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Introduction: Anadara granosa (blood clam) shell contained 98.7% of calcium carbonate (CaCO3). This material 
has bio-properties that able to induced the dentin regeneration. This study is expected to reveal the nuclear factor 
kappa beta (NF-kB), transforming growth factor beta (TGF-β1), and vascular endothelial growth factor A (VEGF- 
A) expression in dental pulp after application of CaCO3 from Anadara granosa shell 
Material and methods: The thirty Rattus norvegicus strain Wistar used as model. The maxillary first molar was 
preparation using 0.84 mm low-speed diamond bur to made cavity. The cavity then applied glass ionomer 
cement (as control group) and other group applied CaCO3 from Anadara granosa shell. The teeth in each group 
were extracted after 1st, 3rd and 7th days of application for immunohistochemistry analysis for NF-kB, TGF-β1, 
and VEGF-A expression. 
Result: The NF-kB expression in the group with CaCO3 from Anadara granosa shell lower than control after 1st, 
3rd and 7th days (p < 0.05). In other hand, the TGF-β1 and VEGF-A expression in the group with CaCO3 from 
Anadara granosa shell higher than control after 1st, 3rd and 7th days (p < 0.05). 
Conclusion: CaCO3 from Anadara granosa shell able to stimulate the TGF-β1 and VEGF-A and suppress the NF-kB 
expression in the dental pulp. This material able to develop as dentin-pulp material restoration.   

1. Introduction 

Pulpitis reversible diagnosis within large caries tooth require dentin- 
pulp material restoration with anti-inflammatory properties. Pulp 
capping is one of dentin-pulp material restoration for pulpitis reversible, 
to maintain the pulp vitality.1 Calcium hydroxide [Ca(OH)2] is the gold 
standard for pulp capping materials or dentin-pulp material restoration. 
Ca(OH)2 has mechanism to form a hard tissue in tooth with stimulate the 
tertiary dentine.2 Ca(OH)2 release the OH- ion which possessed as 
anti-bacterial.3 The disadvantages of Ca(OH)2 is easily dissolve and 
produce a tunnel defect. This process will decrease the toot vitality and 
sensitivity of the pulp.4 

Mechanically injured dentin, will increase the nuclear factor kappa B 
(NF-kB) and stimulate the production of pro-inflammatory cytokines 
such as interleukin 1β (IL-1β). If not treated, this condition can cause 
persistent inflammation in the dental pulp.5 Acute inflammation is a 

necessary part of the healing process, but if it isn’t managed appropri
ately, it can turn into chronic inflammation. The marker of inflammation 
was activation of NF-kB, it will express after injury and maintenance 
until three days.6,7 

The NF-kB play crucial role in the inflammatory process, and 
affecting the cell to expressed TNF-α and IL-1β.8 This process also 
possessed by the dentine. The dentin secretion, which mean, odontoblast 
metabolic activity can be controlled in response to damage.9 Dentin 
contains a small number of bioactive molecules, including cytokines and 
growth factors during the demineralization process from the tissue 
accompanied by the release of molecules such as many growth factors, 
especially those of the transforming growth factor β1 (TGF-β1) family.10 

These growth factors are extremely potent and have a variety of cell 
signaling capabilities, allowing them to act at extremely low doses. Once 
released, these factors traverse the tubule to the pulp and induce a va
riety of cellular responses, including odontoblast activation. TGF-β1 is a 

* Corresponding author. Jl. Prof. Dr. Moestopo No 47, Surabaya, 60132, Indonesia. 
E-mail address: widya-s@fkg.unair.ac.id (W. Saraswati).  

Contents lists available at ScienceDirect 

Journal of Oral Biology and Craniofacial Research 

journal homepage: www.elsevier.com/locate/jobcr 

https://doi.org/10.1016/j.jobcr.2023.01.003 
Received 7 March 2022; Received in revised form 6 June 2022; Accepted 5 January 2023   

mailto:widya-s@fkg.unair.ac.id
www.sciencedirect.com/science/journal/22124268
https://www.elsevier.com/locate/jobcr
https://doi.org/10.1016/j.jobcr.2023.01.003
https://doi.org/10.1016/j.jobcr.2023.01.003
https://doi.org/10.1016/j.jobcr.2023.01.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jobcr.2023.01.003&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Journal of Oral Biology and Craniofacial Research 13 (2023) 164–168

165

growth factor, with various biological activities such as modulating cell 
growth, differentiation, chemotaxis, and apoptosis which can affect 
many types of cells, such as monocytes, epithelial, mesenchymal, and 
neuronal cells.11 TGF-β1 is activated shortly after trauma occurred, in
creases on the first day, the highest peak is expressed on the third day, 
and continues to increase on the seventh day.12 

Dental pulps with good vascularity express vascular endothelial 
growth factor A (VEGF-A). VEGF-A is the main regulator of angiogenesis 
in dental pulp tissue whose changes may have a significant impact on the 
maintenance and regulation of pulp tissue and tooth integrity.13 VEGF-A 

is a protein specifically secreted by the endothelium, which plays an 
important role in angiogenesis. The most potent angiogenic and vascu
logenic agent involved in tertiary dentin production is VEGF-A. Human 
vascular endothelial growth factor (hVEGF) has a positive effect on 
proliferation, differentiation, mineralization, neovascularization and 
formation of reparative dentin from dental pulp tissue in vitro and in 
vivo. For the treatment of pulp disease, hVEGF offers clinical therapeutic 
potential. VEGF-A began to be expressed on third day and was maxi
mally expressed on seventh day.14 

Anadara granosa (blood clam) is accessible and an economic resource 
in Indonesia. Anadara granosa contained calcium carbonate (CaCO3) 
(98.7%), magnesium (0.05%), and natrium (0.9%). The CaCO3 in the 
Anadara granosa shells showed a biocompatibility, insoluble in water, 
non-toxic and able to use as bone material.15 

Therefore, the Anadara granosa shells are expected to be dentin-pulp 
material restoration by stimulating the formation of reactionary dentin. 
This process created because this material has anti-inflammatory prop
erties and stable. In the previous studies, Anadara granosa shells was 
shown no toxicity properties,16 accelerating the healing process of 
alveolar bones,17 but there is no research yet on the role of CaCO3 from 
Anadara granosa shells in the process of pulp inflammation. Thus, this 
study is expected to reveal the NF-kB, TGF-β1, and VEGF-A expression in 

Table 1 
The combination of CaCO3 from Anadara Granosa shell and aquadest.  

Combination Ratio of CaCO3 from 
Anadara Granosa shell 
and aquadest 

Mixed/ 
Not 
Mixed 

Consistency Setting 
time 

A 1:1 mixed watery No 
setting 

B 2:1 mixed watery No 
setting 

C 3:1 mixed Soluble 
(mixed well) 

26 s 

D 3:2 mixed Soluble 
(mixed well) 

17 min 

E 4:1 not mixed not mixed No 
setting  

Table 2 
Animal distribution.  

Treatment Teeth extraction 

Glass ionomer cement 1st day after 
application CaCO3 from Anadara Granosa shell and glass ionomer 

cement 
Glass ionomer cement 3rd day after 

application CaCO3 from Anadara Granosa shell and glass ionomer 
cement 

Glass ionomer cement 7th day after 
application CaCO3 from Anadara Granosa shell and glass ionomer 

cement  

Fig. 1. The NF-kB expression at 1000× magnification. Control group (A), CaCO3 from Anadara Granosa shell after 1st day (B), CaCO3 from Anadara Granosa shell 
after 3rd day (C) and CaCO3 from Anadara Granosa shell after 7th day (D). 

Table 3 
NF-kB expression.   

Group NF-kB expression 
(X±SD) 

p 

1st 
days 

Glass ionomer cement 7.60 ± 2.61 0.013a 

CaCO3 from Anadara Granosa shell and 
glass ionomer cement 

3.00 ± 1.22 

3rd 
days 

Glass ionomer cement 12.60 ± 2.70 0.001a 

CaCO3 from Anadara Granosa shell and 
glass ionomer cement 

5.20 ± 1.64 

7th 
days 

Glass ionomer cement 14.40 ± 1.82 0.000a 

CaCO3 from Anadara Granosa shell and 
glass ionomer cement 

5.60 ± 1.52  

a Significant difference using independent t-test with p < 0.05. 

W. Saraswati et al.                                                                                                                                                                                                                             



Journal of Oral Biology and Craniofacial Research 13 (2023) 164–168

166

dental pulp after applied with CaCO3 from Anadara granosa shell for one, 
three and seven days. 

2. Material and methods 

2.1. CaCO3 from Anadara granosa shell 

The CaCO3 from Anadara granosa shell used in this study was mixed 
using sterile water to obtain a paste form. The combination of CaCO3 
from Anadara granosa shell and sterile water was obtained based on 
preliminary research that had been carried out using 5 different com
binations (Table 1). 

The selected combination has a fastest setting time which is 
considered ideal as a pulp capping material. Combination D has the 
fastest setting time as 26 s, so it was chosen as the ideal combination of 
CaCO3 from Anadara granosa shell and sterile water with ratio 3:2. 

2.2. Animals 

The thirty Rattus norvegicus strain Wistar, male, healthy and weight 
300–350 g used as animal model. Each group consist of five rats. The 
protocol of this study design was approved by Health Experiment 

Committee, Faculty of Dental Medicine, Universitas Airlangga, 
Indonesia with registration number 254/HRECC.FODM/V/2019. 

Tooth cavity created in the occlusal of the first maxillary molar. 
Diamond bur with diameter 0.84 mm was used with low-speed turbine. 
The tooth cavity has depth dimension as 1 mm. Before the procedure, 
the animals were given 0.2 cc/kg body weight combined anesthesia of 
ketamine hydrochloride and diazepam with weight ratio 10:1. 

The cavity then applied glass ionomer cement (Cention N, Ivoclar 
Vivadent, Liechtenstein) (as control group). The other group, applied 
CaCO3 from Anadara granosa shell then glass ionomer cement. The 
CaCO3 from Anadara granosa shell was smeared into the cavity using a 
fine micro brush. The teeth in each group were extracted after 1st, 3rd 
and 7th days accordingly (Table 2). 

2.3. NF-kB, TGF-β and VEGF-A expression 

Histological assessment was done by doing immunohistochemistry 
staining for NF-kB, TGF-β and VEGF-A expression, using a microscope 
with 1000× magnification by a single operator in 5 filed of views. The 
primary antibody was used NF-kB (mouse monoclonal, Santa cruz 
biotechnology), TGF-β (mouse monoclonal, Santa cruz biotechnology) and 
VEGF-A (mouse monoclonal, Santa cruz biotechnology). The secondary 
antibody was used DAB system (Universal HRP Excell Stain, Biogear, Life 
Science). The counterstain was used hematoxylin 560 (Leica Biosystem). 

2.4. Statistical analysis 

The data of NF-kB, TGF-β and VEGF-A expression were analyzed for 
data distribution (One-Sample Kolmogorov Smirnov Test) and homo
geneity (Levene test). The differences of NF-kB, TGF-β and VEGF-A 
expression was analyzed with independent t-test was with p < 0.05 
consider as significance differences. 

3. Results 

3.1. NF-kB expression 

The NF-kB expression presented in Fig. 1. The group given CaCO3 

Fig. 2. The TGF-β expression at 1000× magnification. Control group (A), CaCO3 from Anadara Granosa shell after 1st day (B), CaCO3 from Anadara Granosa shell 
after 3rd day (C) and CaCO3 from Anadara Granosa shell after 7th day (D). 

Table 4 
TGF-β expression.   

Group NF-kB expression 
(X±SD) 

p 

1st 
days 

Glass ionomer cement 4.20 ± 1.30 0.009a 

CaCO3 from Anadara Granosa shell and 
glass ionomer cement 

8.40 ± 1.82 

3rd 
days 

Glass ionomer cement 6.60 ± 1.34 0.000a 

CaCO3 from Anadara Granosa shell and 
glass ionomer cement 

11.80 ± 1.48 

7th 
days 

Glass ionomer cement 8.40 ± 2.19 0.031a 

CaCO3 from Anadara Granosa shell and 
glass ionomer cement 

12.20 ± 2.39  

a Significant difference using independent t-test with p < 0.05. 
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from Anadara granosa shell showed lower NF-kB expression in pulp 
tissue compared to controls group on 1st, 3rd and 7th days (p = 0.013; p 
= 0.001; p = 0.000, respectively) (Table 3). 

3.2. TGF-β expression 

The TGF-β expression presented in Fig. 2. The group given CaCO3 
from Anadara granosa shell showed higher TGF-β expression in pulp 
tissue compared to controls group on 1st, 3rd and 7th days (p = 0.009; p 
= 0.000; p = 0.031, respectively) (Table 4). 

3.3. VEGF-A expression 

The VEGF-A expression presented in Fig. 3. The group given CaCO3 
from Anadara granosa shell showed higher VEGF-A expression in pulp 
tissue compared to controls group on 1st, 3rd and 7th days (p = 0.000; p 
= 0.000; p = 0.015, respectively) (Table 5). 

4. Discussion 

The control group was express higher NF-kB expression, because the 
direct injury process due to the resin in glass ionomer cement. During 

the tooth preparation, the odontoblast cell in the dental pulp and 
dentine, rule out the inflammatory response. The first inflammatory 
reaction was reactive oxygen species (ROS) producing by leukocytes and 
macrophages. The ROS, leading the activation of inflammatory tran
scription factors by separating the NF-kB and inhibitor kappa beta (IkB) 
bonds. NF-kB is a transcription factor that regulates and produce pro- 
inflammatory cytokines and growth factors.5 NF-kB expression and the 
presence of pro-inflammatory cytokines used as pulp inflammatory 
marker and it able enhance the odontoblastic differentiation and 
collagen matrix formation.8,18 

In this study, confirmed that the TGF-β1 expression is higher after 
CaCO3 was applied from Anadara granosa shell. The higher of TGF-β1 
expression is due to the suppression of NF-kB expression. The TGF-β1 
expressed in odontoblast cell. This cell appear in the trauma area 1st day 
after the injury, increasing after 3rd and 7th day.19 One of the 
anti-inflammatory cytokines that is activated by NF-kB is interleukin 10 
(IL-10). IL-10 is an immunosuppressive interleukin that activates 
TGF-β1 by carrying a signal into the cells via type I and II receptors 
(TGF-βRI and TGF-βRII). The TGF-β1 is highly potent and have various 
cell signaling properties that allow them to act at very low concentra
tions. Once released, this growth factors transverse the tubule to the 
pulp and induce a variety of cellular responses, including odontoblast 
activation. These molecules can be responsible for the stimulation of 
odontoblast activity. The organic components secreted in response to 
injury give rise to a dentine matrix called ‘reactionary’, corresponding to 
the increased secretion of the matrix by stimulated odontoblasts.20,21 

In the term of VEGF, based on the result, the expression of VEGF-A 
increase after application of CaCO3 from Anadara granosa shell. This 
result has the similarity with the Zhang et al., 2016 which reports VEGF 
began to be expressed on 3rd day and was maximally expressed on 
7thday.14 These conditions occurred because normal human pulp rep
resents a tissue with relatively high vascular activity and the ability to 
remodeling. All VEGF types (VEGF-A, VEGF-B, VEGF-C, and VEGF-D) 
are expressed in the pulp and can exert both autocrine and paracrine 
effects in vascular and immune cells supplemented with VEGFR-2 and 
VEGFR-3.22 VEGF-A has been considered a strong mitogenic factor for 
vascular endothelial cells, which are involved in the physiological 
modulation of angiogenesis, vascular permeability as well as the 

Fig. 3. The VEGF-A expression at 1000× magnification. Control group (A), CaCO3 from Anadara Granosa shell after 1st day (B), CaCO3 from Anadara Granosa shell 
after 3rd day (C) and CaCO3 from Anadara Granosa shell after 7th day (D). 

Table 5 
VEGF-A expression.   

Group VEGF-A expression 
(X±SD) 

p 

1st 
days 

Glass ionomer cement 3.80 ± 1.30 0.000a 

CaCO3 from Anadara Granosa shell and 
glass ionomer cement 

10.00 ± 1.00 

3rd 
days 

Glass ionomer cement 5.60 ± 1.52 0.000a 

CaCO3 from Anadara Granosa shell and 
glass ionomer cement 

12.20 ± 1.92 

7th 
days 

Glass ionomer cement 9.00 ± 1.58 0.015a 

CaCO3 from Anadara Granosa shell and 
glass ionomer cement 

12.80 ± 2.17  

a Significant difference using independent t-test with p < 0.05. 
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development of tissue inflammation. VEGF has also been recognized as a 
positive regulator of bone development, bone growth, and fracture 
repair, as well as stimulant of the proliferation and differentiation of 
bone-derived osteoblasts.20,21 The VEGF-A, one of the growth factors 
expressed in dental pulp, release in local blood vessels and by immune 
cells.14,22 On the other hand, there was a more significant increase in the 
treatment with CaCO3 from Anadara granosa shell because the more 
activity of the anti-inflammatory cytokines which activate the TGF-β1, 
thus increase the expression of VEGF-A. 

The significant ability of CaCO3 to increase more VEGF-A that turns 
out the conclusion that there was more reparative dentin formed in the 
dentin. And has the correlation with the ability of reactionary dentin to 
response the early injury to the tooth. The higher VEGF-A release the 
higher ability of dentine to activate reactionary dentin as the early stage 
of the pulpo-dentinal complex defense. A previous study by Zhang et al., 
2016 also reported that VEGF-A could increase the mineralization and 
differentiation of human dental pulp cell (hDPC) and significantly in
crease the expression of Runx2, alkaline phosphatase (ALP), Col-1α, 
osterix (Osx), Dentin matrix acidic phosphoprotein 1 (DMP1), Dentin 
sialophospho protein (DSPP), bone morphogenetic protein (BMP2), 
bone sialoprotein (BSP) and osteocalcin (OCN) genes in pulp cell culture 
in vitro.14 Hence, VEGF-A is able to enhance osteoblast and odontogenic 
differentiation and mineralization of hDPC in vitro. Many studies have 
reported that the expression of Runx-2 and ALP genes plays an important 
role in the early and middle stages of the differentiation process during 
bone formation, and the expression of osteopontin (OPN), BSP and OCN 
plays an important role in the late stages of osteoblast differentiation. 
Future research needs to be carried out for analysis of Runx2, ALP), 
Col-1α, Osxm DMP1, DSPP, BMP2, BSP) and OCN expression for 
determine the overall mechanism 

5. Conclusion 

CaCO3 from Anadara granosa shell able to stimulate the TGF-β1 and 
VEGF-A and suppress the NF-kB expression in the dental pulp tissue. 
This material able to develop as dentin-pulp material restoration. 
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