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Abstract
Introduction: Bone replacement materials used for void filling and healing the bone injuries with antibacterial characteristics is of interest to
many researchers. The main inorganic material in human and animal bones makes calcium phosphate suitable to interact with neighboring bones
and enhances the healing process. A few drawbacks of using neat Ca/P powder such as low solubility and its brittle nature makes it difficult
to manipulate. Therefore, the composition of these bio-ceramics with biopolymers makes an ideal injectable mixture with proper mechanical
properties. In this study a hybrid composite of sodium alginate (SA) and calcium phosphate was prepared and its antibacterial characteristics were
investigated.
Materials and Methods: In this study, hydrogel composites of SA/brushite and SA/hydroxyapatite (HA) were fabricated with different fabrication
methods as well as the final compositions. The filler properties of these hybrid composites were investigated using X-ray diffraction (XRD), Fourier
transform infrared (FTIR) and scanning electron microscopy (SEM). Also, to determine the antibacterial effects, the minimal inhibitory concentration
(MIC) and minimal bactericidal concentration (MBC) were assessed on two strands of microorganisms including Escherichia coli and Streptococcus
agalactiae which are known as causative agents for biofilm formation on implant surfaces.
Results: Findings reveal that calcium phosphate in the form of brushite in combination with alginate and carboxy-methyl-cellulose (CMC) has
intrinsic antibacterial efficiency in concentrations lower than 250 μg/mL.
Conclusions: The composition of SA/brushite with CMC carrier is a promising injectable filler with antibacterial properties which could be used to
treat bone injuries and orthopedic applications.
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Introduction
Every year, millions of people around the world suffer from
bone injuries. Yet, bone replacement materials were used to fill
or repair bone defects resulting from traumatic insult, tumor
ablation or congenital deformities over the past few decades.1-4
However, healing these defects with the ability to induce
and conduct bone formation with less operational surgeries
even for complex defect geometries is still a vital challenge
for surgeons. In many cases, allograft, autologous bone grafts
and xenografts are used which may lead to more complicated
therapeutic procedures due to infections or immunobiology
failure by host.5 Therefore, in the past 50 years, many
scientific efforts have been made to make some appropriate
bone substitute materials.6-10 Since human bones consist of
65% hydroxyapatite (HA), many researches are inclined to

use and include calcium phosphates in their compositions to
mimic their role in natural bone structure.11,12 Among these
material, calcium phosphates HA, beta-tricalcium phosphate
and their composite named biphasic calcium phosphate are of
interest due to their biocompatibility, osteoconductivity and
osteoinductivity properties.13 Considering its close similarity
to inorganic material in human and animal bones, HA would
be a suitable option to interact with neighboring bones and it
would also enhance the healing process.14 Moreover, HA has
been found to be an effective substrate for cell attachment and
expression of osteoblast phenotypes.15,16 However, it remains
in the body for a long time due to its low biodegradability.
Therefore, there are a few drawbacks in using neat HA powder
such as low solubility which prolongs the degradability process
or its brittle nature which makes it difficult for surgeons to use

Copyright © 2020 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (http://
creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Antibacterial Activity of Injectable Hydroxyapatite-Alginate Hydrogel

and manipulate and even it could cause a secondary fracture.17
Subsequently, biopolymers which are also biocompatible,
abundant in source and possess various chemical, physical
or mechanical properties could be good options as polymer
matrix hosts for inorganic powders such as HA. Moreover,
strong interfacial interaction between the inorganic phase
and biopolymer matrix via electrostatic interactions and
hydrogen bonding will create a synergistic effect which
enhances the mechanical stability and manipulation. These
compositions are potent enough to be loaded by drugs or
used as a paste for bone substitution.6,7 On the other hand,
alginate is a biocompatible and degradable polysaccharide
which is derived from brown sea algae and is well known for
its good ability to form a scaffold via ionic interaction. Also,
the existing carboxy groups in polysaccharide chains would
interact with their opposite charged ions and would form a
3D gel network.18 Therefore, this capability could be used
to form an in-situ hydrogel which is especially suitable for
a large bone defect filling when it comes to be mixed with
a biogenic material such as HA.19-21 Accordingly, there are
few reports in recent years which describe the preparation
and characterization of sodium alginate (SA) consisting
of calcium phosphate composites with a focus on HA as a
constituent of their mineral component.7,19-23 Thus, different
properties of these composites are well documented in these
studies. In the same vein, Luo et al have investigated the effect
of surface treatment of nano-plate shaped HA reinforced by
SA scaffolds containing glucosamine which was designed
for bone tissue engineering applications.23 In this study,
glucosamine was grafted on the surface of HA via intercalation
method. Eventually, it was found out that the incorporation
of glucosamine grafted HA in the SA matrix improves its
compressive strength as well as the promotion of MG-63 cell’s
proliferation.23 The mechanical strength is of importance to
fabricate gels with good manipulating properties. On the other
hand, Benedini et al have looked into pH adaptation capability
of HA/SA to ensure its stability during its contact with body
fluid.22 They were able to demonstrate that the decrease in
pH value of media (such as the one which happens in a bone
defect) will not lead to the degradation of composite unlike
the behavior previously observed in traditional gels. Also, by
adjusting the proper incubation time in a simulated body fluid
and the amount of introduced synthetic HA, it is possible to
improve the development of biogenic HA. Recently, brushite
has been proposed as a new hybrid material in combination
with alginate. It is worth mentioning that brushite (dicalcium
phosphate dehydrate) is a member of calcium phosphates
with Ca/P ratio of one. Moreover, brushite is biodegradable
and can be resorbed in a physiological condition which
would make it a suitable choice to be used in many areas
such as bone cements, fillers and drug delivery systems.24-26
In addition, CaP cements are usually composed of HA or
brushite.24,27 Consequently, the higher solubility of brushite
leads to more resorbable cements and therefore, brushites
have received considerable attention.28,29 Also, brushite
naturally could be found in pathological calcifications.30
Alternatively, the other form of dicalcium phosphates is
montite with the same Ca/P ratio of brushite but only in dried
http://www.biotechrep.ir

conditions which can be precipitated by the dehydration of
brushite. Despite the fact that montite is more resorbable than
brushite and does not convert to apatite, calcium phosphate
cements are usually prepared in the form of brushites. This
is because the precipitation of brushite is exothermic while
montite gets prepared in an endothermic reaction.25,31-33 With
this in mind, understanding the structural properties of SA/
HA composite and the role of each parameter in the final
behavior of the composite will help try new methods in their
fabrication. By the same token, Luo et al used a 3D plotting
technique to fabricate a pre-designed porous structure of
SA/HA nanocomposite. Their results demonstrated that an
in-situ mineralization method was used for this structure
leading to the enhancement of the mechanical properties and
formation of a superficial nano-apatite which improved cell
attachments.34 They also showed that their prepared structure
has a sustained protein delivery capability which is favorable
for drug delivery purposes in tissue engineering. Moreover,
there are tremendous numbers of documents which approve
the effectiveness of using antibiotics together with bioceramics
in treating bone infections.35-37 Therefore, using a drug
delivery system to carry the antibiotics to the bone’s injured
area is of importance due to the poor blood circulation around
it. In the same way, a composite with an intrinsic antibacterial
behavior is another solution for this issue. Surprisingly, the
race between bio film formation and tissue cells adherence
to the surface indicates the success level of an implantation
as a substitute or graft in the injured site. Furthermore,
the adhesion of tissue cells to the implant is a good sign of
bioactivity of the implant’s surface which will lead to a uniform
healing of the injured region. To the knowledge of the authors
there are no reports of antibacterial characterization of
alginate and CaP in form of HA and brushite. Therefore, this
study focused on the in-situ fabrication of the SA/brushite
and SA/HA hydrogel composites as injectable antibacterial
bone fillers. In particular, different synthesis methods as
well as a final composition have been fully characterized to
understand their bone filling properties. In this case, the
compositions and structural properties were characterized
by Fourier transform infrared (FTIR) spectroscopy, X-ray
diffraction (XRD) analysis and scanning electron microscopy
(SEM). Furthermore, the antibacterial activity of the hybrid
composites was assessed against two common pathogenic
bacteria including Escherichia coli and Streptococcus agalactiae
through performing minimal bactericidal concentration
(MBC) and the minimal inhibitory concentration (MIC) tests.
Materials and Methods
Hydroxyapatite Synthesis
In this study, Nano HA powder was synthesized via
microwave assisted method and all the used reagents were
of analytical grade and were applied without any further
purification. Also, high-purity calcium nitrate tetrahydrate
(Daejung chemicals and metals Co., Ltd., S. Korea) and
ammonium phosphate dibasic (Daejung Chemicals and
metals Co., Ltd., S. Korea) were used as the starting materials
according to the stoichiometric ratio (1.67). First, the mixture
was stirred for 30 minutes at room temperature and the pH
J Appl Biotechnol Rep, Volume 7, Issue 1, 2020

33

Babaei Forootan et al

of the solution was adjusted to the degrees between 11 and 13
by adding ammonium hydroxide (1M, Merck). Further on,
the mixture was placed in a customized domestic microwave
oven equipped with a mechanical stirrer and a refluxing
system and the radiation power and temperature was adjusted
using a control panel made specifically for this device. The
microwave oven was 800W (ALONSA, AL-520MW) with an
input voltage of 220 V AC and 50 Hz single phase and 2450
MHz operating frequency. The temperature was set to 100°C
and the microwave device was running for 20 minutes. After
cooling down to room temperature, the precipitates were
washed with copious amounts of ethanol and deionized water
and filtered to remove the unreacted precursors. Eventually,
the resultant precipitates were dried under vacuum at room
temperature for 12 hours.
Preparations of Alginate-Brushite and Alginate-Hydroxyapatite
Composite
To control the handling viscosity, carboxy-methyl-cellulose
(CMC) of an analytical grade (Daejung Chemicals and metals
Co., Ltd., S. Korea) was used as a thickener. Therefore, three
groups of samples were prepared as follows: Group 1 (G1):
in-situ alginate/Cap microspheres prepared in a calcium ion
bath, group 2 (G2): in-situ alginate/CaP prepared in a CMC/
calcium crosslinking media and group 3 (G3): the mixture
of pre-synthesized HA and alginate in a calcium ion bath.
Obviously, in all the three samples a 4% (W/V) alginate was
used. In G1 0.0095 mole of ammonium phosphate dibasic
was added to the alginate solution and the mixture was slowly
added to the crosslinking bath (500 mL of 6% (W/V) calcium
nitrate tetrahydrate) using a 22-gauge syringe. The pH was
adjusted to 12 by adding ammonium solution dropwise. After
12 hours, the resultant microsphere was washed and filtered
out.
Likewise, in G2 the same ratio of phosphate and SA was
used but the crosslinking media was thickened with carboxy
methyl cellulose. Thus, to prepare this crosslinking media,
25 ml of 2.5% (W/V) CMC was mixed with 37.5 mL of a 6%
calcium nitrate tetrahydrate. Then, the alginate/phosphate
mixture was poured into one side of a two-barrel syringe and
the calcium/CMC into the other. As a result, the extruded
mixture of the syringe was the paste of our interest (The pH
was not determined).
Similarly, in G3 the pre-synthesized HA nano powder
with the same ratio of phosphate to the alginate of G1 was
added to the SA solution and thoroughly mixed to obtain a
homogenous solution. Then, the solution was slowly added to
calcium ion bath of 4% (w/v) via a 22-gauge syringe.
Afterwards, alginate-calcium phosphate (Alg/CaP)
composite beads of G1 and G3 samples were washed
thoroughly with distilled water to ensure no calcium residue
had remained on the surface. All the samples were then
freeze-dried overnight and stored in sealed plastic bags. For
better clarification, Figure 1 illustrates the schematic of the
three methods to prepare an Alg/CaP composite and the way
it is supposed to be used in clinical applications. Also, Figure 2
illustrates the prepared Alg/CaP in forms of beads and mixed
gel.
34
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Figure 1. Schematic illustration of three methods to prepare Alg/CaP composite
and the way it is supposed to be used in clinical applications. In G1 preparation,
the mixture of alginate and ammonium phosphate was added dropwise to
the crosslinking bath. To prepare G2 the mixture of alginate and ammonium
phosphate and the mixture of CMC and calcium nitrate load to a two-barrel
syringe and extruded. To prepare G3 the nano hydroxyapatite was mixed with
mixture of alginate and ammonium phosphate and then was added dropwise to
the crosslinking bath.

Figure 2. Digital photos of Alg/CaP in forms of bead and mixed gels. The picture
on the top left shows prepared beads of G1, and the top right picture shows
mixture of G3 sample. Bottom left picture shows nano hydroxyapatite powder
synthesized by microwave method and the bottom right is the picture of beads
of G3.

Characterization
The micro morphology of HA and HA/alginate was
investigated by scanning them using an electron microscope
(ESEM, XL30, Philips, Netherland). The samples included
gold-sputtered with EMS 7620 SEM sputter coater (Quorom
Technologies-Emitech). The SEM images were taken at the
beam intensity of 20-30 kV. Fourier Transform IR (FT-IR)
spectrum of samples was analyzed as KBr pellets using a
http://www.biotechrep.ir
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Thermo Nicolet NEXUS TM spectrophotometer. For XRD,
microspheres were reduced to powder and analyzed with Cu
Kα radiation using a Rigaku PMG-VH diffract meter.
Microorganisms and Culture Medium
Escherichia coli, and S. agalactiae were selected as representative
gram negative and gram positive bacteria, respectively. All the
strains were aerobic and were grown at 37°C. Mueller-Hinton
broth and Mueller-Hinton agar (Merck, Germany) were used
as a media to test the susceptibility of the bacteria.

buffered saline. The cells were incubated with 20 μL/well of
MTT reagent for 4 hours at 37°C. Then the supernatants were
replaced with 150 μL dimethyl sulfoxide (Sigma–Aldrich,
Germany). The optical absorbance at 570 nm was measured
using a microplate reader (ELISA reader, ELX808, BioTek).
At least three samples were averaged for each group. Cells
without extract were considered as control.

Antimicrobial Activity Test
To carry out the microbial activity of SA/HA nanocomposite,
the MIC and MBC tests were performed according to clinical
and laboratory standards of the institute’s guidelines.38 To
determine the MICs eight different concentrations, including
1000, 500, 250, 125, 63, 31, 16 and 8 µg/mL of broth were
prepared by adding appropriate amounts of MH broth and
one milliliter of each concentration was transferred to a test
tube. After on, 1 mL of one of the three different suspensions
with the inoculum concentration equivalent of 0.5 McFarland
(almost 1 ×108 CFU/mL) were added to the appropriate test
tube. After 24 hours at 37°C, the turbidity of each sample was
determined. To evaluate the MBC concentration, 1 mL of
each incubated test tube was cultured on an MH agar plate
at 37ºC for 24 hours. Then, the bacterial growth was assessed
and each test was performed in triplicate. The tubes without
nanocomposites as a positive control and those without
bacteria as a negative control were also examined.

Results
Synthesis Characterization
Three types of SA/CaP composites were prepared by mixing
similar solutions of SA 4% (w/v) with phosphate salt and
a mixture of phosphate salt with carboxymethylcellulose
and HA nano-powder, respectively. In all three samples,
an equal amount of phosphate was used (by mole percent).
In G1 the size of needle gauge and the stirring speed of the
magnet in cross-linker bath had pivotal roles in shaping
the SA/CaP white beads. Also, during the G1 preparation,
adjusting the pH level was determinant due to the role of
pH in the formation of calcium phosphate in the beads. On
the other hand, by adding the alginate solution the pH of
the crosslinking bath dropped to four. However, after using
ammonium solution, the pH was adjusted to 12. Although in
both media the beads were formed, the beads in media with
a lower pH level had more transparency than the other ones.
In order to characterize the SA/CaP composite beads, the one
prepared in basic calcium ion bath was used. While preparing
G2, the pH was maintained at seven which was favorable for
brushite forming.

Cytotoxicity Effects Analysis
The possible cytotoxic effect of the prepared nanocomposite
was assessed using MTT (3-[4,5-dimethylthiazol-2-yl]-2,5diphenyltetrazolium bromide) colorimetric assay. The MTT
assay was performed by an indirect culture of bone marrowderived mesenchymal stem cells on the leachates extracted
from the sterile powders after 10 days according to the
international standard ISO10993-12. The number of 1×104
cells/well were plated into 96-well plates and incubated at
37°C and 5% CO2. After 24 and 48 hours of incubation, the
medium of each well was removed and washed with phosphate

X-ray Diffraction
Various polymer composites have their own mechanisms
for nucleation and growth of calcium phosphate. Thus, XRD
and FTIR were applied for further characterization of the
filler. Accordingly, the XRD pattern presented in Figure 3
demonstrates the three composites and the neat HA patterns.
As it was expected, the XRD pattern of G3 and neat HA
presented characteristic peaks of hydroxy apatite at 25.8, 31.9
and 39.6 attributed to the (002), (211), and (310), respectively.
Peaks related to G1 and G2 represented brushite formation
with characteristic peak at 2Theta of 29.5. Also, in G1 with

Figure 3. XRD Pattern of G1 (above), G2, G3 and Neat Hydroxyapatite.
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an increase in the pH value some HA-related peaks were
noticeable. In G2 two broad peaks at two theta of 12 and 21
were assumed to overlap with (020) and (021) of brushite and
CMC-Alginate.
Fourier Transform Infrared
As demonstrated in Figure 4 and Table 1, the FTIR
characterization showed a broad band in a region between
3000 and 3700 cm-1, which was related to the oxygen and
hydrogen in structure. Hence, the band around 3480 cm-1
region corresponded to the amount of the absorbed water
in alginate and the HA and the others could be assigned to
the OH- functional groups associated with groups such as
phosphate. The strong absorbance around the 1630 and 1430
cm-1 is attributed to asymmetric and symmetric vibrations
of carboxylates –COO groups in polymeric backbone,
respectively. This indicates the presence of free carboxylate
groups of biopolymer which act as nucleation sites for
growing the hydroxy apatite. Furthermore, the absorption
band for other C-O functionalities such as C-OH and C-O-C
appear at 1384 and 1123 cm−1, respectively.39 Phosphate
groups in CaPs have an absorption band in 1035, and also
SA have a prominent absorption band in this region for their
C-O-C stretching vibration. Thus, the overlap between these
two causes a complex absorption band in the range of 1000 to

1200 cm-1. The P-O band also has shown another absorption
between 520 and 600. The peak at 1384 cm−1 represents the
–C–O stretch of a primary alcoholic group (–CH2–OH).
Antimicrobial Activity of Paste Analysis
Antimicrobial studies were carried out for two strains
of bacteria – gram-negative E. coli and gram-positive S.
agalactiae. The bactericidal effect of each of the three samples
was assessed by exposing different concentrations of them
in a broth medium to test the organisms. In this study, all
three groups of SA/CaP composites in MH medium acted as
bactericides against the S. agalactiae. In situ prepared SA/HA
nanocomposites -G1 and G2- showed inhibitory effects in
lower concentrations, 31 and 63 μg/mL, respectively. However,
for the cross-linked mixture of pre-synthesized hydroxy
apatite and SA, the antimicrobial activity was observed in a
higher concentration of 125 μg/mL. The inhibitory effect of
all the three samples for E. coli could not be determined in
low concentrations and it was found out that G1 and G3 had
bacteriostatic characteristics in concentrations up to 10000
μg/mL and 5000 μg/mL. The bactericidal concentrations
for G1, G2 and G3 against the S. agalactiae were 125, 63 and
250 μg/mL, respectively. Similar to the MIC, the bactericidal
effect of all three samples against the E. coli was found out to
exist in concentrations higher than 10 000 μg/mL. It has been

Figure 4. FTIR Spectrum of G1, G2, G3 and Neat Hydroxyapatite.

Table 1. Absorption Produced by Functional Groups Found in G1 to G3 and Neat HA
IR Absorption of Functional Groups
Functional Group
O-H

Absorption Location (cm-1)

Absorption Intensity

3000-3700

Broad band

Water and OH- groups associated with groups such as phosphate

3480

Medium band

Asymmetric vibration of carboxylates –COO groups

1630

Medium

Symmetric vibration of carboxylates –COO groups

1430

Medium

C-O functionalities such as C-OH

1384

Strong peak

C-O functionalities such as C-O-C

1123

Strong Peak

Phosphate groups

1035

Strong Band

Around 1050

Prominent band

C-O-C stretching vibration
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observed that SA/HA nanocomposite exhibits better activity
against gram-negative E. coli as compared to gram-positive S.
agalactiae. Table 2 shows the MIC and MBC values obtained
for all three samples.
Cytotoxicity Effects of Paste Analysis
Figures 5 and 6 show the dead cells’ percentage in MTT assay
after 24 and 48 hours, respectively. With the increase of SA/
CaP concentration, the cell death increases as well. However,
G2 containing Alginate-CMC-brushite exhibits lower cell
death even at higher concentrations. The most cell death
percentage is related to the G3- the mixture of Ha and SAwhich reached about full cell deaths after 48 hours. The lower
concentration of all samples did not show any significant cell
deaths.
Table 2. MIC and MBC Values Obtained for G1, G2 and G3
MIC

Paste con. (mg/mL)
G1

MBC

E. coli

S. agalactiae

E. coli

S. agalactiae

10

63

>10

125

G2

5

31

10

63

G3

10

125

10

250

100

Percentage of dead cells

90
80

G1

70

G2

60

G3

50
40
30
20
10
0

1000

500

250
125
63
31
Concentration (μg/mL)

16

8

Figure 5. Percentage of Dead Cells After 24 Hours for Different Concentrations
of G1, G2 and G3.

Percentage of dead cells

100
90

G1

80

G2

70

G3

60
50
40
30
20
10
0

1000

500

250

125
63
31
Concentration (μg/mL)

16

8

Figure 6. Percentage of Dead Cells After 48 Hours for Different Concentrations
of G1, G2 and G3.
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Scanning Electron Microscopy Analysis
SEM showed the microstructure of G1 in the first row, G2 in
the second row and G3 in the third row (Figure 8). All the
samples induced HA in their surfaces. It can be stated that G1
and G3 which had formed the shape of microspheres showed
similar microstructures. Both mixtures had layered structures
on their surfaces while G2 which was formed in the shape of
a film had cubic crystals in ranges between 3 to 5 microns in
size. The distribution of plates and cubes were uniform on all
the surfaces.
Discussion
In this study, the antibacterial and cytotoxic behavior of
three injectable calcium phosphate composite bone fillers
was assessed. The main purpose of these fillers is their easy
application by surgeons and the possession of an intrinsic
antibacterial efficiency without the use of a drug delivery
system. Therefore, as it was described before two different
methods of fabricating a bio-composite made up of calcium
phosphate in form of HA and brushite with biopolymer
matrix have been developed. Furthermore, major differences
between these two synthetic composites are attributed to
the formation of calcium phosphate in their structures.
For instance, in G1 and G2, brushite was produced by insitu forming of sodium-alginate with calcium nitrate and
calcium-nitrate-CMC solutions, respectively. However, G3
had HA synthesized with polycondensation method in a
microwave oven and blended with SA solution, then crosslinked with calcium nitrate. Nevertheless, in both methods
a syringe could be used and injected to the bone injury site.
In addition, the required amount of HA powder in G3 was
calculated based on the similar mole of phosphate salt used in
G1 and G2. The fact that the materials used in this composite
are biodegradable allows the filler to be substituted by a
new bone without causing any foreign body reaction in the
injected site. However, solubility and biodegradability of the
brushite in comparison with HA, which has been reported by
many researchers, requires further investigations to reveal the
duration of its full degradation. On the other hand, results
from XRD and FTIR spectrometry confirmed that brushite in
G1 and G2 and HA in G3 were produced. The stronger peak
intensity in the FTIR result of G1, G2 and G3 in comparison
to neat HA is assumed to be related to the water and hydroxyl
groups of alginate gel.23 These abundant hydroxyl groups
will lead to hydrogen bonds in SA/CaP composites which
will contribute to the SA and calcium phosphate interfacial
adhesion and will be observable in the OH- stretching
vibration bands around 3440 cm-1.23 Given these points, the
bonding between CaP and SA is crucial for the mechanical
performance of pastes especially for the ones including the
brushite. Complex absorption band between 1000 and 1200
cm-1 is due to the overlap between the absorption peaks of
phosphate groups in HA and C-O-C stretching vibration
in alginate, which is reasonable to figure out the successful
combination of SA/CaP in prepared composites.6 Then, the
final pastes are formed when the calcium salt is added for
cross linking. Therefore, the composite produced in G1,
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Figure 7. Scanning Electron Microscopy of G1 (first row), G2 (second row) and G3 (third row).

employed the dissolved calcium salt in the hardening bath to
both forming the brushite and cross-link the alginate matrix.
However, the results from FTIR and XRD indicate that the
growth and nucleation of brushite in G1 were different
from G2 and it seems that G1 is a mixture of brushite and
apatite. Also, the crucial role of pH in G1 (above 9) should
be considered as a main factor in these differences. However,
further studies need to reveal the Ca concentration and Ca/P
ratio and their optimized values. Then again, all three CaP
composite samples (G1, G2 and G3) in this study exhibited
antimicrobial activity. However, was resistive against these
samples. Also, the lower antimicrobial activity against E. coli
could be attributed to the fact that gram-negative in general
is more resistant due to the external lipopolysaccharide
wall surrounding the peptidoglycan cell wall.40,41 As it has
been mentioned in many research, the neat hydroxy apatite
does not possess inhibitory effects.42 Nonetheless, the other
major components of the composite- SA with and without
crosslinking agent of calcium ions- showed no antibacterial
activity against both gram-negative and gram-positive
bacteria strains.41,43,44 Likewise, CMC had no antibacterial
activity45,46 and it was assumed that the incorporation of CMC
into SA-brushite composite should reduce the antibacterial
activity. As predicted, G2 had the least cytotoxicity level due
to its ternary composition and showed higher antimicrobial
activity which is favorable. Alginate-HA (G3) and G1 which
consisted of calcium phosphate in both forms of apatite and
brushite had higher cytotoxicity and antimicrobial effect in
higher concentrations. Actually, in composition with brushite
and CMC, alginate had a better antimicrobial than the other
groups while it had no cytotoxicity in low concentrations or
minimal cell death in higher concentrations compared to
other groups.
Conclusions
In conclusion, calcium phosphate in form of brushite can be
composited with biopolymers such as alginate and CMC to
create a novel composition with antibacterial effects for bone
38
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filling applications. The special feature of this product is its
intrinsic antibacterial efficiency in concentrations lower than
250 μg/mL while it did not inhibit cell growth. Additionally, the
omission of metal nanoparticles such as silver-nanoparticles
from main composition while maintaining antibacterial
properties is another advantage of this product. To conclude,
these properties not only reduce the risk of toxicity effect on
mammalian cells but also, may improve the cell growth and
make this composition a desirable filler for bone or tooth
repair applications.
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