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Abstract Gene therapy provides a unique approach to

medicine as it can be adapted towards the treatment of both

inherited and acquired diseases. Recently, calcium phos-

phate vectors as a new generation of the non viral gene

delivery nano carriers have been studied because of their

biocompatibility and DNA condensation and gene transfer

ability. Substituting cations, like magnesium, affects phys-

ical and chemical properties of calcium phosphate nano

particles. In this study, Mg2? substituted calcium phosphate

nano particles have been prepared using the simple sol gel

method. X-ray diffraction analysis, Fourier transform infra

red spectroscopy, transmission electron microscopy, spe-

cific surface area analysis, zeta potential measurement and

ion release evaluation were used for characterization of the

samples. It was concluded that presence of Mg ions decrease

particle size and crystallinity of the samples and increase

positive surface charge as well as beta tricalcium phosphate

fraction in chemical composition of calcium phosphate.

These properties result in increasing the DNA condensation

ability, specific surface area and dissolution rate of the

samples which make them suitable particles for gene

delivery application.

1 Introduction

Gene therapy provides a unique approach to medicine as it

can be adapted towards the treatment of both inherited and

acquired diseases [1]. There are two different approaches

for gene delivery, viral and non viral. Non viral gene

delivery systems have the potential to provide nucleic-acid-

based therapeutics that closely resemble traditional phar-

maceuticals [2].

Several major barriers need to be overcome for the

development of non viral gene delivery systems for use in

humans including; manufacturing, formulation and stabil-

ity; extracellular barriers; and intracellular barriers [2, 3].

Non viral gene vector has to carry the gene to the sur-

face of the target cell. As an extracellular barrier it has to

overcome the immune system’s protein interactions.

Furthermore, the cellular association of naked DNA mol-

ecules is very poor, since negative charges on both the cell

surface and the DNA molecules interrupt contact with each

other via electrostatic interactions. A cationic vector

enhances cell-surface binding through interactions with the

negative constituents of the cell surface (e.g. heparan sul-

fate proteoglycans) or through selective binding to specific

receptors, resulting in a strong transgene expression [1].

It is obvious that using cationic gene carriers has sig-

nificant effect on negative charged DNA condensation and

also cell surface bonding of the gene delivery system.

The DNA containing particles are subsequently taken up

by cells via endocytosis, macropinocytosis, or phagocytosis

in the form of intracellular vesicles [3]. Therefore, endo-

somal escape would be an important step in gene delivery

process.

One promising strategy to release internalized com-

plexes from the endosome is osmotic endosomal disruption

or ‘‘proton sponge hypothesis’’ which is pointed out by
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Boussif et al. [4]. In this mechanism, the carrier ionic

release causes increasing the proton transfer into the

endosome which makes the endosomal rupture and even-

tually gene will be released in the cytoplasm.

Several authors used inorganic nanoparticles for DNA

delivery. Among them, calcium phosphate nanoparticles

should be advantageous due to their high biocompatibility

and good biodegradability [5].

In the case of calcium phosphate based approaches,

lower levels of gene expression (in comparison to viral

approaches) are observed because of difficulties associated

with low concentration of nucleic acid condensed on cal-

cium phosphate particles and endosomal escape of the

DNA from endosome [6].

One way to address these concerns is to synthesize

cationic calcium phosphate particles that possess both

improved DNA condensing capabilities as well as higher

DNA binding capacities. These characteristics would serve

to increase the fraction of genetic material that successfully

escapes the endosomal compartment which would thus

lead to improved transfection efficiencies [6].

It has been demonstrated that calcium ions play an

important role in endosomal escape, cytosolic stability and

enhanced nuclear uptake of DNA through nuclear pore

complexes. The special role of exogenous calcium ions to

overcome obstacles in practical realization of this field

suggests that calcium phosphate nanoparticles can be des-

ignated as second-generation non viral vectors for gene

therapy [7].

Since degradation of beta tricalcium phosphate increases

the amount of calcium ions inside the endosome and causes

endosomal escape, producing cationic biphasic calcium

phosphates composed of Hydroxyapatite (HA) and beta

tricalcium phosphate (b-TCP) with nano size structure and

optimized dissolution rate would be an applicable way to

have an effective gene delivery system which is able to

condense maximum amount of DNA, interact with cell

membrane and receptors and also increase transfection

efficiency. Substituting some cations and/or anions into the

apatite structure can make such smart calcium phosphate

carriers.

The calcium phosphate lattice easily incorporates a

variety of substituent ions in the apatite structure, inducing

modifications in powder cationic charge, crystallinity,

particle morphology, lattice parameters and thermal

stability [8, 9].

Substitution of cationic ions, such as magnesium ions,

into the structure of calcium phosphates can increase the

cationic charge of the calcium phosphate and inhibit crystal

growth during the synthesis process [10].

Magnesium is closely associated with mineralization of

calcified tissues, directly stimulating osteoblast proliferation

[9, 11] and indirectly influences mineral metabolism [12].

Mg plays an essential role in the biological process due to its

significant impact on the mineralization process and also its

influence on HA crystal formation and growth [10].

The control of Mg2? incorporation results in tailored

crystallinity, solubility and morphology of the synthesized

nanocrystals [8, 9]. Magnesium ions also have been found to

inhibit growth of the (0 0 1) face of HA crystals [8, 13, 14].

It has been shown that the presence of Mg2? within HA

lattice sensibly affects apatite crystallization in solution

and its thermal stability, promoting the formation of b-TCP

[9]. Mg2? can replace calcium (Ca2?) ions in b-tricalcium

phosphate (Ca,Mg)3(PO4)2), causing structure stability

[15, 16]. Mg substituted b-tricalcium phosphate is present

in biologic systems and synthetic Mg substituted b-trical-

cium phosphate has been proposed for osteoporosis therapy

[15, 17] attaining acceptance for biomedical applications

due to the extension of b-TCP stability caused by magne-

sium additions [15, 17].

Preparation of Mg substituted tricalcium phosphate has

been reported by precipitation or hydrolysis methods in

solution. These results indicate that the presence of Mg

stabilizes the b-TCP structure. The incorporation of Mg

also increases the transition temperature from b-TCP to

a-TCP [18].

As reported by Schroeder et al. [19], b-TCP crystallizes in

the rhombohedral space group, and the unit cell contains 21

cationic sites and 16 phosphate groups. Enderle et al. [20]

examined b-TCP powders with Mg ranging from 0 to

20 mol% obtained by solid-state reaction using X-ray pow-

der diffraction. A maximum 16 mol% of Mg2? substitution

on Ca(4) and Ca(5) sites in the b-TCP structure was found,

corresponding to a solid solution with (Ca0.86Mg0.14)3(PO4)2

composition.

Dolci et al. mentioned the use of 0.5–200 nm HA

powder containing up to 25.4wt% of Mg2? for biomedical

applications [21].

Mg substituted calcium phosphate powders have been

prepared by precipitation and hydrolysis methods indicat-

ing limited replacement of Ca2? with Mg2? (up to 0.3

wt%) [22]. Some other studies on precipitation of Mg

substituted calcium phosphate powders also showed sub-

stitution of Mg in HA [8]. Mayer et al. precipitated HA

powders containing up to 1.5wt% of Mg without simulta-

neous carbonate substitution [23]. Golden and Ming man-

aged to synthesize from aqueous solutions Mg substituted

calcium phosphate powders with up to 2wt% of Mg [24].

Bigi et al. synthesized Mg substituted calcium phosphate

powders with up to 5wt% of Mg in HA under hydrothermal

conditions at 120�C [25]. Okazaki et al. substituted up to

5wt% of Mg in HA using precipitation method but with a

total loss of crystallinity [26].

As a consequence of the aforementioned reports on

preparing the Mg substituted calcium phosphate it has been
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shown that having different amount of Mg concentration in

apatite lattice results in changes in particle size, phase

composition, dissolution rate and surface charge which can

improve transfection efficiency of cationic calcium phos-

phate based non viral gene delivery systems.

Keeping this view of point the objective of this work is to

synthesize magnesium substituted calcium phosphate nano

particles using a simple wet chemical method aimed to study

as a novel non viral inorganic gene delivery system. Having

cationic charge and nano size structure will increase DNA

condensation and concentration on the vector as well as

endosomal escape through proton sponge mechanism.

2 Materials and methods

2.1 Sample preparation

Mg substituted calcium phosphate solution was prepared in

the same process has been previously reported for pure HA

[27]. Briefly, phosphoric pentoxide (P2O5, Aldrich), cal-

cium nitrate tetrahydrate [Ca(NO3)2�4H2O, Aldrich] and

magnesium chloride (MgCl2�6H2O, Aldrich) were used to

prepare precursors. A designated amount of Ca-precursor

and P-precursor was mixed to form the Ca–P mixture.

Mg-precursor was added drop-wise into Ca–P mixture to

obtain a solution with (Ca, Mg)/P ratio of 1.67. Mg

substituted calcium phosphate samples were prepared in

four different concentration of Mg2? ions in apatite lattice

as it is described in Table 1.

The primary solution was stirred for 3 h at room tem-

perature to form gel. The final gel was aged for 24 h at

room temperature, washed, filtered, dried overnight at

80�C, and then calcinated in a Muffle furnace from room

temperature to 600�C in the air. Calcination temperature

and aging time has been chosen based on previous study

[27, 28].

The atomic concentrations of elements (Ca, P and Mg)

in the final samples were quantified by X-ray fluorescence

spectroscopy (XRF) method (JEOL JSX-3201Z Element

Analyzer) to compare that with as prepared concentration

and stoichiometric ratio of Ca, P and Mg. Results are

summarized in Table 1.

2.2 Phase composition, crystal size and crystallinity

evaluation

Mg substituted calcium phosphate nano particles compo-

sition evaluated by X-ray diffraction (XRD, Philips X’Pert

PRO, USA). The diffraction spectra were recorded in the

2h range from 20� to 70� using Cu Ka (wavelength =

1.54056 Å, 40 mA, 40 kV) radiation with a step size of

0.05� and a step duration of 1 s.

Phase fraction of the products was measured using the

method of Chung et al. [29]. Based on this method, the

amount of HA in final product has an indirect relation 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) crystal-

lographic planes of the HA in the XRD patterns.

The crystal size of the samples was estimated from the

XRD pattern using the Scherrer’s equation [30]. According

to this equation, a single-crystal dimension perpendicular

to the (h k l) plane can be estimated from the peak

broadening as:

Dhkl ¼ kk
�

B1=2coshhkl 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 peak hkl (rad) and hhkl is the

diffraction angle (in degrees).

For samples with apatite structures, the line broadening

of the (0 0 2) reflection was used to evaluate the crystal

size, which corresponds to the c crystallographic axis.

According to Landi et al. [31] the crystallinity degree of

samples (Xc) corresponding to the fraction of crystalline

phase present in the examined volume was evaluated by the

relation;

Xc � 1� V112=300

�
I300 ð2Þ

where I300 is the intensity of (3 0 0) reflection of HA and

V112/300 is the intensity of the hollow between (1 1 2) and

(3 0 0) reflections, which completely disappears in non-

crystalline samples. In agreement with Landi et al. a

verification was done with the relation [9]:

Table 1 Mg substituted calcium phosphate samples composition with different Mg concentration

Sample name Wt. % Mg Ca/P ratio (Ca ? Mg)/P ratio Calcination

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

0.00 Mg-CaP 0.00 0.05 1.67 1.70 1.67 1.71 600

0.25 Mg-CaP 0.25 0.23 1.62 1.63 1.67 1.66 600

0.50 Mg-CaP 0.50 0.59 1.56 1.54 1.67 1.61 600

1.00 Mg-CaP 1.00 1.07 1.5 1.48 1.67 1.59 600
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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).

2.3 Transmission electron microscopy evaluation

The particle size of the samples was examined by trans-

mission electron microscopy (TEM, Philips CM30, USA).

TEM samples were prepared using an ultrasound vibration

method [32]. First, the samples were immersed in ethanol

solution 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.

2.4 FTIR spectroscopy

Characteristic functional groups were identified by Fourier

transform infrared spectroscopy (FTIR, PerkinElmer,

USA). The spectrum was recorded in the 4000–400 cm-1

region with 2 cm-1 resolution.

2.5 Specific surface area measurement

The specific surface area (SSA) of the nano particles was

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

using Micromeritics Device (Norcross, USA). The particle

size (dBET) was also estimated by assuming the primary

particles to be spherical [9];

dBET ¼ 6=q � s ð4Þ

where q is the theoretical density of the sample (3.156 g/cm3

for pure HA and Mg substituted HA) and s is the specific

surface area (SSA).

2.6 Measurement of nano particles surface charge

Since DNA has the net negative charge, cationic vectors

with higher values of positive surface charge have better

interaction with DNA and improve DNA condensation on

the carrier [1, 3].

The surface charge of Mg substituted calcium phosphate

nano particles was determined by measuring the zeta

potential in the physiologic pH range. Zeta potential was

measured with a Zetasizer Nano-ZS (Malvern Instruments

Ltd., UK) and values were expressed as mean ± SD of

three measurements.

2.7 Ca2? Ions release measurement in simulated body

fluid analysis

Since calcium ion release has a significant effect on endo-

somal escape of calcium phosphate gene delivery systems,

simulated body fluid (SBF) was used to evaluate Ca2? release

form Mg substituted calcium phosphate nano particles.

Ion release test was performed in a stimulated body fluid

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 [33]. The dissolution of

calcium ions in the SBF medium was determined by an

atomic absorption spectrometer (AAS, PerkinElmer, USA).

3 Results and discussion

3.1 XRD phase analysis

XRD patterns of the Mg substituted calcium phosphate

nano particles with different amount of Mg ions incorpo-

rated in apatite lattice are shown in Fig. 1.

With increasing Mg content, the XRD peaks became

gradually broader. This effect could be explained by

decreased crystallite size (Table 2) and increased lattice

disorder associated with increasing Mg substitution in the

calcium phosphate lattice.

Sample 1 (0.0 Mg-CaP) shows the characteristic peaks

of HA which is in complete agreement with previous study

[27, 33].

In the absence of Mg2?, crystalline and stoichiometric

HA was obtained, while in the presence of this ion,

Fig. 1 XRD patterns of Mg substituted calcium phosphate nano

particles with different amount of Mg concentration
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biphasic calcium phosphate (BCP) could be synthesized

composed of HA and b-TCP.

The shift of the XRD peaks with respect to the Mg free

calcium phosphate (JCPDS card 09-0169) [34], serves as

evidence of Mg substitution in prepared samples.

The HA phase observed in all samples probably con-

tained some Mg2? ions in the lattice as well.

In agreement with other studies, inducing the Mg ions in

calcium phosphate structure stabilize the presence of

b-TCP phase and result the biphasic calcium phosphate

[8, 9, 12, 15, 19, 34–36]. Although there are some reports

on preparing the Mg substituted calcium phosphate nano

particles using acid–base reagents and high calcination

temperature [37, 38], in this study using wet chemical

simple sol gel method in an acid–base free solution and

low calcination temperature, biphasic calcium phosphate

with 0.25, 0.5 and 1.0 percent Mg substituted ions were

synthesized.

Single crystal size, crystallinity and HA/b-TCP fraction

of the samples are shown in Table 2. As it is reported in

other studies [8, 10, 14], Increasing the amount of Mg

substituted ions in apatite lattice inhibits the crystal growth

and makes nano particles with smaller single crystal size.

Substitution of Mg2? encourages the formation of

b-TCP phase and reduces the crystallinity of the samples

significantly. According to the data of Table 2, it is

observed that Mg ions stabilize b-TCP phase and result in a

biphasic calcium phosphate composed of HA and b-TCP

phases in aqueous medium.

Since b-TCP dissolution rate in physiological environ-

ment is higher than HA, having these biphasic Mg substi-

tuted calcium phosphate nano particles with smaller crystal

size and higher amount of b-TCP could improve the con-

densation of DNA on gene carrier as well as endosomal

escape inside the cell using proton sponge mechanism as a

result of higher concentration of Ca2? which is presented in

the solution from the samples with lower crystallinity

values [4, 6, 7].

In addition, Table 2 shows that the Mg ions concentra-

tion more than 0.5% in calcium phosphate structure has

more effect than lower concentration of Mg substituted

ions on the physical and chemical properties of final

products.

3.2 Transmission electron microscopy evaluation

The micrographs of Mg substituted calcium phosphate

nano particles with 0.0, 0.25, 0.5 and 1.0% Mg ions that are

shown in Fig. 2 show good agreements with the results of

XRD measurements (Table 2).

All samples contain 20–35 nm particles and it could be

observed that increasing the Mg value inhibits the particle

growth and results in smaller nano particles.

Higher amount of Mg ions which are substituted for Ca

ions in the structure has more effect on inhibiting the

particle growth of the samples. TEM micrographs of the

samples with different amount of Mg ions confirms

the results of the XRD pattern evaluation and shows that

the present simple wet chemical sol gel method can result

in calcium phosphate nano particles which are applicable

for gene delivery systems.

In this simple sol gel method, presence of magnesium

ions helps to have smaller nano particles which their size

is comparable with the result of other reports [8, 9, 12,

15, 19].

3.3 FTIR spectrum evaluation

FTIR spectra of the calcium phosphate nano particles with

different amount of Mg2? are shown in Fig. 3. These are

typical spectra of HA showing PO4
3- derived bands at 478,

566, 605, 963, and 1030–1090 cm-1 and adsorbed water

bands at 1630 and 3000–3700 cm-1 [8, 39].

Loss of resolution of the PO4
3- derived bands with

increasing Mg content, were observed. This effect can be

explained by decrease of crystallinity due to increased Mg

substitution in the HA lattice [8].

Lower intensity of the OH- derived bands could be

caused by the increasing of adsorbed water because of the

high surface area of the Mg substituted calcium phosphate

at higher Mg content. This finding confirms the higher

Table 2 Single crystal size and crystallinity measured according to XRD patterns

Sample

no.

Sample

composition

Peak width

(0 0 2) (rad)

Single crystal

size (nm)

Crystallinity

(Xc) (%)

HA/b-TCP (%)

1 0.00 Mg-CaP 0.0042 33.4 ± 3 64 97/3

2 0.25 Mg-CaP 0.0046 30.4 ± 2 59 91/9

3 0.50 Mg-CaP 0.0060 23.3 ± 1 53 82/18

4 1.00 Mg-CaP 0.0069 20.5 ± 1 51 74/16
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strength with which Mg-HA surface binds water molecules

and consequently coordinates a higher number of water

layers, compared to magnesium-free HA [40];

The presence of small amounts of CO3
2- ions in all

samples was due to presence of methanol as the solvent

media and also calcination in air [33].

According to Riman et al. the position of the CO3
2-

derived bands indicates that CO3
2--for-PO4

3- substitution

dominates in the Mg substituted calcium phosphate but

some fraction of the OH- groups might be replaced by the

CO3
2- groups, which is usually observed in carbonated HA

powders prepared by wet methods [8, 33].

3.4 Specific surface area

The specific surface area (SSA) values as well as the

average particle sizes (dBET) of all samples are presented in

Table 3.

As it is expected sample 4 showed the highest SSA

because of the highest amount of Mg ions in its structure.

Fig. 2 TEM micrograph of Mg substituted calcium phosphate nano particles with 0.0, 0.25, 0.5 and 1.0% Mg ions

Fig. 3 FTIR spectrum of Mg substituted calcium phosphate nano

particles
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The calculated dBET ranged between 21 and 34 nm. The

results were in agreement with XRD measurement and

TEM observation (Table 2 and Fig. 2).

It can be observed that in sample 2 and sample 3 the particle

size decreased with Mg content, in good agreement with

Zyman et al. [37]. But in the case of sample 4 (1 Mg-CaP),

although in this study it shows the same behavior and keep

decreasing the particle size with increasing the Mg content,

Zyman et al. have reported that the sample with 1% Mg ions

do not follow this trend. This contradiction could be because

of the higher calcination temperature (1100�C) that they have

used to calcinate their samples.

From Table 3 it can be concluded that by using 600�C

calcination process, increasing the amount of Mg ions

decreases the size of the resultant nano particles.

3.5 Nano particles surface charge

Table 4 shows the measured zeta potential value of all

samples. Increasing the amount of the substituted ions in the

structure makes nano particles with higher value of positive

surface charge. It is in complete agreement with the previous

studies [38] which reported positive surface charge for Mg

substituted calcium phosphate nano particles.

Since the main mechanism of DNA binding to calcium

phosphate nano particles is electrostatic interaction

between cations (Ca2?, Mg2?) in calcium phosphate carrier

and phosphate groups in DNA structure [41], increasing the

net positive charge of the nano particles can improve DNA/

vector interaction as well as DNA condensation. On the

other hand a cationic vector enhances cell-surface binding

through interactions with the negative constituents of the

cell surface [1, 3]. Therefore Mg substituted calcium

phosphate nano particles with higher values of positive

surface charge could increase the transfection efficiency of

the gene delivery system.

3.6 Calcium ion release regime

The calcium ions release of prepared calcium phosphate

nano particles with different amount of Mg2? into SBF

medium is demonstrated in Fig. 4.

According to the data of Fig. 4, more calcium ions were

released from the samples with higher Mg2? values which

is due to more degradation rate of these samples.

As it has been discussed above, having higher amount of

magnesium ions in apatite lattice has several physical and

chemical effects on the resultant nano particles, including;

decreasing the crystal size, decreasing the crystallinity

and increasing the stability of b-TCP (Tables 2 and 3).

Therefore by increasing the amount of Mg ions, particles

with a larger surface area are fabricated which contain a

higher percentage of b-TCP phase. This causes an increase

of dissolution rate of the nano particles. So, higher amount

of Ca ions concentration could be observed for Mg con-

tained samples in comparison with Mg free particles.

In agreement with the results of XRD pattern evaluation

(Table 2), Mg concentration more than 0.5% has more

effect on the Ca ion release of the samples. Higher release

of Ca2? has significant effect on endosomal escape of the

gene delivery systems [7].

Table 3 Specific surface area

and dBET of Mg substituted

calcium samples

Sample

no.

Sample

composition

Specific surface

area (m2/g)

Equivalent spherical

diameter dBET (nm)

1 0.00 Mg-CaP 53 34

2 0.25 Mg-CaP 68 29

3 0.50 Mg-CaP 82 24

4 1.00 Mg-CaP 91 21

Table 4 Surface charge of Mg substituted calcium phosphate nano

particles

Sample no. Sample composition Zeta potential

(mV)

1 0.00 Mg-CaP 3.2 ± 0.5

2 0.25 Mg-CaP 6.7 ± 0.4

3 0.50 Mg-CaP 7.5 ± 1

4 1.00 Mg-CaP 8.0 ± 0.8
Fig. 4 Concentration of Ca2? ions in SBF solution after predicted

period of time
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The results of this study show that substituting Mg ions

in calcium phosphate structure can increase the release of

calcium ions and potentially could increase the gene

transfer efficiency. The study of gene delivery behavior of

these novel calcium phosphate carriers would be the aim of

the following work by the present authors.

4 Conclusion

Wet chemical synthesis of magnesium substituted calcium

phosphate powders has been accomplished via a simple sol

gel method. In present sol gel method, the ability to syn-

thesize a stable form of biphasic calcium phosphate

20–35 nm particles composed of HA and b-TCP is largely

dictated by the ability of Mg2? ions to diffuse into the

phosphate lattice enabling the transformation. Addition-

ally, this would have a significant impact on the kinetics of

the transformation reaction leading to the formation of a

stable form of b-TCP.

The calcium phosphate powders without Mg2? exhib-

ited higher crystallinity and crystal size but lower amount

of b-TCP in their composition. Substituting Mg ions in

calcium phosphate structure make nano particles with

smaller particle size, lower crystallinity, higher positive

surface charge and higher amount of b-TCP which cause

increasing in Ca ions release in simulated body fluid.

Particles with higher surface area (smaller crystal size)

and positive surface charge would be able to condense

more concentration of DNA on their surface that can

increase the amount of DNA inside the cell and its nucleus.

In addition, higher amount of b-TCP improves the gene

delivery properties by increasing the dissolution rate of the

carrier inside the endosome and causing endosomal rupture

which release more concentration of DNA in cytoplasm

and increase the gene delivery efficiency.
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