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ABSTRACT
Background: The intricate process of tooth formation during embryonic development ensures sufficient nutrition for the growth of healthy 
dental tissues. Amelogenin and alkaline phosphatase (ALP) are serine proteinases secreted by the ameloblast during the transition and 
maturation phases of the amelogenesis process. Consumption of saltwater fish is predicted to increase the expression of amelogenin 
and ALP in ameloblast cells during tooth formation. Only now have the function of each gene, tooth-forming cells, and the proteins 
they produce in the biomolecular amelogenesis of tooth enamel, which began during prenatal development, been clarified. Purpose: 
This study aims to determine how saltwater fish powder affects the ability of mother mice to increase the expression of amelogenin 
and ALP in cell ameloblast. Methods: Using a completely randomized design, this study was experimental and aimed to examine the 
effects of sardine (Sardinella fimbriata), splendid ponyfish (Leiognathus splendens), and tuna (Euthynnus affinis) powder. As samples, 
twenty-four female mice (Mus musculus) were used. Two groups of mice were created: group 1 (2.14 mg/0.5 ml) and the control group. 
The expression of amelogenin and ALP was determined using immunohistochemistry (IHC) and t-test (p<0.05). Results: Expression of 
ameloblast was significantly different between the treatment and control groups (p<0.05). Conclusion: The consumption of saltwater 
fish reduces the amelogenin and ALP expressions of mouse fetal ameloblast cells during tooth development in vivo. 
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INTRODUCTION

The growth and development of children’s teeth must 
be considered at an early age, specifically during the 
embryonic stage of tooth development. At the stage of tooth 
growth and development, abnormal teeth are found in many 
children. The development of teeth begins approximately 28 
days after conception.1 The mineralization phase of primary 
teeth begins during the fourteenth intrauterine week, and all 
primary teeth will be fully mineralized after birth.2,3

Calcium and phosphate comprise around 95% of 
enamel, making it the most complicated tissue in the 

human body. One of the proteins that become engaged 
in the enamel development stage is called amelogenin. 
Ameloblasts, responsible for 80–90% of the total protein, 
are responsible for the production of this hydrophobic 
protein.4 This protein is expressed in secretions until 
the post-secretory ameloblast stage. Amelogenin is also 
essential for the formation of hydroxyapatite prisms and the 
production of standard enamel thickness.5 The high alkaline 
phosphatase (ALP) levels produced by differentiated cells 
in the stratum intermedium during the last stages of tooth 
formation are responsible for this. The epithelial cells that 
make up enamel are diverse, each differentiating to perform 

Copyright © 2023 Dental Journal (Majalah Kedokteran Gigi) p-ISSN: 1978-3728; e-ISSN: 2442-9740. Accredited No. 158/E/KPT/2021. 
Open access under CC-BY-SA license. Available at https://e-journal.unair.ac.id/MKG/index
DOI: 10.20473/j.djmkg.v56.i3.p166–171

mailto:seno-p@fkg.unair.ac.id
https://e-journal.unair.ac.id/MKG/index
https://doi.org/10.20473/j.djmkg.v56.i3.p166-171


167Christiono et al. Dent. J. (Majalah Kedokteran Gigi) 2023 September; 56(3): 166–171

a somewhat distinct set of tasks. These cells include the 
stratum intermedium cells, which have a role in ameloblast 
development and promote enamel mineralization via strong 
ALP activity. ALP expression is elevated in the stratum 
intermedium layer.6,7

Tooth formation in the prenatal period occurs in the 
fourth intrauterine month, when the enamel and dentin 
deposit structures will begin to form. Teratogens and 
poor nutrition during pregnancy significantly affect the 
development of the primary and young permanent teeth. 
Nutritional deficiency during pregnancy impacts tooth 
size, time of tooth eruption, defects in tooth mineralization 
that can increase the risk of caries, and impaired salivary 
gland formation.8 The process of tooth development and 
growth, which is divided into several stages, allows the 
occurrence of abnormalities or growth abnormalities 
starting at the initiation stage of tooth bud formation, which, 
if disturbed, can cause hypoplasia, anodontia, oligodontia, 
or odontogenic tumors.1,9,10

Disruption in the histodifferentiation stage can lead 
to amelogenesis imperfecta or dentinogenesis imperfecta. 
Disturbances in the morph differentiation stage cause 
disturbances in the shape of the teeth.11 The hypoplastic/
hypomineralization effect can decrease tooth strength and 
delay tooth eruption time. Exogenous and endogenous 
variables lead to the factors that cause the above 
disturbances in growth and development. Endogenous 
factors include genetics. The role of each tooth-forming 
gene and cell, as well as the protein they produce in the 
biomolecular calcification of tooth enamel that begins in 
prenatal time, has not yet been elucidated.12 Numerous 
studies have documented the impact of daily nutrition on 
the development of teeth. According to reports, providing 
proteins such as saltwater fish powder containing calcium 
and omega-3 optimizes enamel density.9 Based on the 
preceding information, the purpose of this study is to 
determine how saltwater fish powder affects the ability of 
mother mice to increase the expression of amelogenin and 
ALP in cell ameloblast.

MATERIALS AND METHODS

Following seven days of environmental adaption, female 
mice (Mus musculus) were housed in plastic cages with wire 
mesh. The hardwood shavings at the bottom of the cages 
were changed every three days, and the animals had free 
access to food and water (ad libitum). On the third day, a 
pregnancy examination was performed. If the female mice’s 
vulva developed a visible vaginal plug on a given day, that 
day was recognized as day zero of pregnancy. The pregnant 
mice were subsequently housed in five-cage groups and 
provided with a regular diet.

The Ethics Committee of the Faculty of Dental Medicine 
at Airlangga University had already assessed the ethical 
treatment of animals in this research. Therefore, a certificate 
with the number 010/HRECCFODM/II/2018 was granted. 

This research used a completely random experimental 
design. As the unit of analysis, 10-week-old, 20–30 gram, 
healthy-appearing adult female Mus musculus mice were 
employed in this investigation (agile, not lethargic, clean 
skin without wounds, bright eyes). Both the treatment and 
control groups were comprised of 24 mice. The average 
intake of saltwater fish powder was converted into a dosage 
of 2.14 mg/0.5 ml.

The dose is delivered thrice daily, every 6 to 8 hours. 
Both experimental and control groups were slaughtered on 
the eighteenth day of gestation. Material for this research 
was prepared at the Faculty of Chemistry, Universitas 
Gadjah Mada, Indonesia, by drying sardines (Sardinella 
fimbriata), splendid pony fish (Leiognathus splendens), 
and tuna (Euthynnus affinis), reducing them to a powder, 
and adding the emulsifier carboxymethylcellulose (CMC). 
In the first process of making saltwater fish powder, the 
test material was dose-weighed and dissolved in hot water 
heated to 70 degrees Celsius. Using an ultra-turrax (IKA, 
Germany), sea fish powder was homogenized to crush 
and grind, and 1% CMC material was agitated for 15 
minutes until homogeneous. After the fish powder and 
CMC had been combined, the mixture was deposited 
in the appropriate containers. The inductively coupled 
plasma technique revealed the calcium content of saltwater 
fish powder to be 5.56% w/w. At the same time, the gas 
chromatography method determined the omega-3 content 
to be 3.34% w/w. Mice were euthanized with 10 to 20 cc 
of chloroform (Henan Haofei Kimia Co., Ltd, Indonesia). 
For dental histology preparations, formalin 10% alcohol 
was employed in concentrations of 70%, 80%, 95%, and 
96% absolute alcohol, xylol, paraffin, and hematoxylin- 
eosin.9

The surgical operation was done on mice while sedated 
with chloroform. Mice were put in hermetically sealed jars, 
then 10 to 20 cc of chloroform was poured onto cotton and 
placed in the jars with the mice. After two to five minutes, 
breath and heart rate measurements were taken. If the 
mice were not breathing, the cover of the jar was removed. 
Before surgery, the mice’s cervical spines were dislocated 
to ensure their demise. The mice were put on the surgical 
board using pins. Surgical incisions were made in the 
abdomen or uterus using curved scissors. The embryo was 
removed from the uterus after examination of the right and 
left corpus luteum. To analyze prenatal dental tissue, they 
were simultaneously coated by an amniotic membrane and 
preserved in formalin. Since the detected substance interacts 
with enzyme-labeled antibodies, immunohistochemical 
responses are specific. A color indication shows the 
existence of an enzymatic process (chromogen). Among 
the chromogens available are naphthol (blue) and DAB 
(brown). Using mice from each housing arrangement, 
immunohistochemical preparations are produced in the 
same way as histopathological preparations up to the stage 
of tissue sectioning. 13 The preparations were examined 
using a Leica DM 750 Germany light microscope at 100x 
magnification to observe all fields of view, and then at 
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400x magnification for a more thorough study. Under a 
microscope with a magnification of 400x, the edges of 
the peripherally organized ameloblast cells (amelogenin 
sc-33121 Santa Cruz Biotechnologi, INC, Europe, ALP 
bs-1535R-HRP Bioss, Boston, Massachusetts) may 
look brown. Two researchers and analysts conducted 
computations with 400x magnification in particular visual 
fields, specifically on ameloblast cells, with 95% clinical 
agreement.

The Shapiro-Wilk test from IBM Statistical Package 
for Social Sciences Statistics 26 was used to assess the 
normality of distribution, continuing descriptive analysis 
to acquire mean and standard deviation, homogeneity, and 
significance of independent t-test at p<0.05.

RESULTS

The Shapiro-Wilk test was performed to determine the 
normality of the distribution between all research data, 
with a total of eight replications for each treatment 
group and seven replications in normal mice because 

one mouse died. The results of the Shapiro-Wilk test 
showed a normal distribution of amelogenin and ALP  
expression data (p>0.05). For amelogenin and ALP data, 
descriptive analysis was continued to get the independent 
t-test mean and standard deviation homogeneity (Table 
1). HPA of amelogenin in the treatment groups is shown 
in Figure 1A-C, and control groups are shown in Figure                    
1D-F.

In ameloblast cells of the oral tissue treated with 
saltwater fish powder, amelogenin expression was reduced. 
The decrease in amelogenin in the dental tissue fed with 
saltwater fish powder appeared to be significant compared 
to the control group. According to the analysis’s findings, 
the control group had lower levels of Alkaline Phosphatase 
(ALP) expression in dental cells than the group that received 
saltwater fish powder (p<0.05) (Table 2). HPA of ALP in 
the treatment groups is shown in Figure 2A-C, and control 
groups are shown in Figure 2D-F.

There was an increase in the expression of ALP in 
ameloblast cells in the dental tissue treated with saltwater 
fish powder. This increase was significant compared to 
the control group.

 

Table 1. Mean expression of amelogenin from ameloblast cells in fetal tooth tissue of mice

Group n
Amelogenin Expression

p
Mean SD Median Minimum Maximum

Control 7 4.64 0.66 4.40 4.10 5.80
0.004*

Treatment 8 3.13 0.77 2.95 2.30 4.90
Description: * significant level p<0.05

Table 2. Mean number of ameloblast cells expressing alkaline phosphatase in fetal tooth tissue of mice

Group n
Alkaline Phosphatase Expressions 

p
Mean SD Minimum Maximum

Control 7 3.00 0.54 2.50 3.90 0.000*Treatment 8 5.98 0.63 4.80 6.70

Figure 1. HPA of amelogenin. A, B, and C in the treatment group. D, E, and F in the control group. A, D 100x magnification, B, E
400x magnification, C, F 1000x magnification. B and C showed amelogenin expression with weak brown staining of the 
cytoplasm. Figures E and F show the expression of amelogenin with solid brown staining in the cytoplasm. Information:
Am: Ameloblast, Od: Odontoblast, Pulp: Dental pulp.
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DISCUSSION

Ameloblast cells are responsible for forming dental enamel, 
a dense limb of the tooth. Ameloblasts are a unique kind 
of tooth cell responsible for the secretion of three major 
enamel-specific matrix proteins. These enamel-specific 
matrix proteins include amelogenin, ameloblastin, and 
enamelin. This matrix protein is expressed by ameloblasts 
in the secretory stage, and its presence is necessary 
for enamel biomineralization.14 For mice that become 
pregnant when they eat fish powder with calcium and 
omega-3 polyunsaturated fatty acids, the calcium will bind 
to transient receptor potential cation channel subfamily 
V member 6 (TRPV6) to get through the placental 
membrane. It will then be carried to the mouse fetus by 
a Ca2+-binding protein with the help of a Ca2+ pump. 
Omega-3 polyunsaturated fatty acids in non-esterified 
fatty acids are natural ligands that signal PPARs to tell 
FATPs to break through the placental membrane. Fatty 
acid binding protein will then transport the FATPs. Ca2+ 
will be absorbed by ameloblast cells through Ca2+ sensing 
receptors. FATPs make the insulin growth factor (IGF) send 
out more signals. IGF will send a transduction signal into 
the cell nucleus. This will turn on P38 mitogen-activated 
protein kinase (MAP) and p44/p42 MAP, which will 
increase heat shock protein 27 as a chaperone molecule 
to keep the cell’s structure intact. IGF will help move the 
amelogenin protein secreted by ameloblast cells during                                                                        
the secretory stage.3,9,16

This study found a significant decrease in the expression 
of amelogenin with the provision of saltwater fish powder 
(Figure 1). This is done by Wu et al.,17 and C-terminal 
brushite-interaction amelogenin with AFM at low 
concentrations is stated (1-10 nM). Several clinical states 
cause ameloblasts to express varying amounts of amelogenin, 
and the amelogenin found in ameloblasts during enamel 

development may be a reaction to hypomineralization. 
Consequently, in the hypomineralized state, amelogenin 
is up-regulated in ameloblasts.18,19 Amelogenesis and 
the formation of the tooth structure are connected to the 
function of the tooth tissue. The mineralization of calcium 
phosphate is an essential component of this process. The 
modulation of calcium levels inside the cell will cause an 
increase in acidity, which in turn will cause amelogenin 
levels to decrease.20,21

During the secretory phase, the protein amelogenin 
is secreted and degraded by kallikrein-4. After 18 days 
of gestation, when the enamel is fully formed and 
matrix development has begun, amelogenin expression 
was assessed in these fetuses. Mice begin developing 
dental enamel between 14.5 and 16.5 days when 
immunohistochemistry reveals a transition from the cap 
to the bell stage; at the bell stage, ameloblast cells have 
started to differentiate.22 According to Wahluyo et al.,23 
in the examination of the effect of sodium fluoride on 
the development of ameloblasts and kidney proximal 
tubular cells, the expression of amelogenin was shown 
to be significantly lower in the control group than in the        
treatment group.

In addition to the liver and osteoblasts (new bone-
forming cells), the intestines, proximal renal tubules, 
placenta, and milk-producing mammary glands provide 
ALP. A buildup of blockage in the bile ducts causes a rise 
in serum ALP levels (cholestasis).24 Liver (hepatobiliary) 
and bone (bone resorption) illnesses are two common 
conditions that can be diagnosed with the help of the ALP 
test. In bone diseases like Paget’s disease, an aberrant 
increase in osteoblastic activity (bone cell production) 
leads to high ALP levels. In youngsters, elevated levels of 
a protein called alanine aminotransferase can be observed 
before and after puberty (physiological). Bone remodeling 
can be accelerated in vitro by increased synthesis of bone 

Figure 2. HPA of alkaline phosphatase. A, B, and C in the treatment group. D, E, and F in the control group. A, D 100x magnification, 
B, E 400x magnification, C, F 1000x magnification. B and C showed alkaline phosphatase expression in the cytoplasm 
with a solid brown color. E and F showed weak brown alkaline phosphatase expression in the cytoplasm. Am: Ameloblast, 
Od: Odontoblast, Pulp: Dental pulp.
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alkaline phosphatase from gingival mesenchymal stem cells 
cultured in platelet-rich fibrin.25–27

This study showed a significant increase in the treatment 
group given saltwater fish powder (Figure 2). Indeed, 
research conducted by Lacruz et al.28 claimed that ALP is 
crucial to the calcification process. A study on experimental 
mice increased the development of dental enamel and 
mineralization of the stratum intermedium by ameloblast 
cells showed decreased ALP expression in tissue hypoxia 
after 24 and 48 hours.29 Research by Zhang et al.30 found 
that ALP was lower in hypoxia, the mitochondrial count 
was lower, the endoplasmic reticulum was smaller, and 
mineralization was slowed when mitochondria were 
damaged. An elevation of ALP in the treatment group 
did not correlate with decreased tissue oxygen saturation. 
As the number of osteoblasts involved in bone formation 
increases, so will the amount of the ALP enzyme being 
expressed.31,32

During the histodifferentiation phase of the tooth 
creation process, the animals used in this research were put 
to sleep on day 18. As a result, the ALP level was elevated in 
tooth enamel tissue, particularly in the stratum intermedium. 
Because ALP plays an important role in the mineralization 
process, the intermediate layer of tooth enamel contains 
a high concentration of the enzyme’s expression. One 
important disclaimer is that in vivo research can only 
provide an incomplete representation of the amelogenesis 
process. Despite this, it was discovered that the expression 
of amelogenin and ALP increased on day 18 of prenatal 
consumption of saltwater fish powder. This study did not 
look at MMP-20, known to be one of the progenitors of 
tooth enamel, nor did it look at any other proteins that can 
be tested.6,22 In conclusion, the consumption of saltwater 
fish powder can reduce the number of ameloblast cells 
expressing amelogenin and ALP in mice.

ACKNOWLEDGEMENT

The authors appreciate the financial support (grant number: 
3463/D.3/SA/IV/2021) from the Islamic University of 
Sultan Agung.

REFERENCES 

 1.  Dean J. McDonald and Avery’s dentistry for the child and adolescent. 
11th ed. St Louis: Mosby Elsevier; 2021. p. 752. 

 2.  Hovorakova M, Lesot H, Peterka M, Peterkova R. Early development 
of the human dentition revisited. J Anat. 2018; 233(2): 135–45. 

 3.  Putri WA, Christiono S, Fathurrahman H. The effect of consumption 
of marine fish nanoparticles on the hardness of teeth enamel in mice 
(Mus Musculus). J Kesehat Gigi. 2021; 8(2): 109–14. 

 4.  Bartlett JD, Simmer JP. Kallikrein-related peptidase-4 (KLK4): 
role in enamel formation and revelations from ablated mice. Front 
Physiol. 2014; 5: 1–8. 

 5.  Gil-Bona A, Bidlack FB. Tooth enamel and its dynamic protein 
matrix. Int J Mol Sci. 2020; 21(12): 4458. 

 6.  Wang X, Chiba Y, Jia L, Yoshizaki K, Saito K, Yamada A, Qin 
M, Fukumoto S. Expression patterns of Claudin family members 

during tooth development and the role of Claudin-10 (Cldn10) in 
Cytodifferentiation of stratum intermedium. Front Cell Dev Biol. 
2020; 8: 595593. 

 7.  Liu J, Saito K, Maruya Y, Nakamura T, Yamada A, Fukumoto E, 
Ishikawa M, Iwamoto T, Miyazaki K, Yoshizaki K, Ge L, Fukumoto 
S. Mutant GDF5 enhances ameloblast differentiation via accelerated 
BMP2-induced Smad1/5/8 phosphorylation. Sci Rep. 2016; 6(1): 
23670. 

 8.  Gondivkar SM, Gadbail AR, Gondivkar RS, Sarode SC, Sarode GS, 
Patil S, Awan KH. Nutrition and oral health. Disease-a-Month. 2019; 
65(6): 147–54. 

 9.  Christiono S, Pradopo S, Sudiana IK. The effect of saltwater fish 
consumption by female house mice (Mus Musculus) on the increasing 
teeth enamel density of their pups: MicroCT analysis. J Int Dent Med 
Res. 2019; 12(3): 947–52. 

10.  Wahluyo S. Peran kalsium sebagai prevensi terjadinya hipoplasia 
enamel (The role of calcium on enamel hypoplasia prevention). Dent 
J. 2013; 46(3): 113–8. 

11.  Brookes SJ, Barron MJ, Boot-Handford R, Kirkham J, Dixon MJ. 
Endoplasmic reticulum stress in amelogenesis imperfecta and 
phenotypic rescue using 4-phenylbutyrate. Hum Mol Genet. 2014; 
23(9): 2468–80. 

12.  Poulter JA, Brookes SJ, Shore RC, Smith CEL, Abi Farraj L, 
Kirkham J, Inglehearn CF, Mighell AJ. A missense mutation in 
ITGB6 causes pitted hypomineralized amelogenesis imperfecta. 
Hum Mol Genet. 2014; 23(8): 2189–97. 

13.  Sudiana IK. Teknologi ilmu jaringan dan imunohistokimia. Jakarta: 
Sagung Seto; 2005. p. 36–44. 

14.  Hu JC-C, Hu Y, Lu Y, Smith CE, Lertlam R, Wright JT, Suggs C, 
McKee MD, Beniash E, Kabir ME, Simmer JP. Enamelin is critical 
for ameloblast integrity and enamel ultrastructure formation. van 
Wijnen A, editor. PLoS One. 2014; 9(3): e89303. 

15.  Lokappa SB, Chandrababu KB, Moradian-Oldak J. Tooth enamel 
protein amelogenin binds to ameloblast cell membrane-mimicking 
vesicles via its N-terminus. Biochem Biophys Res Commun. 2015; 
464(3): 956–61. 

16.  Christiono S, Pradopo S, Sudiana IK. The effect of saltwater fish 
consumption by mother Mice (Mus Musculus) on the expressions 
of FABPs and type 1 collagen regarding increase in enamel density. 
J Int Dent Med Res. 2022; 15(4): 1535–40. 

17.  Wu S, Zhai H, Zhang W, Wang L. Monomeric amelogenin’s 
C-terminus modulates biomineralization dynamics of calcium 
phosphate. Cryst Growth Des. 2015; 15(9): 4490–7. 

18.  Mitsiadis TA, Filatova A, Papaccio G, Goldberg M, About 
I, Papagerakis P. Distribution of the amelogenin protein in 
developing, injured and carious human teeth. Front Physiol. 2014;                                  
5: 00477. 

19.  Dewi N, Syaify A, Wahyudi IA. Effect of gestational diabetes 
mellitus on the expression of amelogenin in rat offspring tooth germ. 
Dent J. 2013; 46(3): 135–9. 

20.  Habelitz S. Materials engineering by ameloblasts. J Dent Res. 2015; 
94(6): 759–67. 

21.  Bronckers ALJJ. Ion transport by ameloblasts during amelogenesis. 
J Dent Res. 2017; 96(3): 243–53. 

22.  Ida-Yonemochi H, Otsu K, Ohshima H, Harada H. The glycogen 
metabolism via Akt signaling is important for the secretion 
of enamel matrix in tooth development. Mech Dev. 2016; 139:                                    
18–30. 

23.  Wahluyo S, Ismiyatin K, Purwanto B, Mukono IS. The influence of 
sodium fluoride on the growth of ameloblasts and kidney proximal 
tubular cells. Folia Biol (Praha). 2017; 63(1): 31–4. 

24.  Vimalraj S. Alkaline phosphatase: Structure, expression and its 
function in bone mineralization. Gene. 2020; 754: 144855. 

25.  Al Nofal AA, Altayar O, BenKhadra K, Qasim Agha OQ, Asi 
N, Nabhan M, Prokop LJ, Tebben P, Murad MH. Bone turnover 
markers in Paget’s disease of the bone: A Systematic review and 
meta-analysis. Osteoporos Int. 2015; 26(7): 1875–91. 

26.  Nugraha AP, Narmada IB, Ernawati DS, Dinaryanti A, Hendrianto 
E, Riawan W, Rantam FA. Bone alkaline phosphatase and 
osteocalcin expression of rat’s Gingival mesenchymal stem cells 
cultured in platelet-rich fibrin for bone remodeling (in vitro study).

Copyright © 2023 Dental Journal (Majalah Kedokteran Gigi) p-ISSN: 1978-3728; e-ISSN: 2442-9740. Accredited No. 158/E/KPT/2021. 
Open access under CC-BY-SA license. Available at https://e-journal.unair.ac.id/MKG/index
DOI: 10.20473/j.djmkg.v56.i3.p166–171

https://e-journal.unair.ac.id/MKG/index
https://doi.org/10.20473/j.djmkg.v56.i3.p166-171


171Christiono et al. Dent. J. (Majalah Kedokteran Gigi) 2023 September; 56(3): 166–171

  Eur J Dent. 2018; 12(04): 566–73. 
27.  Triwardhani A, Tjandra RR, Hamid T, Ariani TN. Correlations 

of alkaline phosphatase expression with osteoblast number during 
orthodontic tooth movement, in vivo. J Int Dent Med Res. 2022; 
15(4): 1497–502. 

28.  Lacruz RS, Habelitz S, Wright JT, Paine ML. Dental enamel 
formation and implications for oral health and disease. Physiol Rev. 
2017; 97(3): 939–93. 

29.  Sidaly R, Landin MA, Suo Z, Snead ML, Lyngstadaas SP, Reseland 
JE. Hypoxia increases the expression of enamel genes and cytokines 
in an ameloblast-derived cell line. Eur J Oral Sci. 2015; 123(5): 
335–40. 

30.  Zhang H-Y, Liu R, Xing Y-J, Xu P, Li Y, Li C-J. Effects of hypoxia 
on the proliferation, mineralization and ultrastructure of human 
periodontal ligament fibroblasts in vitro. Exp Ther Med. 2013; 6(6): 
1553–9. 

31.  Pudyani PS, Asmara W, Ana ID, Utari TR. Alkaline phosphatase 
expression during relapse after orthodontic tooth movement. Dent 
J. 2014; 47(1): 25–30. 

32.  Hasib A, Wahjuningrum DA, Ibrahim MHR, Kurniawan HJ, 
Ernawati R, Hadinoto MEK, Mooduto L. ALP (Alkaline 
Phosphatase) expression in simple fracture incident in rat (Rattus 
Norvegicus) femur bone supplemented by Apis mellifera honey.            
J Int Dent Med Res. 2018; 11(3): 1636–9. 

Copyright © 2023 Dental Journal (Majalah Kedokteran Gigi) p-ISSN: 1978-3728; e-ISSN: 2442-9740. Accredited No. 158/E/KPT/2021. 
Open access under CC-BY-SA license. Available at https://e-journal.unair.ac.id/MKG/index
DOI: 10.20473/j.djmkg.v56.i3.p166–171

https://e-journal.unair.ac.id/MKG/index
https://doi.org/10.20473/j.djmkg.v56.i3.p166-171

