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Abstract 
      Calcium hydroxide as the gold standard pulp capping material, has a weakness, that it 
dissolves easily in oral cavity fluid. It creates a tunnel defect and increase the risk of sensitivity of 
the pulp. Blood clam (Anadara granosa) is an economic resource and easy to find in Indonesia. The 
blood clam shells, which is high content of calcium carbonate (CaCO3), have anti-inflammatory 
properties and good biocompatibility, good strength and stability in the wet dentine. Therefore, the 
blood clamshells are expected to be an alternative pulp protective material for initiating the dentin 
tissue deposition so that the healing process occurs by the formation of reactionary dentin.  
     This study is expected to reveal the expression of NF-κβ, in odontoblast after administration of 
blood clam shells derived calcium carbonate, so that blood clamshells can be considered as an 
alternative pulp protecting material in large carious lesions.  
     The samples of this study were 30 Rattus norvegicus strain wistar rats divided into 6 groups of 
rats consist of 5 random samples each. Cavity preparation around 1 mm is performed in the 
occlusal side of the right upper molar of rats. Group 1-3, the control group, was treated with RMGIC 
without calcium carbonate application. Group 4-6, the experimental group, were treated with blood 
clam shells derived calcium carbonate suspension and sealed with RMGIC. The teeth in each 
group were extracted after 1, 3 and 7 days accordingly then preparat slide was made. The HE and 
immunohistochemical stained using anti NF-κβ p65 antibodi monoclonal. The slides were 
counterstained, mounted and sealed using cover glass and observed under a light microscope.  
     There were significant differences between each group in which the expression of NF-κβ was 
higher in the control group compared to the calcium carbonate treatment group. 
     Application of calcium carbonat from blood cockle (Anadara Granosa) shells decrease the 
expression of the NF-κβ. It showed that calcium carbonat induced the healing process, triggered 
and led the odontoblast pulp cell to generate reactionary dentinogenesis by decreasing the NF-κβ 
number.  
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 Introduction 
 

Caries is one of the most clinical cases 
found in Conservative and Endodontic Clinic of 
RSGMP FKG Universitas Airlangga. Raharjo 

(2016) found 105 caries cases of 169 men 
(62.13%) and 146 cases of 251 women 
(58.17%) in 420 RSGMP FKG Universitas 
Airlangga patients1. Pulpitis reversible is a 
clinical diagnosis of a mild to moderate pulp 
inflammation caused by a stimulus, that the 
pulp can reverse back to its normal condition 
when the stimulus was removed. Large caries 
teeth diagnosed in pulpitis reversible need a 
pulp protective material that has the anti-
inflammation trait and good biocompatibility2. 
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One of the treatments done in pulpitis 
reversible is pulp capping. Pulp capping aims 
to preserve the vitality of the pulp. Calcium 
hydroxide has been considered the gold 
standard for pulp capping materials for 
decades. Calcium hydroxide will stimulate the 
formation of tertiary dentin, which can protect 
the pulp with the newly formed hard tissues3. 
Calcium hydroxide has antibacterial properties 
from the breaking down calcium and hydroxyl. 
The hydroxyl ion has a high pH which can 
cause the death of bacterias in the cavity4. 
However, calcium hydroxide has a weakness, 
that it dissolves easily in oral cavity fluid. The 
fluid from the oral cavity can dissolve calcium 
hydroxide when it reacts with it and creates a 
tunnel defect. The tunnel defect can increase 
the risk of marginal leakage and sensitivity of 
the pulp5. 

Blood clam (Anadara granosa) is an 
economic resource and it is easy to find in 
Indonesia. All minerals contained in the blood 
clamshells are 98.7% calcium carbonate, 
0.05% Mg, 0.9% Na, 0.02% P and 0,2% 
others. There is a high content of calcium 
carbonate (CaCO3) in the blood clamshells. It 
is a source of calcium and it has good 
biocompatibility to be used as a bone repair 
material. Calcium carbonate is insoluble in 
water and it gives negative results in in-vitro 
genotoxicity studies6. Calcium carbonate that 
was synthesized by hydrothermal process 
produced 72% hydroxyapatite (HA) and 21% 
Tricalcium Phosphate (TCP). Therefore, the 
blood clamshells are expected to be an 
alternative pulp protective material for initiating 
the dentin tissue deposition so that the healing 
process occurs by the formation of reactionary 
dentin. The blood clamshells have anti-
inflammatory properties and good 
biocompatibility, good strength and stability in 
the wet dentine filled with intratubular fluid. 

Dentin which is mechanically 
traumatized, will increase the Nuclear Factor – 
Kappa Beta (NF-κβ) in the nucleus. It 
stimulates and increases the production of pro-
inflammatory cytokines. 

NF-κβ can induce cytokines that regulate 
the immune responses such as Interleukin – 1 
Beta (IL- 1β) and other adhesive molecules 
that stimulate the movement of leukocytes into 
the inflamed area so that it can prolong the 
pulp healing process if it is not controlled6. 

Acute inflammation is an essential step in 
initiating the healing process. Inflammation 
which is not handled properly can lead into 
chronic inflammation. NF-κβ will be found in 
the acute inflammatory phase, 0-3 days after 
the injury occurs. The NF-κβ level can regulate 
the inflammatory response so that the process 
can continue to become chronic which also 
affects the expression of IL-1β8. Mild or 
moderate intensity injury will be responded by 
a brief inflammatory response followed by 
reactionary dentinogenesis. Although the level 
of dentin secretion is reduced in adult teeth, 
the metabolic activity of odontoblasts can be 
regulated in response to injury. 

In the previous studies, blood clam shell 
extract was shown to have the highest cell 
bioavailability at 6.75 mg/ml and the lowest at 
54 mg/ml9. Other research states that blood 
clam shells derived bone graft is effective in 
accelerating the healing process of alveolar 
bones after tooth extraction10, but there is no 
research yet on the role of blood clam shells 
derived calcium carbonate in the process of 
pulp inflammation. Thus, this study is 
expected to reveal the expression of NF-κβ, in 
odontoblast on day 1, 3 and 7 after 
administration of blood clam shells derived 
calcium carbonate, so that blood clamshells 
can be considered as an alternative pulp 
protecting material in large carious lesions. 
 

Materials and methods 
 
This study was approved by the Health 

Reasearch Ethical Clearance Commision of Faculty 
of Dental Medicine Universitas Airlangga 
(255/HRECC.FODM/V/2020). The preliminary study 
was done to determine the amount of the blood 
clamshells derived calcium carbonate (powder) and 
aquades (liquid) to be mixed for the main research. 
10 samples of blood clamshells derived calcium 
carbonate divided into 5 groups. Group A, the 
mixture ratio of powder and liquid is 1:1, Group B 
2:1, Group C 3:1, Group D 3:2, and Group E 4:1. 
The blood clam shell extract and aquades were 
mixed and the setting time was recorded. 

The samples of this study were 30 Rattus 
norvegicus strain wistar rats in randomized post- test 
only control groups. The rats had to be male, healthy 
and weight 300-350g. The rats divided into 6 groups 
of rats consist of 5 random samples each. Each of 
the rats was given 0,2cc/kg combine anaesthesia of 
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Ketamine HCl and Diazepam (100mg:10mg). Cavity 
preparation is performed in the occlusal side of the 
right upper molar using 0,84mm low-speed diamond 
bur. The depth of the preparation should be around 
1mm. Group 1-3, the control group, was treated with 
Resin Modified Glass Ionomer Cement/RMGIC 
(Cention N, Ivoclar Vivadent, Liechtenstein) without 
calcium carbonate application. Group 4-6, the 
experimental group, were treated with blood 
clamshells derived calcium carbonate suspension 
and sealed with RMGIC. 
 The calcium carbonate suspension was 
smeared into the cavity using a fine micro brush. The 
teeth in each group were extracted after 1, 3 and 7 
days accordingly. 

The rats were euthanized and the right 
maxilla bones were removed around 12mm. the 
teeth were immersed in 10% buffered formalin 
solution for 24 hours. After 24 hours, the solution 
was replaced with ethylene-diamine tetra acetic acid 
(EDTA) and renewed every day for 60 days at room 
temperature, for the decalsification. The teeth then 
washed with Phosphate Buffer saline (PBS) 3-5 
times to clean from contamination then fixased to 
10% formalin. The paraffin block was cut by a rotary 
microtome as thick as 6µm and then it was 
incubated. The HE and immunohistochemical 
staining using anti NF-κβ p65 antibodi monoclonal. 
The slides were counterstained, mounted and 
sealed using cover glass and observed under a light 
microscope. 

 
Results 
 

 
Table 1.  Ratio and Setting time. 

 
The research data shows the setting 

time of each group. In research groups A and 
B, the mixing that occurred showed a 
consistency that was watery, so it could not be 
set. For groups C and D, the perfect mixing was 
achieved with an average setting time of 26 
seconds and 17 minutes. Group E did not have 
perfect mixing because less liquid. 

The expression of NF-κβ p65, shown in 
Table 2 in Mean and standar deviation and Bar 
Charts in Figure 1. 
 

 
Table 2. The expression of NF-κβ p65. 
 

 
Figure 1. Mean and SD of NF-κβ p65. 
 

Initial data analysis carried out was the 
data normality test to determine whether the 
data were normally distributed or not 
analytically using the Kolmogorov-Smirnov test 
(sample> 50) or Shapiro Wilk (sample ≤ 50). 
Based on the normality test data for Shapiro 
Wilk for NF-κβ p65, control group and CaCO3 
treatment on days 1, 3, and 7 obtained p> 
0.05. so it can be concluded that all of these 
data are normally distributed. Furthermore, the 
homogeneity test was carried out using the 
Levene test to determine whether the data 
variants were homogeneous or heterogeneous. 
This test is also needed to determine further 
data analysis using parametric or non-
parametric tests. Based on the results of the 
Levene test, the data is considered 
homogeneous if p> 0.05. In this study, the 
results obtained consecutively on the 1st, 3rd 
and 7th day with p> 0.05 for NF-κβ p65. Based 
on the results of the data normality test and the 
homogeneity of the NF-κβ p65, the data were 
obtained with normal and homogeneous 
distributions, so that the next statistical test 
was carried out using the parametric test. 
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Table 3. Significant Value of NF-κβ p65 
on Tukey HSD Test. 

Based on Table 10 the p value for 
comparison of NF-κβ p65 expression between 
the control (+) and CaCO3 treatment groups on 
day 1 is 0.014; 3rd 0.000; 7th 0.000. These 
results indicate that there is a significant 
difference between the control (+) and CaCO3 
treatment groups on days 1, 3 and 7 with a 
significance value of p <0.05. 
 

 
Figure 2. NF-κβ p65 expression by 
immunohistochemistry examination at 400x 
magnification. The red arrow show the cells 
that positively express NF-κβ p65, purple and 
round shape (A : control group, B: Treatment 
group at day-1 ; C: treatment group at day-3 ; 
D: treatment group at day-7. 

NF-κβ p65 expression by 
immunohistochemistry examination at 400x 
magnification. The red arrow show the cells that 
positively express NF-κβ p65, purple and round 
shape (A : control group, B: Treatment group at 
day-1; C: treatment group at day-3; D: treatment 
group at day-7 
 
 Discussion 
 
 In this study, there were significant 
differences between each group in which the 
expression of NF-κβ was higher in the control 
group compared to the calcium carbonate 
treatment group. The high expression of NF-κβ 
in the control group could be caused by injury 
caused by the resin content of RMGIC 
contacting the cavities directly. When the tooth 
is being prepared, there will be an 
inflammatory process in the odontoblast cells 
as a response to the tooth's defense. Reactive 
Oxygen Species (ROS) are produced for 
physiological purposes by leukocytes and 
macrophages in the body's defense 
mechanisms. At physiological pH, superoxide 
is rapidly dismutase to hydrogen peroxide 
(H2O2) by superoxide dismutase. Hydrogen 
peroxide is a biologically active ROS. 
Hydrogen peroxide can activate transcription 
factors by separating the NF-κβ bonds and 
Kappa Beta Inhibitor (Inβ). NF-κβ is a 
transcription factor that regulates the 
transcription of many genes that play a role in 
immune and inflammatory responses. NF-κβ 
has an important role in immune and 
inflammatory responses through the regulation 
of genes responsible for producing pro-
inflammatory cytokines, adhesion molecules, 
chemokines, growth factors, inducible 
enzymes, such as cyclo-oxygenase 2 (COX2), 
and inducible nitric oxide synthase (iNOS)7. 
Dentin is the main hard tissue of the tooth that is 
formed by odontoblasts, which stem from 
neural crest-derived odontogenic 
mesenchymal cells. Odontoblasts are 
responsible for the production of physiological 
primary and secondary dentin. Odontoblasts 
are terminally differentiated cells that are 
subject to a long-lived secretory condition and 
mediate dentinogenic activity. Reactionary 
dentin is formed as an adaptive secretory 
response when the occurrence of moderate 
dentin injury stimulate odontoblast generation. 
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Tertiary dentinogenic can occur in 
response to tissue injury, and data indicate that 
infection and inflammation strongly impact on 
the repair processes within the dental tissue. 
Reactionary dentinogenesis occurs in 
response to a relatively mild dental tissue 
injury, such as during the earlier stages of 
dental caries, and odontoblasts lining the pulp 
chamber and root canal survive and up-
regulate their synthetic and secretory activity. 
the link between inflammation and 
regeneration is potentially derived from the 
mode of action of restorative materials that 
promote regenerative events. Both calcium 
hydroxide and MTA are known to stimulate 
tertiary dentin bridge formation, and preceding 
the healing process. NF-κβ can be expressed 
in the acute inflammatory phase, 0-3 days 
after the injury occurs, and regulate the 
inflammatory response so that the 
inflammatory process can continue to become 
regenerative stage8. Decreasing numbers of 
NF-κβ after exposure of calcium carbonat will 
increase and  lead the odontoblast pulp cell to 
generate reactionary dentinogenesis which 
may also facilitate release of bioactive 
components from dentin extra cellular matrix 
to promote tissue repair11. Some studies 
showed that NF-κβ is the key signaling 
pathways in the proinflammatory and healing 
responses. To enhance bone formation in 
vivo, biomaterials such as hydroxyapatite 
(HA), tricalcium phosphates (TCP), or biphasic 
calcium phosphates (BCP), a mixture of HA 
and TCP, are frequently used as scaffolds for 
bone grafting. All these materials, include 
calcium carbonate are highly enriched with Ca 
and their capacity to induce bone formation 
seems to differ depending on the amount of 
Ca. Mizuno et al showed Ca released from CH 
stimulated fibronectin gene expression in dental 
pulp cells, a mechanism that may induce 
differentiation of these cells to become 
mineralized tissue forming cells. Pulp–dentin 
tissue regeneration is the series of healing 
progression from an inflammatory response, 
immune signaling, and cellular interaction 
accompanying tissue restoration upon 
infectious exposure. Application of calcium 
carbonat is expected to be an innovative 
treatment in opening up new pathways for the 
regenerative dentin process through regulation 
of NF-κβ activation12. 

Conclusions 
 

This study showed that application of 
calcium carbonat from blood cockle (Anadara 
Granosa) shells decrease the expression of the 
NF-κβ. It showed that calcium carbonat induced 
the healing process, triggered and led the 
odontoblast pulp cell to generate reactionary 
dentinogenesis by decreasing the NF-κβ 
number.  
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