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ABSTRACT  

Carbonate Hydroxyapatite (CHA) is one of the bioceramic materials that can be used as dental implants. As 

dental implant material, the biocompatibility of CHA is an important prerequisite factor. This study aims to 

determine the biocompatibility of CHA on zebrafish embryos. The zebrafish embryos treatment was carried out 

on 3 hours post-fertilization (hpf) embryos aged. The embryos were exposed to CHA with concentrations of 15 

µg/ml, 125 µg/ml, 500 µg/ml, and 2000 µg/ml, respectively. Biocompatibility assessment was carried out by 

measuring the hatching rate, survival, morphological changes, and embryo physiological performance, 

respectively. The hatching rate was determined as the number of embryos that hatched at 48, 72, and 96 hpf. The 

survival rate was determined by the number of live embryos at 24, 48, 72, and 96 hpf, respectively. Moreover, 

the morphological change was observed on the shape of the embryo’s heart and yolk, as well as the tail-yolk 

detachment as an indicator of a normal body wall occurrence, respectively. Moreover, the physiological 

performance was decided base on the heartbeat rate performance of the embryos. The result showed no effect of 

CHA on the hatching and survival rate as well as embryo morphology in all treatments. All embryos heart 

laterality was normally formed, and the tail-yolk detachment occurred at the period of 24 hpf, which indicated 

normal development of the embryo. The heartbeat rate showed no differences between CHA treatment compared 

to control, where the embryo heartbeat rate in all treatments was more than 200/minute, indicating normal 

embryos development. In conclusion, the CHA treatment did not cause any measurable development defect on 

zebrafish embryos. 
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1. INTRODUCTION  

Bioceramics are a type of material that is used to 

fix or replace bone tissue that has been damaged [1]. 

Alumina, zirconia, bioactive glass, glass ceramics, 

hydroxyapatite, absorbable calcium phosphate, and 

other materials are examples of bioceramics [2]. 

Bioceramics in dentistry has developed rapidly. 

Bioceramics show many clinical applications, such 

as pulp wrapping materials, root tip fillers, and the 

appearance of permanent dentin [3]. One of the 

bioceramics which are widely used in dentistry is 

hydroxyapatite. Hydroxyapatite is calcium 

phosphate-containing hydroxide, a member of the 

mineral group that makes up bones. 

However, the biological apatite constituent of 

bones and teeth is slightly different from the 

structure of the constituent hydroxyapatite. Bones 

and teeth contain some additional elements which 

are not present in hydroxyapatite. One of them is 

carbonate (CO32-) which is about 5-8% in bone [4]. 

Carbonate hydroxyapatite (CHA) has a structure 

similar to the biological apatite in bone [5].  
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The structure of the hydroxyapatite [Ca10 (PO4) 

6 (OH) 2] allows for broad, nonstoichiometric 

atomic substitution between the Ca, P positions, and 

the anion channels. The difference between 

hydroxyapatite and carbonate apatite molecules is 

the addition of a carbonate group. Type A apatite 

carbonate has a carbonate group on the hydroxyl 

side, while type B apatite carbonate has a carbonate 

group on the phosphate side. The natural content of 

bone is type B apatite carbonate [6]. 

The use of carbonate hydroxyapatite as a dental 

implant material is placed at a location in direct 

contact with the periapical tissues. So that the non-

toxic characteristic and biocompatibility are very 

important [7]. Biocompatibility can be defined as the 

ability of a material to have a suitable application 

functionality and host response [8].  

The need for biocompatible materials in dentistry 

requires toxicity assay. Zebrafish has proven to be a 

promising animal model for toxicity screening. The 

toxicity of the dental material in zebrafish can be 

easily correlated with humans because it has genetic 

and physiological similarities [9]. Moreover, 

zebrafish embryonic development also similar to 

mammals [10]. This study aims to determine the 

effect of carbonate hydroxyapatite (CHA) on the 

early development of zebrafish embryos. 

2. MATERIALS AND METHODS  

This study was an experimental assay with a control 

group and a carbonated hydroxyapatite (CHA) 

treatment group. The research was conducted at the 

Laboratory of Animal Structure and Development, 

Faculty of Biology, Universitas Gadjah Mada (UGM) 

in October 2020. 

 

2.1. Maintenance of Fish and Preparation of 

Zebrafish Embryos  

Zebrafish Wild Type adults were maintained in 

aquariums (30 cm x 30 cm). The zebrafishes were 

maintained at standard conditions, at 14:10 light: dark 

cycle, temperature 27-28.50C, and dissolved oxygen 

(DO) at 6-8. The fish were fed commercial fish under 

the brand name Takari®. Feeding was done three times 

a day. Embryos are obtained by spawning males and 

females who were placed in a spawning aquarium. The 

ratio of females to males is 2: 1. The spawning 

procedure was carried out in a photoperiod of 14 hours 

light and 10 hours dark. Fertilized eggs were collected 

for research. 

2.2. Exposure of Zebrafish Embryos to 

Carbonate Hydroxyapatite (CHA) 

The CHA which was used in the study were 

provided by Faculty of Dentistry, UGM. CHA 

treatment on fish embryo was carried out following 

Makkar et al., (2018) [9]. Three (3) hours post-

fertilization (hpf) old zebrafish embryos were selected 

based on normal morphology and cleavage 

performance and used for toxicity assay. The embryos 

were maintained in 15 wellplates, ten embryos in each 

well and were treated with CHA with different 

concentrations. Wellplates were exposed to a 14:10 

hour light: dark photoperiod at 280C. The treatment 

settings are as follows:  

 Zebrafish embryo in egg water. 

 Zebrafish embryo in egg water and CHA 

concentration of 15 µg/mL. 

 Zebrafish embryo in egg water and CHA 

concentration of 125 µg/mL. 

 Zebrafish embryo in egg water and CHA 

concentration of 500 µg/mL. 

 Zebrafish embryo in egg water and CHA 

concentration of 2000 µg/mL. 

2.3. Survival Rate and Hatching Rate of 

Zebrafish Embryo 

Survival was determined by the number of embryos at 

24, 48, 72, and 96 hpf. The survival assessment was 

carried out comparing the number of embryos at period 

of observation with the number of embryos at the 

beginning of the treatment (3 hpf). The hatching rate 

was expressed as the number of embryos that hatched at 

72, 80 and 96 hpf. Hatching assessment was carried out 

by comparing the embryos hatched with the number of 

embryos at the observation period. 

2.4. Morphological Change and Heartbeat 

Rate. 

Morphological observations were carried out by 

observing any morphological changes through stereo 

microscope observations. Yolk morphology and the 

tail-yolk detachment were observed as standard 

parameters for normal embryo development. The 

embryo heartbeat rate of each CHA treatment was 

calculated and compared with that control treatment. 

2.5. Data Analysis 

Data analysis was carried by both out quantitative and 

qualitative. Quantitative data were obtained from the 

assessment of egg hatching, embryo survival, and heart 

rate. Statistical analysis was performed using IBM 

SPSS 2020 [11]. One-way ANOVA was used to assess 
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the significance of the effect of treatment on outcomes. 

Qualitative data were in the form of yolk morphology 

and the tail-yolk detachment. Morphological changes 

were observed directly using a stereomicroscope. 

3. RESULT AND DISCUSSION  

3.1. Exposure of Zebrafish Embryos to 

Carbonate Hydroxyapatite (CHA).  

Exposure of zebrafish embryos to CHA was 

carried out at 70% epibolic development stage 

(Figure 1). According to Kimmel et al (1995) [12], 

in zebrafish embryos, the epibolic stage begins in the 

embryo age 4 hpf and enters 70% epiboly in the 

embryo aged 8 hpf. However, this may vary, 

depending on the conditions of the embryo and the 

environment. 

The epibolic stage is sensitive to embryo 

development. Exposure to toxic substances at this 

stage causes morphological malformations in 

embryos and larvae [13]. Observation showed no 

effect of CHA on early embryo development (24 

hpf). 

  

  

Figure 1. Zebrafish embryos 70% epiboly 

developmental stages were treated with CHA with 

different concentrations (A: Control, B: 15 µg/mL, 

C: 125 µg/mL, D: control 2, at the epibolic stage of 

70%, a prechordal plate was seen (arrow), E: µg/mL, 

F: 2000 µg/mL). Yo (Yolk), Eb (Embryo). 

3.2. Effect of CHA on Survival Rate and 

Hatching Rate of Zebrafish Embryos.  

The toxic effect of CHA was assessed in 

zebrafish embryos. One of the parameters of 

assessment is the survival rate. As shown in Figure 

2, observations at 24 hpf, 48 hpf, 72 hpf and 96 hpf 

show embryo survivability above 90%. Compared 

with controls, the survival rate did not differ 

significantly (p: 0.01 <0.05) on CHA exposure. 

CHA treatment did no affect the decreasing survival 

rate of the zebrafish embryo. 

Embryo hatching was observed for 48 hpf, 72 

hpf and 96 hpf embryos (Figure 3.). Observations at 

48 hpf showed that the percentage of embryos that 

hatched in the control treatment was 63%, µg/mL 

was 47%, 125 µg/mL was 42%, 500 µg/mL was 

30%, and 2000 µg/mL was 48%.  

While observations on 72 hpf of control embryos 

and 2000 ug/mL had hatched 100%. At 96 hpf 

control, 15 µg/mL, 500 µg/mL, and 2000 µg/mL had 

hatched 100%. Meanwhile, in the treatment of 125 

µg/mL was 97% hatched. 

According to Kimmel et al (1995) [12], zebrafish 

embryos hatch at the age of 48 hpf. The results of 

this study indicated a delay in hatching in some 

embryos. Hatching delays occurred in the control 

and CHA treatment groups. So that the cause of 

delay is not CHA treatment. 

Although there was a delay in hatching, the 

statistical analysis showed that there was no 

difference between the control group and the CHA 

treatment. CHA treatment did not affect hatching of 

zebrafish embryos (p: 0.01 <0.05). 

 

Figure 2. Survivability rate of zebrafish embryo 

exposed to different concentrations of CHA at 

different hours postfertilization (hpf). All 

measurements were made in triplicate, and values 

are presented as means of the three independent 

trials. ANOVA analysis (p: 0.01 <0.05) showed no 

significant change in control and treated embryos at 

all hours postfertilization (hpf). 
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Figure 3. Hatching rate of zebrafish embryo 

exposed to different concentrations of CHA at 

different hours postfertilization (hpf). All 

measurements were made in triplicate, and values 

are presented as means of the three independent 

trials. ANOVA analysis (p: 0.01 <0.05) showed no 

significant change in control and treated embryos at 

all hours postfertilization (hpf). 

 

3.3. Morphological Changes of Zebrafish 

Embryo  

Morphological changes were observed in the 

yolk shape of the embryo and the tail-yolk 

detachment, respectively as indicators of normal 

development. Observations were made on 24 hpf 

embryos (Figure 4.). The yolk is normal in shape 

and there are no malformations at the yolk. In the 24 

hpf embryo, there was the tail-yolk detachment in 

the control embryo and CHA treatment. 

 
Figure 4. Zebrafish embryos 24 hours 

postfertilization (hpf). There was a detachment of the 

tail from the yolk. The tail-yolk detachment is an 

indicator of a normal body wall occurrence. (A: 

Control, B: 15 ug / mL, C: 125 ug / mL, D: control 

2, E: 500 ug / mL, F: 2000 ug / mL). Yo (Yolk), Tl 

(Tail) 

The 10-24 hpf period is the segmentation stage. 

At this stage various morphogenetic movements 

occur, the somites develop, various primary organs 

such as the heart begin to appear, and there is an 

elongation of the tail buds. This period is also called 

the "tail bud period", where the tail is released from 

the embryo and lengthens [12]. The tail-yolk 

detachment in all CHA treatments at 24 hpf 

indicated that the embryos were developing 

normally. 

3.4. Heartbeat rate performance of the 

embryos. 

In zebrafish embryos that developed normally at 

26 ± 1°C, the heart rate was seen after 48 hpf [14]. 

The effect of CHA on heart rate performance was 

observed at 48 hpf and 72 hpf (Figure 5.). Heart rate 

is counted per minute. 48 hpf embryo observation 

showed heart rate in control treatment 220 beats / 

minute, 15 µg/mL 217 beats / minute, 125 µg/mL 

205 beats / minute, 500 µg/mL 204 beats / minute, 

and 2000 µg/mL 179 beats / minute.  

 

Figure 5. Heartbeat rate performance of the embryos. 

ANOVA analysis (P <0.05) showed no significant 

change in control and treated embryos at all hours 

postfertilization (hpf). 

Meanwhile, the embryo observation of 72 hpf 

showed that the heart rate in the control treatment 

was 218 beats / minute, 15 µg/mL 213 beats / 

minute, 125 µg/mL 209 beats / minute, 500 µg/mL 

199 beats / minute, and 2000 µg/mL 198 beats / 

minute. These observations indicated that the 

embryo was developing normally. A normally 

developed embryo will show a heart rate of at least 

80 beats per minute [14]. Meanwhile Zhu et al. [15], 

in their study stated that a normal embryo produces a 

heart rate of 140-160 beats/minute [15]. 

Embryos possess a low antioxidant defense 

capability during the early stages of organogenesis 

and are much more vulnerable to the teratogenic 

effects of oxidative compounds. The development 

and function of zebrafish may therefore be affected 

by a disequilibrium between reactive oxygen species 

(ROS) and embryonic antioxidant protection, giving 

rise to several different congenital defects such as 

cardiac edema, growth delay, decrease in 

pigmentation, and even death [16]. 
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CHA treatment in early zebrafish embryo 

development did not affect decreasing survival, 

hatching, and heart rate of zebrafish embryos. 

Statistical analysis showed that there was no 

difference between the CHA treatment group and the 

control group. Meanwhile, morphological 

observations show that there is no malformation in 

the embryonic yolk. In embryos aged 24 hpf there 

has also been a release of the tail-yolk detachment, 

which is an indicator of normal embryo 

development. 

The results of this study provide an overview of 

the use of zebrafish as an animal model for testing 

the toxicity of dental implant materials. In addition, 

this study also provides information on the 

biocompatibility of CHA against zebrafish embryos. 

4. CONCLUSION  

There was no effect of CHA treatment on the 

survival rate, hatching rate, and heart rate of 

zebrafish embryos. Assessment through yolk 

morphological observation and the tail detachment 

yolk showed no malformations or morphological 

defect on embryos exposed to CHA. This study 

shows that carbonate hydroxyapatite (CHA) has 

decent biocompatibility. 
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