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ABSTRACT

Article Type:
Review Article

Background: Inorganic nanoparticles for biomedical applications have undergone
extensive investigations in recent years. Among different inorganic drug carriers,
calcium carbonate (CaCO3) nanoparticles show unique advantages due to their ideal
biocompatibility and the potential as delivery system for loading different categories
of drugs. The accessibility, low cost, safety, biocompability, pH-sensitive properties,
osteoconductivity and slow biodegradability of CaCO3 particles nominate it to be a
suitable drug delivery carrier. Due to slow degradation of CaCO3 matrices, these
nanoparticles can be used as sustained release systems to retain cargo for longer times
after administration. The osteoconductivity and bioresorbability may offer these
nanoparticles as proper candidate for dual application as bone substitution and drug
release in the bone related disease such as osteomyelitis. Filling bone defects,
treatment of early dental caries lesions and generating neoformed bone tissue using by
different types of nanoparticulate calcium carbonate has also shown notable
applications. According to reviewed literature, CaCO3 nanoparticles because of their
special characteristics show a potential dual application as bone substitution and drug
carrier in the bone related disease/defects.
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Introduction
Calcium derivatives are the most important natural
constituents of bone and teeth. In fact, the primary
tissues of bone, osseous tissue is mostly made up of a
composite material consist of the inorganic mineral
calcium derivatives.1 Furthermore, tooth enamel is one
of the four tissues that composes the tooth which
contains the highest percentage of mineral mostly
Calcium.2
Therefore, different calcium derivatives
have been shown great potentials to be applied in bone
and teeth related disorders due to their ideal
biocompability with the natural bone and teeth
structures and the biodegradability as well. 3,4 Filling
dental caries, treatment of early dental caries lesions
and generating neo-formed bone tissue using by
different types of calcium derivatives has also shown
notable applications.5,6
One of the most common calcium derivatives with long
history of applications in various fields is CaCO3. It has
been used in plastics, paint, paper, inks, food as well as
pharmaceutical industries.4,7,8 Medical applications of
CaCO3 in modern health care systems have attracted
the attention of researches due to its great potentials
and capabilities. This material is low cost, safe,
accessible,
biocompatible,
bioresorptive
and
osteoconductive. 9-12 Furthermore, due to the slow

degradation and pH-sensitive properties, this material
can be used as controlled release systems to maintain
the drugs in targeted sites for extended times after
administration.13,14 According to researches, calcium
carbonate materials can be proper to increase
biomedical cement resorption rates and to initiate its
replacement by bone tissue. 15 Designing the drug
loaded resorbable bone filling materials using by
calcium carbonate will provide a dual therapeutic
scheme (drug release and bone substitution) in the one
stage.
Osteomyelitis (OM) is infection and inflammation of
bone that is originated by a variety of pathogens most
commonly Staphylococcus aureus.16 S aureus is normal
oral and nasal flora. It can penetrate into endothelial,
epithelial and osteoblastic cells 17,18 and therefore can
be protected from the host immune system to provide a
reservoir of bacteria in recurring osteomyelitis. Then its
targeting by the antibiotic may be more important for
treating chronic bone infection than physically
eliminating only pathogens colonizing from the bone. 19
Dental caries, also known as tooth decay or cavities is a
disorder of teeth due to the activities of bacteria. 20,21 Its
complications may contain inflammation of the tissue
around the tooth, tooth loss, and infection or abscess
formation.22 Mutans Streptococci of oral flora in
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showed that calcium carbonate particles could be used
as moderately nontoxic drug carrier. 37 Combes et al
also evaluated the cytotoxicity of calcium carbonate
cement compositions on osteoprogenitor cells obtained
from human bone marrow and showed no cytotoxicity
effect of calcium carbonate based cements.38 However,
as a noticeable point, the generation of reactive oxygen
species (ROS) in high concentrations should be
considered.37,38
CaCO3 has three anhydrous crystalline polymorphs
include calcite, aragonite and vaterite. 39,40 These
differences in morphological forms of calcium
carbonate is related to the synthesis conditions.41
Calcite is the stable form and exists as trigonal
crystalline form in nature. Its thermodynamic stability
and mechanical properties in blending with polymeric
micelles have recently been investigated for sustained
and targeted drug release into cancerous cells. 42 Also a
direct contact between the bone and polycrystalin,
metamorphic calcite CaCO3 without interposition of
soft tissue at the interface has reported.15 Vaterite has
the least stability and belongs to the hexagonal crystal
system. In contact with water, vaterite can slowly
dissolve and recrystallizes to stable form.43 Owing to
its large porosity and surface area, as well as rapid
disintegration under relatively mild conditions, vaterite
can use as an ideal nominate for preparation of a
controlled drug delivery carrier.44,45 Aragonite type
occurs in orthorhombic system46 and has got exclusive
research attention because of its biocompatible
properties.47,48 According to literature, aragonite can be
resolved, integrated and replaced by bone. 49 Aragonite
polymorph is denser than calcite and has also been used
for the designing of the anticancer drug carrier and
scaffolds for bone repair and tissue engineering. 50
Three polymorphs of calcium carbonate were shown in
figure 1.
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particular are the main cause of dental decay. Acidic
substances as the metabolites of bacteria corrode the
surface of the enamel and breaking down its
components. From the enamel, dental decay can
proceed to the dentin and all the way to the pulp.
Because of softer structure of dentine, decay advances
more rapidly in it.
Pharmaceutical nanoparticles are ultrafine colloidal
particles with size range between 10-1000 nm,
commonly 5 – 350 nm in diameter, and show different
properties compared to own original materials. 23-26
Nanoparticulate systems can valuably improve
therapeutic efficacy by producing more favorable drug
bioavailability,
serum
stability
and
pharmacokinetics.25,27 These novel and innovative
systems can increase therapeutic efficacy and also
decrease side-effects by concentrating the therapeutic
agents at specific target sites in the body. 6,9,28,29
Different kinds of nanoparticulate for drug delivery
purposes have been investigated so far 26,30-32 especially
in the complex structure of bone and teeth.
Having in mind the great potential of CaCO3 in bone
and teeth complications as well as the advantages of
nanoparticle based drug delivery systems, in this
review; we address the current state of CaCO3
nanoparticles with focusing on their application in bone
and teeth.
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CaCO3 nanoparticle
CaCO3 is one of the most common inorganic materials
that has been used as a viscosity modifier in many
industrial areas such as; rubber, plastics, paint, paper,
inks and food.33 Owing to the availability, safety and
slow biodegradability of CaCO3 nanoparticles, it has
been used for controlled drug delivery and
encapsulation of different kinds of drugs such as
bioactive
proteins
in
pharmaceutics. 12,34-36
Toxicological tests by Zhang et al. on HeLa cells

Figure 1. Three polymorphs of calcium carbonate; Calcite, Aragonite and Vaterite.
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carbonate ions is added into experimental vessel and mixing is
continued until CaCO3 particles are formed. The final step is
separation of nanoparticles from aqueous media.

m

Preparation methods for CaCO3 nanoparticles
Some methods generally based on emulsion techniques
include reversed microemulsion 13, double emulsion51,
O/W microemulsion method using by a High Pressure
Homogenization (HPH)52, and also chemical
precipitation methods53 have been reported in the
synthesis of calcium carbonate nanomaterials. Other
methods including decomposition of cockle shells, 49
flame synthesis,54 spray drying55 and reactive
precipitation using a high pressure jet homogenizer7
has also been used for preparation of CaCO3
nanoparticles.

.co

Chemical precipitation procedure
In the chemical precipitation procedure, the reaction
between calcium ions and carbonate ions from aqueous
solutions leads to preparation of calcium carbonate
nanoparticles. After the preparation of nanoparticles,
the separation of nanoparticles from solution using by
for example a centrifuge is done.53 Figure 2 shows the
process schematically.
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W/O microemulsion method
In the preparation of CaCO3 nanoparticles via W/O
microemulsion, first, an aqueous phase include calcium
ions is mixed with an organic phase to produce a W/O
microemulsion. Then an aqueous solution consisting of
carbonate ions is added into vessel through the mixing
in high speeds and mixing is continued until CaCO3
particles are formed.13 The final step is separation of
nanoparticles from aqueous media. The steps of this
process are shown in figure 3 schematically.
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Figure 2. Chemical precipitation procedure; the reaction
between calcium ions and carbonate ions (in aqueous solution)
leads to preparation of calcium carbonate nanoparticles.

Figure 4. Preparation of CaCO3 nanoparticles through a
W/O/W double emulsion technique; the calcium ions and
carbonate ions are reacted in W/O/W emulsion droplets. Then
nanoparticles are formed and separation of nanoparticles are
performed.

Figure 3. Preparation of CaCO3 nanoparticles through W/O
microemulsion; First step is mixing of an aqueous phase
include calcium ions with an organic phase to produce a W/O
microemulsion. Then an aqueous solution consisting of
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shows the preparation steps of CaCO3 nanoparticles via
a W/O/W double emulsion technique.

m

W/O/W double emulsion method
W/O/W double emulsion is another method to
preparation of CaCO3 nanoparticles which is includes
four main steps. In the first step, the mixing of an
aqueous internal phase (consisting calcium ions) with
an organic phase leads to form a initial emulsion
(W/O). This phase is then further mixed in a larger
mixing container with an external aqueous phase
including carbonate ions to form W/O/W double
emulsion. Similar to former method, the calcium ions
and carbonate ions were reacted in emulsion droplets
and nanoparticles are formed and then separation of
nanoparticles is performed. Indeed, the ions in the
external phase can be transported across the liquid
membrane to react with the internal phase. 51 Figure 4
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O/W microemulsion method using by a HPH
O/W microemulsion method; Calcium carbonate
nanoparticles can also be obtained via O/W
microemulsion method using by a HPH. 52 In this
procedure, the size of microparticulate calcium
carbonate is reduced through passage from the
homogenizing gap by cavitations, particle collisions,
and shear forces.56 Reduction of particle size using by
High Pressure Homogenization method is shown in
figure 5.

Figure 5. Reduction of particle size via High Pressure Homogenization method.

Bone related applications of CaCO3
Systemic treatment of bone infections such as
osteomyelitis requires high serum concentrations of
antibiotics for extended periods. Furthermore, the
antibiotic overdose often has adverse side effects. In
this context, local treatment seems to be proper idea
with better compliance and fewer side effects. 57 So far
some drug delivery systems have been used to prevent
or treat chronic or implant-related osteomyelitis in bone
surgery which is often composed of nonresorbable
materials, need to be removed after treatment.58-62
An ideal bone grafting material should be replaceable
by the host bone and therefore needs to be
bioresorbable, osteoconductive and biodegradable. 63,64
Bioresorption is a biological mechanism by which the
matrix of some ceramic materials resorbs partially or
completely over a period of time in biological media. 65
Osteoconductivity provides a scaffold for the growth of
bone. The porosity is the main factor in the case of
osteoconductivity and bioresorbability. The pore size,
the total porous volume and the interconnectivity of the
pores are the important aspects of the porosity for the
osteoconductive properties.65 Larger pores are able to
resorb faster and therefore develop the new bone
material faster. Among the biodegradable materials,
calcium carbonate has been reported to be
bioresorbable, biodegradable and osteoconductive.66-68
A direct contact between the bone and polycrystalin,
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Drug loaded calcium carbonate nanoparticles
For the preparation of drug loaded calcium carbonate
nanoparticles, drug can be wrapped into the
nanoparticles in the process of the reaction. For
example, Ueno et al prepared the calcium carbonate
nanoparticles loaded with betamethasone phosphate
(BP),
Erythropoietin
and
Granulocyte-colony
stimulating factor (G-CSF) by chemical precipitation
method. Their drug-loaded calcium carbonate
nanoparticles produced by mixing calcium chloride and
sodium carbonate aqueous solutions and drug enclosed
into the nanoparticles in the process of the reaction. In
the other study, Qian et al using by W/O reverse
microemulsion produced validamycin - calcium
carbonate nanoparticles. Validamycin was wrapped
into the nanoparticles in the process of the reaction
between calcium chloride and sodium carbonate
aqueous solutions. Drugs can also be adsorbed on or
entrapped in proses nanoparticles after the preparation
of CaCO3 nanoparticles.52 Shafiu Kamba et al prepared
CaCO3 nanocrystals using by O/W microemulsions and
a HPH. Then doxorubicin hydrochloride was adsorbed
on the CaCO3 nanocrystals by adding the doxorubicin
into suspension of the calcium carbonate nanocrystal.
Suspension was continuously stirred overnight, in a
dark environment at room temperature.52
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has shown noteworthy applications. 76,77 According to
researches, the mechanical properties of releasing
composites containing the calcium and phosphate are
comparable with commercial hybrid composites. 78-80
Hydroxyapatite or calcium carbonate nanostructurs can
act as a calcium and phosphate sources to retain these
ions in supersaturation state in the enamel minerals.
Furthermore, deposition of these ions on the surface of
the
demineralized
enamel
might
support
remineralization process of the outer enamel caries
lesion.6 Nakashima et al reported the preparation of an
experimental dentifrice containing 1% amorphous
calcium carbonate nanoparticles. They used in vitro
collagen-coated wells as a model for oral mucosal
surfaces and application of experimental dentifrice
(twice a day over 20 days) showed significant mineral
gain and remineralization of artificial caries lesions. 81
They emphasized that, this dentifrice shows good
efficiency to remineralize initial enamel lesions owing
to the exclusive properties of the calcium carbonate
nanoparticles. Calcium carbonate nanoparticles may be
reserved on the collagen-coated surfaces in the model
system and then may also be retained on oral surfaces,
therefore releasing of calcium ions into oral fluids for
remineralization was occurred. In another study,
Moreau et al prepared the nanocomposites containing
amorphous calcium phosphate and calcium carbonate
via a spray-drying technique which showed rapidly
neutralization of the lactic acid solution (pH 4.0) by
increasing the pH to 5.69 within 10 min. They
concluded that these types of nanocomposites may
have the potential to reduce secondary caries and
restoration fracture.78
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metamorphic calcite CaCO3 without interposition of
soft tissue at the interface has reported.15 Lucas-Girot et
al developed a synthetic aragonite-based calcium
carbonate macroporous drug carrier loaded with
gentamicin sulphate, an antibiotic active on
Staphylococcus aureus responsible for osteomyelitis
for dual application as bone substitution and drug
release. According to authors, the resorption kinetics of
this new device is faster than a common type of
bioceramics (hydroxylapatite/tricalcium phosphate).
They emphasized that these materials show good
potential incorporate of temperature sensitive
substances like antibiotics. Also, the degradation of
calcium carbonate matrix can easily metabolized in
osseous tissue. They concluded that compared to
polymeric drug delivery systems, calcium carbonate
materials (aragonite-based) integrated with gentamicin
can be utilized either as a resorbable delivery sustem
for release of gentamicin or for a combined therapy e.g.
bone substitution, and prevention or treatment of
osteomyelitis in a single stage.69
The bone formation process and the nature of the
interface between the bone and the calcium carbonate
surface are still ambiguous.70-72 Ohgushi et al showed
that the bone forming response of CaCO3 is comparable
to that of the well-known bioactive hydroxyapatite.
They also present a method for determining the
interaction between osteogenic cells derived from
marrow cells and porous CaCO3, without influences
from preexisting host bone.10
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Dental applications of CaCO3
Filling of bone defects with resorbable materials leads
to neo-formed bone tissue and has orthopaedic and
dental surgery.6 Guided Bone Regeneration (GBR) is
dental surgical procedure which utilizes barrier
membranes to direct the growth of new bone and
gingival tissue at sites having insufficient volumes or
dimensions of bone or gingiva for proper function. In a
reported study, preparation of a new type of GBR
membranes using by polycaprolactone (PCL)/CaCO3
composite nanofibers were reported. SEM analyses
showed good cell attachment and proliferation manner.
Their study showed the potential of PCL/CaCO3
nanofibers for GBR membranes.5
An irreversible loss of hard tissue of tooth due to a
chemical
process
without
involvement
of
microorganisms is known as tooth erosion. 73 According
to researchers, one of the important external factors in
dental erosion is eating/drinking of acidic products. 74
Esmaeili Khoozani et al prepared calcium carbonate
nanoparticle with milling the eggshells using by a high
energy planetary ball mill. According to their results,
adding calcium carbonate nanoparticles to soft drinks
can reduce or prevent tooth erosion and the
modification of these drinks is critical to reduce the risk
of dental erosion.75
Treatment of early caries lesions using by different
types of nanoparticulate calcium carbonate or apatite
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Conclusion
In summary, we conclude that CaCO3 matterials have
promising potential for dual application as bone
substitution and drug release in the bone related
disease. Furthermore, filling of bone defects, treatment
of early dental caries lesions and producing of new
bone tissue using by different types of calcium
carbonate nanomaterials has also shown outstanding
applications. However, CaCO3 nanoparticles may
show cytotoxic effects like to other nanoparticles and
therefore cytoxicity tests are essential before in vivo
evaluation of these nanoparticles. Despite their great
potentials in drug delivery into bone, CaCO3
nanoparticles have not been studied in desirable scale.
Further studies are necessary to demonstrate the dual
potential role of these nanoparticles for delivery of
drugs in bone or teeth related disorders.
References
1. Bandyopadhyay-Ghosh S. Bone as a collagenhydroxyapatite composite and its repair. Trends
Biomater Artif Organs 2008;22:116-124.
2. Brudevold F, Söremark R. Chemistry of the mineral
phase of enamel. Struct chem organ teeth
1967;2:247-277.

[179]

SOURCE: http://www.science-truth.com

Maleki Dizaj et al.

Sciences; 2012.
17. Almeida RA, Matthews KR, Cifrian E, Guidry AJ,
Oliver SP. Staphylococcus aureus Invasion of
Bovine Mammary Epithelial Cells. J Dairy Sci
1996;79:1021-1026.
18. Wesson CA, Liou LE, Todd KM, Bohach GA,
Trumble WR, Bayles KW. Staphylococcus aureus
Agr and Sar global regulators influence
internalization and induction of apoptosis. Infect
Immun 1998;66:5238-5243.
19. Bost KL, Ramp WK, Nicholson NC, Bento JL,
Marriott I, Hudson MC. Staphylococcus aureus
infection of mouse or human osteoblasts induces
high levels of interleukin-6 and interleukin-12
production. J Infect Dis 1999;180:1912-1920.
20. Mead SV. Diseases of the Mouth. Int J Ortho, Oral
Sur and Radio 1928;14:1010-4.
21. Venes D. Taber's cyclopedic medical dictionary.
6th ed: FA Davis; 2013.
22. Laudenbach JM, Simon Z. Common Dental and
Periodontal Diseases: Evaluation and Management.
Med Clin North Am 2014;98:1239-1260.
23. Adibkia K, Barzegar-Jalali M, Javadzadeh Y,
Bayrami R, Mohammadi G. A review on the porous
adsorbents in drug delivery systems. Pharm Sci
2012;18:103-8.
24. Dizaj SM, Lotfipour F, Barzegar-Jalali M, Zarrintan
MH, Adibkia K. Antimicrobial Activity of the
Metals and Metal Oxides Nanoparticles. Mater Sci
and Eng: C 2014; 44: 278-4
25. Azhdarzadeh M, Lotfipour F, Zakeri-Milani P,
Mohammadi G, Valizadeh H. Anti-bacterial
performance of azithromycin nanoparticles as
colloidal drug delivery system against different
gram-negative and gram-positive bacteria. Adv
pharm bull 2012;2:17.
26. Åkerman ME, Chan WC, Laakkonen P, Bhatia SN,
Ruoslahti E. Nanocrystal targeting in vivo.
Proceedings of the National Academy of Sciences
2002;99:12617-12621.
27. Adibkia K, Omidi Y, Siahi MR, Javadzadeh AR,
Barzegar-Jalali M, Barar J, et al. Inhibition of
endotoxin-induced uveitis by methylprednisolone
acetate nanosuspension in rabbits. J Ocul
Pharmacol Ther 2007;23:421-432.
28. Adibkia K, Nayebi AM, Barzegar-Jalali M,
Hosseinzadeh S, Ghanbarzadeh S, Shiva A.
Comparison of the Analgesic Effect of Diclofenac
Sodium-Eudragit RS100 Solid Dispersion and
Nanoparticles Using Formalin Test in the Rats. Adv
Pharm Bull 2015;5:77-81.
29. Dizaj SM, Mennati A, Jafari S, Khezri K, Adibkia
K. Antimicrobial Activity of Carbon-Based
Nanoparticles. Adv Pharm Bull 2015;5:19-23.
30. Kumar M. Nano and microparticles as controlled
drug delivery devices. J Pharm Pharm Sci
2000;3:234-358.
31. Adibkia K, Javadzadeh Y, Dastmalchi S,
Mohammadi G, Niri FK, Alaei-Beirami M.

ww

w.

sci
en

ce

-tr
uth

.co

m

3. Ohgushi H, Okumura M, Yoshikawa T, Inboue K,
Senpuku N, Tamai S, et al. Bone formation
processin porous calcium carbonate and
hydroxyapatite. J Biomed Mat Res 1992;26:885895.
4. Biradar S, Ravichandran P, Gopikrishnan R,
Goornavar V, Hall JC, Ramesh V, et al. Calcium
carbonate nanoparticles: synthesis, characterization
and biocompatibility. J nanosci nanotech
2011;11:6868-6874.
5. Fujihara K, Kotaki M, Ramakrishna S. Guided bone
regeneration
membrane
made
of
polycaprolactone/calcium carbonate composite
nano-fibers. Biomaterials 2005;26:4139-4147.
6. Hannig M, Hannig C. Nanotechnology and its role
in caries therapy. Adv Dental Res 2012;24:53-57.
7. Casanova H, Higuita LP. Synthesis of calcium
carbonate nanoparticles by reactive precipitation
using a high pressure jet homogenizer. Chem Eng J
2011;175:569-578.
8. Ueno Y, Futagawa H, Takagi Y, Ueno A,
Mizushima
Y.
Drug-incorporating calcium
carbonate nanoparticles for a new delivery system.
J Control Release 2005;103:93-98.
9. Biradar S, Ravichandran P, Gopikrishnan R,
Goornavar V, Hall JC, Ramesh V, et al. Calcium
carbonate nanoparticles: synthesis, characterization
and biocompatibility. J nanosci nanotechnol
2011;11:6868-6874.
10. Ohgushi H, Okumura M, Yoshikawa T, Inboue K,
Senpuku N, Tamai S, et al. Bone formation
processin porous calcium carbonate and
hydroxyapatite. J Biomed Mater Res 1992;26:885895.
11. Peng C, Zhao Q, Gao C. Sustained delivery of
doxorubicin by porous CaCO3 and chitosan/alginate
multilayers-coated CaCO3 microparticles. Colloid
and Surf A: Physicochemical and Engineering
Aspects 2010;353:132-139.
12. Wei W, Ma G-H, Hu G, Yu D, Mcleish T, Su Z-G,
et al. Preparation of hierarchical hollow CaCO3
particles and the application as anticancer drug
carrier. J Am Chem Soc 2008;130:15808-15810.
13. Qian K, Shi T, Tang T, Zhang S, Liu X, Cao Y.
Preparation and characterization of nano-sized
calcium carbonate as controlled release pesticide
carrier for validamycin against Rhizoctonia solani.
Microchimica Acta 2011;173:51-57.
14. Wang C, He C, Tong Z, Liu X, Ren B, Zeng F.
Combination of adsorption by porous CaCO3
microparticles and encapsulation by polyelectrolyte
multilayer films for sustained drug delivery. Int J
Pharm 2006;308:160-167.
15. Fujita Y, Yamamuro T, Nakamura T, Kotani S,
Ohtsuki C, Kokubo T. The bonding behavior of
calcite to bone. J Biomed Mater Res 1991;25:9911003.
16. Robbins SL, Kumar V, Abbas AK, Aster JC.
Robbins basic pathology. 9th ed: Elsevier Health

[180]

SOURCE: http://www.science-truth.com

46. Küther J, Seshadri R, Knoll W, Tremel W.
Templated growth of calcite, vaterite and aragonite
crystals onself-assembled monolayers of substituted
alkylthiols on gold. J Mater Chem 1998;8:641-650.
47. Wang C, Zhao J, Zhao X, Bala H, Wang Z.
Synthesis of nanosized calcium carbonate
(aragonite) via a polyacrylamide inducing process.
Powder Technol 2006;163:134-138.
48. Islam KN, Bakar MZBA, Noordin MM, Hussein
MZB, Rahman NSBA, Ali ME. Characterisation of
calcium carbonate and its polymorphs from cockle
shells (Anadara granosa). Powder Technol
2011;213:188-191.
49. Islam KN, Zuki A, Ali M, Hussein MZB, Noordin
M, Loqman M, et al. Facile synthesis of calcium
carbonate nanoparticles from cockle shells. J
Nanomate 2012;2012:1-5.
50. Xu ZP, Zeng QH, Lu GQ, Yu AB. Inorganic
nanoparticles as carriers for efficient cellular
delivery. Chem Eng Sci 2006;61:1027-1040.
51. Gupta R. Synthesis of precipitated calcium
carbonate nanoparticles using modified emulsion
membranes. Colloid J 2004;66:745-750.
52. Shafiu Kamba A, Ismail M, Tengku Ibrahim TA,
Zakaria ZaB. A pH-Sensitive, Biobased Calcium
Carbonate Aragonite Nanocrystal as a Novel
Anticancer Delivery System. BioMed research
international 2013;2013:1-10.
53. Ueno Y, Futagawa H, Takagi Y, Ueno A,
Mizushima
Y.
Drug-incorporating calcium
carbonate nanoparticles for a new delivery system.
J Controlled Release 2005;103:93-98.
54. Huber M, Stark WJ, Loher S, Maciejewski M,
Krumeich F, Baiker A. Flame synthesis of calcium
carbonate nanoparticles. Chem Commun 2005:648650.
55. Rigby S, Fairhead M, Van Der Walle CF.
Engineering silica particles as oral drug delivery
vehicles. Curr Pharm Des 2008;14:1821-1831.
56. Rasenack N, Müller BW. Micron-size drug
particles: common and novel micronization
techniques. Pharm Dev Technol 2004;9:1-13.
57. Waldvogel FA, Medoff G, Swartz MN.
Osteomyelitis: a review of clinical features,
therapeutic considerations and unusual aspects. 3.
Osteomyelitis
associated
with
vascular
insufficiency. The New England j med
1970;282:316.
58. Korkusuz F, Korkusuz P, Ekşioĝlu F, Gürsel İ,
Hasırcı V. In vivo response to biodegradable
controlled antibiotic release systems. J Biomed
Mater Res 2001;55:217-228.
59. Gürsel I, Korkusuz F, Türesin F, Gürdal
Alaeddinoglu N, Hasırcı V. In vivo application of
biodegradable controlled antibiotic release systems
for the treatment of implant-related osteomyelitis.
Biomaterials 2000;22:73-80.
60. Benoit M-A, Mousset B, Delloye C, Bouillet R,
Gillard J. Antibiotic-loaded plaster of Paris

ww

w.

sci
en

ce

-tr
uth

.co

m

Naproxen–Eudragit
RS100
nanoparticles:
preparation and physicochemical characterization.
Colloids Surf B Biointerfaces 2011;83:155-159.
32. Adibkia K, Hamedeyazdan S, Javadzadeh Y. Drug
release kinetics and physicochemical characteristics
of floating drug delivery systems. Expert opin on
drug deliv 2011;8:891-903.
33. Bala H, Zhang Y, Ynag H, Wang C, Li M, Lv X, et
al. Preparation and characteristics of calcium
carbonate/silica nanoparticles with core-shell
structure. Colloids Surf Physicochem Eng Aspects
2007;294:8-13.
34. Peng C, Zhao Q, Gao C. Sustained delivery of
doxorubicin by porous CaCO3 and chitosan/alginate
multilayers-coated CaCO3 microparticles. Colloids
Surf Physicochem Eng Aspects 2010;353:132-139.
35. Wang C, He C, Tong Z, Liu X, Ren B, Zeng F.
Combination of adsorption by porous CaCO3
microparticles and encapsulation by polyelectrolyte
multilayer films for sustained drug delivery. Int J
Pharm 2006;308:160-167.
36. Zhao Q, Han B, Wang Z, Gao C, Peng C, Shen J.
Hollow chitosan-alginate multilayer microcapsules
as drug delivery vehicle: doxorubicin loading and in
vitro and in vivo studies. Nanomed Nanotechnol
Biol Med 2007;3:63-74.
37. Zhang Y, Ma P, Wang Y, Du J, Zhou Q, Zhu Z, et
al. Biocompatibility of porous spherical calcium
carbonate microparticles on hela cells. World J
Nano Sci Eng 2012;2:25.
38. Combes C, Miao B, Bareille R, Rey C. Preparation,
physical–chemical
characterisation
and
cytocompatibility of calcium carbonate cements.
Biomaterials 2006;27:1945-1954.
39. Addadi L, Raz S, Weiner S. Taking advantage of
disorder: amorphous calcium carbonate and its roles
in biomineralization. Adv Mater 2003;15:959-970.
40. Addadi L, Weiner S. Biomineralization: A
pavement of pearl. Nature 1997;389:912-915.
41. Kirboga S, Oner M. Effect of the Experimental
Parameters on Calcium Carbonate Precipitation.
Chem Eng 2013;32:2119-2124..
42. Leung Y, Chan C, Ng A, Chan H, Chiang M,
Djurišić A, et al. Antibacterial activity of ZnO
nanoparticles with a modified surface under
ambient
illumination.
Nanotechnol
2012;23:475703.
43. Svenskaya Y, Parakhonskiy B, Haase A, Atkin V,
Lukyanets E, Gorin D, et al. Anticancer drug
delivery system based on calcium carbonate
particles loaded with a photosensitizer. Biophys
Chem 2013;182:11-15.
44. Schmidt S, Volodkin D. Microparticulate
biomolecules by mild CaCO3 templating. J Mater
Chem B 2013;1:1210-1218.
45. Volodkin DV, Petrov AI, Prevot M, Sukhorukov
GB. Matrix polyelectrolyte microcapsules: new
system for macromolecule encapsulation. Langmuir
2004;20:3398-3406.

[181]

SOURCE: http://www.science-truth.com

Maleki Dizaj et al.

71. Ohgushi H, Okumura M, Tamai S, Shors EC,
Caplan AI. Marrow cell induced osteogenesis in
porous hydroxyapatite and tricalcium phosphate: a
comparative histomorphometric study of ectopic
bone formation. J Biomed Mater Res 1990;24:15631570.
72. Okumura M, Ohgushi H, Tamai S. Bonding
osteogenesis in coralline hydroxyapatite combined
with bone marrow cells. Biomaterials 1991;12:411416.
73. Wongkhantee S, Patanapiradej V, Maneenut C,
Tantbirojn D. Effect of acidic food and drinks on
surface hardness of enamel, dentine, and toothcoloured filling materials. J Dent 2006;34:214-220.
74. Jensdottir T, Bardow A, Holbrook P. Properties and
modification of soft drinks in relation to their
erosive potential in vitro. J Dent 2005;33:569-575.
75. Khoozani NE, Bahrololoom M, Bagheri R.
Modification of a Soft Drink by Adding Calcium
Carbonate Nanoparticles to Prevent Tooth Erosion.
J Dental Biomate 2014;1:38-44.
76. Huang S, Gao S, Cheng L, Yu H. Combined effects
of nano-hydroxyapatite and Galla chinensis on
remineralisation of initial enamel lesion in vitro. J
Dent 2010;38:811-819.
77. Huang S, Gao S, Cheng L, Yu H. Remineralization
potential of nano-hydroxyapatite on initial enamel
lesions: an in vitro study. Caries Res 2011;45:460468.
78. Moreau JL, Sun L, Chow LC, Xu HH. Mechanical
and acid neutralizing properties and bacteria
inhibition of amorphous calcium phosphate dental
nanocomposite. J Biomed Mater Res Part B: Appl
Biomater 2011;98:80-88.
79. Chen M-H. Update on dental nanocomposites. J
Dent Res 2010;89:549-560.
80. Xu HH, Moreau JL, Sun L, Chow LC.
Nanocomposite containing amorphous calcium
phosphate nanoparticles for caries inhibition. Dent
Mater 2011;27:762-769.
81. Nakashima S, Yoshie M, Sano H, Bahar A. Effect
of a test dentifrice containing nano-sized calcium
carbonate on remineralization of enamel lesions in
vitro. J Oral Sci 2009;51:69-77.

ww

w.

sci
en

ce

-tr
uth

.co

m

implants coated with poly lactide-co-glycolide as a
controlled release delivery system for the treatment
of bone infections. Int Orthop 1998;21:403-408.
61. Giamarellos-Bourboulis EJ. Carrier systems for the
local delivery of antibiotics in bone infections.
Drugs 2000;59:1223-1232.
62. Neut D, Van De Belt H, Van Horn JR, Van Der Mei
HC, Busscher HJ. Residual gentamicin-release from
antibiotic-loaded polymethylmethacrylate beads
after 5 years of implantation. Biomaterials
2003;24:1829-1831.
63. Sasso RC, Williams JI, Dimasi N, Meyer PR.
Postoperative Drains at the Donor Sites of IliacCrest Bone Grafts. A Prospective, Randomized
Study of Morbidity at the Donor Site in Patients
Who Had a Traumatic Injury of the Spine. J Bone
Joint Surg 1998;80:631-635.
64. De Groot K. Degradable ceramics. Biocompatibility
of clinical implant materials 1981;1:199-222.
65. Blokhuis TJ, Termaat MF, Den Boer FC, Patka P,
Bakker FC, Henk JTM. Properties of calcium
phosphate ceramics in relation to their in vivo
behavior. J Trauma Inj Infect Crit Care
2000;48:179.
66. Guillemin G, Patat JL, Fournie J, Chetail M. The
use of coral as a bone graft substitute. J Biomed
Mater Res 1987;21:557-567.
67. Guillemin G, Meunier A, Dallant P, Christel P,
Pouliquen JC, Sedel L. Comparison of coral
resorption and bone apposition with two natural
corals of different porosities. J Biomed Mater Res
1989;23:765-779.
68. Shors EC, White EW, Kopchok G, editors.
Biocompatibility,
osteoconduction
and
biodegradation of porous hydroxyapatite, tricalcium
phosphate, sintered hydroxyapatite and calcium
carbonate in rabbit bone defects. MRS Proceedings;
1987: Cambridge Univ Press.
69. Lucas A, Gaudé J, Carel C, Michel J-F, Cathelineau
G. A synthetic aragonite-based ceramic as a bone
graft substitute and substrate for antibiotics. Int J
Inorganic Mater 2001;3:87-94.
70. Ohgushi H, Goldberg VM, Caplan AI. Heterotopic
osteogenesis in porous ceramics induced by marrow
cells. J Orth Res 1989;7:568-578.

[182]

