surface of NP3 indicated that the bone-targeted 

Scheme 1. Illustrative synthesis of CS-PLGA (A), Alen-PLGA (B), and Alen-modified nanoparticles for bone-targeted delivery (C).  

Fig. 1. (A) FTIR spectra of CS, PLGA and CS-PLGA. (B) FTIR spectra of Alen, PLGA and Alen-PLGA.  
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moiety (Alen) was partly distributed on the surface of nanoparticles, 
which is very important for the bone-targeting capability of 
nanoparticles. 

3.3. In vitro drug release 

As shown in Fig. 3D, Alen indicated sustained release from the 

nanoparticles without obvious initial burst release. Nanoparticles with 
different formulate had different release profile. The release rate of Alen 
increased with the increase amount of Alen-PLGA in the nanoparticles. 
Within 72 h of observation, 28.8, 32.9 and 52.2% of Alen was release 
from NP1, NP2 and NP3, respectively. The faster drug release of NP3 
than that of NP2 and NP1 may be caused by the larger hydrodynamic 
diameter of NP3 than that of NP2 and NP1. The particles size increased 

Fig. 2. 1H NMR spectra of CS-PLGA (A), Alen (B) and Alen-PLGA (C).  

Fig. 3. (A) SEM images of nanoparticles with different polymer ratio. Size distribution (B), variation of particle size with time (C) and drug release profile (D) of 
different nanoparticles. Scale bar is 500 nm. 
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slightly with the increase of Alen-PLGA ratio when the overall polymer 
amount was kept constant (Fig. 3B), suggesting that NP3 has a looser 
structure than NP2 and NP1, thus facilitating the drug release. In 
addition, NP3 gave a larger hydrodynamic diameter than NP2 and NP1 
during the incubation time in the particle stability test (Fig. 3C), indi
cating that the swelling degree of NP3 was larger than that of NP2 and 
NP1, which also resulted in the faster drug release. The drug release 
kinetics could be described using the Ritger-Peppas equation ( Mt

M∞
=

ktn), where Mt/M∞ is the percentage of drug released at time t, and n is 
the diffusion correlation coefficient [13]. Results showed that these 
three nanoparticles formulation demonstrated similar release kinetics, 
and the calculated n values based on the release profile (Fig. 3D) were 
0.39, 0.40 and 0.43 for NP1, NP2 and NP3, respectively, suggesting that 
the drug release follows the Fickian diffusion mechanism. 

3.4. Cytotoxicity of nanoparticles 

The cytotoxicity of nanoparticles was accessed by CCK-8 assay. 
Fig. 4A showed the cell viability of MC3T3 cells incubated with 

nanoparticles at different concentrations (10–1000 μg mL− 1) for 24 h. 
Results showed that the cell viability was higher than 95% at all 
experimental concentration, indicating that the nanoparticles had no 
obvious cytotoxicity to MC3T3 cells and had good biocompatibility, 
which is suitable for the osteoporotic treatment. The cell viability 
increased over 100% at high nanoparticle concentrations (1000 μg 
mL− 1) in Fig. 4 could be an effect of the physical presence of particles, 
which increased the surface area available for cell growth [36]. Ac
cording to previous report, the provision of a biocompatible environ
ment in the vicinity of small cellular clusters could result in cell 
aggregation and an increase of proliferation rate in that area [37]. 

3.5. Celluar uptake 

We further evaluated the specific cellular uptake of nanoparticles, 
and nanoparticles with or without Alen-decoration were incubated with 
HDF and MC3T3 cells for 3 and 24 h. Results showed that the amount of 
cellular uptake nanoparticles has little difference between NP4 (Alen- 
modified nanoparticles) and NP5 (nanoparticles without Alen- 
decoration) in both HDF and MC3T3 cells at 3 h, and the amount of 
cellular uptake nanoparticles increased in HDF and MC3T3 cells after 24 
h incubation (Fig. 4B). It is noted that the amount of NP4 taken up by 
MC3T3 cells was significantly larger than that by HDF, whereas the 
amount of NP5 taken up by MC3T3 and HDF cells had no significant 
difference, revealing the specific cellular uptake of Alen-modified 
nanoparticles (NP4) by MC3T3, which might be caused by the prefer
ential affinity between bisphosphonate (ex, Alen) and protein tyrosine 
phosphatases in osteoblasts [17]. 

Fig. 4C shows the confocal microscopy images of MC3T3 and HDF 
cells incubated with NP4 and NP5 for 3 h and 24 h. Very low fluores
cence was observed in both MC3T3 and HDF cells incubated with NP4 
and NP5 for 3 h, suggesting no preferential affinity between them. 
However, the fluorescence in MC3T3 cells incubated with NP4 for 24 h is 

Table 2 
Characterization of different nanoparticles.  

Sample Hydrodynamic diameter 
(nm)a 

Zeta potential 
(mV) 

LE (%) LC (%) 

NP1 209.7 ± 15.5 24.4 ± 0.5 77.2 ±
3.1 

72.3 ±
5.8 

NP2 237 ± 9.5 16.1 ± 3.5 71.3 ±
5.7 

76.4 ±
10.3 

NP3 256.5 ± 4.6 − 2.64 ± 0.6 73.1 ± 7 74.4 ±
7.3 

NP4 325.3 ± 6.1 − 1.13 ± 0.4 – – 
NP5 334.9 ± 12.7 − 1.87 ± 0.1 – –  

a Measured by DLS. 

Fig. 4. (A) Cell viability of MC3T3 cells incubated 
with nanoparticles at different concentrations for 24 
h. (B) Cellular uptake amount of NP4 (Alen-modified 
nanoparticles) and NP5 (nanoparticles without Alen- 
decoration) into HDF and MC3T3 cells after 3 and 
24 h incubations. n = 5, *p < 0.05. (C) Confocal 
microscopy images of HDF and MC3T3 cells incu
bated with NP4 and NP5 at 3 and 24 h. Nanoparticles 
were labeled using RB (red), and the cell nuclei were 
stained with DAPI (blue). (For interpretation of the 
references to colour in this figure legend, the reader is 
referred to the Web version of this article.)   
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remarkably more bright than that of other three (MC3T3 cells incubated 
with NP5, HDF cells incubated with NP4 and NP5), suggesting prefer
ential affinity of NP4 (Alen-modified nanoparticles) to MC3T3. The 
fluorescence images matched to the corresponding results in Fig. 4B. 

3.6. HAp affinity 

As drug carriers for bone-targeting delivery, the bone affinity of 
nanoparticles is a very important property. Here, we investigated the 
affinity of nanoparticles to HAp, which is the main mineral component 
of bone. Fig. 5A showed the fluorescence images of HAp disks co- 
incubated with NP4 (Alen-modified nanoparticles) and NP5 (nano
particles without Alen-decoration) at 0.5, 2 and 18 h. The fluorescence 
intensity of HAp disks increased with the incubation time, and HAp disks 
co-incubated with NP4 displayed more red fluorescence spot compared 
to that co-incubated with NP5. Quantified analysis of the fluorescence 
intensity using Image J demonstrated that the binding amount of NP4 to 
HAp disks was remarkably higher than that of NP5 at each test time 
point (Fig. 5B) including 0.5 h, which implied a rapid and stable binding 
of nanoparticles to HAp. The binding ratio of nanoparticles to HAp disks 
was also detected. As shown in Fig. 4c, the binding ratio of nanoparticles 

to HAp disks increased with the incubation time, and the binding ratio of 
NP4 to HAp disks was 17.8, 25.6 and 49.8% at 0.5, 2 and 18 h, 
respectively, which was apparently higher than that of NP5 (12.4, 20.1 
and 42.4%). The stronger affinity of Alen-modified nanoparticles to HAp 
was contributed to the specific binding of Alen and Ca2+ in HAp (the 
main minerals of bone) [24], implying that the nanoparticulate system 
was feasible for bone-targeting delivery and had potential prospect for 
osteoporosis therapy. 

4. Conclusion 

Alen-modified nanoparticles prepared by CS-PLGA and Alen-PLGA 
were developed for bone-targeted delivery. The nanoparticles have an 
average size of 200–300 nm, and sustained drug release without obvious 
burst release can be observed. CCK-8 assay showed good cytocompati
bility of the nanoparticles against MC3T3 cells. Cellular uptake of the 
nanoparticles revealed a specific cellular uptake of Alen-modified 
nanoparticles by osteoblasts (ex. MC3T3). HAp affinity test showed 
that the Alen-modified nanoparticles demonstrated a remarkable higher 
binding ratio to HAp disks than that of nanoparticles without Alen- 
decoration. Thus, this Alen-modified nanoparticle system showed 

Fig. 5. (A) Fluorescence images of HAp disks co-incubated with NP4 (Alen-modified nanoparticles) and NP5 (nanoparticles without Alen-decoration) recorded by 
CLSM. (B) Quantification analysis of nanoparticles binding to HAp disks using Image J software. (C) Binding ratio of nanoparticles to HAp disks. n = 3, *p < 0.05. 
Scar bar = 500 μm. 
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potential promise in bone-targeted delivery for osteoporosis treatment. 
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