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ABSTRACT
Recent scientific evidence suggests a close relationship between estrogen deficiency and vitamin D- related genes. Estrogen and 
vitamin D were involved with alterations in odontogenesis and tooth eruption process. Objective: The aim of the present study was 
to evaluate the influence of estrogen deficiency on the expression of genes related to the activation and degradation of vitamin D in 
the odontogenic region of incisors in a murine model. Material and Methods: This is an experimental clinical study that used female 
Wistar Hannover rats. The animals were randomly divided into two groups according to the intervention received: Hypoestrogenism 
Group – animals submitted to estrogen deficiency by ovariectomy surgery and Control Group – animals submitted to sham surgery. 
Surgical intervention was performed in the prepubertal period; the animals were followed throughout the pubertal period. After 
euthanasia, the hemimandibles were removed to evaluate the mRNA expression of the vitamin D-related genes AMDHD1, CYP24A1, 
NADSYN1 and SEC23A in the odontogenic region of incisors through real time PCR. Student’s t test was used to compare means. 
Kruskal-Wallis test and Dunn’s posttest were also used. The level of significance was 5%. Results: SEC23A was overexpressed in the 
estrogen deficiency condition in the odontogenic region (p=0.021). Conclusion: Estrogen deficiency may influence the expression 
of the SEC23A gene involved in the activation and degradation of vitamin D in the odontogenic region of incisors in a murine model.
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RESUMO
Evidências científicas recentes sugerem uma estreita relação entre a deficiência de estrógeno e os genes relacionados à vitamina D. 
O estrógeno e a vitamina D estão envolvidos com alterações na odontogênese e no processo de erupção dentária. Objetivo: O objetivo 
do presente estudo foi avaliar a influência da deficiência de estrógeno na expressão de genes relacionados à ativação e degradação 
da vitamina D na região odontogênica de incisivos em modelo murino. Material e Métodos: Trata-se de um estudo clínico 
experimental que utilizou ratas Wistar Hannover fêmeas. Os animais foram divididos aleatoriamente em dois grupos de acordo com 
a intervenção recebida: Grupo Hipoestrogenismo – animais submetidos à deficiência de estrógeno pela cirurgia de ovariectomia e 
Grupo Controle – animais submetidos à cirurgia simulada. A intervenção cirúrgica foi realizada no período pré-púbere; os animais 
foram acompanhados durante todo o período puberal. Após a eutanásia, as hemimandíbulas foram removidas para avaliar a expressão 
de mRNA dos genes AMDHD1, CYP24A1, NADSYN1 e SEC23A, relacionados à vitamina D, na região odontogênica de incisivos 
por meio de PCR em tempo real. O teste t de Student foi utilizado para comparar as médias. Também foram utilizados o teste de 
Kruskal-Wallis e o pós-teste de Dunn. O nível de significância foi de 5%. Resultados: SEC23A foi superexpresso na condição de 
deficiência de estrógeno na região odontogênica (p=0,021). Conclusão: A deficiência de estrógeno pode influenciar a expressão do 
gene SEC23A envolvido na ativação e degradação da vitamina D na região odontogênica de incisivos em modelo murino.
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INTRODUCTION

Estrogen is a steroid hormone present and 
active throughout an individual’s life [1]. Although 
it is mainly responsible for female characteristics, 
it also important in the neuroendocrine, vascular, 
skeletal and immune systems of both sexes 
and dental development/tooth eruption [2-4]. 
Imbalances in serum estrogen levels can cause 
significant changes in body homeostasis. Growing 
scientific evidence indicates that imbalances in 
estrogen levels compromise the gene expression 
of its main intracellular receptors, ESR1 and 
ESR2, and consequently, the physiological 
development of several structures, in special, 
involved in craniofacial development [3,5-7].

Vitamin D is an important component in 
the biosynthesis of estrogen in the female and 
male body [8]. Vitamin D represents a group of 
fat-soluble steroid hormones obtained mainly 
through exposure of the skin to UVB irradiation 
by sunlight [9]. In addition to the biological 
effects of vitamin D being mediated by binding to 
its intracellular receptor, the vitamin D receptor, 
other important genes should also be cited. The 
amidohydrolase domain containing 1 (AMDHD1), 
the cytochrome P450 family 24 subfamily A 
member 1 (CYP24A1), the NAD synthetase 1 
(NADSYN1) and the Sec23 homolog A (SEC23A) 
are related to the synthesis, activation and 
degradation of vitamin D [9]. Vitamin D deficiency, 
in turn, is significant to bone homeostasis [9], host 
immune response [10], the development of the 
stomatognathic system and teeth [8,11] and risk 
of the main oral diseases [12,13]. Estrogen have 
a close relationship with Vitamin D [14]. When 
estrogen is deficient, low levels of vitamin D can 
also be observed [15].

Odontogenesis and tooth eruption process 
are strongly influenced by several local, 
systemic, environmental, genetic, and epigenetic 
factors [2-4,7,16]. There is some scientific 
evidence coming from studies in animal models 
showing that estrogen receptors are expressed 
in cells in the odontogenic region of teeth with 
continuous growth (incisors) [2-4]. There is also 
evidence demonstrating that vitamin D and its 
receptor are involved in tooth development [17]. 
Our hypothesis is that estrogen deficiency may 
alter the expression of vitamin D related genes. 
Thus, the aim of the present study was to 
evaluate the influence of estrogen deficiency on 
the expression of genes related to the activation 

and degradation of vitamin D in the odontogenic 
region of incisors in a murine model.

MATERIAL AND METHODS

Ethical aspects

This study was submitted to the Ethics 
Committee on the Use of Animals of the School of 
Dentistry of Ribeirão Preto – University of São Paulo 
FORP/USP and was approved (#2018.1.40.58.3). 
This research was performed and reported 
according to the ARRIVE guidelines [18].

Experimental design

This is an in vivo experimental study. Specimens 
from a previous study by Madalena et al. [3], 
were used to analyze the mRNA expression of 
genes related to the activation and degradation 
of vitamin D in the odontogenic region of teeth 
in continuous growth. Estrogen deficiency was 
caused by ovariectomy surgery (Experimental 
group) (n=8), and the control group underwent 
fictitious surgery (Control group) (n=9). The 
animals underwent intervention in the prepubertal 
period and were euthanized after the pubertal 
period was completed. After euthanasia, the 
hemimandibles were removed and sectioned 
in the region of the condyle, coronoid process, 
and ramus of the mandible in order to isolate 
the odontogenic region of the lower incisor. The 
section of the hemimandible was performed with 
a 7011 double-sided diamond disc (KG Sorensen, 
Cotia, BR) with a thickness of 0.18 mm [2-4]. The 
mRNA samples from the odontogenic region were 
submitted to quantification of the gene expression 
of AMDHD1, CYP24A1, NADSYN1 and SEC23A. 
Figure 1 shows the chronology of procedures 
carried out in this study.

Sampling of animals

Seventeen 21-day-old female Wistar rats 
were obtained from the animal facility of Ribeirão 
Preto, University of São Paulo, Brazil, were stored 
in the Bioterium II of the FORP/USP and housed 
in groups of two or three with circadian conditions 
of 12 hours, constant temperature and humidity 
(21 ± 1 °C and 55 to 75%, respectively) and ad 
libitum access to water and a standard diet for 
rodents (Labina Purina®/Agribrands do Brasil 
LTDA, Paulínia, São Paulo, Brazil). The animals 
were monitored throughout the pubertal period 
and were euthanized after 56 days of life [2-4].
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Estrogen deficiency model

Estrogen def ic iency was caused by 
ovariectomy surgery (Experimental group), and 
the control group underwent fictitious surgery 
(Control group). Briefly, when the animals 
were 25 days old, they were anesthetized by 
intraperitoneal injection of 10% ketamine 
hydrochloride (55 mg/kg of gross body weight) 
and 2% xylazine hydrochloride (10 mg/kg of 
gross body weight). In the experimental group, 
the ovaries were removed bilaterally; while in the 
control group, a fictitious surgery was performed 
without removing or damaging the ovaries of the 
animals [2-4]. The success of the ovariectomy was 
confirmed by the gradual increase in the weight of 
the animals and uterine atrophy [2-4]. After the 
surgical procedure, antibiotic, anti-inflammatory 
and analgesic medication was administered. The 
drugs used were Benzylpenicillin Benzathine 
(Pentabiotic®) at a dosage of 24,000UI/kg; 
Flunixine (Aplonal® 1%) at a dosage of 1mg/kg, 
both intramuscularly, and Tramadol (Cronidor® 
2%), at a dosage of 1mg/kg, subcutaneously. 
Tramadol is also administered again 24 hours 
after the surgical procedure [2-4].

Euthanasia and preparation of specimens

Euthanasia was performed following the 
guidelines of the National Council for the 
Control of Animal Experimentation – CONCEA, 
through anesthetic overdose with Ketamine 
Hydrochloride (300mg/kg of weight) and 
Xylazine Hydrochloride (30mg/kg of weight) 
associated with decapitation [2-4].

Evaluation of the gene expression of AMDHD1, 
CYP24A1, NADSYN1 and SEC23A in the odontogenic 
region - RT-qPCR

To quantify the gene expression of AMDHD1, 
CYP24A1, NADSYN1 and SEC23A differentially 
expressed between experimental and control 
groups, specimens were kept in RNAlater (Life 
Technologies Corporation – Carlsbad®, Canada, 
USA) and frozen at -80 °C until processing day. The 
mirVana™ miRNA Isolation kit (Thermo Fischer 
Scientific, Carlsbad, USA) was used to extract total 
RNA. Complementary DNA (cDNA) was synthesized 
by reverse-transcription with a Hight Capacity 
Kit (Applied Biosystems, Foster City, CA, USA). 
RT-qPCR was carried out on Mastercycler® ep 
realplex-S thermocycler (Eppendorf AG, Hamburg, 
Germany) for AMDHD1, CYP24A1, NADSYN and 
SEC23A. PPIB was used as endogenous controls. The 
relative levels of mRNA expression were determined 
as previously described [19]. All procedures were 
performed following the respective manufacturer’s 
instructions and according to established protocols. 
Primers are described in the Table I.

Statistical analysis

Data were statistically analyzed using 
the GraphPad Prism 7.04 software (GraphPad 
Software®, La Jolla, USA), considering a significance 
level of 5% (type I error). The gene expression of 
AMDHD1, CYP24A, NADSYN1 and SEC23A is 
demonstrated by means and standard deviation 
(SD). Student’s t test was used to compare means. 
The Kruskal-Wallis test and Dunn’s post-test were 
also performed.

Figure 1 - Experimental design - chronology of procedures performed on animals.

Table I - Primers used for real-time quantitative polymerase chain reaction (RT-qPCR)

Gene symbol 5’-forward primer-3’ 5’-reverse primer-3’
AMDHD1 GCCTCTCTGCCACTTACTGTG GGCAGGTGGTGACTGATGATG
CYP24A1 GGCGGAAGACCTGAGGAATATG AGCGTATTCACCCAGAACCG
NADSYN TCCTTGCCTACCTGTTTGCTC GGTTGATGTCCGCACTGGAG
SEC23A GGATGGTGGTTGGAGATGAGC AGCAGCTCGATTAGCCAGTG
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RESULTS

The relative gene expression of AMDHD1, 
CYP24A1, NADSYN1 and SEC23A in the 
odontogenic region in estrogen-deficient animals 
(experimental group) and control animals 
(control group) are shown in Figure 2. SEC23A 
was overexpressed in estrogen deficiency 
condition (p=0.021). AMDHD1, CYP24A1 and 
NADSYN1 did not demonstrated statistical 
difference between groups (p=0.47, p=0.21, and 
p=0.95, respectively)

DISCUSSION

Estrogen is a crucial steroid hormone for both 
female and male bodies [1]. Scientific evidence 
demonstrates that imbalances in serum estrogen 
levels influence bone resorption, dyslipidemia, 
glucose tolerance [20-22] and even vitamin D 
absorption and metabolism [15]. Therefore, in the 
present study we used a murine model to explore 
the role of estrogen deficiency on the expression 
of the genes AMDHD1, CYP24A1, NADSYN1 and 
SEC23A in the odontogenic region.

Vitamin D represents a group of fat-soluble 
steroid hormones obtained through primary 
exposure of the skin to UVB irradiation by 
sunlight [9]. The 7-dehydrocholesterol present in 
the skin is converted into pre-vitamin D3 [9,23], in 
the liver, it is converted into 25-hydroxyvitamin D3 
(25(OH)D3), the best serum indicator of vitamin 
D status. In the kidney, 25(OH)D3 undergoes 
hydroxylation and becomes 1,25-dihydroxy 
vitamin D (1,25(OH)2D3), the biologically active 
form that acts on VDR [23]. 80% to 90% of serum 
levels of vitamin D are synthesized endogenously 
under UVB irradiation, the remainder, 10% to 

20%, come from the diet, the main dietary sources 
being cholecalciferol (D3) and ergosterol (D2). 
Estrogen deficiency and vitamin D deficiency share 
several adverse health outcomes, including bone 
resorption itself, mood disorders, increased risk of 
cardiovascular disease and cancers [24-28] affect 
growth and development [2-4,29-31].

The knowledge physiology and phenotypic 
changes directly influence health promotion, 
disease prevention, predisposition or protection 
to diseases and drug response [32]. It is important 
to clarify gaps that still exist in relation to 
odontogenesis and tooth eruption process, which 
are important to the harmonious development of 
the stomatognathic system. Odontogenesis begins 
approximately in the eighth week of gestation and 
lasts, on mean, until the child’s full development, 
around 18 years of age. This reminds us that, 
although there is an individual chronology for 
each tooth, odontogenesis occurs synchronously 
with several important episodes in child growth 
and development [33,34]. Concomitant to 
specific periods of odontogenesis, tooth eruption 
is also established.

Estrogen deficiency as well as vitamin 
D deficiency have already been described as 
influencing odontogenesis and tooth eruption. 
Based on a previous study by Madalena et al. [3] 
the gene expression of the main estrogen receptors 
in cells of the odontogenic region of teeth in 
continuous growth was observed. Thus, in the 
present study we investigated the influence 
of estrogen deficiency on the expression of 
genes related to the activation and degradation 
of vitamin D in the odontogenic region of 
continuously growing teeth in a murine model 
in this same sample. Our results support that 

Figure 2 - Relative gene expression (mRNA) of AMDHD1, CYP24A1, NADSYN1 and SEC23A in the odontogenic region of animals submitted to 
estrogen deficiency compared with control animals. AMDHD1, CYP24A1 and NADSYN1 did not demonstrated statistical difference between 
groups (p=0.47, p=0.21, and p=0.95, respectively). SEC23A was overexpressed in estrogen deficiency condition (p=0.021). * Indicates a 
statistical significance difference (p<0.05).
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in estrogen deficiency animals there was an 
overexpression of SEC23A in the odontogenic 
region of teeth in continuous growth. It is 
important to emphasize that in the original 
study from Madalena et al. [3] a delay in the 
rate of tooth eruption in estrogen-deficient 
animals.

It is therefore assumed that estrogen 
def ic iency could also cause occas ional 
overexpression of SEC23A since this gene is 
also related to collagen alterations. Mutations 
in SEC23A and AMDHD1 have been reported 
to cause craniolenticulo-sutural dysplasia, 
an anomaly characterized by craniofacial 
and skeletal malformation due to defective 
collagen secretion [35]. It is suggested that 
there is a gross dilation of the endoplasmic 
reticulum in fibroblasts from individuals with 
such dysplasia [36]. SEC23A is an essential 
component of vesicles that transport secretory 
proteins from the endoplasmic reticulum, could 
be overexpressed. In contrast, although there 
was an overexpression of AMDHD1 in estrogen 
deficiency, our results did not demonstrate 
a statistically significant difference between 
the groups. AMDHD1 gene overexpression is 
suggested to actively participate in orthodontic 
tooth movement, performed mainly by the 
action of the periodontal ligament and bone 
remodeling [37]. Thus, it is suggested that 
other studies be carried out to complement the 
evidence in a larger sample.

CYP24A1 cata lyzes  the  convers ion 
of 25-hydroxyvitamin D3 (25(OH)D3) and 
1,25-dihydroxyvitamin D3 (1,25(OH2)D3) into 
24-hydroxylated products, which constitute the 
degradation of the vitamin D molecule [38]. 
Although our results do not show a statistically 
significant difference between the experimental 
and control groups, the experimental group 
showed a decreased expression of CYP24A1, 
suggesting a decrease in vitamin D synthesis, 
transport, and degradation in the odontogenic 
region of continuously growing teeth. Thus, 
based on evidence from clinical studies that 
demonstrate changes in development and tooth 
eruption in vitamin D deficiency and studies that 
demonstrate a decrease in vitamin D in estrogen 
deficiency, further studies are suggested to 
complement the evidence.

Finally, we also found no statistically 
significant difference in NADSYN1 gene expression. 

The NADSYN1 gene encodes nicotinamide 
adenine dinucleotide synthetase 1, which is one 
of the glutamine-dependent enzymes involved in 
cholesterol synthesis and favors the production of 
nicotinamide adenine dinucleotide (NAD+), the 
main coenzyme required for energy production 
and lipid synthesis. Genetic polymorphisms in 
NADSYN1 have been described as contributing 
to dyslipidemia and overweight regardless of 
25-hydroxyvitamin D levels [39]. In conclusion, 
our results contribute to evidence that seeks to 
clarify physiological aspects of the role of estrogen 
and vitamin D in the craniofacial complex.

CONCLUSION

Estrogen deficiency can influence the 
expression of the SEC23A gene involved in the 
activation and degradation of vitamin D in the 
odontogenic region of incisor teeth in continuous 
growth in a murine model.
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