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ABSTRACT

Background: Amelogenin is a major protein constituent of the developing enamel matrix that is critical for enamel formation.
Mutations of amelogenin cause hypoplastic enamel phenotypes. Previous research found that infant of diabetic mother has higher
risk for having enamel hypoplasia. Purpose: The aim of this study was to determine the effect of gestational diabetes mellitus on the
expression of amelogenin in Wistar rats offspring tooth germ. Methods: Sixteen female Wistar rats, aged 2.5-3 months, body weight
150-200 g were used in this study, Wistar rats were mated and divided into two groups and treated on day 0 of pregnancy. Group A was
DM group, consisting of 8 rats, induced by streptozotocin (STZ) injection 40 mg/kg BW. Group B was control group, consisting of 8
rats received citrate buffer injection. Thirty-two rat pups were decapitated on day 5. Immunohistochemical procedures were performed
on molar tooth germ of the mandibular rat pups using antibody anti-AMELX to determine the expression of amelogenin. Examination
carried out on the images using ImageJ software. All data were then statistically analyzed by Mann Whitney test. Results: There was no
significant difference in the expression of amelogenin in the DM group and control group (p>0.05). Conclusion: Gestational diabetes
mellitus did not affect the expression of amelogenin in rat offspring tooth germ. Further study is needed to examine the pattern of
amelogenin expression with measurement of glucose levels of rat pups.
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ABSTRAK

Latar belakang: Amelogenin merupakan protein terbanyak pada matriks email yang berperan penting dalam pembentukan email.
Mutasi pada amelogenin dapat menyebabkan email menjadi hipoplastik. Penelitian sebelumnya menunjukkan bahwa anak yang
dilahirkan oleh ibu pengidap diabetes memiliki resiko lebih tinggi untuk mengalami hipoplasia email. Tujuan: Penelitian ini bertujuan
untuk meneliti pengaruh diabetes mellitus gestasional terhadap ekspresi amelogenin pada benih gigi anak tikus Wistar. Metode:
Enam belas ekor tikus Wistar betina, umur 2,5-3 bulan, berat badan 150-200 g digunakan dalam penelitian ini, dikawinkan kemudian
dibagi menjadi dua kelompok dan diberi perlakuan pada kehamilan hari ke-0. Kelompok A merupakan kelompok diabetes mellitus,
terdiri atas 8 ekor tikus diberi perlakuan diabetes mellitus dengan injeksi streptozotocin (STZ) 40 mg/kg BB. Kelompok B merupakan
kelompok kontrol, terdiri atas 8 ekor tikus diberi injeksi buffer sitrat. Tiga puluh dua anak tikus yang lahir didekapitasi pada hari ke-
5. Dilakukan prosedur imunohistokimia pada benih gigi molar rahang bawah anak tikus menggunakan antibodi anti-AMELX untuk
mengetahui ekspresi amelogenin. Pemeriksaan dilakukan pada hasil foto menggunakan software ImageJ. Hasil kemudian dianalisa
menggunakan uji Mann Whitney. Hasil: Tidak terdapat perbedaan yang bemakna pada ekspresi amelogenin kelompok kontrol dan
kelompok diabetes mellitus (p>0,05). Simpulan: Diabetes mellitus gestasional tidak mempengaruhi ekspresi amelogenin pada benih
gigi anak tikus. Diperlukan penelitian lebih lanjut untuk mengetahui pola ekspresi amelogenin dengan pengukuran kadar glukosa
darah anak tikus.

Kata kunci: Diabetes mellitus gestasional, ekspresi amelogenin, tikus Wistar
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INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic disorder
of carbohydrates, lipids and proteins, which occurs because
the pancreas can not produce enough insulin or because the
body can not use insulin effectively resulting in increased
levels of glucose in blood (hyperglycemia).! Gestational
diabetes mellitus (GDM) is diagnosed when DM begins
or is first detected during pregnancy.” Hyperglycemia
during pregnancy can cause complications to the mother
and fetus. Maternal complications associated with GDM
include hypertension and increased risk of developing
diabetes after pregnancy. Fetal complications include
macrosomia, hypoglycemia, hypocalcemia, polycythemia,
and hyperbilirubinemia.**

An infant of diabetic mothers has higher risk for having
enamel hypoplasia.”> Another study also showed thinner
enamel in pups born to diabetic mother because of decreased
secretion of enamel matrix and ultrastructural changes in
the secretory ameloblast. The secretory ameloblast were
shorter and the ameloblast nuclei were smaller. There were
intracellular metabolic disturbances in consequence to the
lack of intracellular glucose.®

Amelogenin is a hydrophobic protein that is expressed by
ameloblast. This is the most abundant protein of the enamel
extracellular matrix, compose 80-90% of total protein, and
is expressed in the secretory until post-secretory stage of
ameloblast.” Amelogenin is essential for well-organized
hydroxyapatite prism formation and for producing normal
enamel thickness. In vivo studies of amelogenin null mice
showed the occurrence of enamel hypoplasia, seen chalky-
white staining on incisivus. Enamel thickness was less than
10% of normal enamel.® Amelogenin expression can be
influenced by several factors, such as blood glucose and
calcium levels.”! The result of this experiment is then
expected to give information about the effect of Gestational
Diabetes Mellitus on the expression of amelogenin in rat
offspring tooth germ.

MATERIALS AND METHODS

Sixteen female Wistar rats, aged 2.5-3 months, with
150-200 g body might were adapted to the metal cages
for 1 week, given the standard feed and drink ad libitum.
The rats were kept on a 12-h light-dark cycle at 22-24° C.
The day that spermatozoids appeared in vaginal smears
(day O of pregnancy), 8 rats were intraperitoneally treated
with 40 mg STZ (Sigma, St. Louis, MO, USA)/kg BW,
dissolved in 50 mM citrate buffer, pH 4.5. Eight control
rats were run in parallel, and received the medium. The
experimental procedure was approved by the Ethics and
Advocacy Unit of the Faculty of Dentistry Gadjah Mada
University. Animals were weighed and blood glucose
levels were measured with Accu-Check Active (Roche,
Germany) on day 0, 7, 14, and 19 of pregnancy. Rats with
fasting blood glucose levels above 120 mg/dL and showed

the sign polydipsia, polyuria, poliphagia, and asthenia
were considered as having diabetes.*!! Two pups from
each litter were selected at random and decapitated on day
5 after birth .

Mandibular molar tooth germ of rat pups were taken
and fixed with 4% paraformaldehide in phosphate-buffered
saline (PBS formalin) for 24 hours, decalcified using 10%
EDTA at 4° C for 14 days and embedded in paraffin.
3 pm thick cross-sectional sections were stained with
immunohistochemistry. Samples were deparaffinized with
xylol and rehydrated with serial alcohol.

After deparaffinization and hydration, the sections
were treated with 0.3% H,0, in methanol for 15 minutes
to reduce endogenous peroxidise activity, then washed with
distilled water and Tris EDTA followed by administration
of antigen retreaval application (in citric buffer pH 6) by
heating for 15 minutes in a microwave to open antigen-
covered and washed with Tris EDTA. They were then
blocked with different normal serum (background snipper)
at room temperature for 10 minutes followed by hatching
the primary antibody and incubated at 4° C for 18 hours;
primary antibodies anti-AMELX diluted with PBS (1:1000).
After washing with Tris EDTA, the sections were incubated
with secondary antibody (Trekkie universal link) for 10
minutes at room temperature, washed with Tris EDTA
and treated with Trekavidin-HRP label for 10 minutes.
Sections were then washed with Tris EDTA and staining
for peroxidase was performed with DAB chromogen (1:200
in substrate) in a dark room for 3 minutes then washed
with distilled water. For maximum staining, counterstain
with haematoxylin meyers performed for 2 minutes and
terminated by washing with water tap for 2 minutes. The
section were then dehydrated with serial alcohol followed
by xylol. Next stage was mounting the slide. Normal rat
tooth germ was used as positive control.

Images of the cross-sectional section of
immunohistochemistry-stained molars were captured
using a light microscope connected to camera (Optilab).
Amelogenin expression was identified as brownish
yellow spots in the cytoplasm. Amelogenin expression
in ameloblast was observed by measuring the density of
amelogenin using ImagelJ software. Greater value stated on
the ImageJ software showed greater density of amelogenin,
and greater density of amelogenin means that amelogenin
expression getting weaker.

RESULTS

The means of fasting blood glucose level and body
weight of female rat are presented in Figure 1. Fasting
blood glucose levels in diabetic group increased after
injection of STZ. The highest fasting blood glucose level
was in diabetic group day 14 of pregnancy (329.00 +97.33
mg/dL), and the lowest was in control group day 19 of
pregnancy (81.39 +7.05 mg/dL) (Figure 1A). Fasting blood
glucose levels in diabetic group decreased on day 19, but
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Figure 1. Means of fasting blood glucose level (A) and body weight (B) of female rat in control and DM group. Fasting blood glucose
and body weight were measured on pregnancy day-0, 7, 14 and 19.
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Figure 2.
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Sections showing localization of amelogenin protein in the crossectional mandibular molar tooth germ using an

immunohistochemical technique. Amelogenin expression in ameloblast were marked with brownish yellow granules in
the cytoplasm. a, c. Control/DM group was observed at 40x magnification, b, d. Control/DM group was observed at 400x
magnification. EM, Enamel; AB, Ameloblast; SI, Stratum Intermedium; SR, Stellate Reticulum; AM, Amelogenin.

still above 120 mg/dL. There was no increase of fasting
blood glucose levels in the control group. Rats body weight
were increased in each observation either in the control and
DM group. Control rats had body weight means greater than
diabetic rats, with the greatest body weight mean was on
control group day 19 of pregnancy (252.80 = 19.91 g) and
the lowest was in DM group day O of pregnancy (155.79
+4.64 g) (Figure 1B).

Histological amelogenin expression can be seen in
Figure 2a, b, c, d. Means of amelogenin density in control
group greater than DM group (Figure 3). The greater
amelogenin density means the amelogenin expression
getting weaker. This suggests that amelogenin in DM
group were expressed stronger compared with control
group. Normality test results were 0.033 for control group
and 0.102 for DM group. These results indicate that data
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Figure 3. Means and standard deviations of amelogenin density
in rat offspring tooth germ. Amelogenin density was
measured using ImagelJ software.

has a significance p<0.05 for control group and p>0.05
for DM group which means the control group data were
not normally distributed, so it could not proceed with the
parametric test. Mann Whitney test results showed p-value
=0.224 (p>0.05). These results indicate that there was no
significant difference in the amelogenin density between
control and DM group, which means maternal diabetic
condition had no significant effect on the amelogenin
expression.

DISCUSSION

Results of this study indicate that there was an increase
in fasting blood glucose levels of diabetic group compared
with control group. Diabetic group had glucose level
above 120 mg/dL. Increasing of fasting blood sugar levels
in diabetic rats probably caused by necrosis of pancreas
beta cells. Streptozotocin selectively induce necrosis in
pancreatic beta cells via DNA methylation. DNA damage is
caused by free radicals that are released by STZ. Nitrosurea
in STZ causes cellular toxicity through decreased levels
of NAD™" and production of free radicals. Streptozotocin
is also able to act as a donor of nitric oxide (NO) and
generate reactive oxygen species (ROS). Necrosis of beta
cells causes a decrease in the biosynthesis and secretion
of insulin and blood glucose levels.'? Rat also showed
the signs of DM, i.e polydipsia (abnormal thrist), polyuria
(increased urine volume), polyphagia (excessive hunger)
and asthenia (weakness due to the inability to use glucose
as a source of energy). This finding agrees with previous
studied.'! In this research, the weight of rat had increased
either in control and diabetic group. Diabetic group
weight was lower than control group, although diabetic
group consumed more food and beverages. This was
probably caused by metabolic disorders due to diabetic
conditions.!® There were disturbances in the metabolism
of carbohydrates, proteins and lipids in diabetic rats.! Low
weight gain during pregnancy could be a cause of the low

number of LPA foetuses in this group.'?

Weight gain as well as the results of abdominal
palpation during pregnancy showed that the rat had been
pregnant. Pregnant rats was determined by palpation on
the abdomen on day 13 of pregnancy. Enlargement in the
abdomen suggests there were multifoetuses in uterus.'*

The results showed that the diabetic condition did not
have a significant effect on amelogenin density. It means
that diabetic condition had no effect on the expression
of amelogenin significantly. The absence of significant
effect is likely due to normal fasting blood glucose levels
and normal serum calcium levels in rat pups. Examination
of blood glucose levels in rat pups was not done in this
research. However, based on the results of previous studied,
blood glucose levels of rat pups born to diabetic rats
parent could be significantly high compared to control.'?
Another study showed that STZ-offspring were initially
hypoglycemic but became normoglycemic by weaning and
remained normal up to at least 15 wk of age.!®

Other possible causes of the absence of significant
differences in the expression of amelogenin in this study
was due to the normal serum calcium levels in rat pups.
Serum calcium levels remained relatively constant since
each cell has basic requirements for calcium. Low serum
calcium levels will stimulate production of parathyroid
hormone. Parathyroid hormone then increase resorption
of bone matrix stimulate osteoblasts to release factors that
increase the number and activity of osteoclasts. Increased
bone resorption would increase serum concentrations of
calcium and phosphate. Parathyroid hormone increases
the absorption of calcium and decreases the absorbtion
of phosphate in the kidneys causing fosfaturia. Increased
calcium reabsorption in the renal tubules by transport
proteins (epithelial calcium channel, calbindin-D28K
and plasma membrane Ca**-ATPase) in children born
to mothers with diabetes will normalize serum calcium
levels.!” Parathyroid hormone also increase the activity of
1-a-hydroxylase, resulting in increased synthesis of 1.25-
dihydroxyvitamin D which causes an increase in calcium
absorption in the small intestine.'®

It can be concluded that Gestational Diabetes Mellitus
does not affect the expression of amelogenin in Wistar rat
offspring tooth germ. Further research is needed to examine
the expression patterns of amelogenin with measurement
of blood glucose and serum calcium levels in diabetic
offspring.

ACKNOWLEDGEMENT

The authors were very grateful to Direktorat Jenderal
Perguruan Tinggi Kementerian Pendidikan Nasional and S2
Study Program of Dental Science at the Faculty of Dentistry
Gadjah Mada University Yogyakarta for giving the authors
opportunity to conduct research.



Dewi, et al.,: Effect of gestational diabetes mellitus on the expression 139

REFERENCES 10. Chen J, Zhang Y, Mendoza J, Denbesten P. Calcium-mediated

. Hall JE. Insulin, glucagon, and diabetes mellitus. In: Guyton and
hall text book of medical physiology. 12" ed. Philadelphia: Elseviers
Saunders; 2011. p. 939-54.

. Buchanan TA, Xiang AH. Gestational diabetes mellitus. J Clin Invest

differentiation of ameloblast lineage cells in vitro. J Exp Zool (Mol
Dev Evol) 2009; 312B: 458—64.

. Carvalho EN, Carvalho NAS, Ferreira LM. Experimental model

of induction of diabetes mellitus in rats. Acta Cir Braz 2003; 18:
60-4.

2005; 115(3): 485-91 12. Lenzen S. The mechanisms of alloxan-and streptozotocin-induced

. LessiIL, Bueno A, Sinzato YK, Taylor KN, Rudge MV, Damasceno dlfibetes. leibeto]ogla. ,2008; 31Q2): 216-26.

DC. Evaluation of neonatally-induced mild diabetes in rats: Maternal 13. Kiss ACI, Lima PHO, szfito YK, Takaku M_’ Takeno MA, va1 dge
and fetal repercussions. Diabetol Metab Syndr 2010; 2(1): 37. MVC, Damasceno DC. Animal models for clinical and gestational
Murthy EK, Pavlic-Renar I, Metelko Z. Diabetes and Pregnancy. diabetes: Maternal and fetal outcomes. Diabetol Metab Syndr 2009;
Diabetologia Croatica 2002; 31(3): 131-46. 1c1): 21. ,

. Silva-Sousa YTC, Peres LC, Foss MC. Enamel hypoplasia in a litter 14. Ypsilantis P, ]_)efFCTGOS_ S, Prassopou.los P, Simopoulos C.
of rats with alloxan-induced diabetes mellitus. Braz Dent J 2003; Ult.rason(.)graphlc diagnosis of pregnancy in rats. ] Am Assoc Lab
14(2): 87-93. Anim Sci 2009; 48(6): 734-9.

_ Silva-Sousa YTC. Peres LC. Foss MC. Are there structural 15. Sharma R, Chauhan SS, Mahmood A. Modulation of intestinal
alterations in the enamel organ of offspring in rats with alloxan- brush bordervmembrane chemical C(.)mposwon during Ipostnatal
induced diabetes mellitus?. Braz Dent J 2003; 14(3): 162-7. development in rats: Effect of gestational diabetes. Indian J Exp

. Torres-Quintana MA, Gaete M, Hernandez M, Farias M, Lobos N. Biol 2012; 50(1): 45-50. R R R
Ameloblastin and amelogenin expression in postnatal developing 16. Han J_, Xul, LOHg YS, Epstein PN, .Llu YQ. Rat Vmaternal d1abeFes
mouse molars. J Oral Sci 2005; 47(1): 27-34. impairs pancreatic -cell function in the offspring. Am J Physiol

. Gibson CW. Amelogenin-deficient mice display an amelogenesis Endocrmo} Metab 2007; 293(1): E228-36.
imperfecta phenotype. J Biol Chem 2001; 276(34): 31871-5 17. Bond H, Sibley CP, Balment RJ, Ashton N. Increased renal tubular
Yeh CK. Harris SE 'Mohan S. Horn D, Fajardo R Chu'n YH reabsorbtion of ca and mg by the offspring of diabetic rat pregnancy.
Jorgensen J, Macdougall M, Abboud-Werner S. Hyperglycemia and Pediatr Res 2005; 57(6):_ 890-5. » . L.

18. Bass JK, Chan GM. Calcium nutrition and metabolism during infacy.

xerostomia are key determinants of tooth decay in type 1 diabetic
mice. Lab Invest 2012; 92(6): 868-82.

Nutrition 2006; 22(10): 1057-66.





