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ABSTRACT

The effect of calcitonin on the blood glucose
level in glucose-tolerance test of children with
the 1-st degree obesity was studied. Initial blood
glucose level was normal and glucose-tolerance
test per os didn’t expose glucose tolerance im-
pairment in children under control. Calcitonin
didn’t change initial glucose concentration but
evoked impairment of glucose tolerance. The
girls with the 1-st degree obesity were more sen-
sitive to hyperglycemic effect of calcitonin than
the boys. Sex specificities must be taken into
consideration in calcitonin treatment. Besides
one ought mean that the increasing secretion of
calcitonin occurs in stress-reactions. In these
conditions endogenous calcitonin can make the
same effect on the regulation of carbohydrate
metabolism as exogenous injections of hor-
mone.
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1. INTRODUCTION

It is known that human health is formed in early child-
hood, when the cause for future diseases can be estab-
lished, including the metabolic syndrome and diabetes,
the main factor in the development of which is the
child’s excess weight, moreover, obesity is strongly as-
sociated with postnatal growth. The body weight of the
child is very dependent on the particular stage of growth.
It is important to take into account the age at which the
fat is reduced. Thus, a decrease in fat at an early age (1 -
6 years) causes obesity in adult life [1]. An increased
body mass index at 10 years and obesity in childhood are
risk factors for the subsequent development of mellitus
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type | diabetes [2], and a moderate decrease in body
weight significantly reduces the incidence of the meta-
bolic syndrome [3]. Several studies have shown that the
most important factor leading to a reduction of a recep-
tor’s own sensitivity to insulin is obesity [4-7]. Lofgren
R. [8] believes that the insulin-resistance of adipocytes is
a consequence of obesity. The correlation between the
amount of abdominal fat and insulin-resistance is estab-
lished [9]. Childhood obesity in 30% of the cases deter-
mines obesity in adulthood, which has a more compli-
cated form than in the development of obesity in adult
life [10]. In children and adolescents with obesity, a vari-
ety of endocrine and metabolic disorders are identified,
although, until recently, many believed that similar viola-
tions are observed only in adult obesity [11]. In children
with obesity, metabolic disorders were identified, such as
insulin-resistance and dyslipidemia of an atherogenic
nature, which increase with obesity [12]; they have a
violated metabolism of glucose, lipids, uric acid [13],
elevated levels of insulin, C-peptide [14], and free fatty
acids in the blood plasma [15].

Abdominal type of obesity is often combined with in-
sulin-resistance [16] and the development of the progres-
sive metabolic syndrome [17]. Abdominal obesity in pre-
pubertal children, mostly, is subcutaneous, while the
level of visceral fat increases with age and puberty [18,
19]. By the time of puberty, the content of insulae tissue
in the pancreas is reduced to 1% - 2% and remains stable
for a long time.

Overweight and obesity both in adults, children, and
adolescents is a risk factor for mellitus diabetes, arterial
hypertension, early atherosclerosis, and reproductive dis-
orders [20-22]. In addition, obesity in childhood leads to
the development of associated diseases such as mellitus
type 1l diabetes, hypertension, dyslipidemia, sleep apnea,
and fatty liver disease [23-27]. It is believed that children
and adolescents with obesity may develop the metabolic
syndrome [28,29]; in turn, the pathological basis of the
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metabolic syndrome is a decreased sensitivity to insulin
that occurs in obesity [30]. At the same time, insulin-
resistance in obese children is an important marker for
the risk of mellitus type Il diabetes and its complications
[31]. The development of mellitus diabetes in children is
associated with viral infections, stressful events, puberty,
and an increase of the incidence of mellitus diabetes oc-
curs between the age of 10 - 14 years [20,32].

Previously [33] a calcitonin diabetogenic effect and its
role as a “risk factor” in the development of metabolic
syndrome and diabetic mellitus are discussed. However,
clinical observations for the patients with Paget’s disease
and a long-time calcitonin treatment are not identical
[34-36]. Some authors [34] describe the hyperglycemic
effect of synthetic salmon calcitonin and the existence of
a strong reverse correlation between plasma calcium
level and glucose level, and others [35,36] didn’t reveal
the symptoms of diabetes mellitus in patients with
Paget’s disease even after 8 years of calcitonin treatment.
These data allow suppose that diabetic effect of calci-
tonin reveals not always, but, apparently, under the
changing of the initial state of pancreas B-cells, espe-
cially under their intensive activity. With the number of
factors predisposed to diabetes mellitus belongs, as it is
known, obesity. This metabolism disturbance accompa-
nies by the increasing of organism need in insulin and
intensified functioning of islet’s apparatus leading to the
following exhaustion. Proceeding from these conceptions
it is admitted suppose that under obesity calcitonin ex-
cess can do a diabetogenic effect sooner than under nor-
mal metabolism state. In this connection the aim of our
investigation was to study the effect of one-time injection
of calcitonin on glucose tolerance in children with the 1-
st degree obesity.

2. METHOD OF INVESTIGATION

20 children (10 boys and 10 girls) with the 1-st degree
obesity and negative calcium balance in age of 10 - 14
years, which were prescript preparation “Calcitrin” for
the normalization of bone metabolism, were inspected.
The calculation of body mass index (BMI) for the height
and weight is the most standardized method of the defi-
nition of degree obesity. The diagnosis of child obesity
were defined under BMI > 30 kg/m? [16,17]. In in-
spected children BMI calculated with the formula: BMI
= body mass (kg)/height® (m). If body mass increased
91-st percentile for this age and sex for 10% - 29% it is
established the 1-st degree obesity. Body mass of exam-
ined children was increased the necessity one for 15% -
25% that corresponds the 1-st degree obesity. It is used
indirect (endogenous) method of estimation of biological
insulin effect, vectored to the assessment of endogenous
insulin effect glucose tolerance test per os admitting to
reveal the earlier disturbances of carbohydrate metabo-
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lism—the sensitivity of the peripheral tissues to insulin.
In each child under test twice defined the tolerance to
glucose: in control research (glucose load) and against
the background of preliminary (for 30 - 35 min before
glucose load) intramuscular injection 15 units of calcitrin.
Glucose load per os calculated for the nomogram of
computation of body surface on height and weight (by
Graford, Terry and Rurk) and contained from 60 to 100 g
glucose. Blood glucose determined with titrometric me-
thod of Hagedorn and lensen before load and also every
30 min during 3 hours after it. For the estimation of gly-
caemic curves it was calculated hyperglycaemic (ratio of
maximal blood glucose level by initial level) and hypo-
glycaemic (ratio of minimal blood glucose level by ini-
tial level) coefficients. The results of fulfilling inspec-
tions are represented in Figures 1 and 2.
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Figure 1. Effect of one-time calcitonin injection on the type of
alimentary hyperglycaemia in children with the 1-st degree
obesity. "The reliability of results difference under control and
against the background of calcitonin.
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Figure 2. Sex differences of alimentary hyperglycaemia in
children with the 1-st degree obesity under control and against
the background of calcitonin. (a) Boys; (b) Girls. “The reliabil-
ity of results differences under control and against the back-
ground of calcitonin; “the reliability of sex differences under
control and against the background of calcitonin.
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3. RESULTS AND DISCUSSION

Initial level of blood glucose in control was normal
(Figure 1). Maximal content of blood glucose (6.5 + 0.5
mmol/l) achieved in 60 min after glucose load, then it
decreased by initial value to 120 min and by hypogly-
caemic level (3.9 £ 0 1 mmol/l) to 180 min after load.

In the investigation with calcitonin injection the initial
blood glucose concentration didn’t change. But already
in 30 min after load it increased by 7.4 + 0.4 mmol/l and
reliably was higher than the same value in control under
glucose load. Hyperglycaemia kept on maximal level
during the following 30 min, and initial concentration
established only by 150 min of investigation. Blood glu-
cose level decreased to the same value as under glucose
load by 180 min.

Thus, calcitonin injection didn’t tell on the initial
blood glucose level but increased the degree and duration
of hyperglycaemia. The decreasing of glucose tolerance
fond its expression in the values of hyperglycaemic coef-
ficients: 1.713 = 0.05 against the background of calci-
tonin and 1.436 + 0.04 under control (P < 0.001). Hypo-
glycaemic coefficient didn’t differ reliably.

It is known, that, in the first place, the shifts in carbo-
hydrate metabolism caused by the disturbance of insulin
secretion and revealed in the type of compensational
hyperinsulinemia or in the type of glucose tolerance im-
pairment. In case of alimentary hyperglycaemia in chil-
dren with the 1-st degree obesity against the background
of calcitonin injection marked reliably the impairment of
glucose tolerance.

These results coincide with the data of other investiga-
tions [37] and indicate that calcitonin excess can be as
“risk factor” with respect to diabetes mellitus. Despite on
what that the overweight of normal body mass was the
same in boys and in girls, the curves of alimentary hy-
perglycaemia characterized by the definite differs.

The rise of blood glucose level in girls was reliably
higher than in boys in 30 and 60 min after the load even
under control (Figure 2); the value of hyperglycaemic
coefficient was higher respectively. Against the back-
ground of calcitonin the blood glucose level in girls was
higher than in boys in 60, 90, 120 and 180 min after the
load, the hyperglycaemic coefficient was reliably higher
too.

As testified our received findings, the endocrine regu-
lation of glucose homeostasis in girls occurred more sen-
sitive to calcitonin effect than in boys. Sex differences
must be taken into consideration in calcitonin treatment.
Besides one should mean that the increasing secretion of
calcitonin occurs in stress situations, in this connection
hypercalcitoninemia arises [38]. In these conditions en-
dogenous calcitonin can make the same effect on the re-
gulation of carbohydrate metabolism as exogenous injec-
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tions of hormone. As far as the development of mellitus
diabetes in children is associated with viral infections,
stressful events, puberty, and an increase of the incidence
of mellitus diabetes occurs between the age of 10 - 14
years [20,32], what, in our opinion, our data are worthy
of attention and further investigation.

The impairment of glucose tolerance in children with
the 1-st degree obesity under glucose tolerant test per os
against the background of calcitonin injection revealed in
our investigations is one of clinic manifestations of insu-
lin-resistance. Although some authors consider the de-
creasing of the ratio of blood glucose concentration by
insulin level as more significant index of insulin-resis-
tance in children and adolescents with obesity [39], but
other authors [40] believe that in the assessment of insu-
lin-resistance under the obesity in children and adoles-
cents the meaning of the stimulating insulin output and
Matsuda’s index, determining by the data of oral glucose
tolerant test, possesses more diagnostic significant. Nev-
ertheless, the establishment of diagnosis of the distur-
bance of glucose tolerance or hyperglycaemia on an em-
pty stomach allows reveal the persons with high risk of
the development of mellitus type 2 diabetes and cardio-
vascular diseases [17].

Insulin-resistance is considered as non-capacity of or-
ganism to use effectively insulin, secreted by it. For ex-
ample, insulin-resistance of skeletal muscles mainly cau-
sed by the defects of insulin-dependent glucose transport
[41]. Insulin-resistance is the common metabolic disor-
der which plays the leading role in pathogenesis of me-
tabolic syndrome and also mellitus type 2 diabetes and
obesity.

A number of hormones such as entero-glucagon, cor-
ticotrophin, vasopressin, somatotropin, thyrotropin, pro-
lactin, thyroxin, or intensify, or decrease insulin effect
[17,41] and, so, intensify or decrease insulin-resistance.
Earlier we were showed the slowdown of glucose-sti-
mulated insulin secretion under calcitonin injection [42].
Other authors [43] revealed a diabetogenic effect of sal-
mon calcitonin, its inhibitory effect on insulin secretion,
stimulating effect on gluconeogenesis and inhibitory ef-
fect on glycogenesis. As far as insulin effect can be mod-
ified by calcitonin effect so one can suppose about its
potential role in pathogenesis of these diseases.

4. CONCLUSION

Thus, we can conclude that calcitonin injection ex-
poses more significant rise of blood glucose level after
glucose load in children with the 1-st degree obesity than
in control, i.e. leads to glucose intolerance. The girls with
the 1-st degree obesity characterized more sensitivity to
the hyperglycemic effect of calcitonin than the boys. Sex
specificities of calcitonin effect on glucose metabolism
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must be taken into consideration in calcitonin treatment.
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