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Peculiarities of calcium homeostasis, the activity of energy synthesis enzymes and structural organization
of the dental system in rats under conditions of insulin resistance were analyzed. It was found that impaired
glucose tolerance is manifested by a decreased mineralizing ability of hard tissues of alveolar processes
and teeth, accompanied by a decrease in calcium content in erythrocyte mass and alveolar processes and
an increase in acid phosphatase activity in blood serum. In rats with insulin resistance a decrease in the
activity of lactate- and succinate dehydrogenase was detected. Degenerative changes were observed in the
bone thickness of the dental area of insulin resistant rats, which were accompanied by the development of
hypercellularity of the osteogenic layer of periosteum. Reactive changes in the tooth pulp were manifested by
a decrease in the area of its loose connective tissue. Hyperplastic changes with the formation of unexpressed
acanthotic bands developed in the oral mucosa of experimental animals, the thickness of the basal and
granular layers increased against the background of a decrease in the prickle layer of epitheliocytes. In
experimental group we observed a decrease in the nuclear cytoplasmic index and an increase in keratin
formation in the epithelium. A narrowing of the lumen of capillaries and arterioles of the dental area,
hyperplasia of endothelial cells and an increased accumulation of glycoproteins, especially in small arteries,
were also detected in experimental group. Thus, altered carbohydrate metabolism leads to the metabolic
changes of teeth supporting apparatus and oral mucosa, aggravating the course of insulin resistance with

the development of dental system pathology.
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INTRODUCTION

Metabolic and energy disorders that occur
under conditions of insulin resistance (IR) are
the result of violation of metabolic response
of target cells to the effects of endogenous or
exogenous insulin. It is known that reduced
insulin secretion or decreased sensitivity of
receptors to its action is accompanied mainly
by catabolic manifestations of metabolic
processes. The consequence of such changes
is an imbalance of all links of metabolism,
including mineral homeostasis [1]. Prolonged
hyperglycemia leads to the development of
so-called diabetic osteopathy: decreased bone
density due to reduced absorption of calcium

ions in the intestine and their reabsorption in
the nephrons tubules, consequently, impaired
calcium metabolism, particularly in bones and
teeth [2]. It is known that insulin is involved
in the regulation of calcium absorption from
the lumen of small intestine into the blood
plasma by the expression of transcellular and
paracellular transporters of macronutrient in
enterocytes and, therefore, IR can be the reason
of intestinal hypocalcemia [3]. In addition,
alterations in carbohydrate metabolism, mainly
due to glycation processes, that increase the
manifestations of osteoblasts apoptosis with
their gradual replacement by adipose tissue,
inhibit the differentiation of osteocytes, supress
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the synthesis of type I collagen, osteonectin,
osteocalcin. The final manifestation of such
changes is a decrease in the number of mature
forms of osteoblasts, activation of osteoclasts
and impaired mineralization of hard tissues
of the organism [4]. However, excessive for-
mation of proinflammatory cytokines and free
radicals, as well as imbalance in the synthesis
of macroergs, which occur under conditions of
impaired glucose tolerance, can aggravate the
course of IR and lead to multiorgan disorders, in
particular, structural and metabolic changes of
periodontal tissues. The changes of oral cavity
organs often act as predictors of metabolic
disorders of diabetes mellitus, preceding the
appearance of its classic clinical symptoms [5].

The functional state of periodontal tissues is
negatively affected by changes of the protective,
barrier and sensory properties of the oral mucosa
(OM), which undergoes significant changes
under [R. Glucose-mediated damage of capillary
endotheliocytes promotes the hypersecretion of
proinflammatory cytokines and accumulation of
extracellular matrix proteins. Such disturbances
cause hyperfiltration of plasma from the vascular
net, hemorrhage appearance, development of
hypoxia and metabolic acidosis [6]. Intracellular
changes of OM are associated with the functional
properties of mitochondria, which respond by
the changes of membrane-binding enzymes
activity, which are markers of energy metabolism
and the course of hypoxia [7, 8]. In general, the
development of IR can disrupt the structural
and functional organization of the enzymatic
complexes of the mitochondrial respiratory chain,
which potentiates the lesion of the dental area.

In the study we aimed to characterize the
peculiarities of the metabolism and structural
organization of the dental system under condi-
tions of experimental IR.

METHODS

The study was carried on male rats weighing
150-180 g. Rats were divided into experimental
and control groups. The animals of experimental
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group (IR, n = 30) received 10% fructose solu-
tion instead of drinking water for eight weeks
[9]. Rats of the control group (n = 30) were
kept on a standard diet, normal temperature and
light regime. The animals were sacrificed by
decapitation under ketamine anesthesia (Ket-
amine, OJSC «Farmaky, Kyiv, Ukraine, 100 mg/
kg body weight intraperitoneally) [10]. The de-
velopment of IR was determined by HOMA-IR
index (Homeostasis Model Assessment Insulin
Resistane), which was calculated by the content
of insulin and glucose in the blood serum, and
the level of glycosylated hemoglobin (HbAlc)
in whole blood was examined. The insulin level
was investigated by using reagent “ELISA RIT”
(USA), glucose concentration and the HbAlc
content were determined by using kits «Re-
agent» (Dnipro, Ukraine). The measurements
were performed on a plate enzyme-linked immu-
nosorbent assay STAT FAX 2100 (China). The
calcium content was examined in erythrocyte
mass, alveolar processes and teeth by atomic
adsorption spectrophotometry [11]. The activity
of alkaline and acidic phosphatases (AP) [12],
malate dehydrogenase (MDH), lactate dehydroge-
nase (LDH) and succinate dehydrogenase (SDH)
[7] were also determined in the blood serum.
For general and special histological exami-
nations, the fragments of the OM, bone tissue
and teeth were fixed in a 10% solution of neutral
formalin (pH 7.0) for 24 h. The bone pieces and
teeth were subjected to acid decalcification for
two days. Formation of serial paraffin sections
of OM, bone tissue and teeth with a thickness of
4-6 pm was performed on a sledge microtome.
Histological sections of examined tissues were
stained with hematoxylin and eosin, alcian blue
according to Sidman and PAS-staining was per-
formed [13]. The studies were performed on a
Leica DME optical microscope (Germany). In
order to objectify the quantitative data, the com-
puter morphometry and densitometry of objects
in histological specimens were performed using
a Nikon Coolpix 4500 digital camera. Subse-
quently, digital copies of the image were ana-
lyzed using the computer program Image Tool
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3.0 for Windows. The morphometric analysis of
bones and teeth was performed taking into ac-
count the thickness of bone lamellae, the area of
intertrabecular connective tissue of bone per one
cell, the optical density of the osteogenic matrix
of the bone, the area of loose connective tissue
of the tooth pulp per cell, the optical density
of ground substance of loose connective tissue
of the tooth pulp. The morphometric analysis
of OM was performed taking into account the
epithelial thickness, depth and width of acan-
thosis, thickness of basal, prickle, granular,
keratinized layers of epithelium, perimeter and
area of cells of all epithelial layers, perimeter
and area of the cells nucleus of all epithelium
layers, optical density of the ground substance
of the connective tissue.

Experimental procedures were carried out
in compliance with the basic provisions of the
Rules for the experiments with the using of
laboratory animals (1977), the Council of Eu-
rope Convention for the Protection of Vertebrate
Animals Used in Experiments and Other Scien-
tific Purposes (1986), EEC Directive No. 609
(1986), the Order of the Ministry of Health of
Ukraine No. 281 of 01.11.2000 «About measures
to further improve the organizational standards
of work with the use of experimental animals»
and the Law of Ukraine No. 3447-1V «About the
protection of animals from cruelty».

Statistical analysis of digital results of
the study was performed using the computer
program Excel package Microsoft Office 365
ProPlus. For each of the samples, the distribu-
tion of the studied indicator was checked using
the Kolmogorov-Smirnov and Liliefors criteria.
Considering that the obtained data corresponded

to Gauss’s law, the results were presented by the
interval M + m. Student’s t-criterion was used to
assess the significance of differences between
the groups. The difference in parameters at
P <0.05 was considered statistically significant.

RESULTS AND DISCUSSION

In animals of the experimental group the chan-
ges of carbohydrate metabolism markers were
observed, which characterize the development
of IR (Table 1). Thus, in the blood serum of
experimental animals, the glucose and insulin
levels we increased by 41.71% (P < 0.001) and
32.68% (P < 0.001), respectively, compared to
data in rats of the control group. Under such
conditions, the increased HOMA-IR index (by
68.06%, P <0.001) in animals of the same group
relative to the control group was found. The
level of HbAlc in animals of the experimental
group increased by 86.58% (P <0.05) compared
to baseline values, reflecting altered glucose
utilization by target cells on the background of
hyperglycemia and hyperinsulinemia.

Under conditions of impaired glucose
tolerance, the changes of calcium homeostasis
were observed (Table 2). In particular, a decrease
of macronutrient content in the erythrocyte
mass, alveolar processes and teeth of rats with
IR, by 86.67% (P <0.05), 68,00% (P <0.01) and
68,65% (P < 0.001), respectively, was detected
relative to similar indicators in animals of the
control group. Under such conditions in insulin
resistant animals, the activity of serum AP
increased by 2.25 times (P < 0.01) relative to
baseline. Alcaline phosphatase activity under
these experimental conditions had tendency

Table 1. Markers of carbohydrate metabolism in intact and insulin resistant rats (M = m; n = 30)

Glucose, Insulin, pU/1 Glycosylated Hb, HOMA-IR
Groups of animals mmol/l pmol of fructose/g index
Hb
Control (intact animals) 422+0.12 13.31 £0.21 3.65+0.42 2.63+£0.11
Experimental (animals
with insulin resistance) 5.98 £ 0.35%**%  17.66 £ 0.34%** 6.81 £0.98* 4.42 £ (0.33%%*

Note: Here and in the following tables: *P < 0.05; ***P <0.001 a reliable difference between control indicators
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Table 2. Calcium content in erythrocyte mass, alveolar processes, teeth and serum phosphatases activity
of intact and insulin resistant rats (M = m; n = 30)

Groups of animals Calcium, mg/kg Alkaline Acid
Erythrocyte Alveolar Teeth phosphatase, phosphatas,
mass processes mccat/l units/I
Control
(intact animals) 0.75+0.20  66.03 +9.37 61.31+4.01  4537.47+£596.10 2.67+0.21
Experimental
(animals with insulin
resistance) 0.10£0.01* 21.13 + 1.54** 19.22 + 0.87*** 4207.19 + 1798.56 6.01 + 0.76 **

Note: Here and in the following Tables: **P < 0.01 a reliable difference between control indicators

to decrease. The specified changes of serum
phosphatases reflect a violation of osteosynthetic
processes, activation of osteoresorption. When
accompanied by a reduced calcium content in the
hard tissues of bones and teeth, these changes
can cause dysfunction of dental-alveolar
complex under conditions of IR [2]. However,
hyperglycemia leads to glycation of the organic
matrix of the bone, which further exacerbates
the manifestations of osteodestruction and
osteopenia.

Under the conditions of IR in experimental
animals, the changes of parameters in the energy
synthesis system were observed, which had a
multidirectional nature (Table 3). In particular,
in the blood serum of rats of the experimental
group, the activity of MDH increased by 58.47%
(P < 0.05) relative to control. At the same time,
the activity of LDH and SDH under these
experimental conditions decreased by 97.75%
(P<0.01) and 67.62% (P < 0.05), respectively,
compared to the data in intact animals. It is known
that under conditions of hyperglycemia, the
activity of electron transport system is disrupted
as a result of the macroerg donors dificiency.
Thus, SDH is an enzyme of the inner membrane

of mitochondria, and largely determines the rate
of oxygen consumption and ATP formation [14],
and LDH catalyzes the initial stages of energy
production [15]. Therefore, the predominant
decrease in the activity of the studied markers
of energy balance can be regarded as a sign of
insufficient tissue oxygen supply, dysfunction
of the energy biotransformation system, in
particular, in periodontal structures.

As a result of morphological examination it
was found that bone plates of the outer surface
of the bone of the alveolar cavity of animals
with IR are located compactly and form the
structures of osteons type in some places. In
their center, the thin-walled vessels filled with
erythrocytes, lined with endothelial cells with
elongated homogeneous nuclei are visualized.
In contrast to intact animals, in a part of the ves-
sels of the osteon canal of experimental group
of rats, a small number the macrophages, lym-
phocytes are observed along with erythrocytes.
The bone matrix shows PAS positivity due to
the presence of glycoproteins. The content of
glycosaminoglycans, which is detected by stain-
ing with alcian blue, is close to the control group
(Fig. 1; Table 4).

Table 3. Activity of malate dehydrogenase (MDH), lactate dehydrogenase (LDH) and succinate dehydrogenase (SDH)
in the blood serum of intact and insulin resistant rats (M + m; n = 30)

Groups of animals MDH, pmol/ LDH, mkkat/I SDH, nmol/mg-min
(min-mg)
Control (intact animals) 1.18 £0.15 47.13 £13.54 38.57+£9.98
Experimental (animals with
insulin resistance) 1.87 £0.18* 1.06 £ 0.21** 12.49 + 3.51%*
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Table 4. Morphological characteristics of bone tissue of alveoli cavities and teeth pulp of intact and insulin resistant
rats (M £ m; n = 30)

: Area of loose . .
. . . Area of intertra- . Optical density
Optical density | Thickness of connective
Groups of . becular connec- . of the ground
. of osteogenic | bone trabecu- . tissue of the
animals . . tive tissue/1 cell, substance of
matrix, units lae, mkm m/1 cell pulp/1 cell, the pulo. units
" um?/1 cell pup, o
Control (intact
animals) 165.58 £3.12  63.89 +1.30 283.19 + 11.43 420.00 = 6.29  170.88 +2.53
Experimental
(animals
with insulin
resistance) 155.15+4.24 5492 +2.89*% 176.43 +15.29%** 39500+ 7.11* 170.69 +4.33

The osteocytes with small homogeneous nu-
clei are located in the bone matrix. Focally, the
nuclei of osteocytes are shrunken, have irregular
and fuzzy contours, somewhere the nuclei are
visualized in the form of shadows, preserving
only the veiled contours of the karyolema (Fig.
2). In these areas in the osteogenic layer of
periosteum the osteogenic hypercellularity is
observed, which may be a reaction on degenera-
tive changes in bone thickness under conditions
of IR.

Plates in depth form trabeculae, the average
thickness of which is less than the control data
by 14.04%, P < 0.05 (Table 4). The gluing lines
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Fig. 1. Bone tissue of the outer plate of the alveolar cavity
under conditions of insulin resistance (1 — glycosaminoglycans
in the osteogenic matrix, 2 — osteocytes, 3 — osteon vessels
filled with erythrocytes with single leukocytes). Staining: al-
cian blue by Steedman, x400
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of plates are basophilic, in some areas clear
and thin, in others — blurred. The osteocytes
with ovoid and irregular ovoid shape nuclei
with homogeneous chromatin are visualized in
the thickness of bone trabeculae. The area of
enlightenment of the cytoplasm is traced around
the nuclei. On the sides of bone trabeculae in
a small number the osteoblasts are observed,
which are characterized by bigger, compared
with osteocytes, the size of the nuclei, with fine
chromatin, with a moderate amount of eosino-
philic cytoplasm. The osteoblasts are in contact
with cells and fibers of the peri- and endosteum.
In some areas of the intertrabecular spaces the

Fig. 2. The outer part of the bone of the alveolar cavity with
periosteum under conditions of insulin resistance (1 — degener-
ative changes of osteocytes, 2 — osteogenic layer of periosteum
with hypercellularity). Staining: hematoxylin and eosin, x400
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hematopoietic, and in others - connective tissue
is present.

In the connective tissue that fills the in-
tertrabecular spaces, fibroblasts, fibrocytes,
macrophages are differentiated. The fibroblasts
are with ovoid, ovoid-rounded shape, fine
chromatin, visualization of nucleoli. The nu-
clei of fibrocytes are more elongated and more
homogeneous. The connective tissue fibers of
the intertrabecular spaces are loosely arranged.
Thin-walled capillaries of various calibers,
lined with endothelial cells are visualized in the
thickness of the connective tissue. The nuclei of
endothelial cells are elongated along the wall,
homogeneous. In the lumen of the capillaries
there is a small number of erythrocytes, in some
capillaries the lumen is free.

There is a periodontal ligament between the
bone part of the alveolar cavity and the outer
surface of the tooth. It is represented mainly by
connective tissue fibers, which are more com-
pactly arranged in comparison with the fibers
of the intertrabecular connective tissue. The
periodontal fibers have a directional character
from the bone tissue to the tooth surface, closely
adjoin to the last one. Between the connective
tissue fibers in the periodontal ligament there are
fibroblasts and fibrocytes and a small number
of thin-walled capillaries.

Fig. 3. The root part of the tooth under conditions of insulin
resistance (1 — pulp with full-blooded vessels and a small
number of cells, 2 — odontoblasts, 3 — dentin, 4 — cement,
5 — periodontium). Staining: hematoxylin and eosin, x400
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The root surface of the tooth is covered with
cement in the form of a basophilic non-nuclear
zone. The main part of the tooth is dentin with
numerous radial direction dentinal tubules.
There is a pulp in the root canal and pulp cav-
ity. On the border with dentin, the odontoblasts
are located, which have round nuclei, fine
chromatin, one centrally located nucleolus. The
main part of the pulp is connective tissue with
connective tissue fibers, fibroblasts, fibrocytes,
single macrophages and thin-walled vessels of
capillary type, which are filled with erythrocytes
(Fig. 3). The reactive changes in the pulp reflect
a decrease of the area of loose connective tis-
sue of the pulp per 1 cell (Table 4). The optical
density of the ground substance of the pulp,
which is stained with alcian blue is not reliably
different from the control.

The epithelium of OM has an uneven thick-
ness due to hyperplastic changes with the forma-
tion of unexpressed acanthotic cords with a depth
0f 23.67 £ 1.95 um and a width of 47.91 £+ 4.65
um (Fig. 4). Acanthosis is caused by epithelial
basal hypercellularity, in this regard, the cells of
the basal layer are arranged in five or six rows.

The thickness of the basal layer of OM of
animals with IR exceeds the corresponding
parameter in animals of the control group by

Fig. 4. The epithelium of the mucous membrane of insulin
resistant rat (1 — basal layer of epithelium with unexpressed
acanthosis, 2 — prickle layer of epitheliocytes, 3 — granular
layer of epitheliocytes, 4 — keratinized layer, 5 — subepithelial
connective tissue). Staining: hematoxylin and eosin, x400
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53.35% (P <0.05; Table 5). The area of epitheli-
al cells nuclei of the basal layer of the epithelium
exceeds the respective parameter of the control
group by 45.06% (P < 0.05; Table 6). In basal
epitheliocytes there is a small portion of cyto-
plasm and an increase in the size of the nuclei
of basal epithelial cells, which led to an increase
in the nuclear cytoplasmic index by 74.29%
(P < 0.05) comparing to control data. The cyto-
plasm of cells is eosinophilic-basophilic, veiled.
The boundaries of the cells are blurred, due to
the rather compact arrangement of epitheliocytes.

The cells of the prickle layer are arranged
mainly in five rows. The thickness of this layer
of epithelium by 25.97% (P < 0.05) less than
in intact animals (Table 5). Cell nuclei have
mostly rounded or irregularly rounded shape,
the area of which by 20.74% (P < 0.05) less
than the control data (Table 6). The karyolema of
prickle epitheliocytes is clear. In the karyoplasm
there is mostly one rounded centrally located
nucleolus, fine chromatin. The cytoplasm of
cells is eosinophilic, occupies a much larger
area, which is accompanied by a decrease in the
nuclear-cytoplasmic ratio relative to the cells of
the basal layer.

The cells of the granular layer are of slightly
flattened shape, elongated along the epithelium
and arranged in about three-four rows. The
thickness of the granular layer exceeds the con-

trol data by 41.00% (P < 0.05). In the cytoplasm
of cells there are multiple small basophilic gran-
ules, which are diffusely and evenly distributed
throughout the cell. The nuclei of granular epi-
theliocytes are centrally located, round-ovoid
in shape, their perimeter and area are smaller
than in intact animals by 20.40% (P < 0.05) and
by 37.00% (P < 0.05), respectively (Table 6).
The nuclei of granular epitheliocytes have fine
chromatin, one nucleolus. In a part of the nuclei
of cells thickening of the karyolema, irregular
contours of the nuclei are marked. An increase
in the thickness of the granular layer with a si-
multaneous decrease in the nuclear-cytoplasmic
index characterizes the increased formation
of keratin in the epithelium. The non-nuclear
keratin zone in the form of an eosinophilic strip
with an average thickness 0of42.32 £ 3.61 um is
superficially located, which does not differ from
the control data (41.83 = 2.15 um).

The subepithelial basement membrane after
hematoxylin and eosin staining is traced indis-
tinctly, due to fusion with connective tissue
fibers. Its clearer visualization is noted in zones
of less expressed acanthosis. After PAS-staining
it is possible to find the course of a membrane
more accurately (Fig. 5).

In subepithelial connective tissue, there is
an uneven distribution of macrophages (the
majority is localized subepithelially) and lym-

Table 5. Morphological characteristics of the oral mucosa of intact and insulin resistant rats (M + m; n = 30)

tical - tical con-
Thickness . . . Thick. | OPtical con- | Optical con
Thickness |Thickness of|Thickness of] tent of glycos-|tent of glycol-
Groups of the . ness of the . .
: . of the basal | the prickle |the granular . aminoglycans [saminoglycans
of animals| epithelium, keratinized | . . ;
layer, um | layer, um | layer, pm in connective [perivascularly,
pm layer, pm . . .
tissue, units units
Control
(intact
animals)  233.75410.35 42.64 +2.46 93.77 + 6.54 19.88+£2.45 41.83 £2.15169.56 £3.78 167.33 +2.34
Experimen-
tal (ani-
mals with
insulin

resistance) 238.00 + 13.8965.39 + 6.88*69.42+ 2.80** 28.03 + 2.32*%42.32 + 3.00 166.45 + 2.81 166.00 + 6.08
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Table 6. Morphometric parameters of oral mucosal epitheliocytes of intact and insulin resistant rats (M = m; n = 30)

Groups Perimeter of | Area of the cell .
. Perimeter , | Nuclear cyto-
of animals the cell nucle- nucleus, Cell area, um -
) of the cell, um plasmic index
us, pm pm
Basal layer of epithelium
Control (intact 2899+ 152 4745695 4852+ 1.89 13738+ 1046  0.35=0.10
animals)
Experimental
(animals with 34.00 + 1.50*  68.83 £3.18* 53.29+5.78 181.24+17.27* 0.61 £0.05*
insulin resistance)
Prickle layer of epithelium
Control (intact 3¢ 1) 4046 82784365  78.17+£2.65 393.95+£2687  0.27+0.13
animals)
Experimental
(animals with 32.68 £0.48*%** 65,61 £3.41** 73778 +2.15  349.53 £6.57 0.23£0.16
insulin resistance)
Granular layer of epithelium
LG

Control (intact 3417+1.85  63.89+486 81.41+£221 263.70+17.44  034=0.10
animals)
Experimental
(animals with 27.13£2.15% 4025+ 1.05** 91.29+5.16  209.54 + 15.36* 0.24 +0.07

insulin resistance)

phocytes. The connective tissue is represented
mainly by connective tissue fibers, which are
arranged compactly, but without a clear order.
In capillaries and arterioles of OM, the narrow-

ing of their lumen is noted that can be a conse-
quence of plasma impregnation with loosening
of vessels wall, in some vessels hyperplasia of
endothelial cells is observed (Fig. 6). In this

Fig. 5. Mucous membrane under conditions of insulin resistant
rats (1 — PAS-positive basement membrane, 2 — epithelium,
3 — subepithelial connective tissue with PAS-positive glyco-
proteins). Staining: PAS, x400
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Fig. 6. Vessels of subepithelial connective tissue of the mucous
membrane of insulin resistant rat (1 — plasma impregnation
of the arterioles wall, 2 — artery of muscular type, 3 — veins).
Staining: hematoxylin and eosin, x400
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case, endotheliocytes with irregularly rounded
nuclei, with predominantly homogeneous chro-
matin penetrate into the lumen of blood vessels.
The areas of accumulation of PAS-positive ma-
terial are noticed in the wall of some arterioles,
which reflects the processes of glycosylation of
proteins. The lumen of the vessels is mostly free,
somewhere with several leukocytes.

The lumen of small arteries is mostly round,
free, or with single erythrocytes. Its enhance-
ment in comparison with capillaries and arteri-
oles is noted, however, to a lesser extent, than
in small veins. PAS-positive tortuous inner
elastic membrane with places of uneven width
and depth folds is clearly observed in insulin
resistant animals. In areas of increased tortuos-
ity, an aggravation of glycoproteins accumula-
tion is detected. Small arteries with segmen-
tally increased accumulation of PAS-positive
material in the wall outside the inner elastic
membrane are detected (Fig. 7), which may be
a consequence of the negative impact of IR on
the structure of vessels.

The muscular membrane of the arteries
is represented by several rows of circularly
oriented smooth myocytes with ovoid nuclei,
which are elongated along the perimeter of the
vessel. Smooth myocytes are compactly ar-

Fig. 7. Vessels of subepithelial connective tissue of the mucous
membrane of insulin resistant rat (1 — uneven accumulation
of glycoproteins in the artery wall, 2 — connective tissue gly-
coproteins, 3 — acanthosis of the integumentary epithelium of
the mucous membrane). Staining: PAS, x400
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ranged. Outwards of the muscular membrane
is a thin layer of connective tissue fibers of the
adventitia.

Perivascularly, a slight accumulation of gly-
cosaminoglycans is detected, which may lead to
a decrease of the optical density of subepithelial
connective tissue (Fig. 8). In small veins, the
lumen is mostly free or with a small number
of erythrocytes. From the inside, the lumen is
lined with endothelial cells with ovoid elongated
nuclei, outwards - smooth myocytes of the mus-
cular membrane and adventitia.

Keeping rats on a high-fructose diet causes
the development of IR, which is confirmed by
the changes of carbohydrate metabolism mark-
ers (increased HOMA-IR index and HbAlc of
blood). Impaired glucose tolerance is accompa-
nied by metabolic disorders and structural rear-
rangement of the dental system in experimental
animals. In particular, the glucose-mediated
damage of periodontal structures is manifested
by a decrease of the mineralizing ability of hard
tissues of bones and teeth, as a consequence of
imbalance in calcium homeostasis. The activa-
tion of osteoresorptive processes under IR condi-
tions is shown by a decrease of calcium content
in all studied tissues against the background of
increasing the activity of AP in blood serum.

™ ™
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Fig. 8. Glycosaminoglycans in the subepithelial connective
tissue of insulin resistant rat (1 — visualization of glycosa-
minoglycans in the perivascular connective tissue, 2 — small

vessels with a narrowed lumen and signs of endotheliosis).
Staining: alcian blue by Steedman, x400
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However, a significant decrease of LDH and
SDH activity in the blood of experimental rats
can be regarded as a sign of hypoxia and defi-
ciency of energy biosubstrates, that potentiate
the manifestations of osteopathy, lesions of the
teeth supporting apparatus and OM. The degen-
erative changes are formed in the thickness of
dental bones of insulin resistant rats, which are
accompanied by the development of hypercellu-
larity of the osteogenic layer of periosteum.
Reactive changes in the tooth pulp reflect a
decrease in the area of its loose connective
tissue. In OM of insulin resistant animals,
the hyperplastic changes are developed with
the formation of unexpressed acanthotic
cords, which are caused by epithelial basal
hypercellularity. In experimental animals,
the thickness of the basal and granular layers
was increased against the background of a
decrease of the prickle layer of epitheliocytes
of OM. A decrease in the nuclear-cytoplasmic
index, an increased keratin formation in the
epithelium were noticed. In vessels of differ-
ent caliber of the dental area the following
changes are developed: narrowing of the lu-
men of capillaries and arterioles, hyperplasia
of endothelial cells, increased accumulation
of glycoproteins, especially in small arteries,
that disturb nutrition of tissues. Therefore, it
is advisable to determine the calcium content,
activity of phosphatases and dehydrogenases
of blood serum as one of the early markers
of periodontal tissue damage in case of IR or
diabetes mellitus development.

CONCLUSIONS

1. The development of IR is accompanied by
a reduction of mineralization ability of hard
tissues of the alveolar processes and teeth.

2. The impaired glucose tolerance causes
the reactive changes of the teeth pulp, as a
consequence of hemomicrocirculatory bed
damage.

3. Keeping of rats on a high-fructose diet
leads to glucose-mediated metabolic and
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trophic changes of OM with the predominant
development of hyperplastic changes.
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OCOBJIMBOCTI METABOJII3MY TA
CTPYKTYPHOI OPTAHI3AIIII 3YBOIIE-
JEIMHOI CHCTEMH 3A YMOB IHCVYJIIHO-
PE3UCTEHTHOCTI B EKCIIEPUMEHTI
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[IpoanainizoBaHO OCOOIHBOCTI KallbIIEBOTO TOMEOCTA3Y,
AKTUBHICTh (PEpPMEHTIB €HEPTOCHHTE3y Ta CTPYKTYpHY
opraHizariiro 3y0oIenenHol CHCTEMH Y IIypiB 3a YMOB iHCY-
JIHOPE3NCTEHTHOCTI (TIepe0yBaHHs Ha BHCOKO(QPYKTO3HIH
Ji€eTi BIPOJOBXK 8 THXK). BeTaHoBieHO, MO MOPYIICHHS
TOJIEPAHTHOCTI J0 TIIOKO3U TIPOSIBISIETHCS 3HMIKCHHIM
MiHepanizyro4ol 3/aTHOCTI TBEPAUX TKAHUH abBEOJSIPHUX
BIZIPOCTKIB 1 3y0iB, IO HMiATBEPKYETHCS 3MEHIICHHIM
BMICTy KaJbIiI0 B €PUTPOLMTAPHIA Maci, aTbBEOJSIPHUX
BiZIpOCTKaX, 3y0ax nociigHux TBapuH Ha 68,00-86,67% Ha
T 3pOCTAaHHS aKTHBHOCTI KHcJOi (ocdarazn CHpOBATKH
KpoBi y 2,25 pa3a moao KOHTPOJIO (IHTakTHI TBapuHH).
AHai3 akTHBHOCTI JETiIpOreHa3 CUpOBATKM KPOBI IIypiB
i3 IHCYJIHOPE3UCTEHTHICTIO BUSBHUB CYTTEBE 3HMIKEHHS
aKTUBHOCTI JTakTaT- (Ha 97,75%) 1 CyKIMHATACTiIPOTreHa3H
(Ha 67,62%), IO MOYXKE XapaKTepU3yBaTH Ae(IlUT yTBOPEHHS
MaKpOEpriB y pe3yibTarTi rirmokcii TKaHWH. Y TOBIII KiCTOK
3y6ormenenHoi TiASHKY iHCYJIIHOPE3UCTEHTHHX IIypiB
CIIOCTepiraiy AereHepaTHBHI 3MiHH, 10 CYIPOBOKYBAIUCS
PO3BHTKOM TilEPKIITHHHOCTI OCTEOT€HHOTO IIapy OKICTSI.
PeaxkTnBHI 3MiHH ITyJIBIH 3y0a MPOSBISUINCS 3MEHIICHHIM
IO ii MYXKOi CHOMYYHOI TKAaHHHHU. Y CIH30Biii 000IOHII
MIOPOKHUHH POTa JOCIIAHUX TBapUH PO3BHBAIHCS Tilep-
IJTACTUYHI 3MIiHHM 3 (OPMYBAaHHSIM HEBUPAKEHUX aKaH-
TOTHYHHX TSDKIB, 301JIbIIyBasacsi TOBIIMHA 0a3aJIbHOTO 1
3epPHUCTOTO IIapiB Ha TJIi 3MEHIICHHS IIUITyBaTOTO IIapy
CHITENIONUTIB, 3MEHIIYBaBCS SIEPHO-IIUTOIIa3MaTHIHIH
IH/IEKC, CIIOCTEPIranocs MOCHICHHS YTBOPEHHS KepaTHHY
B emiTtexnii. Y cyamHax pi3HOro kamiopy 3yOomienemHoi
JIUITHKHE CHOCTEPIrajocs 3BY)KSHHS IPOCBITY KaIllIsIPiB Ta
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apTepio, rinepruiasis eHAOTEeTaTbHUX KIITHH, 301IbIICHHS
HAKOITMYCHHS TJTIKONPOTETHIB, 0COOIMBO y NPIOHMX apTepisX,
1110 3MiHIOBAJIO TPOodiKy TKaHUH. TakuM YHHOM, MTOPYIICHHS
BYIJICBOJHOTO OOMiHY NMPHU3BOAHUTH 10 METabOIIYHUX
3MiH ONOPHO-YTPUMYIOUOro amapaty 3yOiB i CIM30BOT
000JIOHKH MOPOXHUHU POTA, L0 YCKIAAHIOE mepedir
IHCYJTIHOPE3UCTEHTHOCTI PO3BUTKOM I1AaTOJIOT T 3yOoIenenHol
CHCTEMHU.

KirouoBi cioBa: iHCYTIHOPE3UCTEHTHICTh; 3y0OIIe/IenHa
cucteMa; MeTaboJIiYHi IPOLeCH; MOPQOIIOTisL.

C.II. I'ypanny, H.H. Barpuii, T.B. I'ypaunu,
H.H. Boponnu-CemueHko

OCOBEHHOCTHU METABOJIN3MA U
CTPYKTYPHOM OPTAHU3ALINU
3YBOYEJIOCTHOMN CUCTEMBI

IMPU UHCYJIUHOPE3UCTEHTHOCTH B
SKCHNEPUMEHTE

[poananu3upoBaHbl 0COOEHHOCTH KAJIIIHEBOTO TOMEOCTa3a,
aKTUBHOCTH ()EPMCHTOB DHEPTOCHUHTE3a M CTPYKTypHAas
opraHuzanus 3y00UeIIOCTHON CHCTEMbI y KpBIC B YCJIO-
BUAX UHCYJIUHOPE3UCTCHTHOCTHU (Hpe6bIBaHHe Ha BBICO-
KOQPYKTO3HON JueTe B TeueHue 8§ Hexd). YCTaHOBIICHO,
YTO HApYLICHHE TOJEPAHTHOCTU K IIIIOKO3€ MPOSBISIETCS
CHIDKCHHEM MHUHCPAIU3YIOMICH CIIOCOOHOCTH TBEPABIX
TKaHE# allbBEOJSIPHBIX OTPOCTKOB M 3y0OOB, 4TO IMOJA-
TBEPXKIAACTCA YMEHBUICHUEM COIACPIKAHUA KaJlbLIUA B
IPUTPOLIMTAPHOI Macce, ajibBEOJISIPHBIX OTPOCTKAX, 3ybax
OIBITHBIX )KUBOTHBIX Ha 68,00—-86,67% Ha (oHE yBeIHIeHHs
AKTHBHOCTH KHCIIOW (ocdarasbl CHIBOPOTKH KPOBH B 2,25
pa3za 10 CpaBHCHMIO C KOHTPOJIEM (MHTaKTHbIC KMBOTHBIE).
AHanu3 akTHBHOCTH JETHIPOTreHAa3 ChIBOPOTKU KPOBH KPBIC €
UHCYJIMHOPE3UCTCHTHOCTHIO BBISIBUII CYILICCTBEHHOC CHUXKECHHNE
AKTUBHOCTH JIaKTaT- (Ha 97,75%) n CyKUMHATACI UAPOT €HA3bI
(Ha 67,62%), 4TO MOXKET XapaKTepHU30BaTh NCPUIUT
00pa3oBaHMss MaKpOIProB BCIEICTBHE I'MIIOKCHM TKaHEH.
B Tomme xocteit 3ybouentocTHON obsiacTu HaOIIOAAIIN
JCTCHEPATUBHBIC U3MEHEHUS, COIIPOBOXKAAOIIUECS PAa3BUTUEM
THIEPKICTOYHOCTU OCTECOI€HHOI'O CJIOA HAaJAKOCTHHUIIBI.
PeakTuBHBIE H3MEHEHUS ITyJIbITBL 3y63 IPOABJIAIINCh YMCHb-
HICHUEM IUIOIIAJH €€ PhIXJIOW COCIMHUTEIbHONW TKAHU.
B causucToif 060s10uKe MONOCTH pTa y HUX PAa3BUBAINUCH
TUIEPIUIACTHYECKUE M3MEHEHHs ¢ ()OPMUPOBAHHEM HEBBI-
PaXXCHHBIX aKAaHTOTHYHBIX TH)Keﬁ, yBeJIMUMBajlach TOJIIUHA
0a3aJbHOr0 U 3EPHUCTOrO CJIOeB HAa (hOHE YMEHBIICHHUS
[IUIIOBATOI'0 CJIOA SIUTCINOLUTOB, YMEHBIIAJICA SACPHO-
[UTOIIa3MaTHYECKUN HHIEKC, HAaOII0AanoCch yCUIeHUE
o0pa3zoBaHus KepaTUHa B 3nUTeIuHu. B cocynax pasHoro
Kannopa 3y00YeOCTHON 00siacTH HAOMIOMaINd CYXKCHHUE
IpOCBETa KAIMUIIPOB M apTepUOJI, THIEPILIA3UI0 IHIO0-
TEINAJIbHBIX KJICTOK, YBEJIMYCHHUC HAKOIUJICHUS ITIMKOIIPO-
TEHHOB, OCOOCHHO B MEJKHX apTepHUsiX, YTO HMPUBOIUIO K
u3MeHeHuto Tpoduku TkaHed. TakuM oOpa3om, HapyleHHe
yTJIEBOJHOTO OOMEHa MPOBOLKPOBAIO MeTabonndeckue
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HU3MCHEHHUS OMOPHO-YJEPKUBAIOIIEr0 anmnapara 3y0oB
M CIIHM3UCTOM 0OOJOYKH IOJIOCTH PTa, & 3TO YCIOKHSIO
TEYCHUE UHCYJIIMHOPE3UCTCHTHOCTHU PA3BUTHUEM MATOJIOTIUH
3y00YeIIFOCTHOW CUCTEMBI.

KitroueBbie ClI0Ba: HHCYTHHOPE3UCTEHTHOCTh; 3y00UEIFOCTHAS
cucreMa; MeTaboJIMYeCcKHe POLecchl; MOP(OIOTHsL.
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