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ABSTRACT
The objective of this study is to prepare a novel mouthwash that contains Amorphous Calcium
Phosphate nanoparticles (ACP-NPs) in a chitosan aqueous solution in order to prevent and treat
the existing enamel decalcification around the brackets and gingivitis. ACP-NPs have been
synthesized via a co-precipitation technique from the solution of ammonium hydrogen
phosphate and calcium chloride, as well as the addition of sodium hydroxide for the adjustment
of pH∼ 8. Fourier transform infrared (FTIR) spectroscopy, X-ray diffraction (XRD), field emission
scanning electron microscope (FESEM), Energy dispersive X-ray spectroscopy (EDX), and the
Barrett–Joyner–Halenda (BJH) desorption have been performed on the samples. The ACP-NPs
seemed to contain an initial particle size of less than 40 nm and the Ca/P ratio of 1.14. We have
applied chitosan since it can function as the stabilizer, antibacterial, and anti-inflammatory and
thus, prevent plaque, bad breath, and decrease gingivitis. Agar dilution has been utilized to assess
the antibacterial or effectiveness of the prepared mouthwash. This particular mouthwash can be
considered smart since it has the ability to increase the ion release at a carcinogenic pH 4, which
is the significant timing when these ions are mostly needed and required to inhibit the caries.
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1. Introduction

Since the fix appliances in orthodontic are attached to
the tooth surface, it is quite difficult to remove the

food particles as well as cleaning the teeth and their
related oral mucosa, while this matter is associated
with the incidence and severity of White Spots Lesions
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(WSLs) (1,2). The existing white spots on teeth are
known to be the resultants of decalcification (3).
Enamel decalcification and remineralization are the pro-
cesses by which minerals, primarily calcium and phos-
phorus, can be induced on the labial surfaces of
banded or banded teeth during the orthodontic treat-
ments (1,4). On the other hand, the gums are usually
more likely to swell during an orthodontic treatment
and since this fact can cause controlling the problem
a bit difficult (5), searching and discovering new and
natural alternatives for the available mouthwashes is
quiet vital (6). Mouthwashes have evolved over the
years from containing any members from a whole
range of various antimicrobial reagents, e.g. chlorhexi-
dine (7), towards the incorporation of more natural com-
ponents such as natural polymers, bio-ceramics, and
polysaccharides (8). Recently, natural polymers including
chitosan seem to have caught the interest of many due
to being an alternative for the synthetic polymers in
various technological procedures, since they have pre-
sented interesting features including being biocompati-
ble, biodegradable, easily available, and particularly
capable of functioning as a novel type of stabilizing
materials (9).

As a natural polysaccharides polymer, chitosan has
received a great amount of attention regarding the prep-
aration of different Mouthwashes (10, 11). Very few com-
pounds are classified as biodegradable and bioactive;
therefore, chitosan and amorphous calcium phosphate,
as members of hydroxyapatite family, are among the
secure biomaterials that are employed in the field of
dentistry and orthopedic tools (12, 13). Nowadays,
using of different nanomaterials such as Ag, CuO, and
TiO2 are used in preparing new mouthwashes with
various functionality (14–16). Amorphous calcium phos-
phate (ACP) is known as one of the promising substances
that can release calcium and phosphate for the preven-
tion and treatment of decalcification (17, 18). Recently,
materials that contain ACP nanoparticles (ACP-NPs)
have been especially attractive on the account of their
excellent performance, considering how their properties
are better than ACP in bulk form due to their specific
area. This particular study is aimed to prepare and inves-
tigate the antibacterial properties of a water-soluble
form of chitosan in a mouthwash that contains ACP-
NPs rinse to function against de-mineralization and
plaque regrowth; these materials have been considered
for this objective due to their high level of calcium and
phosphate ions. Moreover, this mouthwash will be
designed to be “smart” in removing the cavity, WSLs,
and relieve inflammation in patients that are undergoing
orthodontic treatment.

2. Materials and method

2.1. Materials and reagents

Calcium Chloride (CaCl2, 99%, Merck, Germany),
ammonium hydrogen phosphate [(NH4)2HPO4, Sigma,
99%, U.S.A.], and sodium hydroxide (NaOH, 98%,
Sigma, U.S.A.) have been utilized as Ca-precursor, P-pre-
cursor, and pH adjusting reagent, respectively. All of the
chemicals that have been used were of analytical grade,
without any purification. All of the glassware involved in
this research have been cleaned with fresh acidic sol-
utions (HNO3/HCl; 3:1; v/v), washed with deionized
water, and dried before being used. Deionized water
has been included and employed in all of the
experiments.

2.2. Synthesis of ACP-NPs

The ACP-NPs have been prepared through a modified
co-precipitation method. Briefly, calcium chloride was
dissolved in deionized water to form the Ca-precursor
(0.036 M) and P-precursor solution (0.040 M), which
were formulated by dissolving ammonium hydrogen
phosphate in deionized water (Figure 1). As the next
step, the Ca-precursor and P-precursor solutions
were combined thoroughly with Ca/P molar ratio of
1.50. Then, the pH value of the last solution was
fixed and adjusted at 8.0 by appending the NaOH sol-
ution (0.1 M) while being continuously stirred at room
temperature (25°C) until a white slurry formation was
achieved. The precipitate was recovered from the sol-
ution by using a centrifuge (7000 rpm) for 10 min
while being repeatedly washed to remove the existing
soluble ions such as Cl−, NH4

+, and Na+. Finally, the
prepared calcium phosphate precipitates were
washed with acetone for three times and dried at
room temperature for a period of 24 h; they were
later on stored under vacuum for characterization
and further studies.

2.3. Preparation of ACP-based mouthwash

Chitosan from shrimp with a low molecular weight and a
deacetylation degree of 90% has been obtained from
Sigma-Aldrich Co., U.S.A. The chitosan was dissolved in
acetic acid (0.10 M) solution with the concentration of
1.25% (w/w); then they were mixed with a defined
amount of ACP-NPs (0.75% w/w) and gently stirred
until it was thoroughly dissolved. The mixtures were
reacted at 50°C for 24 h for the purposes of fabricating
a stable mouthwash.
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2.4. Characterization and instruments

The prepared ACP-NPs have been characterized through
several laboratory types of equipments including FESEM
(Field emission scanning electron microscopy; TESCAN,
MIRA 3)/EDX (Energy Dispersive X-Ray), FTIR (Fourier
transform infrared spectroscopy; Avatar 370, Thermo
Nicolet, U.S.A.), and XRD (X-ray Powder Diffraction; D8
ADVANCE-BRUKER, Germany).

3. Results and discussions

Figure 2 illustrates the XRD pattern of the prepared ACP.
The characterized peaks are indexed as ACP structure,
which is in agreement with the JCPDS file # 01-080-
3958. The broad XRD pattern suggests the existence of
an amorphous calcium phosphate sample with a broad
maximum at approximately 25° and 37°. The background
level in the XRD pattern is often utilized by the

Figure 1. A schematic plan of ACP-NPs synthesis process.

Figure 2. The XRD pattern of synthesized ACP-NPs.
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ceramicists and polyamorists in order to ascertain the
amorphous fraction of their materials. The substance
that does not correlate with the “crystalline” phase
regarding the diffract grams of Ca/P materials is normally
known and contemplated to be “amorphous” (19, 20).

The FTIR spectrum of the prepared ACP is shown in
Figure 3. Most of the derived peaks can be related to
the ACP, including phosphate (PO3

4)-derived bands at
470, 564, 603, 963, 1035, and 1094 cm−1, as well as the
carbonate (CO2−

3 )-derived bands at 1567 and 2300–
2500 cm−1, along with the broad peak that exists in
between 3000 and 3800 cm−1 which is appointed to
the O–H group of adsorbed water (21). This result is
quite similar to those of the ACP reported in Refs. (22).

The estimated size and surface morphology of ACP-
NPs has been illustrated by the particles size distribution
(Figure 4) and FE-SEM images at different magnifications
(Figure 5). It had been observed that the particles are
spherical in the co-precipitation ACP powder that is com-
posed of primary nano-sized particles with diameters in a
range of below 40 and about 57 nm by FE-SEM and par-
ticle size distribution. These NPs can be joined by the
physical interactions such as van der Waals and/or Cou-
lombic forces to turn into irregular agglomerates that
are several tens of micrometers in size (23). A great
level of satisfying porosity has occurred with the agglom-
erates, while the interstitial porosity in between the
primary NPs are the outcomes of the evaporating

Figure 3. The FTIR spectrum of synthesized ACP-NPs.

Figure 4. Particle size distribution of synthesized ACP-NPs.
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solvent (24). The mentioned NPs and the high porosity
seem to have subscribed to the great specific surface
area that has been calculated and obtained for the
ACP-NPs.

Figure 6 demonstrates the isotherms of nitrogen
adsorption–desorption regarding the as-prepared ACP.
In accordance to the International Union of Pure and
Applied Chemistry (IUPAC), both of the existing iso-
therms seem to be a type IV isotherm loop that is
known as one of the characteristics of porous structure
(25). The specific surface area of the Brunauer–
Emmett–Teller (BET), regarding the as-prepared ACP,
has been observed to be 138.31 m2 g−1. The Barrett–
Joyner–Halenda (BJH) desorption cumulative pore
volumes of ACP has been discovered to be
0.38cm3 g−1. The obtained high BET specific surface
areas seem to be the resultants of the small sizes and por-
ous structure of the as-prepared ACP nan-spheres (26).

Figure 5. FESEM images of synthesized ACP-NPs at different magnifications; (a) 30, (b) 70, and (c) 100 kx, its EDX result (d), and elemen-
tal patterns (e).

Figure 6. N2 adsorption–desorption isotherm of synthesized
ACP-NPs.
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Representing dental plaque bacteria, three types of
microorganisms have been applied and utilized in this
project. Streptococcus mutans (ATCC 35668), Streptococ-
cus sanguis (ATCC 10556), and Streptococcus oralis
(ATCC 35037) have been obtained from BuAli Research
Institute, Mashhad, Iran, which were assigned to be the
subculture in 5% sheep’s blood agar. Initially, taken
from an overnight culture, 5–6 colonies were diluted in
a brain heart infusion broth and then incubated in an
aerobic environmental condition for the duration of 1–

2 h at a temperature of 35°C for the purpose of achieving
the concentration of 1.5 × 108 CFU/ml. Afterwards, in
order to obtain the last concentration of 1.5 × 106 CFU/
ml, the colonies were carefully diluted with saline sol-
ution. The lowest concentration of each antimicrobial
agent that hinders the extension of microorganisms
that are being examined seem to be recognized as the
minimum inhibitory concentration (MIC), which can be
diagnosed by observing the absence of turbidity that
coordinates with negative control. For antibacterial

Figure 7. The scheme of antibacterial effect of synthesized ACP-NPs.

Figure 8. The antibacterial effect of synthesized ACP-NPs.
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experiments, 0.5 ml of the diluted microorganisms has
been positioned in tubes that contained different con-
centrations of each nanoparticle; the tubes were then
incubated overnight at a temperature of 35–37°C in a
closed environment. The determination process of MIC
was based on the turbidity that has been measured by
the spectrophotometer (Eppendorf AG, Hamburg,
Germany). After distinguishing the MIC, 50 ml of the cor-
responding bacterial suspension was spread in the
sheep’s blood agar and incubated at 37°C for a period
of 24 h. The prepared mouthwash and two known
types of mouthwashes, such as Oral-B and chlorhexidine,
have been assessed by the agar dilution technique. The
mouthwashes have been examined in ten different con-
centrations including 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 1/
128, 1/256, 1/512, and 1/1024 while taking sterile agar
as the diluent. Figures 7 and 8 and Table 1 shown an anti-
bacterial effect scheme, antibacterial image and its
values on the growth of three types of microorganisms,
respectively.

4. Conclusions

The present study has prepared ACP-NPs and chitosan
mouthwash for the very first time and has performed
investigations on their antibacterial effects. The existence
of NPs that contain large surface areas have facilitated
the mouthwash with antibacterial properties, along
with high levels of calcium and phosphate ions release.
The antibacterial qualities of the prepared mouthwash
have matched with those of the previous ACP-NPs.
Therefore, the ACP-NPs could be considered capable of
impeding the caries restorations and stress bearing.
The prepared mouthwash, in comparison to the ones
in the market such as Oral-B and Chlorhexidine, contains
more advantages such as being natural-based, non-toxic,
eco-friendly, and low cost, along with the lack of hazar-
dous side effects, e.g. stimulating the sense of taste or
changing the color of teeth. Although most of the
mouthwashes are not suitable for children due to their
inability in utilizing the product correctly, yet this

particular mouthwash has solved this problem by con-
taining only natural materials.
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