
Contents lists available at ScienceDirect

Journal of Non-Crystalline Solids

journal homepage: www.elsevier.com/locate/jnoncrysol

Evaluation of solubility and cytotoxicity of lanthanum-doped phosphate
glasses nanoparticles for drug delivery applications

Emad El-Meliegya,⁎, Mohammad M. Faragb,⁎, Abeer M. El-Kadyb,⁎, Mervat S. Mohamedc,
Heba K. Abdelhakimc, Mona Moanessa

a Department of Refractories and Ceramics, National Research Centre, 33 El-Buhouth Str., Dokki, 12622 Cairo, Egypt
b Glass Research Department, National Research Centre, 33 El-Buhouth Str., Dokki, 12622 Cairo, Egypt
c Biochemistry Laboratory, Chemistry Department, Cairo University, Giza, Egypt

A R T I C L E I N F O

Keywords:
Phosphate glass nanoparticles
Sol-gel
Lanthanum
Glass dissolution
Drug delivery

A B S T R A C T

This paper examined the preparation and characterization of lanthanum-doped phosphate glasses nanoparticles
designed for effective management of bone regeneration and associated infections. Glasses incorporated dif-
ferent La2O3 contents (0, 5 and 10 mol%) were prepared successfully by a modified alkoxide sol-gel method.
They were encoded as P0, PL5 and PL10. Specific surface area and the total pore volume of the glasses were
found to decrease by the addition of La2O3. TEM photos showed that glasses were spherical nanoparticles and
incorporated uniform mesopores which increased in size by the increase of La2O3 contents. On the other hand,
the dissolution of glasses nanoparticles was tested in different media (distilled H2O, SBF and tris-HCl buffer). The
results showed that lanthanum-modified glasses demonstrated faster ionic release profiles of phosphate species
relative to the base glass with faster dissolution from PL5 relative to PL10 in both distilled H2O and tris-HCl
buffer. Furthermore, the possibility of using such glasses as a drug carrier was examined by loading the cipro-
floxacin onto samples and studied its release profile. A sustained drug release profile from all phosphate glasses
was achieved. Additionally, the incorporation of La2O3 in the modified glasses led to a prolonged drug release
pattern relative to the base glass.

The cytotoxicity test against BHK fibroblast cells showed that all phosphate nanoparticles were biocompa-
tible. The viability of incubated cells with PL10 was> 97% suggesting that PL10 was not toxic up to 2.5 mg
dose. However, a mild reduction of cell viability (93.3%) occurred at 5 mg, and at this dose, the cell viability
increased in the following order P0 → PL5→ PL10, as it was 80, 87.4 and 93.3%.

In conclusion, the long-term sustained pattern provided merely by the lanthanum-modified phosphate glasses
nanoparticles implied the possibility of their application for localized osteomyelitis treatment.

1. Introduction

Phosphate based glasses are known to be biodegradable in aqueous
environments besides having good biocompatibility, low toxicity and
minimal inflammatory response [1,2]. Recently, they have been eval-
uated for drug delivery applications and bone tissue engineering. They
showed highly positive and promising results [3–5]. More recently,
phosphate-based glasses have been used successfully as nerve guides
[6]. Additionally, they were widely used to deliver some antibacterial
ions (silver, zinc and copper) to treat local infections [7,8].

Lately, the biodegradation of phosphate glass particles have been
improved by the addition of some effective dopants like vanadium or
molybdenum oxides [9]. Results showed that the rate of glass dissolu-
tion was reduced via stronger hydrogen bonding with high valence

vanadium. Better surface attachment and consequent lower rate of drug
release was related to hydrogen bonding between the amino-functional
groups of vancomycin and the hydrated PeOeH groups in the glass
network [9].

Previously, La2O3 nanoparticles were prepared and characterized
[10]. The anti-bacterial activity of those nanoparticles was evaluated.
They showed positive inhibitory effect against gram-positive bacteria
such as Staphylococcus aureus [10,11]. Moreover, lanthanum calcium
manganate nanoparticles were synthesized. They had shown promising
antibacterial efficacy against Pseudomonas aeruginosa [11].

Lanthanum-containing apatite with variable lanthanum content was
prepared by solid state reaction [12]. The addition of lanthanum was
found to improve some physicochemical properties of modified apatite
such as higher thermal stability beside higher flexural strength. In
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addition, they had better biocompatibility and less cytotoxicity against
osteoblast [12]. Moreover, lanthanum-doped hydroxyapatite nanorods
were fabricated and loaded with amoxicillin [13]. The result indicated
that lanthanum addition had extended the drug release from nanorods.
Also, drug loaded lanthanum-doped hydroxyapatite showed an in-
hibitory results against both Gram positive and Gram negative bacteria
[13]. Furthermore, lanthanum substituted β-tricalcium phosphate were
developed employing the precipitation technique. The anti-bacterial
efficiency of modified β-tricalcium phosphate was confirmed against
both Staphylococcus aureus and Escherichia coli [14]. Synthesis of com-
posite materials based on hydroxyapatite and lanthanum phosphate
composite was also reported. Positive bioactivity in simulated body
fluid, alongside good biocompatibility toward osteoblasts was proved
for those composites [15]. Lanthanum incorporating hydroxyapatite
coatings on Ti substrates was carried out, and showed to improve both
the cell proliferation and osteogenic differentiation [16].

More recently, lanthanum ions have shown promising tendency to
promote the proliferation of human adipose derived mesenchymal cells
and to induce their osteogenic differentiation earlier than using a
powerful osteoinductive agent such as dexamethasone [17]. Likewise,
the osteogenic differentiation potential of lanthanum ions on both rat
osteoblasts and murine primary bone marrow stromal cells has been
confirmed [18,19]. Finally, the effect of addition of lanthanum oxide to
iron phosphate glasses have shown to improve some properties of those
glasses, such as glass transition temperature Tg, and thermal stability
[20].

According to the previous mentioned findings, the evaluation of
lanthanum-doped phosphate glasses nanoparticles might be promising
for biomedical applications. Therefore, the main aim of the present
study was the preparation and characterization of lanthanum modified
phosphate glasses nanoparticles designed to treat severe bone infection.
The effect of incorporating different lanthanum oxide contents on the in
vitro dissolution and biocompatibility of those nanoparticles was as-
sessed. The ability to use modified nanoparticles for control delivery of
ciprofloxacin was evaluated as well.

2. Materials and methods

2.1. Preparation of phosphate glasses nanoparticles

Phosphate glasses nanoparticles incorporating different lanthanum
oxide contents were prepared using a modified alkoxide sol-gel tech-
nique. The prepared glass compositions were based on the chemical
formula (La2O3)x(P2O5-CaO-Na2O)(100 − x), whereas, x was assigned a
value of 0, 5 and 10 mol%. The chemical composition of prepared glass
nanoparticles (mol%), beside their code are shown in Table 1. Also,
both [O/P] and network connectivity of samples were provided.

The phosphate glass nanoparticles were prepared using chemical
grade materials without further purification included n-butyl phosphate
(1:1 M ratio of mono OP(OH)2(OBun) and di-butyl phosphate OP(OH)
(OBun)2 (Alfa Aesar, 98%)), Na-methoxide (30 wt% in methanol, Acros
organics), Ca-hydroxide 99% (Acros organics), Lanthanum (III) nitrate
hexahydrate (Alfa Aesar), glycerol (Fisher scientific) and absolute
ethanol.

Firstly, n-butyl phosphate was added dropwise to a beaker that
contained Na-methoxide solution while continuous stirring was carried

out. Meanwhile, Calcium hydroxide was dissolved in a mixture of gly-
cerol and ethanol until complete dissolution. Afterword, calcium con-
taining solution was added to the previously prepared sodium phos-
phate solution and stirring was continue over night to prepare the base
phosphate glass (P0) in the form of gel. On the other hand, lanthanum
doped phosphate glass gels were prepared by the addition of the re-
spective amounts of La2O3 in the form of dissolved lanthanum nitrate.
The prepared modified samples were also left for stirring overnight. The
resulted base and modified phosphate gels were dried at 65 °C for
several weeks. Finally, the dried gels were subjected to heat-treatment
program as represented in Table 2. This program was chosen based on
thermal analysis and was carried out to achieve full glass stabilization
by converting the prepared gels to phosphate glass nanoparticles.

2.2. Characterization of different glass nanoparticles

2.2.1. X-ray diffraction analysis (XRD)
X-ray diffraction analysis was used to evaluate the amorphous

nature of the prepared glasses using the X-ray diffractometer model
BRUKER axs, D8ADVANCE adopted with Ni-filter and Cu radiation
target with a tube voltage of 40 kV and a current of 40 mA.

2.2.2. Thermal analysis
The thermogravimetric (TGA) and differential scanning calorimetric

(DSC) analyses were employed in order to evaluate the thermal char-
acteristics of the investigated gel powders. The weight losses of the
different phosphate glasses were recorded using a computerized 7 series
USA PerkinElmer thermal analysis system (± 0.001 °C). Scans were
performed in an air atmosphere at a temperature range of 50–400 °C at
a rate of 10 °C min−1. The materials were analyzed using aluminum
oxide powder as a reference.

2.2.3. Transmission electron microscopy (TEM) and energy dispersive X-
ray spectroscopy (EDX)

The morphology of the synthesized glass nanoparticles was studied
using transmission electron microscope (TEM) (model Jeol-JEM 2100,
Japan, microscope) operating at an accelerating voltage of 80 kV. The
powder samples were ultrasonically dispersed in ethanol to form di-
luted suspension, and then few drops were deposited on the carbon-
coated copper grid. The suspension was then left for 20 min until dry-
ness prior to imaging. Moreover, the elemental analysis of different
glass powders was performed using energy dispersive X-ray spectro-
scopy (EDS) (HR scanning EM-FEG Quanta 25a) to examine the degree
of homogeneity and distribution of oxide components throughout the
phosphate glass network.

2.2.4. Textural analysis of phosphate glass nanoparticles
Nitrogen adsorption-desorption isotherms were measured with a

high-speed gas sorption analyzer (NOVA 2000 series, chromatic, UK), at
77 K (± 5%). Before the measurements, the samples were out-gassed
at 150 °C in vacuum for 6 h. The pore volume, average pore diameter
and pore-size distribution were calculated from the adsorption branches
of the isotherms using the Barrett-Joyner-Halanda (BJH) method. The
total pore volume was estimated from the gas amount adsorbed at a
maximum relative pressure. The Barrett-Emmett-Teller (BET) approach
was utilized to estimate the specific surface areas.

Table 1
The chemical compositions of different phosphate glasses in mol%, and the network
connectivity of P0, PL5 and PL10 glasses.

Glass code P2O5 CaO Na2O La2O3 [O/P] Network connectivity

P0 50 25 25 0 3 2
PL5 47.5 23.75 23.75 5 3.16 1.68
PL10 45 22.5 22.5 10 3.34 1.34

Table 2
Heat-treatment program (± 1 °C) for sintering of dry gel to transform it to glass.

Temperature (°C) Rate °C/min Holding time (h)

0–120 5 10
120–150 5 10
150–180 5 10
180–260 5 10
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2.2.5. Fourier transform infrared spectroscopy (FTIR)
Infrared transmittance spectra of the prepared phosphate glass na-

noparticles were recorded in the wavenumber range of 4000–400 cm−1

(± 0.2 cm−1), at a resolution of 4 cm−1 employing the Fourier
transforms infrared spectrometer (model FT/IR-6100 type A). The
samples were ground into fine powder, and then mixed with KBr
powder. The weight ratio of sample: KBr was 1:100. The mixture was
subjected to a loading (15 ton/cm2), for 5 min to produce clear
homogenous discs. The transmittance spectra were measured im-
mediately after preparing the discs to avoid moisture attack.

2.3. Glass degradation test

The pH values and the concentrations of ions released from phos-
phate glasses nanoparticles into the solution were determined to eval-
uate the effect of lanthanum oxide addition on glasses dissolution. The
dissolution test was carried out in different solutions; tris-HCl buffer
solution (pH 7.4), double distilled water, and simulated body fluid
(SBF). To prepare tris-HCl buffer solution, 0.05 M of tris (hydro-
xymethyl) aminomethane was first prepared and then the pH value of
solution was adjusted to 7.4 using HCl.

SBF was prepared according to Kokubo and Takadama [21]. It has a
composition and an ionic concentration almost similar to human blood
plasma. The inorganic ion concentrations in SBF were: Na+ 142.0 mM,
K+ 5.0 mM, Ca2+ 2.5 mM, Mg2+ 1.5 mM, Cl− 148.0 mM,
HCO3−4.2 mM, HPO4

2−1.0 mM, SO4
2−0.5 mM. The solution was

buffered at pH 7.4 with tris(hydroxymethyl) aminomethane and 1 M
HCl at 37 °C.

0.1 g of glass sample (P0, PL5 and PL10) was immersed in plastic
tubes containing 10 ml of each solution, and at predetermined times (1,
3, 24, 48, 96 and 168 h), the solution was collected by centrifuging the
samples for 45 min at 3000 rpm, after that, the pH of collected solution
was measured. At time period, the whole solution was removed and
refreshed by new solution. The collected solutions were stored at
−20 °C till the time of measurement. The concentration of Ca and P
ions released from the glass into different solutions was measured by
colorimetric method using a chemical kit and the ion concentrations
were determined by UV/visible spectrometer (model, SP-2000UV) at a
wavelength of 340 nm and 612 nm, respectively. The ion concentra-
tions of Na+ and La3+ were determined by inductively coupled plasma
emission spectrometer (model, 720 ICP-OES, Agilent Technologies).

2.4. Drug delivery experiment

2.4.1. Drug loading into the glass samples
Ciprofloxacin lactate solution (El Amriya pharmaceutical industries,

Alex Egypt) was used in this study. This drug was chosen because it has
a broad-spectrum fluoroquinolone antibacterial agent which is active
against a wide variety of aerobic gram-negative and gram-positive
bacteria. 0.2 g of glass powder was immersed into 20 ml drug solution
(1 mg/ml), and was left for 2 days, at 37 °C. Thereafter, the drug loaded
glass powders were collected and left to dry. The amounts of adsorbed
drug were determined by indirect method, i.e., measuring the con-
centrations of rest drug in the solution by UV/visible spectrometer
(model, SP-2000UV), at a wavelength of 277 nm. The drug concentra-
tions were determined by plotting the absorbance values of collected
drug solutions onto a formerly setup standard curve.

2.4.2. Determination of the drug release profile
Ciprofloxacin release profile was determined by immersing the

drug-loaded powders into a tris-HCl buffer, at pH 7.4 and 37 °C. Firstly,
drug loaded samples were placed in a dialysis bags with diameter
28 mm, and then, the bags were immersed in 20 ml of the buffer so-
lution. At predetermined times (1, 3, 6, 12, 24 and 48 h and then day to
day up to 28 days), 2 ml of solution was removed and then replaced
with 2 ml of a fresh one. The collected solutions were frozen at −20 °C

for further measurement of drug concentration. The amount of cipro-
floxacin released into the solution was measured using an UV spectro-
photometer at a wavelength of 277 nm, and the drug concentration was
also determined by using the formerly setup standard curve.

2.4.3. Analysis of drug releasing kinetics
The mechanism by which the drug was released from the glass na-

noparticles was further evaluated by fitting the drug release profiles to
the Higuchi square root of time model. This model was used extensively
to define the diffusion controlled processes of released drug from the
porous carrier [22]. This model is given by the following equation:

=Q k t1
0.5

where, Q is the fraction of drug released at different time periods, while
k1 is the release rate constant.

2.5. In vitro cytotoxicity test

Cytotoxicity of P0, PL5 and PL10 was tested using animal fibroblast
baby hamster kidney (BHK) prepared in R &D sector, VACSERA-Egypt
which routinely cultured in a Minimum essential medium with Earls
salt (MEM-E), supplemented with 10% fetal bovine serum (FBS), 2 mM
L-glutamine, containing 100 units/ml penicillin G sodium, 100 units/ml
streptomycin sulphate, and 250 ng/ml amphotericin B using the MTT
Cell Viability Assay, where cytotoxicity nanoparticles was determined
[23–25]. The test nanoparticles were diluted in Minimum essential
medium with Earls salt (MEM-E) to a concentration of 10 mg/ml. Test
nanoparticles were two fold serially diluted in a descending order and
were dispensed to precultured BHK cells. Negative cell culture control
was included. Cell culture plates were incubated at 37 °C in humidified
chamber and CO2 atmosphere (5%) for 24 h. Treatment media was
discarded. Plates were washed with sterile PBS (ADWIA-Egypt) and
0.5 mg/ml MTT was dispensed to treated plates as 0.05 ml/well for 4 h,
at 37 °C (Sigma-Aldrich-USA). Plates were microscopically examined to
detect the crystal formation in the treated cell cytoplasm. Dye was re-
moved by phosphate buffer saline flushing. Crystals detected in the
treated cells were dissolved using dimethyl sulphoxide (BDH, England)
added as 0.05 ml/well for 30–45 min.

MTT (3-[4,5-dimethylthiazole-2-yl]-2,5-diphenyltetrazolium bro-
mide) assay which is based on the ability of active mitochondrial de-
hydrogenase enzyme of living cells to cleave the tetrazolium rings of
the yellow MTT and form a dark blue insoluble formazan crystals which
is largely impermeable to cell membranes, resulting in its accumulation
within healthy cells. Solubilization of the cells results in the liberation
of crystals, which are then solubilized. The number of viable cells is
directly proportional to the level of soluble formazan dark blue color.
The extent of the reduction of MTT was quantified by measuring the
absorbance at 570 nm [26] using ELISA reader (Dynatech, USA). Tri-
plicate repeats were performed for each concentration and the average
was calculated, and the mean optical densities of test and control wells
were recorded. The optical densities are proportional to the number of
residual living cells in culture. Viability percentage was determined
according to [27] as follows:

= ×

−

No. of residual living cells
Viability%of treated cells

Viability%of untreated cells
(100%) no. of

ve control cells(10 cells 0.1ml)5

= ×Percentage viability
Number of residual living cells

Number of negative control cells
100

2.6. Statistical analysis

All experimental data stated in this work were expressed as the
mean ± standard deviation (SD) for n = 3 and were analyzed using
standard analysis of Student's t-test. The level of significance is set at
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p < 0.05.

3. Results

3.1. Characterization of glass nanoparticles

3.1.1. X-ray diffraction analysis (XRD)
The XRD patterns of the different phosphate glasses nanoparticles

(P0, PL5 and PL10) are shown in Fig. 1. The XRD patterns indicated
amorphous nature of all prepared glasses. Additionally, doping with
lanthanum oxide didn't affect the amorphous nature of the glasses.

3.1.2. Thermal analysis
The thermogravimetric curves (TGA) recorded for the prepared

phosphate gels are demonstrated in Fig. 2a and the data obtained are
summarized by Table 3. This analysis was used to record the weight loss
of the dried gels versus temperature changes and determine the exact
temperatures at which the organic constituents were dissociated. The
TGA curves of the dried gels showed three different steps of weight loss.
The first stage of loss was likely due to the evaporation of water, while,
the second stage was attributed to the loss of organic species, such as
alkyl groups of alkoxide and glycerin, and the final stage might be at-
tributed to loss of carbon or nitrates [28].

The transition temperature (Tg), crystallization temperature (Tc)
and melting temperature (Tm) of the different phosphate gels were
determined using differential scanning calorimetric (DSC) analysis as
shown in Fig. 2b and Table 4. The endothermic peaks at 201 °C, 226 °C
and 237 °C, respectively, were attributed to glass transition tempera-
tures. However, only the base phosphate P0 gel showed an exothermic
crystallization temperature at 303 °C. The endothermic peaks detected
at 443, 342 and 352 °C for P0, PL5 and PL10, respectively, were as-
signed to the combustion of organic species. However, the transition
temperature (Tg) increased with increasing the percentage of La2O3 as a
result of the improved thermal stability of the glass network via
crosslinking of phosphate building units by lanthanum ions [20].

3.1.3. Transmission electron microscopy (TEM) and energy dispersive X-
ray spectroscopy (EDX)

The morphology of different phosphate glasses nanoparticles (P0,
PL5 and PL10) was examined by TEM and are shown in Fig. 3a. The
micrographs showed spherical phosphate glass nanoparticles with
narrow particle size distribution and average particle size of 100, 40
and 25 nm was measured for samples P0, PL5 and PL10, respectively.
The results indicated that lanthanum addition had reduced particle
sizes of phosphate glass samples, which could be attributed to

depolymerization of glass network leading to shorter phosphate chains
[29]. In addition, the results of TEM revealed that the spherical nano-
particles incorporated uniform mesopores as shown in Fig. 3a in the
case of the base glass (P0). Such mesopores could be attributed to the
removal of organic components from the dried gels during the heat-

Fig. 1. XRD diffraction patterns of P0, PL5 and PL10 glasses.

Fig. 2. TGA (a) and DTA (b) patterns of the different dried phosphate gels.

Table 3
TGA patterns of the dried phosphate gels (uncertainty ± 0.001 °C).

Sample Stage 1 Stage 2 Stage 3

Temp. °C Wt. loss % Temp. °C Wt. loss % Temp. °C Wt. loss %

P0 25–178 12.8 178–285 54.6 > 300 8.6
PL5 25–176 9.5 178–285 57.0 > 339 8.8
PL10 25–183 12.1 183–338 52.0 > 348 9.3

Table 4
Tg, Tc and Tm of P0, PL5 and PL10 samples (uncertainty ± 0.001 °C).

Glass code Tg (°C) Tc (°C) Tm (°C)

P0 201 303 440
PL5 226 – 342
PL10 237 – 352
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treatment process. The mesopores increased in size by increasing the
La2O3 contents as shown in micrograph of PL10 (Fig. 3a).

EDX analysis was carried out for different glass powders in order to
analyze the glass composition and to investigate the degree of homo-
geneity and distribution of glass components by EDX mapping (Fig. 3b).
The P, Na, Ca and La elements were mapped by EDX analysis to study
the degree of element distribution in glass network. The EDX analysis
showed that the final glass compositions resembled the theoretical
compositions. Moreover, the EDX mapping represented good distribu-
tion of glass components, specially, La element, which was of interest in
this study.

3.1.4. Textural analysis
The textural properties of phosphate glasses (P0, P5 and P10) are

shown in Table 5. The values of the specific surface area were found to
decrease by the addition of La2O3 to glasses as compared to the base
glass. The recorded values were 173.5, 79.29 and 86.66 (m2/g) for P0,
P5 and P10, respectively. The decrease in specific surface area of La2O3

doped samples was attributed to the presence of disordered domains,
which reduced the mesopore volume [30]. The total pore volume

reported for phosphate glasses (P0, P5 and P10) samples was 0.045,
0.023 and 0.029 (cm3/g), respectively. Alternatively, the density of the
glasses increased by the La2O3 addition, which was reasonably due to
the high density of La2O3 (6.50 g/cm3). Additionally, the average pore
size was increased by incorporating La2O3 into the glass structure in-
dicating the depolymerization of phosphate network. The calculated
average pore sizes for P0, PL5 and PL10 was 1.044, 1.217 and 1.34 nm,
respectively. The pore size distribution curves in Fig. 4 indicated that
the glasses nanoparticles had mesoporous structures with a pore size
distribution located mostly in the mesopore range (2–5 nm) as shown in

Fig. 3. a. TEM micrographs showing the morphology of the synthesized phosphate glasses. b. EDX analysis of different glasses accompanied with mapping of P, Ca, Na and La atoms.

Table 5
Surface area, average pore size, total pore volume and density of P0, PL5 and PL10
samples (uncertainty ± 5%).

Specific surface
area (m2/g)

Average pore
size (nm)

Total pore
volume (cm3/g)

Density (g/
cm3)

P0 173.5 1.044 0.045 1.215
PL5 79.29 1.217 0.023 1.604
PL10 86.66 1.34 0.029 1.830
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Fig. 3. However, all samples had limited number of pores in the mi-
croporous range (< 2 nm) as well.

The pore size distributions obtained for La2O3 doped samples (PL5
and PL10) showed narrow monmodal pattern in the range of
1.6–3.92 nm, with maxima located at about 2.04 and 2.25 nm for PL5
and PL10, respectively. The pore size distribution of base glass revealed
a bimodal profile having a main large modal (1.6–3.47 nm) and a very
small one (3.47–5.1 nm). The smaller one could be due to the presence
of some narrowing in pores or existence of limited number of pores with
altered pore size. For the base glass, the maximum of large modal was
seen at 2.25 nm. The porous nature of the glass nanoparticles could be
attributed to the dissociation of organic species during the heat treat-
ment.

3.1.5. Fourier transforms infrared spectroscopy (FTIR)
The FTIR spectra of the prepared phosphate glasses in the frequency

range of 400–4000 cm−1 are shown in Fig. 5 and Table 6. The different
vibration bands were determined based on the literature data gathered
by applying this technique on various glassy and crystalline phosphates
[28]. Broad bands were seen at 3433, 3483 and 3435 cm−1 in spectra

of P0, PL5 and PL10, respectively. They were attributed to the vibration
modes of OeH in the water molecules, which was likely due to the
adsorption of water from the atmosphere. Furthermore, the weak bands
observed at 2927, 2928 and 2926 cm−1, respectively were assigned to
the stretching vibrations of PeOeH group in different structural sites.
Moreover, the strong bands located at 1655, 1636 and 1637 cm−1,
respectively, were ascribed to OeH bending vibration mode.

The strong bands noticed about 1275, 1256 and 1245 cm−1 in the
spectra of P0 and PL5,and PL10 respectively, were attributed to P]O
stretching mode, and they were seen shifted to lower frequencies as the
La2O3 content increased. Those shifts were attributed to the depoly-
merization effect of La3+ ions in the glass network. Also, the bands
shown at 1097, 1135 and 1115 cm−1, respectively, were assigned to
the asymmetric stretching modes of the two non-bridging oxygen atoms
in (PO3)−2.On the other hand, the bands found at 1027 and 992 cm−1

for P0 and PL5, respectively, are attributed to symmetric stretching
modes of the two non-bridging oxygen atoms in (PO3)−2.

The bands near 900, 910 and 913 cm−1 displayed by the spectrum
ofP0, PL5 and PL10, respectively, were related to the asymmetric vi-
bration modes of the (PeOeP) skeleton. Whereas, the bands observed
near 751,740 and 741 cm−1, respectively, were attributed to the
symmetric vibration modes of the (PeOeP). Finally, the bands near
531,545 and 553 cm−1, respectively, were ascribed to the stretching
and deformation modes of (PeOeP).

3.2. Glass dissolution

3.2.1. Evaluation of ions release profiles
In order to evaluate the effect of the incubating medium on the

dissolution behavior of the base glass and lanthanum modified phos-
phate glass. Glass samples were immersed in three different solutions
(tris-HCl buffer, distilled water and SBF solution). The release of Ca+2,
P species, Na+ and La3+ ions into various solutions were measured as
indication of glass dissolutions. The cumulative release profile of Na+

ions from the glass samples into different incubating mediums is shown
in Fig. 6a–c. The release of Na+ ions from all samples was probably due
to the exchanging of Na+ ions with the H+ ions from the soaking
medium [31–33].

Likewise, the cumulative release pattern of Ca2+ ions into all in-
cubating solutions was higher for the base glass (P0) compared with
La2O3 modified glasses (PL5 and PL10) as illustrated by Fig. 6d–f. Also,
the release of Ca2+ ions significantly decreased with increasing the
La−3 content.

In contrast, the cumulative release behavior of phosphate species
(likely, polyphosphates or ortho-phosphates) in both H2O and tris-HCl
was clearly different from that of Ca2+ ions as illustrated in Fig. 6g–i.
Both lanthanum modified glasses (PL5 and PL10 sample) demonstrated
faster release profile of phosphate species relative to base glass (P0).
However, this situation was reversed by incubating the glass samples in
the SBF, i.e., modified glasses exhibited lower release pattern of

Fig. 4. The pore size distribution was obtained from the adsorption branch of the iso-
therm following the BJH method.

Fig. 5. FTIR of as-prepared P0, PL5 and PL10 glasses.

Table 6
Different FTIR vibrational modes of P0, PL5 and PL10 glass samples (uncertainty ±
0.2 cm−1).

Assignments P0 PL5 PL10

Wavenumber (cm−1)

δ(PeOeP) 531 545 553
ὺs(PeOeP) 751 740 741
ὺas(PeOeP) 900 910 913
ὺs(PO3)−2 1027 992 –
ὺas(PO3)−2 1097 1135 1115.62
ὺas(PO2)− 1275 1256 –
OeH bending vibration 1655 1636 1637
Stretching vibrations of PeOeH group 2927 2928 2926
IR band belonging to H2O molecules 3433 3483 3435
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phosphate species compared with base glass samples.
The cumulative release behavior of La3+ ions in different media is

shown in Fig. 6j–l. A comparison of the cumulative release profiles of
lanthanum ions from thePL5 and PL10 indicated their higher

dissolution form the PL5 relative to PL10 in the different incubating
media.

Fig. 6. Na (a–c), Ca (d–f), P (g–i) and La (j–l) cumulative ions release concentrations (ppm) from P0, PL5 and PL10 into H2O, SBF and tris-buffer solutions.
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3.2.2. Evaluation of pH changes of different incubating media
The pH changes of different incubating media containing phosphate

glasses (P0, PL5 and PL10) are shown in Fig. 7a–c. It was clearly seen
that, at the beginning of incubation (1 h), the pH value of all media was
significantly less for P0 than for PL5 or PL10. This difference might be
due to that, the dissolution of P0 was initiated by hydrolysis reaction
while it started for PL5 and PL10 by hydration reaction. Hydrolysis
reaction would lead to release of H+ ions beside phosphate species, and

hence cause a pH decrease. In contrast, hydration reaction would
trigger hydrogen consumption and a pH increase [31–33].

The pH of distilled H2O incubating all sample increased up to 24 h,
which probably due to accumulation of released ions (Na+, Ca2+ and
La3+). Those ions could form NaOH, Ca(OH)2, and La(OH)3 in the
media, which ultimately could elicit a pH increase. Statistical analysis
indicated that pH of medium containing P0 was significantly less than
media containing PL5 or PL10 up to 24 h which could further support
the idea that dissolution of P0 was initiated by hydrolysis [31–33].
Additionally, at 48 h, the pH value of distilled H2O incubating all
sample decreased most likely due to accumulation of phosphate species
in media. After that, it remained nearly constant for P0. In comparison,
it continued to decrease noticeably for PL5 and PL10 till the end of
incubation time (168 h). This decrease could indicate precipitation of
Ca2+ ions and phosphate species on the surfaces of PL5 and PL10.

In contrast, the pH of SBF holding PL5 or PL10 decreased con-
siderably at 3 h relative to 1 h, while for P0, the decrease was not
significant. This could indicate that the precipitation of Ca2+ ions and
phosphate species started sooner in the SBF than distilled H2O. Also, it
was suggested that the addition of lanthanum had improved the ability
of samples to induce the apatite precipitation. This conclusion was re-
inforced by the significant decrease of pH at 24 h occurred for PL5 or
PL10 relative to P0. Comparing between the pH of SBF after immersing
the samples for 48, 96 and 169 h indicated that both lanthanum mod-
ified glasses always showed less pH values than P0.

Finally, the changes in the pH of tris-HCl buffers after the first hour
of incubation were mostly less drastic for all samples. However, a sig-
nificant decrease in pH at 96 h was noticed for both PL5 and PL10
compared to P0 which could be attributed to calcium-phosphate layer
formation on lanthanum modified samples.

3.3. Drug release experiment

3.3.1. Drug release behavior of phosphate glass nanoparticles
The cumulative release profile of ciprofloxacin from the base

phosphate glass nanoparticles (P0) and modified samples (PL5 and
PL10) are shown in Fig. 8. The release profile of drug from samples had
dual phases starting with a fast release phase caused by the instant
release of attached drug molecules at the glass surface, and continued
with a slower release phase originated by the steady drug release via
pores. Thus, a sustained release profile of drug was achieved by all
phosphate glass samples. However, La2O3 modified glasses were able to
deliver the drug for prolonged time period (28 days) compared with the
base glass (20 days). The shift to the second slower release started at
48 h (2 days) for all samples.

Fig. 7. pH changes of H2O (a), SBF (b) and tris-buffer (c) incubated P0, PL5 and PL10
glasses.

Fig. 8. Cumulative drug release profiles (%) of P0, PL5 and PL10 glass samples.
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For the base glass (P0), the early burst release during 48 h (phase
one) was about 54.3% of the total amount of loaded drug. This means
that about half of loaded drug was released in just 2 days, which could
be responsible for ending the release profile of drug in a short time.
Thus a large percentage of loaded drug was released very early during
stage one, this could provide a toxic dose for patient, which could be
considered as a drawback that limit the utility of the base glass as a
drug delivery system for ciprofloxacin. The final cumulative percentage
of drug release during both stages was about 96.4% of loaded drug, i.e.,
the base glass released most of the loaded drug in 20 days.

On the other hand, for lanthanum modified samples (PL5 and PL10),
the primary prompt release during the phase one (48 h) was about 16.1
and 14.9%, respectively. Comparing the early release stage of the drug
from La-doped glass with the base glass gave a clear indication that
modified glasses could deliver a moderate drug doses. This system
would provide safer and less toxic doses for patients, offer self-control
and regulate the drug release profile. The final cumulative percentage
of released drug from PL5 and PL10 during the whole release period
(28 days) was about 50.5% and 47.2% of loaded drug. Accordingly,
both modified samples were still including about 49.5% and 52.8% of
loaded drug. Examining the release profile of the drug from those
samples implies that both samples were able to deliver the drug for a
time period longer than 28 days compared with the base glass. Thus,
modified glass nanoparticles could be used as a controlled ciprofloxacin
delivery system for localized osteomyelitis treatment.

3.3.2. Drug releasing kinetics
The application of the Higuchi model drug release profiles is illu-

strated in Fig. 9. Linear regression analysis was done by fitting a
straight line through the release data from the P0, PL5 and PL10. Re-
gression coefficients (R2) were found to be 0.9453, 0.9968 and 0.997,
respectively. The elevated values of R2 indicated that the drug was
released from all samples by diffusion controlled mechanism. Ad-
ditionally, it revealed that the release rate of drug from those carriers
could be predicted and obtained by Higuchi equation. However, La-
modified glasses with higher values of R2 were able to provide con-
trolled drug release patterns compared with the base glass. The drug
release rates were 40.2 × 10−3, 19.1 × 10−3, and 17.7 × 10−3 h−0.5

for of P0, PL5 and PL10, respectively. The drug was released from P0
with a rate nearly double that of the drug release rate from La2O3

modified glasses, which could account for ending release profile of drug
from P0 earlier than PL5 and PL10.

3.4. Cytotoxicity evaluation

The in vitro cytotoxicity of phosphate glass nanoparticles (P0, PL5
and PL10) against BHK cells using MTT assay are shown in Fig. 10. The
viability of incubated cells with PL5 was> 97% up to 1.25 mg sug-
gesting that PL5 was not toxic up to this dose. Then the cell viability
was reduced to 91.1 and 87.4% at 2.5 and 5 mg, respectively. A sig-
nificant reduction of cell viability was seen at 10 mg (52.6%). On the
other hand, the viability of incubated cells with PL10 was> 97% up to
2.5 suggesting that PL10 was not toxic up to this dose. However, a mild
reduction of cell viability (93.3%) occurred at 5 mg, while a noticed
reduction of cell viability (43.7%) was seen at 10 mg.

Additionally, for cells incubated with the base glass P0, the viability
was> 97% at 0.625 mg, which indicated that this dose was safe,
whereas, at dose = 1.25 mg, the viability was reduced to 80.7%. In
contrast, cell viability was remarkably regained and reached 100.4% at
2.5 mg. However, incubating cells with higher doses of P0 (5 and
10 mg) reduced cell viability to 80 and 59.3%, respectively.

Cytotoxicity results indicated that the cells incubated with 10 mg of

Fig. 9. The Application of Higuchi model onto drug profiles of P0,
PL5 and PL10 glass samples.

Fig. 10. Evaluation of cytotoxic effect of P0, PL5 and PL10 nanoparticles to Baby Hamster
Kidney (BHK) animal fibroblast cells using MTT assay (n = 3).

E. El-Meliegy et al. Journal of Non-Crystalline Solids 475 (2017) 59–70

67



P0, PL5 or PL10 was considered toxic at this dose. At this toxic dose
(10 mg), the cell viability increased in the following order PL10 →
PL5 → P0 corresponding to 43.7, 52.6 and 59.3% values, respectively.
However, the difference in cell viability of samples was not significant.
The high toxicity of 10 mg dose might originate from that; the cyto-
toxicity was carried out in a static condition. The static condition would
allow for the degradation products generated from the glass dissolution
to accumulate near cells, which could be the reason for harmful and
toxic effect to cells. On the other hand, inside the body, the situation
could be considered different compared with the in vitro conditions, as
body fluid would remove and wash-up those harmful products, which
would be excreted from the body via liver and kidney. Therefore, fur-
ther in vivo toxicity evaluation in animals is required in order to clarify
the whole view.

Comparing the viability of cells incubated with P0, P15 or PL0 at
less toxic doses (≤2.5) indicated that the difference between samples
was not significant up to 2.5 mg. However, at dose = 5 mg, the cell
viability increased in the following order P0 → PL5→ PL10, as it was
80, 87.4 and 93.3%. Nevertheless, only the cell viability reported for
PL10 was highly significant (p < 0.05) than that reported for P0. The
difference between viability recorded for P0 and PL5 was not sig-
nificant. This might suggest that lanthanum modification at higher
content (10 mol%) had positive effect on cell viability at this dose re-
lative to P0. This might be due to that PL10 released less La3+ ions than
PL5 as confirmed by in vitro dissolution.

Some previous cytotoxicity studies showed that the growth of os-
teoblast cell lines (MG63) remained unchanged in the presence of the
phosphate glass extracts, and by culturing cells for five days, the pro-
liferation of cells had increased in some cases. It was also concluded
that extracts from the less degradable glass compositions (i.e., ones with
greater calcium content) was able to promote the proliferation of the
cells [34] Another study investigated the biocompatibility of phosphate
based glasses on a macrophage cell line and primary human craniofa-
cial osteoblasts [35]. They showed that, osteoblasts had the ability to
attach, spread, and proliferate in a manner comparable to the positive
control along with the formation of a collagen-rich mineralized matrix
on the glasses with the lowest degradation rates (i.e. high CaO content).
The study concluded that calcium ions appeared to enhance cell pro-
liferation, and hence, played a key role in cell activation mechanisms,
there by controlling the growth-associated processes and functional
activities of cells [36].

It was also found that, the biological behavior of lanthanum-mod-
ified materials initiated from the resemblance to the calcium ion. Since
calcium signals were known to participate in a wide range of cellular
processes such as; cell proliferation, differentiation and growth. Also,
rare earth ions such as lanthanum seemed to directly interfere with the
intracellular calcium ions concentration in a positive way, i.e., they
were able to increase its intracellular concentration by activating a
membrane-bound Ca2+ sensing receptor [37,38]. Nevertheless, this
work was provided preliminary data regarding the cytotoxicity effect of
samples on BHK cells. However, additional experiments that evaluate
the cytotoxicity of the prepared nanoparticles with/without the drug on
different types of cells and in vivo test using rats as an animal model are
in progress and will be reported separately after the experimental parts
are ended and the results are statistically analyzed.

4. Discussion

The addition of glass modifiers to phosphate glasses should improve
the durability of glasses by the replacement of PeOeP bonds with more
water resistant ones (PeOeM), where M is considered a glass modifier
[39]. However, this was not the case in our study. This was due to that
the prepared glasses had different [O/P] ratios meaning that they had
different glass structures. In addition, the average chain lengths of the
phosphate units were different, and the network connectivity of the
prepared glasses was altered. This could significantly influence the

dissolution of phosphate glasses in aqueous solution. The calculated
[O/P] molar of samples were 3, 3.16 and 3.34 respectively. These ratios
predicted that P0 belonged to metaphosphate glasses ([O/P] = 3).
Theoretically, metaphosphate glasses consist of phosphate chains
having infinite length [39]. However, previous structural investigation
was carried out on a phosphate glass having the same composition of
the base glass (P0) and showed that it had 3D network structure rather
than simple phosphate chains [40].

On the other hand, La2O3 addition in PL5 or PL10 increased the [O/
P] ratios, and transformed the glasses to the polyphosphate type
(3 < [O/P] > 3.5). Polyphosphate glasses are known to consist only
of short phosphate chains that decrease in length as phosphate content
decrease [39]. Therefore, the increase of the [O/P] molar ratios re-
ported in this work for lanthanum-modified glass ([O/P] > 3) relative
to the base glass could predict that lanthanum addition had depoly-
merized the glass network, and transformed its structure from 3D net-
work (P0) to short chains with decreasing phosphate content (PL5 and
PL10).

The modification in glass structure with lanthanum addition was
supported by notably higher value of specific surface area recorded for
the P0 relative to PL5 or PL10. As a 3D network structure would logi-
cally have higher specific surface area than those of short chains.
Depolymerization of phosphate network due lanthanum addition was
also validated by the increase of the average pore diameter of glasses
due to La2O3 addition, and by increasing its molar ratio in samples.

The depolymerization of glass structure was also confirmed by
calculating the network connectivity (NC) for the phosphate glasses
(P0, PL5 and PL10). The values of NC were 2, 1.68 and 1.34, respec-
tively. The network connectivity is defined as “the average number of
bridging oxygen (BO) atoms bound to a network-forming ion” [41].
Higher values of NC generally indicated a well-connected glass network
that is less soluble compared to a glass with lower value of NC [42].
This is because lower NC implied a fragmented or disconnected glass
structure which included many reactive sites accelerating its dissolution
[43]. Thus, the reduced values of the NC, as in the case of PL5 and PL10
relative to that of P0 proved the depolymerization of phosphate net-
work by La2O3 addition, which increased the number of nonbridging
oxygen atoms. This should be responsible for the reduced durability of
lanthanum modified glasses (PL5 and PL10) reported in this work re-
lative to the base glass (P0). The depolymerization of phosphate net-
work would open up the glass structure, and hence, facilitated water
entrance and diffusion through its structure. Water would then act as a
glass modifier leading to faster dissolution rate of glass due to hydration
[44].

Modifying the phosphate content and in role the [O/P] molar ratios
of the prepared glasses showed a pronounced effect on their dissolution
in different incubation media (distilled H2O, tris-HCl buffer or simu-
lated body fluid). Both lanthanum-modified glass (PL5 and PL10) were
less durable in distilled H2O and tris-HCl buffer relative to the base
glass (P0). They released higher amounts of phosphate species in to
those media than lanthanum-free sample. This could be attributed to
the change of glass structure from 3D network into short chains due to
glass network depolymerization by lanthanum addition.

Dissolution of a glass having a network structure is known to pro-
ceed initially by hydrolysis of PeOeP bond rather than hydration, i.e.,
in order for glass dissolution to proceed, the PeOeP linkages need to be
broken at first [45]. As a consequence of hydrolysis reactions, frag-
ments of shorter chain length would form, which then released into the
solution. These fragments would still be subjected to hydrolysis and/or
hydration reactions in the solution. On the other hand, dissolution of a
glass structure based on short chains as polyphosphate type was
dominant by the hydration of entire chains, after which the hydrated
chains were released into the solution, i.e., bond hydrolysis was not
essential for glass dissolution to take place [45]. Since, the activation
energy needed for glass dissolution by PeOeP hydrolysis was shown to
be significantly higher than that required for glass dissolution by entire
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chain hydration [45]. Hence, glasses dissolved due to hydration would
have higher dissolution rate than those requiring PeOeP hydrolysis.
This could justify the decreased durability of lanthanum-modified
glasses (PL5 and PL10) compared to the free one (P0) and account for
higher concentrations of phosphate species released from modified
samples into the distilled H2O or tris-HCl buffer compared to un-
modified one. However, in spite of higher dissolution rate noticed for
modified glasses in the distilled H2O or tris-HCl buffer, the concentra-
tion of calcium ions was less in both media than that reported by the
base glass. This could be explained by the fact that calcium ions re-
leased from the modified glass surfaces could be drown to the shorter
phosphate chains found in the solutions and chelate those chains by
forming ionic interactions between chains. Thus, those ions would be
released from glass surface into the solutions, but could not be mea-
sured as an individual species. Also, some of calcium ions could be
precipitated on to the surfaces of modified glasses.

On the other hand, immersing the glass samples in to the simulated
body fluid (SBF) showed completely opposite results, as the con-
centration of phosphate species in medium incubating P0 was higher
than those containing either PL5 or PL10. This could be explained by
the fact that SBF contains phosphorus and calcium ions [21]. Thus SBF
incubating modified glasses would become more supper saturated with
those ions due to higher dissolution rate of either PL5 or PL10 relative
to the P0, which could in turn lead to their faster precipitation on the
surface of modified samples. Moreover, both lanthanum-modified
glasses (PL5 and PL10) would in time form La(OH)3− groups via water
penetration and interaction with both glasses. The La(OH)3− groups
holding negative charges could serve as nucleated sites for apatite
precipitation by attracting more calcium ions from solution. The pre-
cipitated layer could provide a protective layer on the surfaces of
glasses, which would impede further dissolution and lead eventually to
the observed decrease in the concentration of both calcium ions and
phosphate species in SBF incubating modified glasses than that con-
taining the base glass.

Additionally, comparing between the release profiles of lanthanum
ions from modified glasses (PL5 and PL10) into SBF, tris-HCl buffer, and
distilled H2O indicated that more lanthanum ions were found in the
media incubating PL5. La-modified samples were subjected to dissolu-
tion by hydration, and shorter fragments of phosphate chains were
released into the medium. The samples would be exposed to more hy-
dration and/or hydrolysis inside the solution causing their dissection to
shorter parts. Those parts could be once again cross-linked in the so-
lution by lanthanum ions. This situation would be further magnified in
the case of sample including higher content of lanthanum (PL10).
Moreover, the formed La(OH)3− groups on the surfaces of lanthanum-
modified glass would attract calcium ions from solution leading even-
tually for apatite precipitation. The precipitated layer would protect
their surfaces from further interaction with solutions, and hence, lan-
thanum release was delayed. Therefore, PL10 would form more La
(OH)3− groups and induce the formation of considerably thicker and
denser apatite layer on its surface, which could further impede the re-
lease of lanthanum ions into the medium.

The ability to use the phosphate glass particles as controlled drug
delivery vehicles for ciprofloxacin was verified. Drug molecules were
able to adhere to glass particles by ionic interactions besides hydrogen
bonding. During the drug loading stage, glass nanoparticles were im-
mersed into drug solutions (ciprofloxacin lactate solution) having a pH
value in the range of 3.3–4.5. At this acidic pH value, which was below
the isoelectric point of ciprofloxacin (pH 7.4), the drug molecules
would become positively charged [46] and the glass nanoparticles
would develop negative charges on their surfaces via the formation of
POH groups [48]. Thus, the drug molecules would be drawn to the
negatively charged nanoparticles and became attached to their surfaces
by electrostatic interaction. And so, the drug molecule would enter the
porous structures of particles and settle down inside the pores. Ad-
ditionally, the formed POH groups could form hydrogen bonds with

function groups of drug molecules (eOH, NeH and –C]O).
Fitting drug release profiles of the glass nanoparticles to the Higuchi

square root of time model pointed out that ciprofloxacin was released
by a diffusion-controlled mode. However, the results of release ex-
periment showed that both lanthanum-modified glasses (PL5 and PL10)
were able to hold the drug for longer time compared with the base glass
(P0) which released most of its cargo (96%) in about 20 days. On the
other hand, both PL5 and PL10 released almost half of their load
(50.5% and 47.2%, respectively) in considerably longer time (28 days).
Still they could deliver the drug for extended time periods i.e., > 28
days. This was attributed to that they were still holding about 49.5%
and 52.8% of the loaded drug at the end of release experiment.

In the case of acute bone infections, such as osteomyelitis; drug
delivery vehicles should be able to deliver therapeutic doses of anti-
biotic for at least 4–8 weeks. This long-term medication was provided
merely by the lanthanum-modified samples. The fast release profile of
the drug from unmodified sample relative to its extended release profile
from modified samples could be explained by the fact that, drug release
experiment was carried in neutral tris-HCl buffer (pH 7.4), at which the
attached drug molecules to all samples (P0, PL5 and PL10) would be-
come electrically neutral. As pH 7.4 is isoelectric point of ciprofloxacin
[46], at this point the release of drug from glass particles would be
influenced simply by textural properties of samples. P0 had a sig-
nificantly higher specific surface area and larger pore volume than both
PL5 and PL10 which would allow better interaction between diffused
water and hydrophilic drug molecules attached to its surface, beside,
those hosted inside the pores permitting the instant and faster release
profile of the drug from unmodified sample P0 as compared to modified
ones. Moreover, the extended release profile of drug from both PL5 and
PL10 could be due to the presence of lanthanum ions located in to glass
structure as modifiers, as they would in time from La(OH)3− groups
which could in turn interacted with drug molecules forming hydrogen
bonding with those molecules, and hence could hold drug molecules for
longer time.

5. Conclusion

Phosphate glasses nanoparticles were successfully prepared using a
modified alkoxide sol-gel method. Specific surface area and the total
pore volume of the glasses decreased with the addition of La2O3.
Spherical nanoparticles incorporating uniform mesopores and micro-
pores increasing in average pore size with increasing the content of
La2O3were obtained. Lanthanum modified glasses demonstrated faster
ionic release profiles of phosphate species relative to the base glass in
the distilled H2O and tris-HCl buffer with faster dissolution from PL10
relative to PL5.

A sustained drug release profile of ciprofloxacin was achieved by
different phosphate glasses. La2O3 modified glasses were able to deliver
the drug for further prolonged time beyond 28 days compared with the
base glass. The drug released early from the base glass (P0) with a rate
nearly double of La2O3 modified glasses which could be considered a
drawback that limits its utility of for ciprofloxacin drug delivery.

The cytotoxicity test against BHK fibroblast cells showed that all
samples were biocompatible. Lanthanum doped phosphate glass na-
noparticles were promising for bone regeneration and treatment. The
viability of incubated cells with PL10 was> 97% suggesting that PL10
was not toxic up to 2.5 mg dose. However, a mild reduction of cell
viability (93.3%) occurred at 5 mg. However, at dose of 5 mg, the cell
viability increased in the following order P0 → PL5 → PL10, as it was
80, 87.4 and 93.3%, respectively.

In conclusion, the ability to use the phosphate glass nanoparticles as
controlled drug delivery vehicles for ciprofloxacin was verified. The
sustained drug release profiles from the La2O3 modified phosphate
glasses nanoparticles with prolonged release implied the possibility of
application for localized osteomyelitis treatment.
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