
INTRODUCTION

In Japanese, obesity is a lifestylerelated disease
and major risk factor for type 2 diabetes mellitus
(DM). Approximately 26% of Japanese adults have
a body mass index (BMI) of 25 kg/m2 or greater,
and this proportion is increasing.1 Asians, including
Japanese, are reported to have a higher incidence
of diabetes mellitus because they have a lower BMI
and higher body fat percentage than Caucasians
and Europeans.2 In the GotoKakizaki (GK) rat3, an
animal model of spontaneous nonobese type 2
DM, hyperglycemia has been reported to cause
atrophic changes in various oral organs (gingiva,46

tongue,7 palate,8 mandibular glands9 and connective
tissue of the posterior part of the articular disc10).
We have also reported on the subepithelial connec
tive tissue and capillaries of the palatal gingiva of

the maxillary first molar in the Spontaneously Dia
betic Torii (SDT) fatty rat11 as a model rat of obese
type 2 DM (ODM);12 however, to our knowledge, in
vestigation on the mucosal epithelium has not been
reported. Therefore, we performed a morphological
study of the mucosal epithelium of the palatal gin
giva of the maxillary first molars in ODM model and
normal (N) rats.

MATERIALS AND METHODS

Experimental Animals
We used 12 rats in this study: six 8weekold male
SDT fatty rats with a body weight of 298.8 ± 13.0
g in the ODM group, and six 8weekold male Spra
gue Dawley rats with a body weight of 242.0 ±
28.8 g in the N group (Fig. 1 and Table 1). The ani
mals were purchased from CLEA (Tokyo, Japan).
The study was approved by the Osaka Dental Uni

Morphological study of the mucosal epithelium of the palatal gingiva of the maxillary
first molars in obese type 2 diabetes mellitus model rats

Kotaro Moriue, *Yoichi Sumi and Mamoru Uemura
Department of Anatomy, Osaka Dental University, 8-1 Kuzuhahanazono-cho, Hirakata-shi, Osaka 573-1121, Japan
*E-mail: sumi-y@cc.osaka-dent.ac.jp

In Japanese, obesity is a lifestylerelated disease and major risk factor for type 2 diabe
tes mellitus. Asians, including the Japanese, are reported to have a higher incidence of
diabetes mellitus because they have a lower body mass index and higher body fat per
centage. In this study, we performed a morphological analysis of the mucosal epithelium
of the palatal gingiva of the maxillary first molar in normal rats and in Spontaneously Dia
betic Torii fatty rats, a model of obese type 2 diabetes mellitus (ODM). The superficial
morphology of the mucosal epithelium showed epithelial cells of various sizes and nearly
exfoliated epithelial cells in the ODM group. The mucosal epithelium was significantly
thicker in the ODM group than in the normal group (p＜0.01). The number of cells in the
granular and prickle layers was significantly greater in the ODM group than in the normal
group (p＜0.01), and the number of epithelial papilla was significantly lower in the ODM
group than in the normal group (p＜0.01). In conclusion, hyperglycemia with ODM thick
ens the mucosal epithelium of the palatal gingiva of the maxillary first molar causing the
epithelial papillae to be lower and epithelial cells of the keratinized layer to detach more
easily. (J Osaka Dent Univ 2023; 57: 301312)

Key words: Obese type 2 diabetes mellitus; SDT fatty rat; Gingiva; Maxillary first molar;
Mucosal epithelium

J Osaka Dent Univ 2023 (October); 57 (2): 301−312.



versity Institutional Animal Care and Use Commit-
tee (Approval Nos. 21-03008 and 22-01003).

Measurements of fasting blood glucose and he-
moglobin A1C levels
All rats were fasted for 24 h, intraperitoneally in-
jected with Novo Heparin Injection 5000Ⓡ heparin
sodium (Mochida Pharmaceutical, Tokyo, Japan),
and weighed. After 30 min, the rats were eutha-
nized by an intraperitoneal overdose of Somnopen-
tylⓇ barbiturates (Kyoritsu Pharmaceutical, Tokyo,
Japan). Four milliliters of blood was collected from
the left ventricle using a 5-mL TerumoⓇ syringe
(Terumo, Tokyo, Japan) after the thorax had been
opened. The serum sample was collected, and fast-
ing blood glucose (FBG) levels were measured via
the hexokinase / glucose-6-phosphate dehydroge-
nase method using a Quick Auto Neo GLU-HK kit

(Shino Test, Tokyo, Japan) after centrifugation of 2
mL of the collected blood at 3,000 rpm for 5 min in
a H-201FR high-speed cooling centrifuge (Kokusan,
Saitama, Japan).13 The HbA1C levels of the remain-
ing 2 mL of blood were measured using a RA-
PIDIAⓇ Auto HbA1C-L kit latex agglutination-based
assay (Fujirebio, Tokyo, Japan).14 The HbA1C levels
were determined using National Glycohemoglobin
Standardization Program values. A cannula was
then inserted from the left ventricle into the ascend-
ing aorta to rinse blood from the right atrium using
a 0.1-M phosphate buffer solution (PBS) to prepare
the specimens as described below.

Collection and preparation of superficial mor-
phological specimens
Three rats from each group were used to observe
the superficial morphology of the mucosal epithe-
lium of the palatal gingiva of the maxillary first mo-
lars. The solutions were adjusted to 2.5% (w/v) glu-
taraldehyde (Kishida Chemical, Osaka, Japan) and
5% (w/v) neutral-buffered formalin (Sigma-Aldrich,
Osaka, Japan) with 0.1-M PBS, respectively, and
the mixed solutions were infused into the ascending
aorta. A BS-3000 diamond bandsaw (EXAKT, Nor-
derstedt, Germany) was used for en bloc removal
of the maxillary first molars together with the sur-
rounding mucosa and bone. The samples were
fixed via soaking in a glutaraldehyde/formalin solu-
tion at 4°C for 24 h. The samples were then
soaked in a 1% (w/v) tannic acid solution (Fujifilm
Wako Pure Chemical, Osaka, Japan) for 2 h for
pretreatment after washing with 0.1-M PBS for 1 h.
They were then washed in 0.1-M PBS for 2 h and
further washed in 0.1-M PBS using an UT-105HSⓇ

ultrasonic washer (Sharp, Osaka, Japan) at 35°C
for 5 min. The samples were subsequently dehy-
drated using an increasing series of ethanol con-
centrations. The ethanol was replaced with t-butyl
alcohol (Kishida Chemical) for 12 h, and the sam-
ples were freeze-dried using a JFD-310Ⓡ freeze-
dryer (Jeol, Tokyo, Japan). The samples were fixed
onto a metal stage using conductive NEM TAPEⓇ

(Nisshin Em, Tokyo, Japan) and DOTITEⓇ silver
paste (Fujikura Kasei, Tochigi, Japan). Finally, an

Fig. 1 Comparison of the body weight in obese type 2
diabetes mellitus (ODM) and normal (N) rats (*p＜0.01).

Table 1 Comparison of body weight and serum levels of
fasting blood glucose and hemoglobin A1C in ODM and N
rats (*p＜0.01)

Parameter ODM N

Body weight (g) 298.8±13.0* 242.0±28.8
Fasting blood glucose levels
(mg/dL) 128.8±14.8* 71.0±8.7

Hemoglobin A1C levels (%) 5.7±0.6* 3.7±0.1

*p＜0.01
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osmium coating was applied to the superficial mor-
phological specimens to a thickness of 2 nm using
an HPC-20Ⓡ osmium coater (Vacuum Device, Iba-
raki, Japan ) . For the superficial morphological
specimens, the mucosal epithelium of the palatal
gingiva of the maxillary first molar was photo-
graphed from the palatal side using a JSM-5500Ⓡ

scanning electron microscope (SEM) (Jeol ) , and
the obtained digital images were used to evaluate
the superficial morphology of the mucosal epithe-
lium.

Collection and preparation of histological speci-
mens
Three rats from each group were used to observe
the histological morphology of the mucosal epithe-
lium of the palatal gingiva of the maxillary first mo-
lars. A 10% (w/v) neutral-buffered formalin solution
( Sigma-Aldrich ) was infused into the ascending
aorta. A diamond bandsaw was used for en bloc
tissue removal as described for superficial morpho-
logical specimens. The samples were soaked in the
aforementioned formalin solution at 4°C for 24 h
followed by decalcification with a 10% (w/v) ethyle-
nediaminetetraacetic acid disodium solution
(Kishida Chemical) for 14 days using an ML-77Ⓡ

microwave rapid sample processor (Azumaya, To-
kyo, Japan ) . They were dehydrated with an in-
creasing series of ethanol concentrations after
washing with 0.1-M PBS followed by soaking for
4.5 h in a G-Nox low-toxicity solvent (Genostaff,
Tokyo, Japan) as a xylene substitute. The speci-
mens were subsequently embedded in paraffin pel-
lets ( Genostaff ) using a CT-Pro 20Ⓡ paraffin-
embedding device (Genostaff ) . Serial frontal sec-
tions (5 μm were sliced distally from the medial
surface of the maxillary first molar using an HM
430Ⓡ sliding microtome (Thermo Fisher Scientific,
Shanghai, China). Sections for histological analysis
were prepared using conventional hematoxylin and
eosin staining.
In the histological specimens, the palatal gingiva

of the maxillary first molars of the ODM and N
group rats was photographed using a BZ-9000Ⓡ

digital light microscope (Keyence, Osaka, Japan),

and 10 digital images per specimen were selected
for histological evaluation of the mucosal epithe-
lium. A standard line (line S) was drawn through
the cementoenamel junction (CEJ) of the palatal
gingiva of the right and left maxillary first molars in
the digital images (Fig. 2 A). Next, a perpendicular
line (P) was drawn from the top of the gingiva to
line S and divided into three equal regions, referred
to as the upper gingiva (U), middle gingiva (M), and
lower gingiva (L). The lowest point of the mucosal
epithelium in the selected area was named point z
(Fig. 2 B). From point z, a perpendicular line (line
u) was drawn perpendicular to the tangent line of
the most superficial portion of the mucosal epithe-
lium of the palatal gingiva of the maxillary first mo-
lar. The intersection point of line u and deepest part
of the keratinized layer is denoted by point w, and
the distance from point v to w is the thickness of
the keratinized layer (k). The intersection point of
line u and deepest part of the granular layer was
named point x, and the distance from point w to
point x was named the thickness of the granular
layer (g). The intersection point of line u and deep-
est part of the prickle layer is denoted by point y,
and the distance from point x to y is the thickness
of the prickle layer (p). The distance from point y to
z is defined as the thickness of the basal layer (b).
The distance from point v to z is defined as the
thickness of the mucosal epithelium (e). The num-
ber of cells in the granular and prickle layers of line
u were counted. A cotangent line q was then drawn
to the uppermost points of the adjacent connective
tissue papilla with reference to the epithelial papilla
at the chosen location, a vertical line was drawn
from the cotangent line to the lowest point r of the
epithelial papilla, and the intersection of line q and
vertical line was named point t (Fig. 2 C). The dis-
tance from point r to t was defined as the height of
the epithelial papilla (H) . The thickness and cell
count of the tissue were measured using Image-Pro
PlusⓇ 5.1 J image analysis software (Nippon Roper,
Tokyo, Japan). The mean and standard deviation of
the measured levels were calculated, and Student’s
t-test was performed for analysis of differences
among the groups at a significance level of 1%.
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Fig. 2 Palatal gingiva of the maxillary first molar. (A) Measurement of the thickness of the mucosal epithelium in the
palatal gingiva of the maxillary first molar (CEJ: Cementoenamel junction, Co: Connective tissue beneath the mucosal
epithelium, D: Dentin, E: Decalcified enamel, P: Perpendicular line, S: Standard line, U: Upper gingiva, M: Middle gin-
giva, L: Lower gingiva). (B) Higher magnification of the black frame in A showing measurement of the thickness of the
keratinized (k), granular (g), prickle (p), and basal (b) layers, and the mucosal epithelium (e). The most inferior point of
the epithelial papilla is named point z. A perpendicular line (line u) has been drawn from point z to the tangent line on
the surface of the maxillary gingival mucosa (v: Intersection of line u and surface of keratinized layer, w: Intersection
of line u and deepest point of keratinized layer, x: Intersection of line u and deepest point of the granular layer, y: In-
tersection of line u and deepest point of prickle layer). (C) Measurement of the height of the epithelial papilla (H) (q:
Line cotangent to the uppermost point of the adjacent connective tissue process, r: Lowest point of the epithelial pa-
pilla, t: Intersection of the cotangent line q and the perpendicular line).
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RESULTS

Measurements of fasting blood glucose and he-
moglobin A1C levels
The FBG levels were significantly greater in the
ODM than in the N group (128.8 ± 14.8 vs. 71.0
± 8.7 mg/dL, p＜0.01, Fig. 3 and Table 1). Simi-
larly, the HbA1C levels were significantly greater in
the ODM than in the N group (5.7 ± 0.6 % vs. 3.7
± 0.1 %, p＜0.01, Fig. 4 and Table 1).

Specimen Findings
Gross findings
No characteristic morphological changes were ob-
served in the ODM and N groups in the mucosal
epithelium of the palatal gingiva of the maxillary
first molars, and the two groups could not be distin-
guished in a blinded manner.

Superficial morphological specimens
Epithelial cells of various sizes were observed on
the surface of the mucosal epithelium of the palatal

Fig. 3 Comparison of fasting blood glucose levels in the
ODM and N rats (*p＜0.01).

Fig. 4 Comparison of hemoglobin A1C (HbA1C) levels
in the ODM and N rats (*p＜0.01).

Fig. 5 Scanning electron micrographs of superficial morphological specimens in the ODM rats (A) and in N rats (B).
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gingival margin of the maxillary first molars in the
ODM group (arrowheads in Fig. 5 A), and many
epithelial cells were on the verge of detachment.
Conversely, epithelial cells of uniform size with a
tortoise-shell pattern were observed with few epi-
thelial cells on the verge of exfoliation in the N
group (arrows in Fig. 5 B).

Histological specimens
The mucosal epithelium of the palatal gingiva of the
maxillary first molars was thicker in the ODM group
than in the N group (Figs. 6 A and C). In addition,
the structures of the keratinized, granular, prickle,
and basal layers were observed in both groups ;
however, no inflammatory cell infiltration was seen

Fig. 6 Light micrographs of histological specimens from an ODM rat (A) and a higher magnification (B) of the black
frame area in A. Similar low- and high-magnification images of histological specimens from an N rat are shown in (C)
and (D).
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(Figs. 6 B and D). Anucleated keratinocytes stained
with eosin were observed in the keratinized layer,
whereas epithelial cells containing keratohyalin
granules stained dark with hematoxylin were ob-
served in the granular layer. The basal layer was
present as a single layer in the lowest layer of the
mucosal epithelium, and a prickle layer was ob-
served between the granular and basal layers. The
epithelial papillae had an acute apical shape in the
ODM group (Figs. 6 A and B), whereas they had a
rounded apical shape in the N group (Figs. 6 C and
D).

Imaging analysis and statistical processing
Histological specimens
The keratinized layer (k) was significantly thicker in
the ODM group than in the N group (37.1 ± 7.2
μm vs. 29.6 ± 9.2 μm, p＜0.01, Fig. 7 A and Ta-
ble 2 ) . The granular layer ( g ) was significantly
thicker in the ODM group than in the N group (20.8
± 5.1 μm vs. 15.2 ± 3.7 μm, p＜0.01, Fig. 7 A
and Table 2). The prickle layer (p) was significantly
thicker in the ODM group than in the N group (62.2
± 17.0 μm vs. 40.4 ± 16.6 μm, p＜0.01, Fig. 7 A
and Table 2). The basal layer (b) was not signifi-
cantly different between the two groups (7.6 ± 1.6
μm vs. 7.5 ± 1.7 μm, Fig. 7 A and Table 2). The
thickness of the mucosal epithelium (e), and sum of

Fig. 7 Comparison of the thickness of the mucosal epithelium and the keratinized (k), granular (g), prickle
(p), and basal (b) layers, and the mucosal epithelium (e) in various regions of the ODM and N rats in the (A)
average region, (B) upper gingiva, (C) middle gingiva, and (D) lower gingiva (*p＜0.01).
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the thicknesses of the keratinized (k), granular (g),
prickle (p), and basal (b) layers were significantly
greater in the ODM group than in the N group
(127.6 ± 26.5 μm vs. 92.7 ± 27.8 μm, p＜0.01,
Fig. 7 A and Table 2). The number of cells in the
granular layer was significantly greater in the ODM
group than in the N group (3.9 ± 0.9 cells vs. 2.9
± 0.7 cells, p＜0.01, Fig. 8 A and Table 3). The
number of cells in the prickle layer was significantly
greater in the ODM group than in the N group (7.7
± 1.9 cells vs. 5.6 ± 2.2 cells, p＜0.01, Fig. 8 A
and Table 3). The basal layer was defined as a sin-
gle layer. The number of cells in the keratinized
layer could not be counted because the nuclei
could not be observed. All measurements in the up-
per (U), middle (M), and lower (L) gingival sections
showed similar trends (p＜0.01, Figs. 7 B-D, Figs.
8 B-D, Tables 2 and 3). The height of the epithelial
papilla ( H ) was significantly lower in the ODM
group than in the N group (13.1 ± 7.7 μm vs. 17.6
± 9.0 μm, p＜0.01, Fig. 9 and Table 4).

DISCUSSION

Experimental animals
DM is of two types: type 1 and type 2. Type 1 DM
has a rapid and irreversible decrease in insulin se-
cretion resulting in hyperglycemia due to destruc-
tion of the pancreatic islet β cells, while type 2 DM
has a chronic hyperglycemic state resulting from
varying degrees of impaired insulin secretion and
increased insulin resistance. A streptozotocin (STZ)
-induced type 1 DM model rat has been studied as
a model of type 1 DM. STZ induces type 1 DM in
animals through destruction of the β cells of the
pancreatic islets, and has also been reported to
have adverse effects on the kidneys and liver.15, 16

This STZ-induced type 1 DM model rat has been
reported to have extremely high FBG levels of ap-
proximately 400 mg/dL or higher.17, 18 The GK rat
has also been used as a non-obese type 2 DM
model that tends to have the same FBG levels as
adult Japanese type 2 DM or borderline DM. Rela-
tively lower FBG levels of 240.9 ± 58.0 mg /dL
have been reported in the GK rats9 than in the STZ
-induced type 1 DM model rats, as well as atrophic

Table 2 Comparison of the thickness of the keratinized,
granular, prickle, basal layers, and mucosal epithelium in
various regions of the ODM and N rats in the average region,
upper gingiva, middle gingiva, and lower gingiva (*p＜0.01)

Parameter ODM N

Keratinized layer

Granular layer

Prickle layer

Basal layer

Mucosal epithelium

Average
Upper
Middle
Lower
Average
Upper
Middle
Lower
Average
Upper
Middle
Lower
Average
Upper
Middle
Lower
Average
Upper
Middle
Lower

37.1±7.2*
31.3±3.7*
35.6±3.8*
44.4±6.2*
20.8±5.1*
17.5±3.9*
20.1±3.7*
24.7±4.8*
62.2±17.0*
46.1±11.3*
61.6±8.6*
79.0±11.2*
7.6±1.6
7.3±1.7
7.2±1.4
8.2±1.6

127.6±26.5*
102.1±14.5*
124.5±11.2*
156.3±16.8*

29.6±9.2
24.4±3.2
27.7±6.3
36.7±11.2
15.2±3.7
13.3±2.2
14.6±2.7
17.6±4.5
40.4±16.6
27.4±9.6
38.6±10.6
55.2±15.3
7.5±1.7
6.8±1.3
7.5±1.4
8.2±1.9
92.7±27.8
71.8±11.8
88.4±17.1
117.8±28.6

*p＜0.01 (μm)

Table 3 Comparison of the cell population of the granular
and prickle layers in various regions of the ODM and N rats
in the average region, upper gingiva, middle gingiva, and
lower gingiva (*p＜0.01)

Parameter ODM N

Granular laye

Prickle layer

Average
Upper
Middle
Lower
Average
Upper
Middle
Lower

3.9±0.9*
3.5±0.9*
3.7±0.6*
4.4±0.7*
7.7±1.9*
6.2±1.5*
7.8±1.2*
9.3±1.7*

2.9±0.7
2.6±0.5
2.9±0.6
3.2±0.8
5.6±2.2
4±1.1

5.3±1.6
7.4±2.1

*p＜0.01 (cells)

Table 4 Comparison of the height of the epithelial papilla in
the ODM and N rats (*p＜0.01)

Parameter ODM N

Height of the epithelial
papillae 13.1±7.7* 17.6±9.0

*p＜0.01 (μm)
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changes in the oral mucosa.4-6, 8

We previously reported that hyperglycemia in-
duced atrophic changes in the subepithelial con-
nective tissue and capillaries of the palatal gingiva
of the maxillary first molars in the SDT fatty rats,12

the ODM model rat. However, most other studies
have focused on the STZ-induced type 1 DM model
rats and the non-obese type 2 DM model rats. The
SDT fatty rat (FBG level: 122.4 ± 15.5 mg/dL, HbA
1C level: 5.4 ± 0.7 %) was also used as an ODM
model in this report, as the SDT fatty rats have
been reported to develop diabetes mellitus and dia-
betic complications earlier than SDT rats, which are

considered a non-obese type 2 DM model.19 There-
fore, the SDT fatty rats were selected for this study
because they are a suitable model rat to examine
the morphological differences in the mucosal epi-
thelium of the palatal gingiva of the maxillary first
molars caused by ODM.

Body weight
Total fat weight, which represents the combined
weight of visceral and subcutaneous fat, was re-
ported to be approximately 5 fold greater in 6-week
-old SDT fatty rats than in the same age SDT rats,
which are considered a non-obese type 2 DM

Fig. 8 Comparison of the number of cells in the granular (g) and prickle (p) layers in various regions of the ODM
and N rats in the (A) average region, (B) upper gingiva, (C) middle gingiva, and (D) lower gingiva (*p＜0.01).
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model.20 The body weight of the ODM group in this
study was significantly greater than that of the N
group by approximately 1.2 fold. Therefore, the
heavier body weight of the ODM group in this study
than in the N group was thought to be due to the
greater total fat weight associated with obesity.
Thus, the SDT fatty rat is a useful model of DM
with obesity and high body fat percentage, which is
increasing in the Japanese population.

Fasting blood glucose and hemoglobin A1C lev-
els
In an experiment using GK rats, FBG levels have
been reported to be significantly higher in the DM
group than in the N group by approximately 1.5
fold. However, the HbA1C levels were not signifi-
cantly different.21 Serum levels of tumor necrosis
factor alpha (TNF-α ), which inhibits the action of in-
sulin, has also been reported to be secreted by adi-
pocytes and is positively correlated with insulin re-
sistance.22 The FBG levels in the ODM group in this
study were significantly higher than those in the N
group by approximately 1.6 fold. The HbA1C levels
in the ODM group were also significantly higher
than those in the N group by approximately 1.5
fold. Therefore, the higher FBG and HbA1C levels in

the ODM group than in the N group in this study
were thought caused by an increase in adipocytes
caused by obesity, which in turn increased TNF-α
in the serum and increased insulin resistance.
Therefore, the STD fatty rat is a suitable model for
FBG and HbA1C levels in ODM, which are increas-
ing in the Japanese population.

Keratinized layer
A decrease in desmosomal molecules, the intercel-
lular adhesion molecules that connect adjacent
cells, has been reported in experiments using
obese mice with hyperglycemia.23 Many epithelial
cells in the keratinized layer of the palatal gingiva
of the maxillary first molars were observed to be on
the verge of exfoliation in the ODM group in the su-
perficial morphological specimens of this study.
Therefore, the keratinized layer of the ODM group
in this study was more likely to be exfoliated by epi-
thelial cells, owing to a decrease in desmosomal
molecules caused by the hyperglycemia associated
with ODM. In addition, we observed that the exfo-
liation of epithelial cells exposed the epithelial cells
in the underlying layer, and epithelial cells of vari-
ous sizes.
The keratinocytes cultured under low glucose

conditions of 2 mmol/L were small and organized in
vitro, while those cultured under high glucose con-
ditions of 20 mmol/L were large and flattened, and
also swelled with increased keratin expression.24

The keratinized layer was approximately 1.9 fold
thicker in the palatal gingiva of maxillary first molars
than in the N group in an experiment using GK
rats.6 In this study, the keratinized layer was signifi-
cantly 1.3 fold thicker in the ODM group than in the
N group. Therefore, the thicker keratinized layer in
the ODM group in this study was thought to be
caused by the significant flattening of keratinocyte
morphology due to hyperglycemia associated with
ODM, as well as by swelling associated with in-
creased keratin expression.

Granular layer
Oral epithelial cells show enhanced cell proliferation
under high glucose conditions in vitro.25 Keratin also

Fig. 9 Comparison of the height of epithelial papillae in
the palatal gingiva of the maxillary first molar in the
ODM and N rats (*p＜0.01).
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accumulates in the cytoplasmic granules of the
granular layer in a structure called keratohyaline
granules.26 As previously mentioned, keratin in-
creases in keratinocytes under high glucose condi-
tions in vitro with a greatly flattened and swollen
cell morphology.24 The DM group had a significantly
thicker granular layer than the N group by approxi-
mately 2.3 fold in an experiment using GK rats, and
the number of cells was significantly greater in the
DM group than in the N group by approximately 1.6
fold.6 In this study, the granular layer was signifi-
cantly 1.4 fold thicker in the ODM group than in the
N group, and the number of cells was 1.4 fold
greater in the ODM group than in the N group,
showing a significant difference. Therefore, the
thicker granular layer and the greater number of
cells in the ODM group in this study were thought
to be the result of an increase in the number of
cells in the granular layer caused by hyperglycemia
associated with ODM, as well as by an increase in
keratin and greater flattening and swelling cell mor-
phology.

Prickle layer
Oral epithelial cells have been reported to show en-
hanced cell proliferation under high glucose condi-
tions in vitro as mentioned previously.25 The prickle
layer was significantly thicker in the ODM group
than in the N group in the experiment using GK
rats, and the number of cells in the ODM group
was significantly greater than in the N group by ap-
proximately 1.6 fold.6 In this study, the prickle layer
was significantly 1.5 fold thicker in the ODM group
than in the N group, and the number of cells was
significantly 1.4 fold greater in the ODM group than
in the N group. Therefore, the thicker prickle layer
and higher cell counts in the ODM group in this
study were thought to be due to the hyperglycemia
associated with ODM, which promoted cell prolif-
eration of epithelial cells in the prickle layer.

Basal layer
One layer of the basal layer was observed in both
groups with no significant difference in thickness in
the experiment using GK rats.6 In our study, one

basal layer was observed in both groups, and no
significant difference in thickness was noted be-
tween the two groups. Therefore, the basal layer of
the ODM group in our study was not morphologi-
cally affected by hyperglycemia associated with
ODM.

Mucosal epithelium
The keratinized, granular, and prickle layers were
thickened in the ODM group as mentioned previ-
ously, whereas the basal layer was not morphologi-
cally affected. In our study, the mucosal epithelium
was approximately 1.4 fold thicker in the ODM
group than in the N group. Therefore, the mucosal
epithelium of the ODM group in the present study
was considered to be thickened by the hyperglyce-
mia associated with ODM, which thickened the
keratinized, granular, and prickle layers.

Epithelial papillae
In our previous study, we reported that hyperglyce-
mia significantly decreased the height of the con-
nective tissue papillae in the ODM group compared
to that of the N group.12 In this study, the height of
the epithelial papilla was significantly lower in the
ODM group than in the N group by approximately
0.7 fold. These results suggested that the height of
the epithelial papilla was reduced owing to a de-
crease in the height of the connective tissue papilla
caused by hyperglycemia associated with ODM.
These findings suggest that in clinical practice,

the oral health of these patients should be carefully
monitored because there may actually be a thicken-
ing of the mucosal epithelium and a greater number
of nearly exfoliated epithelial cells, although no sig-
nificant changes were seen grossly on the surface
of the mucosal epithelium in the palatal gingiva of
patients with ODM.
Our results suggest that in obese type 2 diabe-

tes, the ODM group gained more weight and had
higher FBG and HbA1C levels than the N group. In
the palatal gingiva of the maxillary first molar, hy-
perglycemia associated with obesity-related type 2
diabetes mellitus can cause thickening of the mu-
cosal epithelium (especially the keratinized, granu-
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lar, and prickle layers), reduction of the epithelial
papilla, and easy detachment of epithelial cells in
the keratinized layer.
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