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Abstract Gene therapy has been considered a strategy for

delivery of therapeutic nucleic acids to a specific site.

Calcium phosphates are one gene delivery vector group of

interest. However, low transfection efficiency has limited

the use of calcium phosphate in gene delivery applications.

Present work aims at studying the fabrication of strontium

substituted calcium phosphate nanoparticles with improved

gene delivery related properties. Strontium substituted

calcium phosphate was prepared using a simple sol gel

method. X-ray diffraction analysis, Fourier transform

infrared spectroscopy, transmission electron microscopy,

specific surface area analysis, zeta potential measurement

and ion release evaluation were used to characterize the

samples. This characterization showed strontium and car-

bonate co-substituted calcium phosphate which resulted in

nano size particles with low crystallinity, high specific

surface area, positive surface charge, and a high dissolution

rate. These improved properties could increase the DNA

concentration on the vector as well as the endosomal

escape of the complex that leads to higher transfection

efficiency of this novel gene delivery vector.

1 Introduction

Gene therapy has been considered a strategy for the

delivery of therapeutic genes to a tissue site [1]. Several

non viral and viral vectors are available for gene delivery.

An ideal vector will have a high transfection efficiency,

low toxicity, and consistent gene expression [2].

Among non viral gene delivery vectors, calcium phos-

phate (CaP) mediated transfection of mammalian cells with

DNA has been a useful approach to enhance DNA trans-

fection efficiency. DNA-calcium phosphate complex has

been used for in vitro transfection since the 1970s due to its

good biological characterization [3].

Efficient gene transfection is achieved when the gene

delivery vector effectively facilitates the DNA condensa-

tion on the vector, the physical and chemical stability of the

DNA in the extracellular matrix, cellular uptake, endo-

somal escape, cytosolic transport, and nuclear localization

of the DNA for transcription [4].

In the case of calcium phosphate based approaches,

compared to viral approaches, lower levels of gene

expression are observed. This is due to difficulties associ-

ated with low amounts of DNA condensation on the vector

and endosomal escape of the complex [4].

As the gene delivery properties of the calcium phosphate

nanoparticles are related to the crystal-size, crystallinity

and composition, changes in the chemical composition of

nanoparticles, using ionic substitution, could improve these

properties [5, 6]. The physico-chemical properties of cal-

cium phosphate particles can be improved by substitution

with ions usually present in natural bone, i.e., cations

(Mg2?, Zn2?, Mn2?, Na?, Sr2?) and anions (CO3
2-, F-,

HPO4
2-) [7].

In recent years, the incorporation of strontium (Sr) into

the calcium phosphate structure due to its presence in
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calcified bone has been witnessed [8]. The first work done

on the effect of Sr substitution in apatite structure was

completed in the 1960s [9]. Since that time, a number of

reports have been published on this issue [10–13]. Stron-

tium changes the crystallinity and dissolution rate of the

calcium phosphate as well as the net positive charge of

calcium phosphate nanoparticles [10–13]. Improving these

properties could be effective in gene delivery efficiency of

the calcium phosphate vectors.

Isotherm analysis reveals that, electrostatic forces are

the main driving force of DNA binding to calcium phos-

phate [14]. Nucleic acids bind to calcium phosphate

through the interaction of cations on calcium phosphate

and the phosphate groups of nucleic acids [15]. Therefore,

increasing the net positive charge and cationic strength of

the calcium phosphate vector using Sr substitution leads to

enhanced DNA condensation on the vector. This appears to

improve gene delivery efficiency of the DNA-calcium

phosphate complex.

Furthermore, increasing the chance of the endosomal

escape of the complex could significantly affect the gene

delivery efficiency of the system. One promising strategy

to release internalized complexes from the endosome is the

‘‘Proton sponge hypothesis’’, discussed in 1995 by Boussif

et al. [16, 17]. Proton sponge hypothesis assumes H? and

Cl- entry into the endosome which leads to osmotic

swelling, and rupture of endosome, resulting in the release

of the vector into the cytoplasm.

According to the literature [11, 12, 18, 19], substitution

of Sr2? ions into the calcium phosphate structure increases

the dissolution rate of nanoparticles in physiological

medium. This results in higher concentration of Ca2? and

Sr2? inside the endosome. It has been demonstrated that

calcium ions play an important role in endosomal escape,

through the proton sponge mechanism [20]. Cations like

calcium and strontium increase the proton uptake of the

endosome compartment and cause it to rupture, introducing

a higher fraction of delivered gene to the cytoplasm.

Considering the therapeutic properties, strontium has a

beneficial effect on bone [21]. Sr is present in the mineral

phase of bone, especially at the regions of high metabolic

turn-over [22]. In vitro and in vivo studies have indicated

that orally administered strontium increases bone forma-

tion, the number of bone forming sites, bone mineral

density, and reduces bone resorption [11]. In addition,

stimulatory effects on bone collagen synthesis in cell cul-

tures have been specifically correlated to Sr [23].

In line with its chemical analogy to calcium, Sr is a bone

seeking element [5]. The presence of Ca and Sr ions in

calcium phosphate nanoparticles can lead to targeted

delivery of the vector to bone sites.

Keeping this viewpoint, Sr substitution in the calcium

phosphate structure would be helpful for increasing bone

generation as well as targeting the non viral vector to the

specific bone tissue.

Accordingly, the aim of this work was to study the effect

of Sr substitution on physical properties of calcium phos-

phate nanoparticles. Sr substitution in the calcium phos-

phate structure may change the crystallinity, specific

surface area, net positive charge, and chemical composition

of the resultant nanoparticles. These characteristics would

serve to increase the fraction of genetic material that both

successfully condensed on the calcium phosphate vecto,

and escaped the endosomal compartment, improving

transfection efficiencies.

Sr substituted calcium phosphate powders have been

prepared by ion exchange of Sr2? for Ca2? using a bio-

mimetic approach [24], wet chemical synthesis [25, 26],

and solid-state route [10]. This study attempted to prepare

Sr substituted calcium phosphate through a simple sol gel

method.

2 Experimental

2.1 Sample preparation

Calcium phosphate nanoparticles containing Sr2? ions

were synthesized via a simple sol–gel method [27]. Briefly,

phosphoric pentoxide (P2O5, Aldrich), calcium nitrate tet-

rahydrate (Ca(NO3)2�4H2O, Aldrich) and strontium nitrate

(Sr(NO3)2, Aldrich) were used to prepare precursors.

Designated amounts of Ca-precursor and P-precursor were

mixed to form the CaP mixture. Sr-precursor was added

drop-wise into Ca–P mixture to obtain a solution with

(Ca ? Sr)/P ratio of 1.67. Strontium substituted calcium

phosphate samples were prepared in five different con-

centrations of Sr2? ions in apatite lattice as described in

Table 1.

The suspension of the reaction product was maintained

under stirring for 3 h at room temperature to form a gel.

The final gel was aged for 24 h at room temperature,

washed, filtered, dried overnight at 80�C, and then calci-

nated at a temperature of 600�C in air. Calcination tem-

perature and aging time were chosen based on the previous

study [27, 28].

The atomic concentrations of elements (Ca, P and Sr) in

the final samples were quantified by X-ray fluorescence

spectroscopy (XRF using JEOL JSX-3201Z Element

Analyzer) to compare with a prepared concentration and

stoichiometric ratio of Ca, P and Sr. Results are summa-

rized in Table 1.

It has been proven that this simple sol–gel method is a

self controlling process [27], thus no additional chemicals

(i.e., ammonia) are needed to adjust the pH of the

solution.
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2.2 Phase composition evaluation

The chemical composition of calcium phosphate nanopar-

ticles was evaluated by X-ray diffraction (XRD, Philips

X’Pert PRO, USA). The diffraction spectra were recorded

in the 2h range from 208–708 using Cu-Ka (wave-

length = 1.54056 Å, 40 mA, 40 kV) radiation with a step

size of 0.058 and a step duration of 1 s.

The volume fraction of the beta-tricalcium phosphate

phase was calculated using Chung et al. method [29].

According to Chung’s method the amount of b-TCP in the

final product has an indirect relationship with the I217 TCP /

I211 HA ratio, where I217 TCP is the relation intensity of the

(217) crystallographic planes of the TCP, and I211 HA is

the relation intensity of the (211) crystallographic planes of

the HA in the XRD patterns.

2.3 Crystal size and crystallinity measurement

Based on Scherrer’s equation [30] a single-crystal dimen-

sion perpendicular to the (hkl) plane can be estimated from

the peak broadening as:

Dhkl ¼ kk=B1=2cos hhkl ð1Þ

where Dhkl (nm) is single crystal size; k is a constant

varying with the method of measuring and is chosen to be

0.9; k is the wavelength (nm) of Cu Ka radiation

(k = 0.15418 nm); B1/2 corresponds to full width at half

maximum (FWHM) for the hkl peak (rad); and hhkl is the

diffraction angle (in degrees).

For Sr substituted calcium phosphate samples the line

broadening of the (002) reflection was used to evaluate the

crystal size.

The crystallinity degree of samples (Xc) corresponding

to the fraction of the crystalline phase present in the

examined volume was evaluated by the relation [31]:

Xc � 1� V112=300=I300 ð2Þ

where I300 is the intensity of (300) reflection of HA and

V112/300 is the intensity of the hollow between (112) and

(300) reflections. In agreement with Landi et al. this was

verified with the relation [32]:

Xc ¼ K=B1=2

� �3 ð3Þ

where K is a constant set at 0.24 and B1/2 is the FWHM of

the (0 0 2) reflection (in degrees).

2.4 Particle size analysis

Transmission electron microscopy (TEM, Philips CM30,

USA) was utilized for evaluation of the particle size. TEM

samples were prepared using an ultrasound vibration

method [33]. The samples were immersed in ethanol solu-

tion and subjected to ultrasound vibration for 15 min to

disperse the precipitate powder homogeneously. Then, the

precipitates were carefully extracted from the suspension of

the sample and picked up using TEM copper meshes with

carbon film coatings. After drying under ambient conditions,

the samples on the copper meshes were examined by TEM.

2.5 Infrared spectroscopy

Infrared spectroscopy was used to identify different func-

tional groups in apatite structure. Using Fourier transform

infrared spectroscopy (FTIR, PerkinElmer, USA), the

spectrum was recorded in the 4000–400 cm-1 region with

2 cm-1 resolution.

2.6 Specific surface area measurement

The specific surface area (SSA) of the nanoparticles was

evaluated by the Brunauer–Emmett–Teller (BET) method

using Micromeritics Device (Norcross, USA). Sample

outgassing was performed at 100�C for 24 hours before the

analysis. The particle size (dBET) was also estimated

assuming the primary particles were spherical [32];

dBET ¼ 6=q � s ð4Þ

where q is the theoretical density of the sample (3.156 g/

cm3) and s is the specific surface area.

2.7 Zeta potential measurement

The surface charge of Sr substituted calcium phosphate

nanoparticles was determined by measuring the zeta

Table 1 Composition of

prepared strontium substituted

calcium phosphate samples

Sample name Sample composition (Ca ? Sr)/P ratio Calcination

temp. (8C)
As prepared XRF As prepared XRF

0.0Sr-CaP 0.00 0.03 1.67 1.70 600

0.5Sr-CaP 0.50 0.56 1.67 1.68 600

1.0 Sr-CaP 1.00 1.04 1.67 1.72 600

5.0 Sr-CaP 5.00 5.18 1.67 1.63 600

10.0Sr-CaP 10.00 10.26 1.67 1.74 600
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potential in the physiologic pH range. Zeta potential was

measured with a Zetasizer Nano-ZS (Malvern Instruments

Ltd., UK) and values were expressed as a mean ± standard

deviation of three measurements.

2.8 Ion dissolution rate measurements in simulated

body fluid

The solubility of calcium phosphate nanoparticles deter-

mines the amount of calcium and strontium ions released.

This is important for increasing endosomal escape effi-

ciency of the gene delivery systems. Two parameters

substantially influence the solubility of calcium phosphate

at physiological conditions: the crystallinity grade of the

powders and the addition of substituted groups in the

apatite. In order to compare the dissolution rate of the Sr

substituted samples with normal calcium phosphate, sim-

ulated body fluid (SBF) was used to evaluate Ca2? and

Sr2? release from Sr substituted calcium phosphate

nanoparticles.

An ion release test was performed in a SBF medium of

pH 7.4 at a ratio of 1 mg/ml in a water bath at 37 �C. The

SBF medium consists of 9 g NaCl, 5 g KCl and 0.2 g

MgHPO4�3H2O per liter [34]. The amount of cations in the

SBF medium was determined by an atomic absorption

spectrometer (AAS, PerkinElmer, USA).

3 Results and discussion

3.1 Phase composition, crystal size and crystallinity

Figure 1 shows the X-ray diffraction patterns of Sr

substituted calcium phosphate samples with different

amounts of strontium. XRD patterns of the samples

detected a broad peak for (002) planes which are typical for

nanocrystalline apatite [27].

The apatite hexagonal cell parameters were measured as

a = b = 9.312 Å and c = 6.941 Å for Sr substituted cal-

cium phosphate. These values are greater when compared

with the stoichiometric HA parameters as a = b = 9.418

Å and c = 6.885 Å, proving that Sr has been incorporated

in the apatite structure.

Furthermore, XRD peaks deviated from the standard HA

peaks with an increase of strontium concentration. This

could be due to the incorporated strontium ions. Since the

ionic radius of Sr2? (1.13Å) is higher than that of the Ca2?

(0.99Å).

Considering the position of the Sr2? ions in apatite

structure, the preferred distribution of Sr2? ions at the five

crystallographic independent Ca-sites of apatite structure

has been confirmed by Kannan et al. [10]. The favorable

insertion of Sr2? in the Ca(4) sites is also supported by the

work of Renaudin et al. [35]. Their work has confirmed the

stabilizing effect of Sr in the Ca(4) site.

Crystal size values of different samples are presented in

Table 2. Increasing the amount of strontium ion substitution

in apatite structure has resulted in smaller size particles.

Furthermore, the effect Sr2? on peak broadening, and

crystal size of the particles is higher for Sr values above 1%

in this study. Sr incorporation at 1% and less did not sig-

nificantly change the patterns of Sr substituted calcium

phosphate. Li et al. has reported a similar effect for Sr

values more than 1.5% for Sr substituted calcium phos-

phate nanoparticles [5].

A reduction in Sr substituted calcium phosphate crystal

size at different Sr concentrations was previously reported

by Christoffersen et al. [19].

However, it is shown that the crystallinity of apatite

decreased with the increase of strontium content (Table 2).

With the incorporation of Sr in apatite crystal, the dis-

tance of Sr-hydroxyl will be greater than that of Ca-

hydroxyl [5]. Consequently, decreases in lattice energy and

crystallinity are possible. This result corroborates the

decrease of crystallinity induced by Sr substitution verified

by several studies [5, 18, 36].

Strontium substitution in calcium phosphate nanoparti-

cles has no significant effect on phase composition and the

stability of the beta-tricalcium phosphate phase. Therefore,

it seems that strontium could not be considered as a b-TCP

stabilizer in the calcium phosphate structure.

From X-ray diffraction patterns of the samples, it can be

concluded that the Sr incorporation in calcium phosphate

Fig. 1 XRD patterns of Sr substituted samples with different amount

of substituted ions
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crystal may lead to modifications in lattice parameters,

crystal size, and the crystallinity of nanoparticles.

Decreasing the size of the particles results in higher surface

area of the calcium phosphate vector and could increase the

concentration of DNA on the vector. In addition, lower

crystallinity of Sr substituted nanoparticles enhances the

solubility of the vector in physiological medium which

increases the chance of endosomal escape of the gene

delivery complex.

3.2 Particle size analysis

The transmission electron microscopy (TEM) images

confirm the X-Ray diffraction (XRD) data, that the pres-

ence of strontium ions in apatite structure decreases the

particle size (Fig. 2).

Some similar results were previously reported on

decreasing the particle size of Sr substituted calcium

phosphate for high amounts of Sr ions above 1.5% [5, 25].

Although the XRD and TEM results of the present study

indicated that below 1%, strontium did not change the

crystal size significantly, the trend of decreasing of the

particle size is consistent for all values of Sr concentration.

As a conclusion of XRD and TEM analysis, the changes

in crystal size and crystallinity of Sr substituted calcium

phosphate could be due to the Sr2? substitution of Ca2?

[10, 11, 36]. Smaller nano size particle of the Sr substituted

calcium phosphate could enhance the DNA binding on

calcium phosphate based vectors. This will eventually

result in improved gene delivery process.

3.3 Infrared spectroscopy

FTIR spectra of Sr substituted calcium phosphate nanopar-

ticles are shown in Fig. 3. The absorption bands of phos-

phate group detected at 960–1100 cm-1 and 560–600 cm-1

Table 2 Crystal size,

crystallinity and phase

composition of the samples

Sample Sample

composition

Peak width

(rad)

Crystal size

(nm)

Crystallinity

(Xc) (%)

HA/b-TCP

(%)

1 0.0Sr-CaP 0.0042 33.4 ± 3 64 97/3

2 0.5Sr-CaP 0.0045 31.2 ± 2 60 94/6

3 1.0 Sr-CaP 0.0050 28.3 ± 1 58 93/7

4 5.0 Sr-CaP 0.0072 19.7 ± 1 51 89/11

5 10.0Sr-CaP 0.0078 18.1 ± 2 49 87/13

Fig. 2 TEM micrograph of Sr

substituted calcium phosphate

nanoparticles with different

amount of strontium
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are the characteristic peaks which are presented in all FTIR

spectra of calcium phosphate samples [34, 37, 38].

Absorbed water was detected around 3500 cm-1 [37].

The FTIR analysis also shows that B-type carbonation

(CO3
2-signals at 1410, 1450, and 873 cm-1) occurred

during the Sr substituted calcium phosphate synthesis,

although there is no carbonate source in the solution [34].

Such carbonation was due to the carbon dioxide in the

reaction vessel, since the synthesis process was performed

under normal atmosphere. The reactive absorption of

atmospheric carbon dioxide by the solution occurred dur-

ing the preparation of the solution [5].

The presence of the carbonate functional group during

the fabrication of calcium phosphate nanoparticles via sol

gel method has been reported in previous study [34].

Substitution of strontium ions in the apatite structure did

not inhibit the carbonate substitution in the B-type car-

bonate position of the lattice. This simple sol gel method

procedure under normal atmosphere results in the Sr and

carbonate co-substituted calcium phosphate directly with-

out using any carbonate source precursors. It has been

reported previously that co-substitution of Sr and carbonate

in a calcium phosphate lattice could enhance the biocom-

patibility properties and dissolution rate of nanoparticles

[11, 34, 37].

The FTIR spectra of the Sr substituted samples show a

decrease in the relative intensity of the absorption hydroxyl

bands on increasing Sr. Furthermore, in agreement with

Dahl et al. [21], and Alkhraisat et al. [38]. The hydroxyl

stretching band progressively shifts to higher wave num-

bers with increasing the strontium content.

Substitution of strontium ions in apatite structure has no

significant effect on the FTIR spectrum of calcium phos-

phate samples. Infrared spectra show the Sr and carbonate

co-substitution in calcium phosphate lattice which is sim-

ilar to the result of sol gel derived calcium phosphate

nanoparticles [34]. Increasing the amount of Sr in the

structure causes the shift of the hydroxyl band to higher

wave numbers.

3.4 Specific surface area measurement

The values of the specific surface area (SSA) and average

particle size (dBET) of the samples are reported in Table 3.

Fig. 3 FTIR spectra of Sr

substituted calcium phosphate

nanoparticles with different

amount of strontium
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The specific surface area values determined through the

BET method are consistent with the nano size particles i.e.,

in accordance with TEM results. A high specific surface

area in the range of 50–90 m2/g for Sr substituted calcium

phosphate particles has been reported in other experiments

[37, 38].

Table 3 shows that increasing the amount of strontium

substitution in calcium phosphate structure results in nano-

particles with higher specific surface area. For a constant

amount of calcium phosphate gene carrier, particles with

higher values of specific surface area present more DNA

binding sites at the surface [2–4]. Therefore, increasing the

specific surface area of the calcium phosphate particles may

enhance the DNA concentration in the final gene delivery

complex,.and increase the amount of DNA in cytoplasm,

that could improve the gene delivery efficiency.

BET analysis demonstrates that concentrations of

strontium ions above 1% make nanoparticles with higher

specific surface area and smaller particle size. This finding

is in agreement with XRD and TEM results (Table 2 and

Fig. 2), which show a higher amount of Sr substitution in

calcium phosphate structure has a greater effect on the

particle size of the products than the Sr concentration.

3.5 Zeta potential measurement

Cationic vectors with higher values of positive surface

charge have better interaction with DNA and improve

DNA condensation on the carrier, due to DNA’s net neg-

ative charge [14, 15]. Zeta potential evaluation of Sr

substituted nanoparticles has been performed at physio-

logical pH (7.4). The results are shown in Table 4.

Although measuring the zeta potential of Sr substituted

calcium phosphate in water medium shows net negative

charge for the particles as reported previously [38]; the

results of this study demonstrated that, measuring the zeta

potential in physiological media results in positive surface

charge which is more efficient for gene delivery applications.

Table 4 shows that increasing the amount of Sr con-

centration in the solution has no significant effect on the

zeta potential of cationic substituted particles.

Accordingly, it could be concluded that the addition of

Sr ions in calcium phosphate nanoparticles keeps the sur-

face charge in the positive range in physiological medium,

and makes positively charged nanoparticles. This could be

an appropriate candidate for non viral gene delivery of

negatively charged DNA parts to the cell surface.

3.6 Ion dissolution rate in simulated body fluid

Ca2? and Sr2? release of the calcium phosphate nanopar-

ticles could be effective factor for endosomal escape of the

gene delivery complex. Therefore, ion release regime of

the Sr substituted calcium phosphate nanoparticles has

been evaluated in simulated body fluid.

Figure 4 shows the diagram of the Ca2? and Sr2?

release during two weeks of experiments with a two day

interval. As expected, ion concentration of the SBF med-

ium increased with respect to time. Sr and carbonate ions

co-substitution in calcium phosphate lattice enhanced its

dissolution rate. It was found that the calcium phosphate

particles containing Sr exhibited a more abundant calcium

release with respect to the Sr free HA powders.

Increasing the ion release from Sr containing particles

has been reported before. Landi et al. [11] suggested the

following sequence of powder solubility for the biological

range of pH for different calcium phosphate: SrCHA [
SrHA [ HA. Where SrCHA is the Sr and carbonate co-

substituted hydroxyapatite, SrHA is Sr substituted

hydroxyapatite and HA is Sr and carbonate free hydroxy-

apatite. A higher dissolution rate for Sr and carbonate co-

substituted calcium phosphate nanoparticles was also

reported by Boanini et al. [18].

The results of ion release measurements are completely

in agreement with Pan et al. work which confirmed that, the

solubility of Sr substituted hydroxyapatite significantly and

steadily increases with the increase of strontium content

[12].

Substitution of Sr in apatite structure decreases the

crystallinity and crystal size of the nanoparticles (Table 2)

which causes the higher dissolution rate. On the other hand,

it has been suggested that the Sr destabilizes the apatite

structure [12]. Destabilization of crystal structure occurred

Table 3 Specific surface area and dBET values of Sr substituted

samples

Sample Sample

composition

Specific surface

area (m2/g)

Equivalent spherical

diameter, dBET (nm)

1 0.0Sr-CaP 55 32

2 0.5Sr-CaP 62 31

3 1.0 Sr-CaP 74 27

4 5.0 Sr-CaP 91 18

5 10.0Sr-CaP 94 17

Table 4 Zeta potential measurement for Sr substituted calcium

phosphate nanoparticles

Sample Sample composition Zeta potential (mV)

1 0.0Sr-CaP 4.5 ± 0.1

2 0.5Sr-CaP 5.0 ± 0.2

3 1.0 Sr-CaP 6.1 ± 0.1

4 5.0 Sr-CaP 7.3 ± 0.3

5 10.0Sr-CaP 7.8 ± 0.2
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because larger strontium atoms were substituted for cal-

cium ions in a calcium phosphate lattice [18].

The present results are in agreement with Kannan et al.

[10], and Christoffersen et al. [19], indicate that the solu-

bility of strontium substituted apatite increases with the

increasing strontium content.

The result of the dissolution rate evaluation shows

higher amounts of Ca2? and Sr2? release for Sr substituted

calcium phosphate nanoparticles in comparison with Sr

free particles.

This study shows that smaller the particle size, lower the

crystallinity and higher dissolution rates of the Sr substi-

tuted calcium phosphate nanoparticles could potentially

increase the efficiency of these novel non viral vectors in

gene delivery applications.

4 Conclusions

Strontium substituted calcium phosphate nanoparticles

were prepared using a simple sol gel method. The incor-

poration of Sr in apatite structure was proved by increased

lattice parameters of the samples in comparison to the Sr

free calcium phosphate. Increasing the concentration of Sr

ions in solution, decreased the particle size and crystallinity

of the samples but did not have a significant effect on phase

composition.

The simple sol gel method used in this study resulted in

Sr substituted calcium phosphate nanoparticles with nano

size structure, high specific surface area, a positively

charged surface, and a high dissolution rate.

These improved properties could potentially increase the

gene delivery efficiency using this novel non viral gene

delivery vectors by increasing the DNA condensation and

concentration on the carrier as well as increasing the

endosomal escape of the gene-vector complex.
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