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 Statement of the problem and analysis of the latest 
research

The state of human health signifi cantly depends on the 
characteristics of the lifestyle in modern conditions and 
the factors of external environment. However, under any 
conditions, the regulatory infl uence of humoral factors on 
the course of key links of metabolic processes and main-
taining the physiological parameters of the body remains 
unchanged. An important role in such regulation play the 
pancreatic hormones, and disorders of their secretion or 
biological activity cause violations of metabolic and ener-
gy metabolism at the level of entire organism [1, 2].

According to the data of the World Health Organ-
ization, the diseases of pancreas take the fi rst place in 
the structure of endocrinopathies. Thus, more than 366 
million of people suffer from diabetes mellitus, moreo-
ver the number of new cases with a confi rmed diagnosis 
tends to increase. This problem is no less relevant for 
Ukraine, where the number of patients is more than two 
million people [3].

It is considered that a predictor of diabetes mellitus 
development is insulin resistance (IR), the prevalence 
of which is global, and clinical manifestations can have 
the systemic character [4]. Taking into account the mul-
ticomponent pathogenic mechanisms of metabolic dis-
orders development in case of IR, pathological changes 
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Abstract. Topicality. Pancreatic hormones play an important role in the process of remodeling of hard periodontal tis-
sues. Violations of carbohydrate metabolism that occur under conditions of isolated insulin resistance (IR) and in combina-
tion with iodine defi ciency (ID) can be the cause of dysmetabolic disorders of mineralization/demineralization physiological 
system of tooth-maxillary complex.

The aim. To study the changes of remodeling processes of hard periodontal tissues in rats with isolated IR and impaired 
glucose tolerance against the background of ID.

Materials and methods. The examination was carried on 90 male rats, which were divided into three groups: control 
(intact animals), group of rats with IR under conditions of adequate iodine supply, and with IR against the background of 
ID. The system of carbohydrate metabolism was studied by the level of insulin in blood serum, glucose and glycosylated 
hemoglobin (HbA1c) of blood with the following calculation of HOMA-IR index. The processes of mineralization/dem-
ineralization were detected by the content of calcium, magnesium, zinc, manganese, copper in cementum of tooth root and 
alveolar process, and by the activity of acid and alkaline phosphatases in blood serum.

Results. Keeping of animals on a high-fructose diet led to the development of carbohydrate metabolism disorders (in-
crease blood glucose and HbA1c levels, blood serum insulin, HOMA-IR index) and changes of remodeling processes in hard 
periodontal tissues (decrease the level of calcium, magnesium and manganese against the background of increase the zinc 
content in cementum of tooth root; decrease the content of macroelements in alveolar process; activation of acid phosphatase 
against the background of inhibition of alkaline phosphatase activity). The development of combined endocrinopathy was 
accompanied by more pronounced changes of studied parameters.

Conclusions. The violation of glucose tolerance against the background of ID slows down the mineralization processes 
of hard periodontal tissues mainly due to the intensifi cation of osteoresorptive processes.
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under such conditions can also affect the tooth-alveolar 
complex [5]. It is known that hyperglycemia leads to a 
decrease of periodontal resistance, which is associated 
with the activation of pathogenic microfl ora, osteopenic 
changes in bone tissue, suppression of the immune re-
sponse, and the development of metabolic acidosis [6]. 
An important aspect is the development of microangi-
opathies, the occurrence of which is associated with im-
paired glycosaminoglycan metabolism, non-enzymatic 
glycosylation of proteins, and direct glucose toxicity. It 
should be noted, that hyperglycemia also has a direct and 
indirect damaging effect on bone tissue cells, which is 
manifested by a decrease of bone density by reducing 
the absorption of calcium ions in the intestine and their 
reabsorption in the nephron tubules [7]. Along with this, 
glycation processes increase the manifestations of oste-
oblasts apoptosis, inhibit osteocytes differentiation, and 
the synthesis of osteonectin, osteocalcin, and type I col-
lagen. Thus, the bone remodeling processes that provide 
bone microarchitecture and maintain the strength of al-
veolar processes undergo the changes, which can lead to 
partial or complete teeth loss [8]. 

The purpose. To study the changes of remodeling 
processes of hard periodontal tissues in rats with isolat-
ed IR and impaired glucose tolerance against the back-
ground of iodine defi ciency (ID).



№ 2 (28) - 2022 33

Materials and methods
The research was carried on 90 non-linear 

male rats weighing 150-180 g, which were di-
vided into three groups for 30 animals in each: 
control (1st group), rats with IR under conditions 
of adequate iodine supply (2nd group), animals 
with IR on the background of ID (3rd group). The 
control group was represented by intact animals.

IR was simulated by replacing the drinking 
water of rats with a 10 % fructose solution for 
8 weeks [9]. For the reproduction of iodine de-
fi ciency state an experimental model was used, 
according to which the animals were on an io-
dine-defi cient diet during the experiment [10]. 
The rats of control group were kept on a standard 
food diet and drinking regime of the vivarium.

The system of carbohydrate metabolism was 
studied by the level of insulin in the blood serum, 
glycosylated hemoglobin of the blood (HbA1c) 
and the concentration of glucose in the blood. 
The degree of IR was determined by the HO-
MA-IR (Homeostasis Model Assessment Insulin 
Resistance) index [11]. The content of mineral substances 
(calcium, magnesium, zinc, manganese, copper) was ex-
amined in the cementum of the tooth root and the alveolar 
process by the method of atomic absorption spectropho-
tometry on the S-115 PK device (Selmi, Sumy). The tissue 
samples were previously mineralized by the method of 
dry ashing. After that, the acid extraction was performed. 
The acid (APs) and alkaline (AP) phosphatase activity 
was determined with a set of reagents from the “Filisit-di-
ahnostyka” company (Dnipro, Ukraine).

Statistical processing of the research results was per-
formed using the mathematical software package Statis-
ticSoft 7.0. Student`s t test was used to assess the signif-
icance of differences between groups. The difference at 
p<0.05 was considered as statistically signifi cant.

Results and discussion
The violations of carbohydrate metabolism in rats 

with isolated IR were indicated by the changes 
of the main markers of carbohydrate metabo-
lism (fi g. 1, 2). 

Thus, maintaining animals on a high-fruc-
tose diet led to an increase of blood glucose lev-
els by 41.7 % (p<0.001) compared to control 
values. A decrease of the peripheral sensitivity 
of cells to insulin under such conditions was 
confi rmed by an increase the level of insulin in 
the blood serum by 32.7 % (p<0.001) compared 
to the initial indexes.

The changes of HbA1c content, which in 
rats of the 2nd group became higher by 86.6 % 
(p<0.05) in comparison with the similar values   
of intact animals, were co-directed. The devel-
opment of IR is confi rmed by the elevation of 
HOMA-IR index, which under such experimen-
tal conditions increased by 68.1 % (p<0.001) 

compared to the control parameters.
It should be noted that dysmetabolic manifestations 

of impaired carbohydrate homeostasis were more pro-
nounced under the conditions of combined endocrin-
opathy (see fi g. 1, 2). In particular, in animals of the 
3rd group, the blood glucose level increased by 63.3 % 
(p<0.001) compared to the control values. At the same 
time, the insulin content in blood serum increased by 
48.2 % (p<0.001) in comparison with the initial data. Ac-
cording to the excessive accumulation of glucose in the 
blood under such experimental conditions, an increase 
of HbA1c level by 2.1 times (p<0.05) compared to the 
corresponding indexes of intact rats was noted. A reliable 
criterion for the development of IR in animals with com-
bined endocrinopathy was an increase the HOMA-IR 
index by 2.1 times (p<0.001) in comparison with similar 
values  in rats of the control group.

During the comparative analysis of the carbohydrate 
metabolism markers in animals of the 2nd and 3rd groups, only 

Fig. 1. Markers of carbohydrate metabolism of intact and 
insulin-resistant rats under conditions of adequate iodine 

supply and iodine defi ciency (M±m, n=30)
Note: here and in the following fi gures *p<0.05, ∆p<0.001 – rela-

tive to the data in intact animals; #p<0.001 – in relation to the data in 
animals with insulin resistance

Fig. 2. HOMA-IR index of intact and insulin-resistant rats 
under conditions of adequate iodine supply and iodine 

defi ciency (M±m, n=30)

Serhii Huranych, Tetyana Huranych, Olya Zayats «The Examination of Remodeling Processes of Hard Periodontal Tissues...»



«Архів клінічної медицини»34

Оригінальні дослідження

the level of insulin experienced the reliable changes, which 
in rats with IR on the background of ID increased by 11.7 % 
(p2-3<0.001) compared to similar indexes under the condi-
tion of isolated fructose loading. The obtained results can 
be explained by the regulatory effect of thyroid hormones 
on the sensitivity of cells cytoreceptors to insulin and the 
development of hyperinsulinemia in response to ID.

During the analysis of the mineral composition of 
teeth-alveolar complex in rats that were on a normal diet, 
the highest content of calcium and zinc was noted in the 
alveolar process, and magnesium, manganese and cop-
per – in the cementum of the tooth root.

In animals with endocrinopathies, an imbalance of 
mineralization/demineralization physiological system 
of hard periodontal tissues was observed. In particular, 
under IR conditions the redistribution of minerals in the 
examined tissues took place (fi g. 3a, b, c, d). Thus, in 
the cementum of the tooth root the content of calcium 
became lower by 68.7 % (p<0.001), magnesium – by 
76.4 % (p<0.001), manganese – by 75.2 % (p<0.01) 
against the background of increase the zinc content by 
47.5 % (p<0.05) compared to the similar indexes of in-
tact animals. At the same time, the mineral composition 
of the alveolar process under these experimental condi-
tions signifi cantly changed only due to the calcium and 
magnesium, the content of which decreased by 68.0 % 

(p<0.02) and by 87.4 % (p<0.001) respectively com-
pared to control data. It is known that calcium partici-
pates in the formation of the core of crystallization in 
hard tissues, therefore, a decrease in its content in the 
bone tissue of the jaws reduces the mineralization of the 
organic matrix of the bone, which can disrupt the struc-
ture of the tooth-alveolar complex in general [12].

It should be noted that the development of combined 
endocrine pathology was accompanied by the more 
pronounced changes of the studied parameters of the 
mineral spectrum (see fi g. 3a, b, c, d). In particular, a 
decrease of calcium content by 78.1 % (p<0.001), mag-
nesium – by 88.8 % (p<0.001), manganese – by 85.1 % 
(p<0.01) was observed in the cementum of the tooth root 
with the simultaneous increase of zinc concentration by 
82.1 % (p<0.02) compared to the similar data in control 
rats. Taking into account the fact that zinc is a compo-
nent of cell division during the process of dentinogen-
esis, an increase of its content in tooth tissues can be a 
compensatory replacement of other inorganic substances 
as a result of demineralization against the background of 
hyperglycemia [13].

At the same time, in the alveolar process only the con-
tent of macroelements underwent the signifi cant chang-
es, where the level of calcium and magnesium became 
lower by 82.5 % (p<0.02) and 90.7 % (p<0.001), respec-

  
   а)       b)

 
   c)       d)
Fig. 3. The content of macro- and microelements (calcium (mg/kg) – a, magnesium (μg/g) – b, zinc (μg/g) – c, 
manganese (μg/g) – d in the cementum of the tooth root and the alveolar process of intact and insulin-resist-

ant rats under conditions of adequate iodine supply and iodine defi ciency (M±m, n =30)
Note: here and in the following fi gures □ p<0.02 – relative to the data in intact animals; × p<0.01 – relative to the data in 

intact animals; Ο p<0.01 - relative to the data in animals with insulin resistance
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tively, compared to initial indexes. The obtained results 
of the mineral spectrum may be one of the pathogenetic 
mechanisms of inhibition of bone tissue remodeling pro-
cesses of the alveolar process due to the accumulation of 
glycation end products in them.

During the study of features of mineral substanc-
es accumulation in the tissues of rats with isolated IR 
and IR on the background of ID, a predominant de-
crease of their content under the conditions of com-
bined endocrine pathology was established, mainly 
due to macroelements (see fi g. 3a, b). In particular, 
in the cementum of the tooth root of rats of the 3rd 
group, the level of calcium decreased by 30.0 % 
(p2-3<0.01) and magnesium – by 52.3 % (p2-3<0.001) 
compared to the corresponding values   in animals with 
impaired glucose tolerance. It should be noted that only 
the content of calcium in the alveolar process underwent 
the signifi cant changes, which in rats with IR on the 
background of ID was lower by 45.3 % (p2-3<0.01) com-
pared to the similar indexes of animals with isolated IR.

The important biochemical markers of physiological 
mineralization of hard tissues of the body are determination 
of serum phosphatase activity (APs and AP) (fi g. 4a, b).

The analysis of activity of these enzymes in animals 
with endocrinopathies indicates the reliable changes of 
APs activity. Thus, the keeping of animals on a high-fruc-
tose diet led to increase of APs activity by 2.3 times 
(p<0.02) compared to the data in intact animals (see fi g. 
4a). It should be noted that the activity of AP under such 
conditions had the tendency to decrease (see fi g. 4b).

Under the conditions of combined endocrinopathy, 
the processes of demineralization of the examined tissues 
were more pronounced, what is confi rmed by an increase 
of blood serum APs activity by 3.3 times (p<0.001) com-
pared to the initial values  (see fi g. 4a). During the com-
parative analysis of the activity of serum phosphatases in 
rats with isolated IR and combined endocrinopathy, a sig-
nifi cant increase of APs activity in the blood serum of an-
imals of the 3rd experimental group by 44.3 % (р2-3<0.05) 
was found in comparison with the corresponding indexes 
of rats with impaired glucose tolerance. Considering the 
fact, that APs is secreted by osteoclasts, which are acti-

vated during the demineralization of hard tissues, and AP 
characterizes the activity of osteoblasts in the process of 
osteosynthesis [4], the obtained results may indicate a vi-
olation of the processes of remodeling of hard tissues in 
animals with IR against the background of ID precisely 
due to the increase of bone resorption intensity.

Prospects for further research
A comprehensive study of all links of the remode-

ling process of hard periodontal tissues under the condi-
tions of isolated carbohydrate metabolism disorder and 
in combination with ID will allow to systematize the 
manifestations of metabolic imbalance and the mineral 
spectrum changes of the tooth-alveolar complex under 
the conditions of endocrinopathies. At the same time, the 
study of the mineralization/demineralization process-
es of hard tissues of the body under the conditions of 
the development of carbohydrate metabolism disorders 
will contribute to the expansion of existing knowledge 
regarding the possibilities of treatment and prevention 
of complications from the dento-maxillary system in pa-
tients with comorbid pathology, in particular, impaired 
glucose tolerance against the background of ID.

Conclusions
The keeping of animals on a high-fructose diet led 

to the development of carbohydrate metabolism disor-
ders, which is confi rmed by an increase of blood glu-
cose and HbA1c levels, blood serum insulin level and 
the HOMA-IR index. The development of combined 
endocrinopathy was accompanied by more pronounced 
changes of carbohydrate metabolism markers. The spec-
ifi ed manifestations prove the potentiating effect of ID 
on the incretory function of the pancreas.

The violation of carbohydrate homeostasis was man-
ifested by the changes of the remodeling processes of 
hard periodontal tissues due to the redistribution of min-
erals in the cementum of tooth root (decrease the level of 
calcium, magnesium and manganese against the back-
ground of an increase the zinc content) and a decrease 
the content of macroelements in the alveolar process. 
Co-directed to the changes of the inorganic spectrum 

а)  b) 

Fig. 4. Acid (a) and alkaline (b) phosphatases activity of blood serum of intact and insulin-resistant rats un-
der conditions of adequate iodine supply and iodine defi ciency (M±m, n=30)
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of the examined tissues under such conditions was the 
increase of APs activity against the background of the 
decrease of AP activity. The obtained results indicate 
the intensifi cation of osteoresorptive processes of the 
tooth-alveolar complex in animals with IR. At the same 
time, the combined effect of glucose excess and ID led 
to more pronounced changes in the hard periodontal 
tissues, which may be the reason of suppression of the 
physiological capacity of the tooth-maxillary system and 
the development of structural disorders of bone tissue 
and teeth in patients with endocrine disorders.
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