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Abstract— Nanoparticles are widely used for hydroxyapatite materials. Toxicity analysis are carried out to evaluate the 
safety of modified nanoparticles. The toxicological behavior of new doped nanocrystallized hydroxyapatite was studied in 
vivo in rats and mice. Acute and subchronic studies were carried out. Biochemical and hematological analysis were also 
done. There was a small change in alanine-aminotransferase (ALT) level at a high dosage. The results indicate a safe 
toxicological profile. 
 
Keywords— Doped Nanocrystallized Hydroxyapatite, Acute and Subchronictoxicology, Laboratoryanimals, Hematological 
and Biochemical Indexes. 
 
I. INTRODUCTION 
 
Various implant techniques exist in order to solve the 
problem of bone defects, and all of them have 
advantages and disadvantages [1],[5],[8],[9]. 
Materials for this purpose should cover some 
obligative options of autologous bone, such as 
osteogenesis, osteoconduction and osteoinductionand 
mechanical competence [11]. Synthetic calcium 
phosphate ceramic materials, for instance 
hydroxyapatite (HA), are widely used as bone grafts 
due to their similarity in the chemical and phase 
composition of bone mineral matrix [2].In order to 
increase the effectiveness of these materials they can 
be doped with microelements, such 

asK+,Mg2+,Fe2+,Cl-.On the other hand, the potential 
toxicity of using dopednano-structured materials is 
unclear and remain to be explored. This study 
examined safety and effectiveness of new doped 
nanostructuredhydroxyapatite in vivo. 
The solid residual of the bone tissue contains 70 % of 
calcium hydroxyapatite Ca10(PO4)6(OH)2and 
30%of an organic component (collagenfiber). 
Hydroxyapatite of bone tissue also contains 

ionsNa+,K+,Mg2+,Fe2+,Cl-and CО2-.The conten to 

fanionsCО3
2-in the calciumhydroxyapatite of bone 

material can compose up to 8wt.%,and substitute 
hydroxylorphosphate groups. Therefore, the formula 
o f  calciumhydroxidephosphate can occur as 
following:  
Ca10(PO4)6(CO3)x(OH)2-x[3], [4]. Hydroxyapatite 
crystals have a hexagonal lattice, which contains two 
types of cationic positions of СаI (001) and СаII(002) 
corresponding to the polyhedronsCaO9 and CaO7 
respectively. The vacancies can be filled with 
bivalentcations of the trace elements of a living 

organism and with anions SiO2x
2-,SO2x

2-,Cl-andF-

[6], [7]. 
This work deals with the effect of 
nanocrystallinecalciumcarbonate-phosphatedoped 
with cationsofiron, magnesium, potassium, 
lithiumwhichis intended for bone repair. In this 
present study, the toxicological aspects of new doped 
nanohydroxyapaite were analyzed.  
Animals 
Healthy male and female outbreadwhite mice and 
male Wistar rats (approximately 20–25 g body weight 
mice and 200–220 g body weight rats) were housed 
in cages with a maximum of five animals of the same 
sex per cage and placed in a ventilated, temperature-
controlled room. The standard conditions were 
supplied and maintained at 20°C±2°C, 60%±10% 
relative humidity, and a 12-hour light/dark cycle. The 
cages contained autoclaved paddy husk as bedding 
that was replaced on a twice weekly basis. The 
commercial pellet diet and distilled water for rats and 
mice were available.  
Acute toxicity study  
White outbread  mice (twenty females) were assigned 
to the following two test groups: group I of 10 mice 
(50 mg/kg body weight of doped nanostructured 
hydroxyapatite) intraperitoneally and group IIof 10 
mice (50 mg/kg body weight of doped nanostructured 
hydroxyapatite)intragastic. Thereafter, the animals 
were monitored for 14 days for clinical signs of 
toxicity or mortality. On completion of the treatment, 
the animals were sacrificed by cervical dislocation 
and necropsied to facilitate gross pathological 
examination of organs. 
Subchronic toxicity  
The animals (50Wistar male rats) were assigned to 
the followingfive test groups: group I (control; 
distilled water); the animals of II - Vgroupwere 
gavaged with the 50% HAp suspension in 1 mL of 
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the vehicle, once daily, for a period of 40 days. 
Throughout the dosing, the animals were examined 
for any clinical signs of morbidity, mortality and 
changes in food consumption. At the end of the 
treatment, blood was collected from the heart cavity 
for clinical pathology assessment, which included 
analysis of various hematology parameters and 
biochemical parameters. II group was accepted on the 
10th day (with the control),III– on the 20th, IV – 30th, 
V – the 40th dayaccordingly. Consequently, the 
animals were sacrificed by cervical dislocation. 
Hematological parameter determination 
Blood samples were collected in tubes containing 
ethylenediaminetetraacetic acid as anticoagulant. 
Hemoglobin, platelets, mean corpuscular hemoglobin 
concentration, packed cell volume, polymorphs, and 
lymphocytes were measured using a hematology 
Autoanalyzer, «Adviа 60». 
Statistical analysis 
For statistical analysis, each of the experimental 
values was compared with its corresponding control. 
The results were expressed as medianand interquartile 
interval. Multi-group comparisons of the means were 
carried out by one-way analysis of variance test. 
Statistical significance for all tests was set at P<0.05. 
Results and discussion 
Acute toxicity analysis of doped nanostructured 
hydroxyapatite  
No mortality was observed in the animals in any test 
group or in the control group. The animals did not 
show any abnormal behavior throughout the 14 days. 

Pathological examination of liver and kidney did not 
show any evidence of toxicity.  
 
Subchronic toxicity analysis of doped 
nanostructured hydroxyapatite  
Hematological parameters 
No animal mortality was observed in any of the test 
groups for the entire period of subchronic study. The 
subchronic toxicity result shows that the nanoparticle 
formulations did not exhibit any adverse effect with 
long-term administration on the general health of the 
animals. There was no significant increase in the food 
consumption by the animals in the treatment group 
when compared with the control group.  
Changes in hematological parameters are used to find 
out the physiological and pathological changes in 
animals and humans. Figure 1 shows the 
hematological parameters. There will be a direct 
change in the hematological parameters when the test 
compound causes tissue injury. When there is damage 
to tissue, overproduction of red blood cells occurs 
[10]. There was no significant change in platelets 
lymphocyte count or mean corpuscular hemoglobin 
concentration.  
There was unsignificant decrease in the erythrocytes 
and leucocytes on the 10th day and increase up to 20th 
also significant for leucocytesv(P<0.05) . This may 
be attributed to local reactions at the injection 
site. Monocytes also showed a significant change 
(P<0.05)  
 

 

 
Figure 1.Hematological parameters. 

The results were expressed as median and interquartile interval. 
 

Biochemical parameters 
In the subchronic toxicity analysis, the biochemical, 
physiological, and pathological changes due to 
multiple administrations were analyzed. Changes in 
enzyme parameters are due to their leakage from 

intracellular sites or target tissues due to 
cellular/tissue injury [10]. The biochemical 
parameters for experimental animals are given 
in Figure 2. There were no significant changes in 
aspartate aminotransferase and HDL cholesterol. 
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Significant changes revealed in total protein as well 
as in albumin that may be due to the increase of 
erythrocytes and leucocytes synthesis.ALT level was 
significantly increased (remaining in boarders of 
normal levels for this parameter) showing the 

potential result ofHApmetabolism,which was mainly 
through liver. On the other hand the level of 
cholesterol significantly decreases that may be a 
positive sign of doped nanoHAp influence.  
 

 

 
Figure 2.Biochemical parameters. 

The results were expressed as median and interquartile interval. 
 
CONCLUSION 
 

 Acute and subchronic toxicology analyses of doped 
nanostructured hydroxyapatite confirmed its safety 
for laboratory animals. Hematological and 
biochemical parameters showed no significant change 
when compared with normal animals, except slight 
elevation of ALT. There was no change in the general 
health of the animals throughout the study. The 
results indicate that the nanoparticles of 
hydroxyapatite doped with iron, magnesium, 
potassium, lithiumdid not exhibit any toxicity.  
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