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Enamel hypoplasia is the most common developmental defect of human teeth that may be seen in deciduous teeth of babies born to
diabetic women. In the present experimental study, we analyzed the enamel organ of the mandibular incisors of the offspring of rats with
alloxan-induced diabetes. By light microscopy, no alterations could be found in the enamel organ of rats born to diabetic mothers
compared to normal ones, except in one case. In contrast, significant differences were detected with computer-aided morphometry. In
the rats born to treated and untreated diabetic mothers, there was thinning of the enamel matrix and of the ameloblasts and the nuclear
area of the latter was smaller. In the rats born to treated diabetic mothers, the nuclei of the ameloblasts were more elliptical and there
was enlargement of the interstitial area of the stellate reticulum. These results indicate that there are structural defects in the enamel
organ of rats born to mothers with alloxan-induced diabetes which could induce the enamel hypoplasia observed by scanning electron
microscopy and which may reflect the metabolic alterations seen in this condition. Future studies are needed to determine whether these
effects are transitory or permanent.
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 INTRODUCTION

Enamel hypoplasia is the most common of the
changes in human tooth development, with relevant
clinical implications due to esthetic reasons, symptoms
involved, susceptibility to caries, and also to the diffi-
culty of treatment in many cases. This condition occurs
as a direct result of disorders of metabolism of the
ameloblast layers of the enamel organ. The specific
etiological agents or the events responsible for the
deleterious changes in the metabolism of these cells can
be divided into three categories: localized mechanical
trauma, systemic diseases and hereditary factors (1).

Research has shown the relationship of enamel
hypoplasia with several alterations such as low birth
weight (2), neonatal tetany (3), fetal erythroblastosis
(4), hypoparathyroidism/pseudo-hypoparathyroidism
and vitamin D-dependent rickets (5), hereditary bullous
epidermolysis (6), malnutrition (7), toxic fluoride in-

gestion (8), natal or neonatal teeth (9), root canal infec-
tion and traumatic injury to deciduous teeth (8), and
orotracheal intubation during the neonatal period (2).

In addition to the alterations that occur during
the perinatal period and infancy, systemic changes
during pregnancy can also interfere with tooth forma-
tion, resulting in enamel hypoplasia in deciduous teeth.
The occurrence of hypoplastic deciduous teeth in chil-
dren of diabetic mothers has been frequently reported
(1,10). Experimentally induced disturbances of dental
enamel formation are being studied to elucidate the
mechanisms involved in the occurrence of enamel hy-
poplasia. Among the models proposed to study the
changes in dental enamel, we may point out the admin-
istration of tetracycline (11), a calcium-deficient diet
(12), endocrine changes provoked by thyro-parathy-
roidectomy (13), intoxication with heavy metals such
as lead, cadmium and zinc (14) and diabetogenic drugs
such as alloxan (15) and streptozotocin (16).
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Despite clinical evidence of a high incidence of
enamel hypoplasia in diabetic children and in children
of diabetic mothers, limited attention has been paid to
the study of the mechanism of dental tissue formation in
the presence of diabetes mellitus. A previous study of
the dental enamel surface of pups from rats with alloxan
diabetes induced before pregnancy showed different
degrees of dental enamel impairment by scanning elec-
tron microscopy. The changes observed in the enamel
depended on maternal blood glucose levels and were
correlated with the dental enamel hypoplasia observed
in humans (15).

Thus, the objective of the present study was to
analyze by light microscopy and morphometry the
enamel organ of the mandibular incisors of offspring of
rats with alloxan diabetes induced before pregnancy.

MATERIAL AND METHODS

The study was conducted on 18 albino Wistar
rats weighing 180-200 g receiving an appropriate com-
mercial ration and water ad libitum.

Diabetes was induced in 12 rats with a single
dose of 40 mg/kg alloxan and 6 animals were used as
controls. Daily supplementation with 1.0 IU NPH insu-
lin was provided by subcutaneous injection until the
end of mating to prevent infertility.

After mating, the diabetic female rats were di-
vided into two groups of 6 animals each. One group
continued to receive insulin during pregnancy (group
II) and the other did not (group III).

Blood glucose levels were determined by the
glucose-oxidase method 1 day before the induction of
diabetes, 1 day after the induction of diabetes, 1 day
before mating, and 15 days after mating.

Two pups from each litter were selected at ran-

dom at 7 days of age and sacrificed by decapitation. The
hemimandibles were carefully dissected, fixed in
paraformaldehyde, decalcified in Morquio solution
(equal parts of 20% sodium citrate and 50% formic
acid) for approximately 24 h, and individually pro-
cessed for paraffin embedding. Consecutive 4-µm thick
longitudinal sections were stained with hematoxylin-
eosin.

The morphological study was conducted in two
stages: a) light microscopy analysis of the enamel organ
in the final part of the stage of enamel secretion using a
Leitz Wetzlar microscope (Wetzlar, Germany), and b)
morphometric analysis of the enamel matrix formed
and of the enamel organ in the final phase of the
secretion stage using the Scion Image for Windows
software (Scion Corporation, Maryland, USA). The
following parameters were evaluated: thickness of the
enamel matrix, ameloblast height, area of the amelo-
blast nucleus, ratio of the largest and smallest diameters
of the ameloblast nucleus, thickening of the intermedi-
ate layer, thickness of the stellate reticulum, and area
corresponding to the interstitium of the stellate reticu-
lum.

RESULTS

The mean blood glucose levels, expressed as
mg/100 ml, for control rats (group I), diabetic rats
treated with insulin (group II) and diabetic rats that did
not receive insulin treatment after mating (group III) are
presented in Figure 1. When the data were analyzed by
the Kruskal-Wallis test at the 1% level of significance,
a significant difference was observed between the con-
trol and treated groups. With respect to groups II and III,
significant differences in blood glucose levels were
observed 1 day before mating.

Light Microscopy

A panoramic view of the dental germ showed
that on the 7th day of life the odontogenesis of the
mandibular incisors was in the crown phase, with the
presence of cells of the enamel organ in various stages
of differentiation. The different stages of amelogenesis
were defined and recognized on the basis of the mor-
phological aspect of the cells.

No significant changes were observed by light
microscopy in the final stage of enamel secretion in

Figure 1. Mean blood glucose levels of female rats of groups I
(closed squares), II (closed triangles) and III (open squares) (N=
6).
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enamel organ (Figure 2B). Projections corresponding
to the Tomes processes were observed in the secretion
zone, as well as an enamel layer which did not differ
histologically from those observed in the control group.
Focal points of mineralized tissue among the cells of
the ameloblastic layer were observed in the maturation
zone (Figure 2C).

Morphometric Analysis

The results of the morphometric analysis were
submitted to previous statistical analysis in order to define
the characteristics of sample distribution and thus permit
the choice of an appropriate statistical test. Data concern-
ing enamel matrix thickness, ameloblast height, ratio
between the largest and smallest diameter of the amelo-
blast nucleus, thickness of the intermediate layer and area
corresponding to the interstitium of the stellate reticulum
presented normal distribution and were analyzed by para-
metric tests, i.e., analysis of variance and Tukey test, with
the level of significance set at 5% in both cases. The

Figure 2. A: Enamel secretion zone of a control animal. Enamel
matrix (E), dentine (D), secretory ameloblasts (A), intermediate
stratum (EI), stellate reticulum (RE). Note the characteristic
projections of Tomes’ processes (arrow) (Original magnification
400X). B: Ameloblast layer alteration in a case of group II. The
ameloblasts are irregularly shaped and arranged (A) but the
enamel layer is normal (E) (Original magnification 400X). C:
Same animal with lesion in the enamel maturation zone. Note the
disorganized ameloblast layer (A) with foci of mineralization
(arrow) (Original magnification 400X).

Table 2. Mean values of the parameters submitted to analysis by
the Kruskal-Wallis test (N=12).

Control Treated Untreated
diabetic rats diabetic rats

Ameloblast nucleus 31.61807a 28.89008b 26.43972b

area (µm2)
Stellate reticulum 15.57750a 14.48445a 14.31292a

thickness (µm)

Different letters indicate statistically significant differences.

Table 1. Mean values of the parameters submitted to analysis by
parametric tests ANOVA and Tukey (N=12).

Control Treated Untreated
diabetic rats diabetic rats

Enamel thickness (µm) 14.47979a 11.46775b 9.80233b

Ameloblast height (µm2) 47.15083a 42.58484b 36.18091c

D/d (ameloblast nucleus) 2.55917a 2.90167b 2.61500a

Intermediate layer 2.29923a 2.18643a 2.16456a

thickness (µm)
Area of the interstitium 42.28a 52.59b 44.13a

of the stellate reticulum

Different letters indicate statistically significant differences.

groups II and III (Figure 2A), except for a single case. A
group II animal presented marked changes in the amelo-
blast layer, with the presence of irregular cells with
rounded nuclei irregularly arranged along the entire
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results are reported in Table 1.
The data concerning ameloblast nucleus area

and stellate reticulum thickness presented non-normal
distribution and were submitted to the nonparametric
Kruskal-Wallis test, with the level of significance set at
1%, and to the test for rank means. The results are
reported in Table 2.

DISCUSSION

The frequent association between diabetes and
pregnancy has led to the characterization of a clinical
class denoted gestational diabetes which includes preg-
nant patients whose diabetes starts or is first diagnosed
during the gestational period (17).

Hyperglycemia in pregnant women is known to
have deleterious effects on fetal development, increas-
ing the risk of congenital malformations (18), which
continue to be the major cause of morbidity in this
group. Hyperglycemia during the gestational period
can also affect the dental enamel development during
this period, causing enamel hypoplasia in the decidu-
ous teeth of children born to diabetic mothers (1,10).

Experimental diabetes can be induced surgically
by pancreatectomy or chemically by the administration
of alloxan or streptozotocin. In the present study, we
opted for alloxan-induced diabetes because it is a method
of easy execution, which permits the occurrence of
diabetic status in a high percentage of animals with
characteristics similar to those of diabetes mellitus of
humans. The model of diabetes induced with alloxan
before pregnancy was used in a previous study and
yielded satisfactory results both in terms of hyperglyce-
mia and in terms of the observation of defects on the
surface of dental enamel (15). The blood glucose levels
obtained in the present study with alloxan-induced
diabetes indicate that the method used was effective,
producing a hyperglycemic state observable as early as
24 h after induction and lasting throughout the experi-
ment. The option of inducing diabetes with alloxan
before pregnancy was used to prevent the toxic acute
effects of the drug on fetal development.

Literature reports the occurrence of ultrastruc-
tural alterations in the secretory ameloblasts of rat
incisors after the induction of experimental diabetes
(15,16). Silva-Sousa (15) analyzed qualitatively by scan-
ning electron microscopy the morphological aspect of
the surface of dental enamel of offspring of rats with

alloxan diabetes induced before pregnancy. Enamel
alterations of varying degrees depending on the mater-
nal blood glucose levels were observed and were found
to be similar to the dental enamel hypoplasia observed
in humans.

The animal’s age selected (7 days) for the analy-
sis of the enamel organ was based on the fact that the
dental tissues observed at this age were formed during
intrauterine life, in this case under the influence of the
maternal hyperglycemic status.

Since the incisors of rodents present continuous
development and a single section can show the various
stages of the life cycle of ameloblasts as well as the
phases of secretion, calcification and maturation of the
enamel matrix (19), it is of fundamental importance that
the analyses be conducted on the same region of the
enamel organ. Thus, the morphological and morpho-
metric analyses were limited to the final stage of secre-
tion of the enamel organ since in this phase the enamel
matrix has developed to its full thickness with a suffi-
cient amount of preserved organic matter, which serves
for histological determination of the structural organi-
zation of this tissue.

Morphological analysis by light microscopy of
the dental germs showed that, on the 7th day of the
animal’s life, the odontogenesis of the mandibular inci-
sor was in the crown phase, permitting observation of
the cells of the inner epithelium of the enamel organ in
different stages of differentiation.

In the present study, light microscopy did not
reveal significant changes in the enamel organ of pups
from diabetic dams, except for a single animal in group
II which presented marked alterations in the ameloblast
layer. Although these changes occurred in a single case,
it is important to point out that the animal in question
was from the dam that presented the highest blood
glucose levels during the experiment, i.e., 911 mg/100
ml on the 15th day after mating. Similar changes were
observed when the effect of tetracycline on the secre-
tory ameloblasts of rat teeth was investigated (11).

The mean thickness of the enamel matrix ob-
served in offspring of diabetic dams (groups II and III)
was lower than that observed in the control group,
clearly showing that the secretion of the enamel matrix
was decreased in the experimental groups, forming a
thinner enamel layer.

Significant differences in ameloblast height were
observed between the three groups, with lower mean
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values being observed in groups II and III. The nuclei of
the ameloblasts were analyzed in terms of two param-
eters. The mean values corresponding to the area of the
nucleus showed that the pups from diabetic dams pre-
sented smaller nuclei than control animals. Analysis of
the ratio between the largest and smallest diameter of
the nucleus showed that pups from diabetic dams treated
with insulin (group II) had a more elongated nucleus
than the other animals studied.

No significant differences were observed in the
thickness of the intermediate layer or of the stellate
reticulum between the three groups studied. With re-
spect to the area corresponding to the interstitium of the
stellate reticulum, we observed that pups from diabetic
dams treated with insulin (group II) presented a higher
percentage (52.59%) than pups from groups I (42.28%)
and III (44.13%). Considering that increased perme-
ability of the basement membrane of different tissues
occurs in diabetic patients, we may assume that the
increase in the area corresponding to the interstitium of
the stellate reticulum is due to an increase in fluid
promoted by the greater permeability of blood vessels
present in the region. At the beginning of the secretory
phase of amelogenesis, the volume of the stellate reticu-
lum is reduced due to the loss of its intercellular mate-
rial in order to permit the outer epithelium to reach the
intermediate layer, facilitating the arrival of nutrients to
the intermediate layer, where they will be pre-metabo-
lized, later reaching the ameloblasts (20).

On the basis of these observations, we may
assume that the increase in the area relative to the
interstitium of the stellate reticulum observed in ani-
mals whose mothers presented marked hyperglycemia
might have prevented nutrients from reaching the secre-
tory ameloblasts, resulting in changes in the secretion
of the organic matrix of enamel.

The alterations observed in diabetes, both hu-
man and experimental, are not only due to blood glu-
cose levels but also to intracellular functional changes
brought about by metabolic adaptations secondary to
the lack of intracellular glucose. Under these condi-
tions, metabolites arise that may interfere with other
biochemical processes or lead to morphological cellu-
lar changes at distinct sites. It was not an objective of
the present study to determine the pathogenic mecha-
nisms involved in the model, but only to determine and
characterize the morphological changes existing in the
enamel organ of the offspring of diabetic rats.

On the basis of the results obtained, we may
conclude that analysis by light microscopy did not
show significant changes in the enamel organs of pups
born to diabetic mothers, except for a single case. With
respect to morphometric analysis, we observed that 1)
the enamel matrix was thinner in the experimental
groups, 2) the secretory ameloblasts of pups from dia-
betic dams were shorter than those of the control group,
3) the ameloblast nuclei were smaller in pups from
diabetic dams and more elongated in pups from insulin-
treated diabetic dams than in the other animals studied,
and 4) the area of the interstitium of the star-shaped
reticulum was larger in pups from insulin-treated dams
than in the other animals studied.
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RESUMO

 A hipoplasia de esmalte é a mais comum dentre as alterações de
desenvolvimento do dente humano, e ocorre com freqüência em
dentes decíduos de filhos de mães diabéticas. O presente estudo
experimental analisou, por meio de microscopia óptica e
morfometria, o órgão do esmalte de incisivos inferiores de
filhotes de ratas com diabetes aloxânico, induzido previamente à
gestação. Os resultados mostraram que não foram observadas
pela microscopia óptica alterações significantes nos germes dentais
dos animais descendentes de ratas diabéticas, com exceção de um
caso. A análise morfométrica dos órgãos do esmalte de ratos
nascidos de mães diabéticas tratadas e não tratadas evidenciou as
seguintes diferenças estatisticamente significantes: menor
espessura da matriz de esmalte, menor altura dos ameloblastos e
área de seus núcleos. Nos animais nascidos de ratas diabéticas
tratadas, observou-se núcleos dos ameloblastos mais elípticos e
aumento da área correspondente ao interstício do retículo
estrelado. Estes resultados indicam que há alterações estruturais
no órgão do esmalte de descendentes de ratas com diabetes
aloxânico as quais poderiam induzir a hipoplasia do esmalte
dental visto por microscopia eletrônica de varredura,
possivelmente refletindo as alterações metabólicas observadas
nesta condição. Estudos futuros devem ser realizados a fim de
determinar se estas alterações são transitórias ou permanentes.
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