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INTRODUCTION
The most preferred method of administration is oral drug delivery 
as it is convenient, patients can take it and its production cost is low. 
Nonetheless, a considerable percentage of active pharmaceutical 
ingredients (APIs) are characterized by low aqueous solubility, 
low permeability and instability in the gastrointestinal (GI) tract, 
which in combination causes low bioavailability [1]. These issues 
are particularly strong with Biopharmaceutics Classification System 
(BCS) Class II and IV drugs, in which dissolution and intestinal 
absorption are rate-limiting stages. Consequently, the improvement 
of the solubility, dissolution, and stability of the drug to be delivered 
orally continues to be a significant objective of drug formulation 
research in pharmaceutical studies [2]. To overcome these obstacles, 
new methods of drug delivery have arisen by introducing the use of 
particulate drug delivery systems to enhance drug solubility, stability, 
and absorption. Micro and nanoparticle carriers have the ability to 
alter the rate of drug release, to shield labile drugs against degradation 
in the stomach, and to target the release of drugs at particular 
locations in the intestine. Inorganic particulate systems have been 
explored among them because they are physicochemically stable, 
their surface chemistry can be tuned, and they can be combined with 
different drugs [3]. Silica, titanium dioxide and calcium phosphate 
(CaP) have been studied towards such applications, with CaP of 

particular interest due to its natural occurrence in the human body 
and good biological characteristics.

Calcium phosphate is a biocompatible, inorganic compound that is 
present in the bone and teeth, and has a long history of application as 
a pharmaceutical excipient and biomaterial in orthopedic and dental 
problems. During the last years, it has become a promising additive 
to oral drug delivery systems because of its peculiarities, which are 
its pH-dependent solubility, the ability to be exchanged and buffer 
capacity [4]. CaP is dissolved in acidic gastric fluid to release calcium 
and phosphate ions and this is precipitated again under intestinal 
pH conditions, contributing to the delivery of controlled drug 
release and absorption improvement. CaP particles are particularly 
beneficial to oral delivery at the micro- and nanoscale. In some cases, 
nanoparticles, especially, provide superior surface area, enhanced 
mucoadhesion, as well as the capacity to interact closely with 
epithelial surfaces, hence enhancing retention and uptake of drugs in 
the small intestine [5]. Furthermore, CaP biodegradability removes 
any fears of accumulation over time and CaP GRAS (Generally 
Recognized As Safe) status leads to regulatory acceptability of the 
pharmaceutical use.

Some of the researches have been able to show the ability of 
CaP-based carriers in increasing the solubility and oral bioavailability 
of drugs with low solubility, including curcumin, raloxifene and 
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ABSTRACT
The emergence of calcium phosphate (CaP) based micro and nanoparticles has been of much interest as a novel approach to solving the inherent 
problems associated with the oral delivery of drugs, namely low solubility, instability, and bioavailability of most therapeutic agents. The paper is a 
review that gives a complete discussion on the use of CaP as a biocompatible, biodegradable and pH-responsive carrier during oral delivery. The 
physicochemical versatility of CaP provides the opportunity to make drug delivery systems able to deliver controlled release, targeted absorption 
in the intestine, and a greater bioavailability. The different synthesis strategies, including wet precipitation, sol-gel processes, spray drying, and 
biomimetic mineralization, allow a solid control of morphology and drug encapsulation capacity of particles. Moreover, the intestinal fate of 
CaP systems indicates their capacity to protect drugs in acidic gastric conditions and release and uptake site-specifically in the intestine. Their 
practical potential is noted in case studies, such as the solubility of compounds with low solubility (such as curcumin, paclitaxel, and raloxifene 
deliveries). Although there are current shortcomings like aggregation and scale-up biases, new hybrid and surface-modified CaP systems are 
resolving them. Altogether, CaP-based carriers can be discussed as an effective, safe, and scalable platform for delivering oral medication in the 
next generation, at the same time, effective for pharmaceuticals and biologically compatible.
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paclitaxel. These systems operate via several mechanisms, which 
are accelerated dissolution rate, supersaturation and formation of a 
favorable micro-environment in the intestinal surface [6]. Therefore, 
CaP-based micro- and nanoparticles systems are a strong, safe, 
and efficient system to design next-generation oral preparations. 
The aim of the review is to critically summarize the formulation 
strategies, the intestine fate, and the mechanism of the enhancement 
of bioavailability of CaP-based micro- and nanoparticles in oral drug 
delivery, and their potential to be applied in the clinical environment.

Calcium Phosphate as A Pharmaceutical Excipient 
and Carrier
CaP has been widely applied in the pharmaceutical, food and 
biomedical sectors because of its biocompatibility, biodegradability 
and its safety. Being a natural inorganic mineral, it is the primary 
component of bones and teeth, so it can be easily adopted into the 
context of bio-use. It is chemically similar to the human hard tissues, 
physiologically tolerable, which makes it a good choice in delivering 
drugs by oral and systemic routes [7]. A number of varieties of 
calcium phosphate have been researched and exploited, each with 
a varying degree of crystallinity, solubility and calcium-phosphorus 
(Ca/P) ratio. Hydroxyapatite (HAp) [Ca 10(PO 4 )6(OH) 2], 
tricalcium phosphate (TCP) [Ca 3(PO 4) 2], and amorphous calcium 
phosphate (ACP), a non-crystalline intermediary phase, are the most 
widespread. The differences in these materials, specifically their 
physicochemical properties, have a direct impact on drug loading, 
release and dissolution. As an example, ACP is more soluble and 
reacts to different surfaces, which is the reason it can be used in 
cases of fast-drug release, and HAp is better suited to sustained-
release formulas due to its crystalline stability [8]. Pharmacologically, 
calcium phosphate is a pharmacopeial inert excipient and Generally 
Recognized As Safe (GRAS) by the regulatory agencies. It finds 
application as a diluent, filler and tablet disintegrant in oral solid 
dosage forms because of its f lowability, compressibility and its 
chemical inertness. Moreover, it features a buffering capacity that 
can stabilize the acid-labile drugs within the gastrointestinal tract 
of the body at a near-neutral micro-environment [9]. Another 
significant strength is the biocompatibility and safety profile of 
calcium phosphate. After this, it is absorbed in calcium and phosphate 
ions, which are vital physiological nutrients. CaP does not cause 
inflammatory or toxic effects and can be readily eliminated by the 
body, as opposed to synthetic polymers or metallic nanoparticles. The 
products of its degradation are involved in the natural bone mineral 
metabolism, and therefore, its systemic load is low [10].

CaP as a carrier drug has versatile loading properties by 
adsorption or co-precipitation. Depending on the surface charge, 
porosity, and ion exchange capacity, it is possible to incorporate a 
wide variety of different drug molecules, including small hydrophobic 
molecules to large molecules such as peptides and nucleic acids. 
Phosphate and carboxyl groups of drugs are also highly affinity with 
Ca2+ and the stable but reversible interactions are also promoted. 
Notably, pH-sensitive solubility of CaP, being insoluble in intestinal 
pH but dissolvable in gastric acid, allows site-specific and targeted 
drug delivery, sparing sensitive drugs in the gastric environment 
[11]. These positive qualities have seen calcium phosphate transform 
from an ordinary excipient to a practical delivery vehicle with the 

capability of enhancing oral absorption and bioavailability of drugs. 
Its multifunctionality combines the delivery vehicle between excipient 
and active, and therefore, it is a fundamental element in designing 
the next-generation oral drug delivery systems.

Micro and Nanoscale Calcium Phosphate Particles
The particle size is a critical variable that determines the 
physicochemical behaviors, biological interactions/response as well 
as drug delivery activities of CaP-based carriers. CaP particles can be 
produced in the micrometer (1–100 μM). These two size scales give 
significantly different surface, dissolution and absorption properties 
that are directly related to the increase in oral bioavailability [12]. 
Microscale CaP particles have been utilized traditionally as excipients 
or bulk carriers in oral formulations. They offer high drug loading 
capacity, excellent flowability, and consistent mechanical properties 
to be used in the formulation of tablets or capsules. They, however, 
have low surface area and slower rates of dissolution, which makes 
them interact with the intestinal mucosa less and have slower 
kinetics of drug release. Such characteristics render them useful in 
sustained-release or matrix types of oral formulations as opposed to 
rapid-release systems [13].

Conversely, the use of nanoscale CaP particles has transformed 
the use of oral drugs due to their size-specific benefits. They have a 
high surface-to-volume ratio, which allows better drug adsorption 
and also improved interaction with the mucosal membrane, which 
improves drug permeation and bioavailability. Furthermore, 
nanoparticles can traumatize mucus layers and be incorporated by 
intestinal epithelial cells by endocytosis or paracellular transport, 
which are normally not open to larger microparticles. This is the 
increased absorption behavior that has been shown to increase the 
absorption of poorly soluble drugs and biomacromolecules [14]. 
Moreover, the nanoscale confinement effect changes the dissolution 
dynamics of CaP to release the encapsulated drugs faster and higher 
ion exchange with the surrounding medium. The hydrolysis of CaP 
nanoparticles at the bowel pH provides a localized supersaturation, 
which sustains an ideal concentration gradient that facilitates the 
sustained absorption. Nevertheless, aggregation of nanoparticles 
is still a problem; it is commonplace to stabilize nanoparticles with 
surfactants or polymer coating.

It is demonstrated that CaP nanoparticles are superior to 
microparticles in cellular uptake, dissolution and intoxication, 
especially in hydrophobic and pH-sensitive drugs. However, 
microscale carriers are still useful in cases where a specific delivery 
or control is needed. Micro- and nanoscale systems, therefore, have 
their own unique but complementary roles in the wider context of oral 
drug delivery application with nanoscale formulations being of more 
appeal to clinical translation because of their improved absorption 
and pharmacokinetic capabilities [15].

Methods of Preparation of Calcium Phosphate 
Micro and Nanoparticles
The production process of CaP particles is one of the key factors 
that determine their physicochemical properties, including size, 
morphology, crystallinity, and surface area, which also affect the 
efficiency of drug loading and release. The strategies that have been 
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developed to make CaP particles on the micro- and nanoscale include: 
wet chemical precipitation, sol-gel synthesis, spray drying and 
biomimetic processes [16]. All methods have certain merits in terms 
of the required particle properties and the needed pharmaceutical 
use (Fig. 1).

Wet chemical precipitation
The most commonly used technique of CaP particle synthesis is 
wet chemical precipitation due to its simplicity, scalability, and 
the capability of producing particles with adjustable composition. 
It entails controlled mixing of aqueous calcium and phosphate salt 
solutions under given conditions of pH and temperature and results 
in the nucleation and growth of CaP crystals. The parameters of the 
product, i.e. Ca/P ratio, reaction time, and stirring speed, define it 
as hydroxyapatite (HAp), tricalcium phosphate (TCP), or amorphous 
calcium phosphate (ACP). This technique is capable of producing 
micro and nanoscale particles; particle size reduction is usually done 
by the addition of surfactants or ultrasonication [17].

Sol–gel method
The sol-gel process presents exact control over particle morphology 
and homogeneity. It entails the hydrolysis and condensation of calcium 
and phosphate in alcoholic or aqueous media to form a colloidal sol 
that transforms to a gel network. CaP particles are dried and then 
subjected to calcination, producing pure and uniform particles 
with high purity. The sol-gel route enables drug molecules to be 
incorporated in the porous matrix during the synthesis process and 
this gives it controlled-release properties. Nonetheless, the procedure 
may be lengthy and drying conditions may be sensitive to the process 
and affect crystallinity and porosity [18].

Spray drying
The use of spray drying is a scaled and fast procedure that allows 
the generation of spherical CaP micro- or nanoparticles. In this 
process, a suspension or a solution of CaP precursors (and perhaps 
drug molecules) is dispersed into a hot air jet, resulting in the 
immediate evaporation of a solvent and the formation of particles. 
The method enables co-precipitation of drugs with a carrier 
matrix, which gives even distribution through the CaP structure. 
Importantly, spray drying can be used especially to make composite 
CaP systems more mechanically stable and dispersible by adding 
polymers or lipids. It is very appropriate to be used in production 
at the industrial scale because of its reproducibility and being able to 
operate continuously [19].

Biomimetic synthesis
Biomimetic techniques mimic physiological mineralization processes 
at mild conditions, aqueous conditions, and simulate body fluid 
(SBF) to direct CaP nucleation. These mild reaction conditions allow 
the encapsulation of temperature-sensitive or biologically active 
molecules, including peptides and enzymes, without destruction. 
The resulting particles have high biocompatibility and porosity 
control. The biomimetic synthesis is similar in-vivo mineralization as 
CaP particles synthesized have comparable surface properties with 
biological apatite, which can be used to improve intestinal adhesion 
and bioavailability [16].

Drug Loading and Release Mechanism
The rate of effectiveness of a drug delivery system is very dependent 
on the incorporation of a drug in the carrier and the eventual release of 
the drug under physiological conditions. Drugs may be incorporated 
into the matrix of calcium phosphate (CaP)-based carriers during 
synthesis by adsorption, co-precipitation, or encapsulation. The 
mechanisms have a direct impact on loading capacity, stability and 
release kinetics of the drug [20]. The simplest process is adsorption, 
which is usually the physical adherence of drug molecules to the CaP 
surface by means of electrostatic, hydrogen bonding, or van der Waals 
interactions. CaP surface charge and adsorption efficiency are highly 
dependent on their surface area, given the specific surface area and 
crystallinity. An example is amorphous calcium phosphate (ACP) and 
nano-hydroxyapatite (nHAp), which have a higher surface energy and 
porosity, which ensures that they are better adsorbers than crystalline 
tricalcium phosphate (TCP). Adsorption is also the best procedure 
in heat and solvent-labile drugs, and is able to maintain the biological 
activity of such drugs during formulation [21].

On the other hand, co-precipitation provides the opportunity to 
become entangled in the crystal lattice of CaP during the formation 
of particles. In this case, the reaction medium contains the drug, 
whereas calcium and phosphate ions precipitate, carrying the 
drug molecules with them in the developing matrix. Through this 
approach, a greater drug encapsulation efficiency and extended-
release profiles are frequently achieved because the encapsulated drug 
is slowly diffused outside of the structure of the CaP. Nevertheless, 
co-precipitation has to be greatly optimized to avoid drug degradation 
in the synthesis, particularly in the case of delicate biomolecules like 
peptides or proteins. pH-sensitive release is one of the most useful 
aspects of CaP-based systems. CaP is a pH-responsive carrier that 
can be utilized in oral delivery because it is scarcely soluble in neutral 
or basic pH and is soluble in acidic conditions. Once it is ingested, 
CaP can survive the acidic gastric environment, which prevents the 
drug from degrading. At the intestinal pH (approximately 6.8–7.4), 

Fig. 1: Schematic representation of synthesis and drug loading approaches of 
CaP nanoparticles
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slow dissolution of CaP takes place, liberating a drug and ions in a 
regulated process. The feature guarantees site-specification release, 
which increases absorption of the drug at intestinal locations where 
absorption is maximum [22].

Along with pH sensitivity, the release is also regulated by ion 
exchange and diffusion processes. With the CaP-intestinal fluids 
interaction, the calcium ion is exchanged with the hydrogen or 
sodium ion, which facilitates partial dissolution and diffusion of 
encasement drugs through the porous structure. The release rate 
can be manipulated through the adjustment of synthesis factors 
(crystallinity, porosity, particle size, and surface modification using 
polymers or surfactants). It is particularly useful in drugs having 
low solubility because sustained and controlled release behavior 
by CaP carriers is particularly beneficial, as it maintains a longer 
concentration gradient on the intestinal membrane. It has been 
demonstrated that CaP nanoparticles containing hydrophobic drugs 
(e.g., curcumin, paclitaxel, raloxifene) have high dissolution rates and 
longer release durations than free drugs and thus result in improved 
oral bioavailability [23]. Thus, multi-mechanistic release control 
plus physiological responsiveness contributes to CaP-based systems: 
CaP-based systems offer versatile delivery of therapeutic agents, 
allowing for the balance of protection, stability, and sustained release 
of therapeutic agents.

Intestinal Fate of Calcium Phosphate–Based 
Particles
The CaP-based micro- and nanoparticles, after being taken orally, 
experience a series of physicochemical changes as they pass through 
the GI tract. Their exposure to gastric and intestinal environments, 
release of ions and biological absorption processes are all the factors 
that predetermine the success of oral drug delivery. Intestinal fate 
of these carriers is determined by their composition, size, surface 
properties and crystallinity [24, 25]. CaP is partly dissolved in the 
stomach in a highly acidic environment (pH 1.2-2.0) to produce 
calcium and phosphate ions. The process is advantageous in the 
case of acid-labile drugs, since the CaP matrix has a buffering 
effect, which prevents the degradation of the encapsulated drug. 
Additionally, the dissolution does not occur fully, especially in the 
case of hydroxyapatite (HAp) and tricalcium phosphate (TCP), and 
such particles are able to enter the intestine with a significant portion 
of their structure intact. Calcium ion release may have temporary 
effects on gastric physiology by changing the local ionic strength and 
microenvironmental pH, which can mediate the effect of mucosal 
permeability [25]. When passing to the small intestine (pH 6.5-7.4), 
CaP particles are faced with a mildly basic environment, as well as an 
environment of bile salts and digestive enzymes. In this case, there 
is a possibility of partial reprecipitation of calcium and phosphate 
ions to create temporary nanoclusters or amorphous phases on the 
intestinal mucosa. These frameworks increase mucus adhesion and 
could serve as drug depots which promote sustained release of local 
drug and long resident time. In addition, the nanosized CaP particles 
are capable of either being endocytosed by M-cells in the Peyer’s 
patches or trapped by paracellular transport through tight junctions, 
resulting in an improved systemic drug absorption [26].

The ion-exchange properties of the CaP are very critical in 
intestinal bioavailability. The calcium ions also react with the 

phosphate and carbonate ions in the intestinal fluids and the phosphate 
part can form complexes with the cationic drugs, which keep them 
stable in the solution. This irregular balance between the dissolution 
and reprecipitation enables CaP to be an extension of a controlled-
release depot as well as a bioavailable ion source, establishing the 
optimum pharmacokinetic absorption of drugs.

Also, CaP particle stability may depend on the presence of bile 
salts. Although bile components can potentially facilitate partial 
dissolution, they can also facilitate the dispersion of nanoparticles, as 
they reduce aggregation. This stability-to-solubility ratio guarantees 
that CaP nanoparticles can be bioavailable to interact with intestinal 
epithelial cells to enhance overall pharmacokinetic profiles. The sum 
of the above-mentioned has shown that the CaP particles have a dual 
action; they are used to protect the drug in the stomach and release 
it with controlled release and improved absorption in the intestine. 
The most important factor to consider in the design of effective 
CaP-based oral formulations is to understand these changes so as to 
ensure that the bioavailability is reached and stays stable throughout 
the GI tract (Fig. 2).

Role of Calcium Phosphate Particles in Enhancing 
Oral Bioavailability
The physical ability to increase the oral bioavailability of poor solubility 
drugs is one of the key problems in pharmaceutical development. 
Carriers of CaP have become effective bioavailability enhancers 
because they possess multiple physicochemical and biological 
characteristics. The processes by which CaP particles enhance the 
absorption of oral drugs are accelerated dissolution, formation of a 
good microenvironment, controlled release mediated by ions, and 
increased mucosal attachment [27]. Solvency enhancement is one of 
the most important mechanisms. Hydrophobic molecules of drugs 
that are wet by CaP nanoparticles can be easily dispersed due to 
their large specific surface area and surface energy. This enhances 
surface contact, which favors dissolution, resulting in greater 
apparent solubility and faster absorption beginning. Moreover, the 
messaging of KaP at intestinal pH conditions may produce localized 
supersaturation, which will sustain a high concentration gradient 

Fig. 2: Mechanistic pathway of CaP nanoparticles in GI absorption and 
bioavailability enhancement
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next to the mucosal surface and will facilitate passive diffusion of 
the drug within intestinal membranes [20, 28].

T he other relevant process i s  t he a lterat ion of t he 
microenvironment. When CaP is dissolved in the intestinal fluid, 
calcium and phosphate ions are released, which temporarily 
changes the local pH and ionic environment. This buffer is capable 
of averting the recrystallization of oversaturated drug solutions, 
hence maintaining a favorable atmosphere of perpetual absorption. 
In addition, the ion release can temporarily influence tight junctions 
between epithelial cells, increasing paracellular permeability without 
having cytotoxic effects.

Mucosal adhesion and retention are also very important in 
bioavailability enhancement. CaP nanoparticles have surface 
chemistry and charge that facilitate their adhesion to intestinal 
mucus and epithelial surfaces, extending the retention period of 
the absorption site. This prolonged contact gives an increased 
opportunity of drug permeation and uptake via endocytic or 
transcellular pathways. Moreover, the contact between calcium ions 
and intestine proteins may allow temporary control of the membrane 
fluidity, enhancing the transcellular transfer of the drug [29]. These 
mechanisms have a cumulative effect that results in more substantial 
systemic drug exposure than the traditional formulations. Research 
has also indicated an increase in oral bioavailability of poorly soluble 
drug delivery systems like curcumin, paclitaxel, and raloxifene up to 
two to four times with CaP nanoparticles. Therefore, CaP systems 
are not only passive carriers, but they are active modulators of the 
intestinal microenvironment; hence, they can be used as a highly 
effective next-generation oral delivery strategy.

Applications of Calcium Phosphate-Based Systems 
in Oral Drug Delivery
Carriers based on CaP have been effectively utilized to deliver orally 
a wide range of therapeutic molecules, including poorly soluble 
small molecules, peptides, hormones, antioxidant and anticancer 
agents. Physicochemical adaptability enables the encapsulation of 
hydrophobic and hydrophilic drugs, and this makes them useful in a 
variety of pharmaceutical applications [30].

The CaP nanoparticles have shown exceptional prospects in 
increasing the solubility and bioavailability of hydrophobic drugs like 
curcumin, paclitaxel, and resveratrol among small-molecule drugs. 
They have low oral absorption, which is usually characterized by a 
low aqueous solubility and first-pass metabolism. The addition of 
them to the CaP matrices enhances dissolution and stability and is 
accompanied by pH-dependent ion exchange to release the material 
slowly in the intestine. An example is CaP-curcumin nanocomposites, 
which exhibited a 3.5 times larger oral bioavailability than free 
curcumin mainly because of the increase in mucosal adhesion and 
controlled dissolution [31].

The oral delivery of biomacromolecules like insulin, bovine 
serum albumin (BSA), and enzymes, which are usually unstable in the 
GI tract, has also been done using CaP carriers. These labile molecules 
can be enclosed in biomimetic CaP without being denatured due to 
the mild synthesis conditions. Moreover, the CaP buffer property 
prevents the destruction of proteins as a result of acidic gastric 
activities, thereby enabling more intact drugs to enter the intestine. 

It has also been found that CaP nanoparticles that are functionalized 
with chitosan or polyethylene glycol enhance further uptake of 
peptides by epithelial cells via transcellular and paracellular pathways.

CaP systems are also used in the delivery of antioxidants and 
hormones. Indicatively, CaP nanoparticles that are loaded with 
quercetin, vitamin E, and raloxifene have demonstrated remarkable 
stability and intestinal delivery, which presents prospects of 
actually managing chronic diseases orally [32] (Table 1). Raloxifene 
hydrochloride is a selective estrogen receptor modulator (SERM) with 
poor water solubility and high first-pass metabolism, which makes 
the oral bioavailability of the drug low (~2%). CaP nanoparticles 
have been developed as good carriers for oral delivery. Electrostatic 
binding of raloxifene with the negatively charged phosphate surface 
of CaP promotes the encapsulation of CaP. When administered, the 
nanoparticles keep raloxifene supersaturated in the lumen of the 
intestines, which enhances absorption. Comparative analysis has 
indicated that bioavailability has also increased nearly four times with 
the use of CaP nanoparticle formulations as compared to traditional 
pills. PEG or casein stabilizers used in the synthesis enhanced further 
dispersion, intestinal retention, and pharmacokinetic consistency.

Advantages and Limitations of Calcium 
Phosphate-Based Oral Drug Delivery Systems
The carriers made of calcium phosphate (CaP) have a combination 
of physicochemical and biological properties that render them highly 
suitable for the delivery of oral drugs. Their key strengths are that 
they are biocompatible, biodegradable, safe, pH responsive in terms 
of solubility and cost-efficient. As a mineral naturally occurring in 
the human body, CaP is by its nature, non-toxic and metabolically 
acceptable. When it is degraded, it releases calcium and phosphate 
ions; these are vital nutrients and hence long-term buildup or 
poisoning is prevented [33]. The second significant benefit is their 
pH-responsive dissolution characteristics that guarantee site-specific 
drug delivery. CaP is reasonably resistant to stomach acidity, and 
offers protection to acid-sensitive drugs, and is slowly soluble in 
intestinal conditions, resulting in controlled release and increased 
drug absorption. Also, surface chemistry can be engineered to CaP 
by doping or polymer coating to achieve released kinetics, as well as 
enhanced mucoadhesion. Its GRAS (Generally Recognized as Safe) 
regulatory status adds to its attractiveness to use as a pharmaceutical. 
As compared to polymeric carriers, including PLGA, chitosan and 
Eudragit, CaP systems are more thermostable, less immunogenic, 
and more compatible within a broad pH range. In addition, they do 
not experience the burst release that is commonly experienced in 
polymeric systems and ensure drug stability at the time of storage.

There are, however, some constraints. CaP nanoparticles are 
more likely to be aggregative in aqueous solutions, particularly under 
ionic conditions of physiological conditions, resulting in unreliable 
particle size and dispersion. Uncontrolled variability and consistency 
of particles in large-scale production is still production problem. Also, 
the low mechanical strength may limit the application of pure CaP 
formulations in compressing tablets without any mix with excipients. 
The other major limitation concerns the relatively slow dissolution of 
the crystalline CaP forms (e.g., HAp), which can restrict the use of the 
rapid drug release (e.g., injections) application [34]. Future studies are 
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addressing these shortcomings by surface functionalizing, polymer 
hybridizing and engineering particles to enhance stability, scalability 
and therapeutic efficacy. CaP systems are also a great compromise 
between safety and performance when optimized correctly, unlike 
traditional oral delivery carriers [35].

Future Perspectives
The history of the generation of calcium phosphate (CaP)-based 
micro- and nanoparticles as oral drug delivery systems is still an 
ongoing process due to the continuous advances in nanotechnology, 
material science and pharmaceutical engineering. Although 
existing literature has indicated that they have very good safety and 
effectiveness records, there are a few future areas that are of critical 
concern regarding clinical translation.

To begin with, upcoming studies should focus on in-vivo 
pharmacokinetic and pharmacodynamic studies in order to develop 
explicit associations between formulation design and treatment 
effects. The majority of studies that have been done are in-vitro 
or preclinical and do not have long-term safety and absorption 
data in human models. Such correlations will be developed and 
increase the acceptability of regulatory and facilitate product 
commercialization [36].

Second, another approach that is in the pipeline is the 
incorporation of multifunctional hybrid systems. The addition of 
CaP to biopolymers (e.g., chitosan, alginate, PEG) or lipids can 
enhance colloidal stability, mucosal adhesion and controlled release. 
The development of responsive material with smart properties, 
including enzyme- or microbiota-responsive CaP composites, can 
be used as the source of targeted release in target regions of the 
intestines. In addition, surface functionalization with peptides or 
ligands may promote receptor-based uptake of drugs that need 
specific sites of absorption. Lastly, scale-up and reproducibility are 
also major manufacturing issues. Continuous synthesis methods, 
including microfluidic precipitation and spray-based hybridization, 
are encouraging in the synthesis of particles of uniform size and 
morphology with strict control [37]. Computational modeling should 
also be incorporated in further studies in order to anticipate the 
kinetics of dissolution, release, and absorption to speed up rational 
formulation design.

CONCLUSION
It is observed that calcium phosphate (CaP)-micro and nanoparticle 
systems have become highly efficient, biocompatible, and versatile 
delivery systems of oral drugs. This is because of their physicochemical 
versatility, pH sensitivity, and ion-exchange capability, which can 
be used to precisely regulate drug release and absorption in the 

gastrointestinal tract. The CaP carriers are the only systems that 
combine the safety, stability and targeted dissolution to protect and 
enhance the delivery of poorly soluble and labile drugs in comparison 
to traditional polymeric or lipid-based systems. As this review shows, 
CaP nanoparticles enhance oral bioavailability via several mechanisms 
such as increased solubility, maintenance of supersaturation, mucosal 
adhesion and modulation of the microenvironment. Although there 
are limitations presently, e.g., aggregation, difficulty in scale up, 
variability in dissolution, etc, continued progress in hybridization, 
surface modification and process engineering is still breaking through 
these limitations.
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