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Effects of hydroxyapatite nanoparticles on liver enzymes 
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Abstract
Hydroxyapatite nanoparticles (HANP) have different biomedical applications such as a bone grafting material due to its similarity with hydroxyapatite (HA) in 
natural bone. As nanoparticles (NP) HANP can be distributed everywhere in the body with blood circulation, and it can be mainly accumulated in the lung, liver and 
spleen. Therefore, biocompatibility of HANP should be confirmed through both in vivo and in vitro experiments before using it as a bone grafting material. There are 
lots of studies on biocompatibility of HANP based on in-vitro cell cultures. However, there are few biocompatibility studies of HANP based on in-vitro liver enzyme 
analysis and blood component analysis. This review tries to show the possible effects of HANPs on liver enzymes and blood components. 
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Nanoparticles
Nanotechnology is defined as the “design, characterization, 

production and application of structures, devices and systems by 
controlling shape and size at the nanoscale” (<100 nm). Therefore, any 
particle with even at least one diameter lies below 100 nm is considered 
to be a NP. Even though these NPs possess the same chemical structure 
as the larger particle, their chemical, physical, and electrical properties 
are different from larger particles [1]. Therefore, these NPs are attracted 
in many fields based on their unique properties such as small size 
(surface area and size distribution), chemical composition (purity, 
crystallinity, electronic properties, etc.), surface structure (surface 
reactivity, surface groups, inorganic or organic coatings, etc.), solubility, 
shape, and aggregation. NPs are either natural or synthesized [2,3]. 
NPs can be released into the environment in natural processes such as 
volcanic eruption. Apart from that, the level of NPs in the environment 
can be increased due to combustion by-products, carbon black and 
urban particulate matters released in the industrial pollution. NPs 
are synthesized as those are used in many areas such as industry (e.g., 
semiconductors, computers and engineering), environmental sciences 
(e.g., water purification, and pathogen detection and identification), 
food sciences (e.g., sterilization and prolonged shelf-life), biology (in 
vitro diagnostics) and medicine (drug delivery and imaging) [4].

Hydroxyapatite nanoparticles
HANP is defined as the HA material with the size of less than 

100 nm [5]. HANP is also categorized under the group of calcium 
phosphate [6]. HA is present in igneous and metamorphic rocks as a 
natural mineral. Moreover, it is present in bones and teeth as the major 
inorganic component [7]. 

Structure of the bone
Bone is a unique material possessing, the structural hierarchy 

at different length scales. It consists of different hierarchical levels; 
“macrostructure level (10 mm - several cm, or the whole bone level), 
mesostructure level (0.5-10 mm), microstructure level (10-500 μm) and 
nanostructure level (less than 1 μm). At the nanostructure level (size less 

than 1 μm), bone can be considered as a multi-phase nanocomposite 
consisting of an organic phase, an inorganic phase and water. The main 
element of the organic phase is type I collagen present in the staggered 
pattern. The inorganic phase consists of mainly nanosized HA crystals as 
plates. These mineral crystals are located within the gap-overlap region 
of collagen fibrils with a specific crystalline orientation. Furthermore, 
mineral crystals are located outside the collagen fibrils. Together with 
collagen and minerals constitute a mineralized fibril structure [8]. 
At the next hierarchical structure, the arrangement of mineralized 
collagen fibril in the lamella is described. These mineral filled collagen 
fibrils are arranged into arrays in which this arrangement the fibril axes 
and the crystal layers are all organized into a 3-dimensional structure 
that makes up a single layer in lamella of bone a few microns thick. 
In the thicker lamellae, the fibrils are parallel to the boundary, but the 
crystal layers are rotated out of the plane of the boundary to produce 
the remarkable macroscopic scale of bone from the molecular scale; 
the alternating lamellae are organized into larger ordered structures in 
many bones [9]. The mechanical properties of bone are particular in 
those at the micro and nanostructure level [10] (Figure 1) (Tables 1 
and 2).

Uses of HANP
HANPs have excellent biological characteristics, such 

as nonimmunogenicity, noninflammatory behaviour, good 
biocompatibility and high osteoconductivity and osteoinductivity. 
Therefore these distinct features of HANP enable a wide range of 
potential applications of HANP as a gene carrier, and in bone tissue 
engineering, drug delivery, orthopaedic surgery, [11,12] and cosmetics 
and dental care products [13].
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NP used for drug delivery 
Applications of NP in medicine include drug delivery, both in vitro 

and in vivo diagnostics, nutraceuticals and production of improved 
biocompatible materials. NPs are attracted in medicine based on some 
important and unique features such as their surface to mass ratio that is 
much larger than that of other particles, their quantum properties and 
their ability to adsorb and carry other compounds. NPs have a relatively 
large (functional) surface which is able to bind, adsorb and carry other 
compounds such as drugs, probes and proteins [14]. In medicine, 
nanotechnology is being used to deliver drugs and imaging agents, 
helping to improve solubility, change pharmacokinetic profiles and 
increase uptake to target sites, increase blood circulation half-life and 
reducing immunogenicity [4]. The aims for NP entrapment of drugs are 
either enhanced delivery to, or uptake by, target cells and/or a reduction 
in the toxicity of the free drug to non-target organs. Both situations will 
result in an increase of therapeutic index, the margin between the doses 
resulting in a therapeutic efficacy (e.g. tumour cell death) and toxicity 
to other organ systems. For these aims, the creation of long-lived and 
target-specific NPs is needed [14]. In the last two decades, a number 
of NP-based therapeutic and diagnostic agents have been developed 
for the treatment of cancer, diabetes, pain, asthma, allergy, infections, 
and so on. HANP is also used for drug delivery and tissue engineering. 
These usually make a composite containing HA and other ingredients, 
such as anti-infection drugs, bone growth factors, and biodegradable 
polymers [5].

Bone grafting
Bone grafting is a surgical procedure that replaces missing bone 

with material from patient’s own body, artificial, synthetic or natural 
substitutes. According to the material used, bone grafting can be 
classified into several groups such as autograft which involves utilizing 

bone obtained from the same individual as a graft, allograft which 
involves utilizing bone obtained from another individual, xenograft 
which involves utilizing bone obtained from a different species, ceramic 
based bone graft involves ceramics either alone or combination with 
another material (e.g., calcium sulfate, bioactive glass and calcium 
phosphate), polymer based bone graft substitute performed with either 
naturally occurring polymers (e.g., Healos) or synthetic polymers (e.g., 
Cortoss) and alloplastic graft where HA or calcium carbonate is used 
[15] (Table 3). 

The prime objective of bone grafting is the obtaining of grafted 
bone equivalent to the autogenous bone. This is achieved inducing the 
regeneration of the living tissue through the restoration of the defected 
bone. Therefore, the material used for the bone grafting providing a 
framework for regeneration of new bone. According to the way of 
regeneration (in vivo response), bone grafting materials are 3 types. 
Those are; “osteoconductive, osteoinductive and osteogenic. HA comes 
under the osteoconductive bone grafts which serve as a structural 
framework through which the host bone infiltrate and regenerate a new 
bone tissue [11] (Figure 2).

HANP as a bone grafting material
Structure of the HA used for the bone grafting is crystallographically 

similar with natural bone mineral. The HA derived from either natural 
sources or synthetic sources is recognized as bioactive substance since 
it forms a strong chemical bond with host bone tissue. Therefore, HA is 
considered as a good bone grafting material. Moreover, HA is not only 
bioactive but also osteoconductive, non-toxic and non-immunogenic 
[11]. The physiochemical, mechanical, and biological properties which 
make HA an appropriate bone grafting material are described in Table 3.

Recently, considering smaller size, higher surface area and 
roughness of HANP, HANP is more often used than micro scale 
materials as bone substitutes, tissue engineering scaffolds, coatings etc. 
Many studies report that HANP is used to form a three-dimensional 
biomimetic composite with chitosan, collagen-like polymers [16], and 
other bioactive molecules [17]. The composite materials can also be 
where the synthesized material mimics the natural bone’s inorganic 
and organic phase composition [18]. The HANP composite scaffolds 
with appropriate porous structure, biodegradability and mechanical 
properties can induce osteoblast adhesion, proliferation, and 
differentiation, increasing their osteoinductivity and osseointegrative 
capacity [19,20] (Table 4).

Negative effects of NPs
In addition to the advantages of NPs, they can have toxicity effects 

on physiological systems of animals and human [21]. There are some 
studies revealing that the potential of nanoparticles to alter normal 
physiology by interacting with biomolecules in living cells thereby 
causing adverse effects at the cellular, subcellular, and protein levels 
[22].

Before the internal use of any biosynthesized material, it should be 
checked for biocompatibility. ‘Biocompatibility’ is usually considered 
to be the tolerance of liquid or solid body elements to the implant, 
‘blood compatibility (haemocompatibility)’ is the tolerance of blood to 
the implant [23]. There are several in vitro and in vivo studies which 
have been performed to identify whether there is a toxic effect of 
HANP when it is used as a bone replacement or therapeutic material. 
These toxicological studies are needed to ensure how much HANP 
are biocompatible. When HANPs are used for bone replacement, 

Figure 1. Hierarchical structure of the bone

 Inorganic phase Wt%
Hydroxyapatite (HA)
Carbonate   
Citrate
Sodium
Magnesium  
Cl-, F-, K+, Sr2+, Pb2+, Zn2+, Cu2+, Fe2+

~60.0
~04.0
~00.9
~00.7
~00.5
Traces

Table 2. The composition of bone- Inorganic phase (Gamagedara, 2016)

Organic phase Wt%
Collagen
Water
Non-collagenous proteins (osteocalcin, osteonectin, osteopontin,
thrombospondin, morphogenetic proteins, sialoprotein, serum proteins)
Polysaccharides, lipids, cytokines
Primary bone cells: osteoblasts, osteocytes, osteoclasts   

~20
~09

~03
Traces
Traces

Table 1. The composition of bone -Organic phase (Composition slightly be varied from 
species to species and bone to bone) (Gamagedara, 2016)
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biocompatibility with blood components (haemocompatibility), 
enzymes and bone cells; “osteoblasts, osteocytes, osteoclasts” has to be 
ensured.

Entering of NPs into the vascular system intentionally and 
interacting with blood cannot be neglected. The NPs may have an 
effect on blood coagulation and haemolysis [24]. Different factors in 
blood such as platelet, blood vessels and coagulation factors affect the 
blood coagulation system. This factor favour the balance of pro and 
anti-coagulant process and maintain the hemostasis. A delicate balance 
between pro and anti-coagulant activities is required and any shift in 
this balance lead to the pathological process. NP may have an effect 
on blood coagulant system in a positive or negative ways depending 
on their desirability. Several physiochemical properties of NP result the 
interactions with component of blood coagulation system such as size 
(penetration ability, cellular up take, contact activation of coagulation 
depend on the size of NP), charge (membrane damage, protein 
interactions depend on charge), shape (cellular uptake, penetration of 
intracellular structure depend on the shape) and composition [4].

Several toxicological studies which were performed for HANP 
show that there is a cellular uptake in several cells such as liver, kidney 

etc. As an example, Sun et al. quantitatively analysed that intravenously 
administrated radiolabelled HANP was distributed everywhere in 
the body with blood circulation, but mainly accumulated in the lung, 
liver and spleen for over one month [25]. Some other toxicological 
studies, which is done for HANP, show that there is a main toxic effect 
on several excretory organs such as liver, spleen and kidney. To reflect 
the function of these excretory organs, some biochemical parameters 
such AST, ALT, ALP and blood urea nitrogen (BUN) can be used.  Liu 
et al. found that the intravenous injection of rod-shaped NHA results 
in acute increases in ALT, AST, BUN and ALP in rabbits [26]. The 
intraperitoneally injected rod-shaped HANP results in no changes in 
AST, ALT and BUN in the serum of rats, but produces apoptosis in 
the liver cells and renal tubular epithelial cells. However they were able 
to detect that the HANP-Chitosan composite induced the significant 
elevation of BUN, Creatine (CR) and total bilirubin in the serum of 
rats as well as the apoptosis in the liver and kidney tissues with no 
inflammation and necrosis at eight weeks of exposure by intraperitoneal 
injection [20] (Figure 3). 

The Figure 3 mainly describes that clearance of NP occurs through 
kidney, liver and macrophages. Solid arrows indicate the probable 
interactions. Dashed arrows indicate possible interactions.

Biomaterials Advantages Applications Applications Examples

Metal and alloy Too strong, tough,
Ductile Dense, may corrode

Bone plates, loadbearing
bone implants,

dental arch wire, and
dental brackets

Titanium, stainless
steel, Co–Cr alloys,

and Ti alloys

Ceramic Bioinert Bioactive Bioactive High 
resistance to wear

Brittle, poor tensile,
low toughness, lack

of resilience

Hip joints and load bearing
bone implants

Bone filler, coatings on
bio-implants, orbital implant,
alveolar ridge augmentation,
maxillofacial reconstruction,
and bone tissue engineering

Alumina, zirconia HA, bioglass 
TCP

Polymer
Flexible, resilient,
surface modifiable,

selection of chemical
functional groups

Not strong, toxic of a
few degraded products

Bone tissue scaffolds, bone
screws, pins, bone plates,
bone and dental filler, and

bone drug delivery

Collagen, gelatin,
chitosan, alginate,

PLA, PGA, PLGA,
PCL, PMMA, PE

Composite
Strong, design flexibility,

enhanced mechanical
reliability than monolithic

Properties might be varied
with respect to fabrication

methodology

Bone graft substitutes, middle
ear implants, bone tissue scaffolds,

guided bone regenerative 
membranes,

and bone drug delivery

HA/collagen, HA/
gelatin, HA/chitosan,

HA/alginate, HA/
PLGA, HA/PLLA,

HA/PE

Nanocomposite

Larger surface area, high
surface reactivity, relatively
strong interfacial-bonding,
design flexibility, enhanced
mechanical reliability than

monolithic and/or microcomposite

No optimized technique for
material processing

Major areas of orthopaedics, tissue
engineering, and drug delivery

Nano-HA/collagen,
Nano-HA/gelatin,

Nano-HA/chitosan,
Nano-HA/PLLA

Table 3. Bone grafting materials (Murugan and Ramakrishna, 2005).

 

 

 

 

 

 

 

 

 

 

Figure 2. Evolution of bone grafting [11]
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nanoparticle concentrations employing a modified Chandler-loop 
in vitro assay on human blood showed that there is a concentration-
dependent hemocompatibility for silver NP and also higher 
concentration can affect various haematological parameters (positive 
effect on coagulation pathway, low platelet counts due to the platelet 
adhesion and haemolysis) [29]. The experiment which was done to 
identify the size-dependent effects of NP on enzymes in the blood 
coagulation cascade reveals that NP can cause charge dependent effect 
on coagulation pathway by activating, stabilizing, and inhibiting of an 
enzyme related to coagulation pathway [30]. The research conducted 
on the action on platelet activation and plasmatic coagulation carried 
out in Austria was able to disclose activation of the intrinsic pathway 
of plasmatic coagulation are the common mechanisms for increased 
clotting induced by NPs [31].

Furthermore, apart from studies done to identify the effect of NP 
on blood, there are studies which have performed to identify the effect 
of HANP on blood. Some in vivo studies show changes in blood cell 
counts and blood coagulation tests when blood component encounters 
HANP; as an example the result of research on NP sols of HA and 
titanium dioxide for haemocompatibility performed in vivo (rats) 
and in vitro (rabbit blood) shows that HANP obviously prolonged the 
time of bleeding, clotting and prothrombin in rats after intravenous 
injection and in vitro HANP did not cause haemolysis but did induce 
the aggregation of rabbit red blood cells (RBC) [24]. Another study 
which was conducted in China, Nano size and surface charge effects 
of HANP on RBC suspensions resulted in aggregation of RBC when 
positively charged HANP was used. It was concluded that positively 
charged HANP is electrostatically interacted to negatively charged RBC 
membrane and also this causes caves on the membrane but not the 
haemolysis [32].

Even though there is a comparatively higher number of research 
available for demonstrating the effect of NP on the liver, a limited 
number of experiments are performed to identify the effect of NP on 
enzyme activity.

Some research findings support the fact that NP enter and increase 
the liver enzyme levels in serum. There are several examples.  The 
experiment, “Evaluation of iron oxide nanoparticles effects on tissue 
and enzymes of liver in rats” demonstrates that high concentration of 
iron oxide nanoparticles could be caused undesirable effects on liver 
with damage to hepatocyte and level elevation of liver enzymes such 
as AST, ALT and ALP [33]. The research, “Biochemical Evaluation 
of Silver Nanoparticles in Wistar Rats” indicates the alteration of 
rat tissue biochemical indices. According to this study silver NP 
mainly accumulates in the liver. Furthermore the effect of the oral 
administration of Ag NPs to rats on ALP, AST, and ALT did not follow a 
definite pattern but may suggest partial inactivation of enzyme activity 
or depression of enzyme synthesis [34]. 

There are some studies which show that NP can affect the activity of 
liver enzymes. As an example, the research, the toxicity effect of cerium 
oxide nanoparticles on ALT, AST and ALP enzymes in the male rat 
which was performed in Iran showed that there is an increased activity 
of ALT, AST and ALP when exposing to cerium oxide [35]. As an in 
vitro study the experiment on Zinc Oxide NP augments ALT, AST, ALP 
and lactate dehydrogenase (LDH) expressions in C2C12 cells carried 
out in Korea showed that activity of all tested enzyme was increased 
[36].

Even though there are no studies found to demonstrate the effect 
of HANP on the activity of liver enzymes, there are some studies on 
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Figure 3. Schematic of nanoparticle clearance pathways (Zhang et al. 2016)

Component or character
Chemical composition
Ca/P molar
Crystal system
Space group
Cell dimensions (A˚)
Young’s modulus (GPa)
Elastic modulus (GPa)
Compressive strength (MPa) 
Bending strength (MPa)
Density (g/cm3)
Relative density (%)
Fracture toughness (MPa m1/2)
Hardness (HV)
Decomposition temperature (_C)
Melting point (_C)
Dielectric constant
Thermal conductivity (W/cm K)
Biocompatibility
Bioactivity
Biodegradation
Cellular-compatibility
Osteoinduction
Osteoconduction

Ca10(PO4)6(OH)2
1.67

Hexagonal
P63/m

a = b = 9.42, c = 6.88
80–110

114
400–900
115–200

3.16
95–99.5
0.7–1.2

600
>1000
1614

7.40–10.47
0.013
High
High
Low
High
Nil

High

Table 4. Biological properties of HA (Murugan and Ramakrishna, 2005)

Literature review 
The purpose of my research is to identify whether there is an effect 

of HANP on RBCs and liver enzymes. Several studies performed 
worldwide were used for supporting the hypothesis of this research. 

There are studies which show that there is an interaction between 
NP with blood and proteins. As an example, study; “Interaction of 
colloidal gold nanoparticles with human blood: effects on particle size 
and analysis of plasma proteins binding profiles” performed in USA 
identified the 69 different proteins in plasma bound to the surface of 
gold nanoparticles, despite of the functional consequences of such 
binding are unknown. This study is one of proof that there may be an 
interaction between NP-blood and NP-enzyme as this study shows the 
interaction between proteins [27,28].

There are some studies which have already shown that there is an 
effect of NPs on blood components. In vitro study which was carried 
out in Germany on haemocompatibility evaluation of different silver 
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HANP which provides evidence for changing the activity of some other 
enzymes. As an example, the study was done in Russia about the ‘effect 
of HANP on the kinetics of enzymatic gelation in milk’ revealed HA 
strongly affects the processes of the enzymatic gelation in milk [37]. 
Another study performed by Dutta et al. [38], ‘Nanotechnology-
enabled enhancement of enzyme activity and thermo-stability: a study 
on impaired pectate lyase from attenuated Macrophomina phaseolina 
in Presence of HANP’ discloses the dual role of HANP in enhancing 
activity and conferring thermostability.

Biological assessment requires candidate materials to be non-
cytotoxic and to be bio functional, able to elicit a beneficial host-
response in a specific application [39]. There are several in vitro and 
in vivo studies which have been performed to identify whether there 
is a toxic effect of HA NPs when it is used as a bone replacement or 
therapeutic material. When HA NPs are used for bone replacement, 
biocompatibility with blood components (haemocompatibility), 
enzymes and bone cells have to be ensured.
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