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ABSTRACT

Several studies have examined the deleterious effects of diabetes on the oral mucosa. In this study, we examined the
histological, ultrastructural and stereological changes in the oral epithelium of diabetic NOD mice and correlated the
findings with the processes of tissue repair, healing and susceptibility to infection. Twenty-seven female mice were
allocated to one of three experimental groups (n= 9/ group) BALB/c control mice, non-diabetic NOD mice and
diabetic NOD mice. After confirmation of the diabetic state based on the urine glucose levels, tissue samples were
collected from the cheek mucosa and processed for light and transmission electron microscopy. Diabetic NOD mice
showed atrophy of the oral epithelium with definite cellular polymorphism and indistinguishable cell layers. The
alterations seen included a reduced number of cell organelles, cell membrane disorganization, the accumulation of
lipid droplets in the cell cytoplasm, an increased intercellular space and slight superficial desquamation. Non-diabetic
NOD mice showed only moderate morphological alterations in the cheek mucosa. These results indicate that diabetes
adversely affects the morphology of the cheek mucosa, which may compromise tissue function to favor the occurrence
of oral infections.
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INTRODUCTION

Diabetes mellitus is a chronic disease that
produces severe metabolic disorders. The main
characteristic of diabetes is hyperglycemia, which
results from poor glucose use because of insufficient
insulin secretion and hepatic gluconeogenesis [7,33].
Type I or insulin-dependent diabetes affects
approximately 10% of diabetic patients in the western
world [37]. This type of diabetes results from a lack
of insulin caused by autoimmune destruction of the
pancreatic beta cells [18]. Various studies have
established diagnostic criteria to help elucidate the
etiology of diabetes and its deleterious effects in a
variety of organs, including the vascular, renal,
ophthalmic, neurological, digestive and reproductive
systems [1,2,4,10,12,37]. An association between
diabetes mellitus and alterations in the oral mucosa
has been observed in experimental studies and clinical
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practice, and includes changes in the healing process
of lesions as well as the triggering of infectious
processes in the mucosal lining [11,13,17]. In
addition, studies in alloxan-induced diabetic rats have
shown a marked decline in the rate of cell proliferation
in the oral mucosa, an increase in the lactobacillus
flora and the presence of caries and periodontal
disease [16,31]. In streptozotocin-diabetic rats, an
important reduction in the tolerance of gingival
supporting tissues to continuous mechanical pressure
has been reported [27].

The aim of this study was to examine the
alterations in the histology and ultrastructure of the
oral epithelium of nonobese diabetic (NOD) mice,
which have autoimmune diabetes that resembles
human type I diabetes [24,38]. We also investigated
the correlation between the results obtained and the
processes of tissue repair, healing and susceptibility
to infection.

MATERIAL AND METHODS

Animals and tissue preparation

Twenty-seven female mice 15 weeks old were allocated to
one of three experimental groups (9 mice/ group): BALB/c
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control mice (non-autoimmune and non-diabetic), non-diabetic
autoimmune NOD mice and diabetic autoimmune NOD mice
20 days prior to use. The mice were fed standard rodent chow
(Nuvilab CR 1), and the food and water intake were quantified
daily. Urine glucose and protein levels (mg/dl) were measured
in each mouse twice a day using commercial kits (Bayer
MultistiK 10 SG). The mice were weighed at the beginning and
at the end of the experiment. When required, the mice were
anesthetized with Francotar/Virbaxil (1:1/0.25 m1/100g body
weight) and sacrificed by anesthetic overdose. For light
microscopy, samples of cheek mucosa from four mice in each
group were fixed in Bouin solution and embedded in plastic resin
(Paraplast Plus). Sections (6 um thick) were stained with
hematoxylin and eosin. Photomicrographs were obtained with a
Nikon photomicroscope. For transmission electron microscopy,
five mice in each group were perfused with Karnovsky solution
[22] and the tissue was immediately removed, fixed in the same
solution for 24 h and post-fixed in 1% osmium tetroxide for 2 h.
The specimens were then dehydrated, embedded in plastic resin
(Polyscience), cut into ultrathin sections with an LKB
ultramicrotome and counterstained with uranyl acetate and lead
citrate [32,39]. The material was examined and photographed
with a LEO-906 transmission electron microscope in the Electron
Microscopy Laboratory, in the Institute of Biology, UNICAMP.

Light microscopy and stereological parameters

The material processed for light microscopy as described
above was used to determine the cytoplasmic and nuclear
volumes of the basal cells and the epithelium thickness.
Cytoplasmic and nuclear volumes were measured using the point
counting method of Weibel [40], with the nuclear volume being
determined by measuring the diameter of 50 basal epithelial cell
nuclei in the cheek mucosa of each mouse. Epithelium thickness
was determined as the mean height of the four regions of oral
mucosa in each mouse, and was measured using an ocular grid
(10 mm/100, Zeiss) coupled to an Olympus CBB microscope
equipped with a 100X lens [40].

Statistical analysis

The results were expressed as the mean = S.D. Body weight
variation (final weight minus initial weight), mean diameter of
basal epithelial cells nuclear and cytoplasmic volumes, and
epithelium thickness were compared using Tukey’s mean
comparison test [26], followed by a multiple comparison test
involving all pairs of groups [28]. The level of significance was
set at 1%.

RESULTS

Urine analysis

The mean urine glucose and protein concentration
were 30 mg/dl, respectively, for BALB/c and non-
diabetic autoimmune NOD mice, compared to 750
mg/dl and 10 mg/dl in the diabetic autoimmune mice
throughout the 20 days of the study (n =9 group).

Body weight variation

There was a significant increase in body weight
in the BALB/c and non-diabetic autoimmune NOD
mice compared to diabetic autoimmune NOD mice
during the study (Table 1).

Light microscopy

A 9 um thick keratinized, stratified squamous
epithelium was observed in the cheek mucosa of
control BALB/c mice (Table 1). This epithelium
consisted of basalis, spinosum, granulosum and
corneum cell layers with marked epithelial cristae
located above a clear basal membrane (Fig. 1A).
Columnar cells with a centrally located nucleus were
observed in the basal cell layer (Fig. 1A). In the
spinosum and granulosum layers, the cells were
voluminous and flat, respectively, and had a centrally
located nucleus. Superficially, flattened cells in the
process of desquamation were identified in the
corneum layer (Fig. 1A). The lamina propria consisted
of fibroblast cells and other cell types scattered
throughout the connective tissue (Fig. 1A). In non-
diabetic autoimmune NOD mice, the epithelium had
a mean thickness of 4.3 um (Table 1), occasional
epithelial cristae, and basal cells with reduced
cytoplasmic and nuclear volumes and impaired
stratification of the spinosum, granulosum and
corneum cell layers (Fig. 1B and Table 1). Apparent
involution and a decrease in cell number were

Table 1. Body weight variation, nuclear and cytoplasmic volume of basal cells and thickness of the epithelium in the oral mucosa of

Balb/c (control) and NOD mice.

Variable Balb/c mice

NOD mice

Non-diabetic Diabetic

Nuclear volume (um?) 3.08+0.24(¢c)
8.0310.72(c)
9.00+0.82(c)

1.2041.18(a)

Cytoplasmic volume (um?®)
Epithelial thickness (um)
Weight variation (g)

2.3440.29(b)
6.30£0.78(b)
4.30+0.48(b)
1.60+1.09(a)

1.8310.29(a)
4.40£0.88(a)
2.80+0.81(a)
-2.40+1.15(b)

The values are the mean * S.D. Different letters indicate significant differences (P< 0.01).
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observed in the spinosum and granulosum strata,
respectively. The corneum layer showed minor
desquamation. The lamina propria consisted of
fibroblasts and other cell types scattered throughout
the connective tissue (Fig. 1B).

In diabetic autoimmune NOD mice, the
epithelium was atrophic (mean thickness, 2.8 um) and
the basement membrane had occasional epithelial
cristae (Fig. 1C and Table 1). Identification of the
different cell layers was difficult. In the basal cell
layer, pleomorphic cells with a marked reduction in
cytoplasmic and nuclear volumes were observed (Fig.
1C and Table 1). The cells of the spinosum and
granulosum layers were apparently involuted, and the
corneum layer showed minor desquamation (Fig. 1C).
The lamina propria consisted of fibroblastic cells and
various cell types scattered throughout the connective
tissue (Fig. 1C).

Transmission electron microscopy

Ultrastructurally, in control mice, a basal-located
nucleus of the basal cells presented an evident
nucleolus, and the chromatin was homogenously
distributed and condensed close to the nuclear
membrane (Fig. 2A,B,C). Spherical and elongated
mitochondria were noted in the basal cell cytoplasm.
A granular endoplasmic reticulum with flattened and
parallel cisternae was located in the perinuclear region
(Fig. 2B, Inset). The spinosum cells were voluminous
and polyhedral, with an irregular nucleus,
homogenously to distributed chromatin and an evident
nucleolus (Fig. 2D). The cytoplasm of these cells
contained electron-dense spherical granules,
mitochondria and a markedly by granular
endoplasmic reticulum in the perinuclear region (Fig.
2D). The granulosum layer was characterized by
flattened cells with a centrally located nucleus and
invagination of the nuclear membrane. The cytoplasm
contained spherical granules, mitochondria and a
markedly granular endoplasmic reticulum in the

Figure 1. Photomicrographs of the oral epithelium of mice. A: Balb/
¢ mice: Epithelium showing desquamation (arrow), wide epithelial
cristae (curved arrow), fibroblasts (arrowhead) and lamina propria
(L). Note the epithelial layers, i.e., basal (SB), spinosum (SS),
granulosum (SG) and corneum (SC) cell layers. H.E. B: Non-
diabetic NOD mice: Epithelium showing minor desquamation
(arrow), epithelial cristae (curved arrow), lamina propria (L) and
fibroblasts (arrowhead). Reduced epithelium with differentiation
of the basal (SB), spinosum (SS), granulosum (SG) and corneum
(SC) cell layers. H.E. C: Diabetic NOD mice: Atypical epithelium
with no evidence of epithelial desquamation (arrow) and epithelial
cristae (curved arrow). Atrophic basal cells (SB), fibroblasts
(arrowhead) and lamina propria (L). H.E. Bar = 10 um.
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perinuclear region. The cytoplasmic membrane
showed indentations and a small intercellular space
(Fig. 2E). In the corneum layer, flattened cells in the
process of desquamation were noted (Fig. 2F). The
lamina propria consisted of connective tissue and
transversal and longitudinal collagen fibers (Fig. 2C),
in addition to an intact basement membrane at the
interface with the lining epithelial (Fig. 2B).

In non-diabetic, autoimmune NOD mice, cellular
involution was observed (Table 1) with the nucleus
occupying a large part of the cytoplasm and a visible
nucleolus and condensed chromatin close to the
nuclear membrane (Fig. 3C). Mitochondria and a
markedly granular endoplasmic reticulum were
observed in the basal region and close to the nuclear
membrane (Fig. 3B). Lipid droplets were seen in the
basal cytoplasm and desmosomes were also present
(Fig. 3A,B, Inset). The spinosum cells were apparently
involuted but maintained a polyhedral shape, with an
irregular nucleus, condensed chromatin close to the
nuclear membrane, and a poorly visible nucleolus
(Fig. 3D). The cytoplasm contained small, spherical,
electron-dense granules. Mitochondria and a
markedly granular endoplasmic reticulum were seen
scattered throughout the cytoplasm and in the
perinuclear region. An apparent increase in the
intercellular space was also noted (Fig. 3D).

In the granulosum layer, the cells apparently
involuted with an irregular nucleus occupying a large
part of the cytoplasm. The cytoplasm contained
electron-dense, spherical granules, probably,
keratohyalin granules (Fig. 3E). Superficially, the
corneum layer was characterized by flattened cells
accompanied by minor desquamation (Fig. 3F). The
lamina propria consisted of connective tissue
containing transversal and longitudinal collagen fibers
(Fig. 3A). An intact basement membrane was located
at the interface with the epithelial lining (Fig. 3B).

Diabetic autoimmune NOD mice had a markedly
involuted stratified epithelium, with lipid droplets
scattered among the basal, spinosum and granulosum
layers (Fig. 4A,D). The basal cell layer was
characterized by involuted and pleomorphic cells
(Table 2), with an irregular nucleus occupying most
of the cytoplasm (Fig. 4C). Mitochondria, as well as
a granular endoplasmic reticulum with flattened
cisternae located in the perinuclear region, were
observed in the cytoplasm (Fig. 4B, Inset, and 4C).
The intercellular space was markedly increased (Fig.
4B,C). The spinosum cell layer was characterized by
cellular involution and pleomorphism (Fig. 4D). The
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cytoplasm contained electron-dense granules and
mitochondria were observed in the perinuclear region;
no granular endoplasmic reticulum was seen. The
intercellular space was increased (Fig. 4D). The
granulosum cell layer was apparently reduced, and
contained flattened cells with an irregular nucleus
occupying most of the cytoplasm. The cytoplasm of
these cells contained spherical, or irregular in shape
electrondense granules, probably, keratohyalin
granules (Fig. 4E). The corneum layer was
characterized by flattened cells lacking a nucleus and
organelles. Minor desquamation of the epithelium was
observed (Fig. 4F). Transversal and longitudinal
colagen fibers were noted in the lamina propria (Fig.
4B), and there was an intact basement membrane at
the interface with the epithelial lining (Fig. 4C).

DISCUSSION

The moderate proteinuria and high glucose levels
in the urine of diabetic autoimmune NOD mice, as
well as the significant loss of body weight, agreed
with various other reports [7,8,10,16,21,24,25,35] that
have demonstrated the usefulness of this experimental
model for studying diabetes.

Microscopic examination of mice with confirmed
diabetes showed atrophy of the oral epithelium, with
clear cellular polymorphism and poorly-defined cell
layers. The alterations seen included a reduced
number of cell organelles, cell membrane disorgani-
zation, the accumulation of lipid droplets in the
cytoplasm, increased intercellular space and slight
superficial desquamation. In non-diabetic NOD mice,
moderate morphological alterations were noted on the
cheek mucosa. These changes were probably related
to an autoimmune factor since these mice develop a
lymphocytic infiltration of the pancreatic islets of
Langerhans with concomitant beta cell destruction,
resulting in the loss of insulin secretion [20].
However, pre-diabetic NOD mice represent an
imperfect autoimmune model because the changes
observed in the various tissues are not intense [36,41].

Elgeneidy et al. [9] reported a chronic inflammatory
process in the connective tissue of homozygous obese
mice with diabetes. Rats with chemically induced
diabetes show a reduction in cell proliferation 3-4 weeks
after the reported onset of the diabetic state, but with no
epithelial atrophy [16]. Reuterving ef al. [31] reported
periodontal disease characterized by an inflammatory
process in the oral tissue of rats with chemically induced
diabetes. Similar studies in rats with two-week of
diabetes showed the presence of inflammatory cells
adjacent to the oral epithelium, with an inflammatory
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Figure 2. Transmission electron micrographs of the epithelial cells of Balb/c mice. A: Columnar basal cells (asterisk) and tonofilaments
(T). Ba r= 50 pum. B: Intact basement membrane (thin arrow), nucleolus (NU) and condensed chromatin (C) close to the nuclear
membrane. Bar= 50um. Inset: Granular endoplasmic reticulum (short arrow), mitochondrion (M) and desmosome (D). Bar = 200
pm. C: Columnar basal cells and condensed chromatin close to the nuclear membrane (C). Lamina propria with collagen fibers (F).
Ba r=200 um. D: Spinosum cell layer: nucleus (star), granular endoplasmic reticulum (short arrow), mitochondrion (M), electron-
dense granules (E), tonofilaments (T), reduced intercellular space (long arrow) and desmosomes (D). Bar = 50 um. E: Granulosum
cells (asterisk): nucleus (star) and nucleolus (NU), mitochondria (M), electron-dense granules (E) associated with tonofilaments (T)
and intercellular space (long arrow). Ba r= 50 um. F: Corneum layer (SC). Bar = 200 um.
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infiltrate in connective tissue characterized by a reduced
occurrence of fibroblasts and collagen and an increase
in plasma cells compared to healthy animals [15,34]. In
addition, Batbayar er al. [3] observed an increased
number of mast cells associated with neurogenic
inflammation and vasoconstriction in the oral mucosa
of streptozotocin induced diabetic rats.

In contrast to these findings, rats with five weeks
of streptozotocin-induced diabetes showed no
effective inflammatory process, although there was
reduced cell proliferation and reduced thickening of
the epithelial lining [35]. Likewise, a study of the
effects of chemically induced diabetes in rats
subjected to mechanical pressure of the oral mucosa
revealed no inflammatory cells or epithelial atrophy,
although there was a reduced rate of cell proliferation
[27]. In the rats with four weeks of experimentally
induced diabetes, the cells of the oral mucosa showed
accelerated DNA fragmentation and apoptosis after
mechanical pressure, with reduced intercellular
adhesion in the spinosum layer and early exfoliation
in the corneum layer. However, the laminar
arrangement and thickness of the cell layer were
maintained [25]. A clinical study of cellular
polymorphism suggested that the microscopic
alterations produced by diabetes in the oral epithelium
could be used to diagnose this disease [1]. Together,
these studies show that diabetes per se leads to marked
cellular transformations in the different layers of the
cheek epithelium. In addition the morphological
damage, seen here in diabetic NOD mice could be
potentiated by an autoimmune factor.

NOD mice develop a lymphocytic infiltration of
the pancreatic islets with concomitant beta cell
destruction that results in the loss of insulin secretion
and uncontrolled blood glucose levels [20]. Clinical
studies have also shown that diabetic patients are
susceptible to oral diseases, probably because of their
reduced defense against infection and the impaired
process of lesion healing caused by the suppression
of collagen synthesis and excessive collagenolytic
activity [14,29]. In a series of biopsies from 28 adult
diabetic patients, increased periodontal disease was
confirmed by the presence of chronic inflammatory

cells [19]. In contrast, no significant inflammatory
processes in connective tissue and no morphological
changes in blood vessels were seen in biopsies from
diabetic patients of different ages [23]. However, a
similar study of diabetic patients of different ages
revealed a high incidence of gingivitis and
periodontitis, with the intensity of these diseases being
directly proportional to the patient’s chronological age
and not to the duration of diabetes [5,6]. Barnett et
al. [2] detected a low incidence of periodontitis in 45
young diabetic patients and suggested that it was
inappropriate to relate the chronological age with the
incidence of oral disease. According to Renner [30],
diabetic patients who use dentures have high rates of
ulceration in the supporting oral mucosa.

The structural alterations detected here confirmed
the harmful effects of diabetes and showed that
autoimmune diabetes impair the lining and protective
functions of the epithelium in the cheek mucosa. Such
modifications may alter oral homeostasis and hinder
epithelial regeneration and healing, in addition, to
exposing the oral mucosa to the action of infectious
and carcinogenic agents.
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Figure 4. Transmission electron micrographs of diabetic NOD mice. A: Atypical basal cells (asterisk) and lipid droplets (thick
arrow). Ba r = 50 um. B: Increase in the intercellular space (curved arrow), mitochondria (M), nucleus (star) and nucleolus (NU).
Bar = 50 um. Inset: Basal cell layer: granular endoplasmic reticulum (arrowhead), Golgi complex (G) and desmosomes (D). Bar =
200 um. C: Basal cell layer: Increased intercellular space (curved arrow), lipid droplets (thick arrow), mitochondria (M), nucleus
(star), condensed chromatin (C) close to the nuclear membrane and Golgi complex (G). Bar =200 um. D: Spinosum cells with lipid
droplets (thick arrows), irregular nucleus (star), condensed chromatin (C) close to the nuclear membrane, mitochondrion (M),
electron-dense granule (E), intercellular space (curved arrow) and desmosomes (D). Bar = 200 pum. E: Granulosum cell (asterisk),
with nucleus (star), electrondense granules (E) and intercellular space (long arrow). Bar = 50 um. F: Minor desquamation of the
corneum layer (SC). Bar =200 um.
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