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Abstract

The issues of diabetes mellitus (DM), as a widely spread disease with severe course and
complications, are one of the most urgent in the world. Till 2040 the number of DM patients is
estimated to increase to 640 million including 90% of them with type 2 DM. Due to nanotechnologies
contemporary science is supplied with new achievements in the fields of nanobiology, nanomedicine,
nanopharmacology. Nanoparticles and nano-structured materials have been already used as new
remedies, biosensors and appliances for visualization and diagnostics. Considering biological value of
chromium as a trace element, chromium nanoparticles can be rather promising structures to be applied
in nanomedicine. Under conditions of a long administration of nanochromium citrate (NCC)
hypoglycemic effect in normoglycemic animals remains and increases in case the period of compound
introduction becomes longer. Results of investigation of NCC anti-hyperglycemic activity against the
ground of experimental DM (EDM) found that in addition to substantial decrease of glucose
concentration in the blood NCC effect promotes normalization of insulin content in the blood serum of
animals and insulin resistance index (HOMA-IR), which is indicative of reduced tolerance of insulin-
dependent organs to glucose.
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Introduction

The issues of diabetes mellitus (DM), as a widely
spread disease with severe course and
complications, are one of the most urgent in the
world [1, 2]. Till 2040 the number of DM patients is
estimated to increase to 640 million including 90% of
them with type 2 DM [3]. In Ukraine sickness rate of
the disease 5-7% increases annually, and now it is
more than 2 million of people [4]. In spite of new
methods of diagnostics and treatment introduced
into medical practice DM remains an important
medical and social issue in the world [5].

Significant causes of DM occurrence are
urbanization, percentage increase of people with
obesity, stresses, aging of the population, sedentary
life style, and irrational diets [6, 7]. In addition to
genetic factor development of DM can result from
uncontrolled intake of glucocorticoids, oral
contraceptives, certain diuretics etc [8].

Today type 2 DM is widely spread. Insulin
resistance (85%) and dysfunction of pancreatic -
cells play the major role in pathogenesis of the
disease. Compensatory hyperinsulinemia and
hyperglycemia occur in this case resulting in
increased glucose supply into the cells, reduced
sensitivity and blockade of insulin receptors.
Glucose and fat accumulate in the adipose depot at
the expense of hyperinsulinemia resulting in the
development of obesity [9].

Lack of essential trace elements directly
participating in the regulation of carbohydrate
metabolism plays an important part in DM
pathogenesis. These elements are chromium, zing,
manganese, vanadium etc [10, 11]. Chromium as an
essential trace element is known to enter the body
from outside. It participates in the regulation of
insulin  production and metabolism, provides
functioning of the pancreas being a constituent of
low molecular organic complex - glucose tolerance
factor (GTF), and intensifies insulin action [12].

A close relation is found between chromium
deficiency in the human organism and occurrence of
DM [13]. 33-37% decrease of chromium level (in the
blood, hair, tissues) is found in case of DM in
comparison with healthy individuals. Chromium
deficiency increases insulin resistance as one of the
main mechanisms in the development of type 2 DM,

and additional intake of this element decreases
glucose level in the blood HbA1c and insulin
resistance [10, 14].

The outline of the XXI century determines
developmental rate of nanotechnologies and their
introduction into the practical human activity [15]. In
recent decades a considerable amount of
nanomaterials have been created on the basis of a
number of fundamental and applied researches.
They are used in more than 400 products associated
with electronics, drugs, cosmetics, packing materials
for food, automobile parts, clothes etc. Due to
nanotechnologies present-day science is supplied
with new achievements in the fields of nanobiology,
nanomedicine, nanopharmacology [16, 17, 18, 19].
Nanoparticles and nano-structured materials have
been already used as new remedies, biosensors and
appliances for visualization and diagnostics [20, 21,
22]. Considering biological value of chromium as a
trace element, chromium nanoparticles can be
rather promising structures to be applied in
nanomedicine. Though, scientific literature contains
only fragments concerning their biological activity
[23, 24]. The interest in making preparations on the
basis of nanometals is continuously increasing,
which is associated with pharmacological properties
of biometals on nanolevel.

Ukrainian  Scientific-Research  Institute  of
Nanobiotechnologies and Resource-Saving (Kyiv)
received chromium nanocompound -
nanochromium citrate (NCC) [25].

Considering a biological value of chromium as a
trace element, the present-day science is interested
in investigation of effect of the new chromium
nanocompound on carbohydrate metabolism and
glucose level in the blood in particular.

Methods

NCC effect produced on glucose level in the blood
taken from the caudal vein was examined in
normoglycemic (intact control) animals in the
dynamics against the ground of a long (14 days)
intragastric introduction of NCC in the dose of 0,01
mg/kg by means of the glucometer (Accu-Chek
Active New, Germany). Antihyperglycemic activity of
NCC was examined on the experimental model of
DM simulated on 18-month male rats with the body
weight of 220-270 g injecting dexamethasone
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solution (KRKA, Slovenia) in the dose of 0,125
mg/kg subcutaneously during 14 days [26].
Reference medicine metformin Sandoz (Poland)
was used for comparison in the form of water
suspension introduced into the stomach of animals
by means of a tube in the dose of 200 mg/kg [27,
28]. In addition to dexamethasone experimental
animals were given NCC into the stomach in the
dose of 0,01 mg/kg or metformin. The animals were
divided into four groups: | group - intact rats, Il -
control pathology, Ill — dexamethasone + NCC, IV
group — dexamethasone + metformin. 10-12 hours
before detection of glucose and insulin level in the
blood animals were deprived of food with free
access to water. Antihyperglycemic properties of
NCC were evaluated by glucose concentration in the
blood (in dynamics on the 1st, 7th, 14th days) and
insulin content in the blood serum (on the 14th day)
in comparison with the reference medicine
metformin. To evaluate insulin resistance (IR) a
mathematic model of insulin-glucose relations
Homeostasis Model Assessment (HOMA) was used.
Insulin content in the blood serum was determined
by means of immune luminescent analysis on the
automatic immune chemiluminescent analyzer
(Snibe Co., Ltd, PRC) applying the test-set
“Maglumi”, PRC. Insulin resistance index (HOMA-IR)
was calculated by the formula: HOMA-IR=(glucose
(mmol/L) e insulin (mMcUN/ml)) / 22,5 (constanta)
[29]. All studies were carried out in accordance with
the criteria outlined in the European Union Directive
2010/63/EU “On the protection of animals used for
scientific purposes”.

Statistical processing of the obtained data was
performed using the SPSS Statistics 17.0 software.
All data are represented as a mean * standard error
of the mean (M+m). Estimation of the differences
between the samples was conducted using a
parametric Student’s t-test and a nonparametric
Mann-Whitney U test. The minimum significance
level was p<0.05.

Results

Investigation of NCC effect on glucose level in the
blood of normoglycemic animals in case of a long
introduction of the compound in to the stomach
was indicative of the fact that a day after
administration glucose level in the blood did not

differ from that of the control indices. 7 days after
NCC administration glucose concentration in the
blood 13% decreased, 14 days after — 44% decreased
in comparison with the intact control (see Table 1).

The study of antihyperglycemic activity of NCC in
the process of simulating experimental DM
determined that a day after dexamethasone
injection and simultaneous NCC or metformin
administration glucose concentration in the blood
of animals ranges within the levels of intact rats. 7
days after dexamethasone injection (Il group)
glucose concentration in the blood of animals
increased reliably. 14 days after glycemic increased
practically twice as much. Moreover, animals
developed polydipsia and polyuria which is a reliable
sign of EDM simulation.

Under conditions of simultaneous administration
of dexamethasone with NCC or metformin (IlI-IV
group) glucose concentration in the blood of
animals on the 7th day increased similarly in
comparison with the intact control. On the 14th day,
though glucose level in the animals remained on the
initial level (similar to that of the 7th day), it
appeared to be considerably lower than that in the
animals with simulated pathology (see Table 1).

In animals with EDM insulin content in the blood
serum on the 14th day increased substantially in
comparison with the intact animals. Insulinemia
level decreased compared to the control pathology
either under NCC effect or metformin
administration. In case of EDM insulin-glucose
relations (HOMA-IR) appeared to be higher than
that of the intact animals. On the contrary, when
NCC or metformin was used HOMA-IR decreased
and did not differ considerably from the indices of
the intact animals (see Table 2).

Discussion

Considering the fact that chromium as a trace
element participates in maintenance of normal
glucose level in the blood [30] we have examined
hypoglycemic activity of NCC in normoglycemic
animals and antihyperglycemic effect in animals
with EDM.

Under conditions of a long NCC administration
hypoglycemic effect was found to remain in
normoglycemic animals and increase with a longer
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period of compound introduction. On the one
hand, the obtained results concerning maintenance
of NCC hypoglycemic activity during its long
introduction are indicative of the lack of tolerance
to repeated NCC administration, and on the other
hand - intensification of hypoglycemic activity of
the compound. At the same time, the mechanism of
its action requires additional studies.

In animals with simulated pathology efficacy of
antihyperglycemic action of NCC was compared
with the reference drug metformin. Administration
of NCC into the stomach was stipulated by several
reasons. First, DM caused by dexamethasone
injection simulates type 2 EDM in animals, and
usually in its treatment oral hypoglycemic drugs are
used. Second, specific anti-diabetic activity of NCC
with EDM was compared with the effect of the
hypoglycemic drug metformin which is administered
in DM patients orally.

A reliable sign of type 2 EDM simulation was
glycemia increase on the 14th day after
dexamethasone injection [27]. Scientific literature
contains  information  that in case of
dexamethasone-induced DM secretory function of
pancreatic B-cells is disturbed, insulin resistance
develops, tolerance to carbohydrates increases [26].
NCC administration in animals with EDM decreased
glucose level in the blood which did not differ
considerably from metformin antihyperglycemic
effect. Insulinemia decreased under effect of NCC or
metformin against the ground of EDM. Due to low
sensitivity of the peripheral tissues to insulin effect
with EDM HOMA-IR was higher than that of the
intact animals. And on the contrary, after
administration of NCC or metformin HOMA-IR
decreased respectively and did not differ much from
the indices of the intact animals. The results
obtained evidenced that antihyperglycemic effect of
NCC with EDM is similar to that of the reference
medicine metformin. According to literature data
sugar-reducing activity of metformin as a reference
anti-diabetic agent is known to be caused by its
action on various stages of carbohydrate
metabolism in the body: reduced tissue resistance
to insulin; increased glucose utilization by the
muscular and adipose tissues; inhibition of glucose
biosynthesis in the liver; decreased absorption of
glucose from the intestines [28]. Additional studies

on a comprehensive mechanism of anti-diabetic
activity of NCC can help to understand which of the
above mechanisms is preferred in case of NCC
action including its action on the pancreatic B-cells.

Conclusion. The results of experimental studies is
indicative of the fact that hypoglycemic activity of
NCC in normoglycemic animals remains and
intensifies as the evidence of lack of tolerance with
repeated administration. Glucose concentration in
the blood, insulin content in the blood serum and
insulin resistance of the tissues (HOMA-IR) decrease
against the ground of simulated pathology (EDM) in
comparison with the control pathology and reaches
the level of the intact animals. The results obtained
substantiate reasonability to conduct further studies
on investigation of pathogenic mechanisms of
hypoglycemic action and antihyperglycemic activity
of NCC as a promising anti-diabetic agent.
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Table 1. Glycemia dynamics in normoglycemic rats in the process of simulating diabetes mellitus

Conditions of the experiment

Intact control
Nanochromium citrate
Control pathology

Dexamethasone + nhanochromium
citrate
Dexamethasone +metformin

Glucose content in the blood, mmol/L

1 day 7 day

5.30%0.20
5.12%0.2

5.37%0.26
5.52%0.19

5.65+0.16

5.40+0.07
4.72+0.2"
7.20+0.20"

6.47%0.30

7.05%0.35"

14 day
5.47+0.21
3.05+0.3"

14.22+0.36"

6.63%0.34"

6.98+0.41" "

#p<0.05 reliable difference compared to that of intact control; “p<0.05 reliable difference compared to that of control pathology

Table 2. Nanochromium citrate effect on glucose level, insulin content in the blood of rats and insulin
resistance (HOMA-IR) against the ground of experimental DM on the 14th day

Control EDM EDM+NCC EDM+
Conditions of the experiment . . (control metformin
(intact animals)
pathology)

Glucose content in the blood, 5.47+0.21 14.22%0.36" 6.63+0.34" 6.98+0.41"
mmol/L
Insulin, mcUN/ml 1.940.15 4.240.20" 1.840.09 1.640.06
HOMA-IR, st.un. 0.46%0.03 3.33+0.26" 0.52%0.03 0.49%0.04"

#p<o.05 reliable difference compared to that of intact control; *p<o.05 reliable difference compared to that of control pathology
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