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ABSTRACT
The aim: To determine the activity of NO-synthase and arginase in oral fluid in children with type 1 diabetes mellitus and to evaluate the efficacy of the treatment scheme we
elaborated in the treatment of chronic catarrhal gingivitis.
Materials and methods: 82 children were examined, they were divided into groups by presence of gingivitis and diabetes mellitus. NO-synthase (NOS) activity was determined
in oral fluid by the difference in nitrite concentration before and after incubation. The arginase activity was determined in oral fluid by the difference in the concentration of
L-ornithine before and after incubation.
Results: Use our treatment scheme in children with chronic catarrhal gingivitis and type 1 diabetes mellitus lead to a change in the polarization of oral macrophages towards
the predominance of M2 polarization in 1 month. The polarization of macrophages changed to the predominance of M1 polarization activity in 1 year.
Conclusions: We have elaborated a scheme for the treatment of chronic catarrhal gingivitis in children with type 1 diabetes mellitus. It normalizes the polarization of oral
macrophages caused by exposure to chronic catarrhal gingivitis as a local pathogenetic factor.
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INTRODUCTION

Diabetes mellitus is one of the most common metabolic
diseases. According to the International Diabetes Federation (IDF), the number of people with diabetes will
exceed 500 million by 2030. Local changes in periodontal
tissues in persons with diabetes mellitus are characterized by increased production of reactive oxygen species,
and pro-inflammatory cytokines, which are based on the
accumulation of glycation products and their active interaction with receptors [1, 2]. An increase in the level of
pro-inflammatory cytokines leads to the development of
oxidative stress and stimulation of further inflammation in
periodontal tissues. One of the central roles in the development of inflammation is played by macrophages. They
have either pro-inflammatory M1 or anti-inflammatory
M2 phenotype. It depends on the microenvironment [3-5].
There is a possibility of transformation of the M1 phenotype into M2 by changing the spectrum of stimulating
cytokines. One of the differences between M2 and M1
phenotypes is that they metabolize L-arginine differently.
M2 macrophages transform L-arginine into L-ornithine
and polyamines, while M1 macrophages produce nitric
oxide and L-citrulline. It is proved that the determination
of the expression of the inducible isoform of the nitric oxide
synthase enzyme (iNOS) makes it possible to assess the
polarization of macrophages towards “classically” activated
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M1 phenotype with the significant formation of nitric oxide
and other proinflammatory cytokines and mediators. It is
believed that the activity of iNOS characterizes the features
of polarization and differentiation of macrophages into
different types, namely, M1 or M2 [6-8].
A better understanding of the etiological factors and
pathogenetic mechanisms of periodontal diseases in diabetes mellitus is one of medical and healthcare priorities
[9-11], which will enable to elaborate more effective approaches for the prevention and treatment of oral diseases.

THE AIM

The aim of this study is to determine the activity of NO-synthase and arginase in oral fluid in children of primary
school age with type 1 diabetes mellitus and to evaluate
the efficacy of the treatment scheme we elaborated in the
treatment of chronic catarrhal gingivitis.

MATERIALS AND METHODS

We examined 82 children (from six to twelve years old),
including 56 children with type 1 diabetes mellitus and 26
children without somatic diseases.
According to our dental examination, all the patients
were divided into the following subgroups:
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Group 1 - 13 children with clinically healthy periodontium and no comorbidities, this group was a control one;
Group 2 - 13 children of children without comorbidities
and with chronic catarrhal gingivitis (CCG);
Group 3 - 26 children with type 1 diabetes mellitus
without signs of periodontitis;
Group 4 - 30 children with type 1 diabetes mellitus who
had chronic catarrhal gingivitis.
We studied the PMA index (papillary–marginal–alveolar
index) modified by Parma (1960). General NO-synthase
(gNOS) activity was determined in oral fluid by the difference in nitrite concentration before and after incubation.
Activities of constitutive (cNOS) and inducible (iNOS)
isoforms of NOS were determined with the usage of selective iNOS inhibitor (Aminoguanidine hydrochloride)
The arginase activity was determined in oral fluid by the
difference in the concentration of L-ornithine before and
after incubation in phosphate buffer solution containing
L-arginine [12].
The findings obtained were statistically processed using
Microsoft Office Excel 2016 software pack. The distribution
was checked by the Shapiro-Wilk test. The arithmetic mean
(M), the representativeness error of the mean (m), and the
significance level of the differences in the mean values (p)
were calculated. The t-test for paired samples was used to
compare values. The difference was considered statistically
significant at p<0.05.
We taught all 82 children how to perform oral hygiene
routine properly. We recommended using soft toothbrushes, toothpaste, and mouth rinse with extracts of medicinal
plants “BIOMED SENSITIVE” (STS Holding Group LTD,
Bulgaria) for all the participants [13]. We treated chronic
catarrhal gingivitis in children of group 2 following the
protocols in the specialty “Pediatric Dentistry” approved
by the Ministry of Health of Ukraine.
The management of the children with chronic catarrhal
gingivitis and type 1 diabetes mellitus (group 4) combined
therapeutic and hygienic measures. Following the examination and diagnosis confirmation, the children received
professional oral hygiene and educated how to keep oral
hygiene properly. The one-month course included our
recommendation to use the toothpaste mentioned above
and the mouth rinse with grape extract. The children were
also prescribed to take the antioxidant “Askorutin” (LLC
Agrofarm, Ukraine) 1 tablet twice a day for 1 month [14].
To normalize oral mocrobiota, we recommended the
patients to rinse the mouth with an antiseptic solution
“Sangiva” (JSC Pharmaceutical firm “Darnitsa”, Ukraine)
twice a day for 5 days and to take the probiotic “BioGaia
Prodentis” (BioGaia AB, Sweden) 1 tablet once a day for
10 days. The evaluation of treatment results was carried
out in immediate follow up period, a month since the
completion of the full course of treatment for chronic
catarrhal gingivitis, and in the remote follow-up period,
in 3, 6, and 12 months.
The scientific materials meet the rules of humane treatment of patients in accordance with the requirements of
the Tokyo Declaration of the World Medical Association,

international recommendations of the Helsinki Declaration
of Human Rights, the Council of Europe Convention on
Human Rights and Biomedicine, Laws of Ukraine, orders
of the Ministry of Health of Ukraine.

RESULTS

Using the standard treatment complex in non-diabetic
children with chronic catarrhal gingivitis leads to a decrease in iNOS activity and an increase in arginase activity
in oral fluid one month after treatment, according to our
results (Table I).
The concentration of nitrites does not change statistically significantly. It evidences an increase in reparative
processes and a decrease in pro-inflammatory processes.
It is also confirmed clinically, namely, the PMA index is
20.52% before treatment, and it decreases to 12.22% a
month after treatment (Fig. 1).
The activity of iNOS and the concentration of nitrites in
the oral fluid of the above-mentioned group of children increases compared to pre-treatment in 3 months after using
the standard treatment complex. The activity of arginases
does not change statistically significantly. The activity of
iNOS and nitrite concentration increase, arginase activity
decreases after 6 months. There is a change in the biochemical parameters of oral fluid in the group of non-diabetic
children with chronic catarrhal gingivitis 1 year after the
start of the standard treatment complex. Thus, the activity
of iNOS decreases, and the activity of arginases increases
compared to pre-treatment data, the concentration of
nitrites stays unchanged. Thus, there is a decrease in the
pro-inflammatory component and an increase in reparative
function. These data coincide with the data of the clinical
research, namely, the PMA index before treatment was
20.52%, and a year later it decreased to 13.35%. The use
of the above-mentioned personal hygiene products (a soft
toothbrush, toothpaste and rinse aid with grape extract)
in children with healthy gums and type 1 diabetes leads
to increased arginase activity and nitrite concentration in
oral fluid in 1 month. It evidences the strengthening of
reparation processes (Table II). The activity of iNOS is not
statistically significant.
The iNOS activity and nitrite concentration increase,
and arginase activity decreases compared to pre-treatment
values in 3 months. The iNOS activity, arginase, and nitrite
concentration increased in 6 months. The iNOS activity
and nitrite levels in the oral fluid increased compared to
pre-treatment data in 1 year after using the soft toothbrush,
toothpaste, and rinse with grape extract, which was recommended by us. And the activity of arginases, respectively,
did not change statistically significantly compared with
pre-treatment activity.
We noted a statistically significant decrease in iNOS activity and a statistically significant increase in arginase activity and nitrite concentration in oral fluid in children with
type 1 diabetes mellitus and chronic catarrhal gingivitis in
1 month after using of treatment complex elaborated by
us. (Tab. III). This fact evidences an increase in reparative
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Fig. 1. The PMA index in Parma modification (1960) in non-diabetic children with
chronic catarrhal gingivitis (group 2) and
children with chronic catarrhal gingivitis
and type 1 diabetes mellitus (group 4).
Table I. The influence of standard treatment complex on the biochemical parameters of oral fluid in non-diabetic children with chronic catarrhal gingivitis n = 13
Biochemical parameters of the oral fluid
Term of sampling
of oral fluid

gNOS,
μmol/min. per g
of protein

cNOS,
μmol/min. per g
of protein

iNOS activity,
μmol / min per g
of protein

Nitrite
concentration,
nmol / l

Arginase activity,
μmol / min per g
of protein

Before treatment

0.55±0.02

0.09±0.001

0.46±0.02

2.50±0.20

0.67±0.02

After 1 month

0.34±0.01*

0.09±0.002

0.30±0.01*

2.01±0.10

0.92±0.02*

In 3 months

0.66±0.08

0.09±0.002

0.57±0.07

3.84±0.37*

0.57±0.05

In 6 months

1.43±0.13*

0.11±0.008*

1.22±0.13*

6.30±0.80*

0.34±0.04*

After 1 year

0.40±0.01*

0.09±0.002

0.29±0.01*

2.27±0.10

1.09±0.02*

Note: * - the difference is statistically significant when compared with the indicators before treatment (p<0.05).
Table II. The influence of preventive measures on the biochemical parameters of oral fluid in children with healthy gums and type 1 diabetes mellitus,
(M ± m). n = 26
Biochemical parameters of the oral fluid
Term of sampling
of oral fluid

gNOS,
μmol/min. per g
of protein

cNOS,
μmol/min. per g
of protein

iNOS activity,
μmol / min per g
of protein

Nitrite
concentration,
nmol / l

Arginase activity,
μmol / min per g
of protein

Before treatment

0.87±0.07

0.11±0.001

0.76±0.07

1.93±0.15

0.42±0.03

After 1 month

0.65±0.04*

0.09±0.001*

0.64±0.04

3.24±0.23*

0.78±0.04*

In 3 months

1.75±0.05*

0.17±0.002*

1.72±0.05*

10.98±0.22*

0.24±0.01*

In 6 months

1.18±0.08

0.14±0.006*

0.93±0.09

9.04±0.53*

0.63±0.04*

After 1 year

1.37±0.08*

0.13±0.005*

1.20±0.07*

8.15±0.57*

0.43±0.03

Note: * - the difference is statistically significant when compared with the indicators before treatment (p<0.05).
processes and reduction of pro-inflammatory processes.
Clinical manifestations are consistent with laboratory
data. The PMA index was 40.47% (moderate degree of
inflammation) before treatment in this group of children,
and it decreased more than 4 times to 9.2% (mild degree
of inflammation) in 1 month (Fig. 1).
We noted the increase in the activity of iNOS and concentration of nitrites, and also decrease in activity of arginases
in 3 months and 6 months after using the treatment complex
developed by us in this group of children. The iNOS activity
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did not change statistically significantly, arginase activity and
nitrite concentration increased statistically significantly compared to pre-treatment values in 1 year. We can conclude that
the treatment complex elaborated by us, enhances the repair
process (it is evidenced by the increase in arginase activity)
even in 1 year. But the activity of iNOS and the concentration
of nitrites stayed stable and did not change after a year. We
believe that it is a consequence of the presence of type 1 diabetes mellitus in these children and, consequently, systemic
inflammation in the body as a whole.
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Table III. The influence of the treatment complex elaborated by us on the biochemical parameters of oral fluid in children with type 1 diabetes mellitus
and chronic catarrhal gingivitis, (M ± m). n = 30n = 30
Biochemical parameters of the oral fluid
Term of sampling of
oral fluid

gNOS,
μmol/min. per g
of protein

cNOS,
μmol/min. per g
of protein

iNOS activity,
μmol / min per g
of protein

Nitrite
concentration,
nmol / l

Arginase activity,
μmol / min per g
of protein

Before treatment

0.75±0.04

0.13±0.004

0.62±0.04

1.34±0.14

0.72±0.03

After 1 month

0.45±0.01*

0.09±0.002*

0.36±0.01*

4.80±0.24*

0.88±0.02*

In 3 months

1.78±0.02*

0.18±0.002*

1.62±0.02*

14.04±0.13*

0.21±0.01*

In 6 months

2.05±0.04*

0.13±0.005

1.92±0.05*

12.62±0.23*

0.22±0.01*

After 1 year

0.72±0.02*

0.13±0.004

0.61±0.02

7.97±0.41*

0.51±0.02*

Note: * - the difference is statistically significant when compared with the indicators before treatment (p<0.05).

DISCUSSION

The most indicative terms for the assessment of treatment
schemes and prevention measures are 1 month and 1 year
according to our research. A decrease in the iNOS activity
and an increase in arginase activity and the absence of
changes in nitrite concentrations in oral fluid indicates
a predominance of anti-inflammatory polarization in
non-diabetic children with chronic catarrhal gingivitis in
1 month and in 1 year after using the standard treatment
scheme. This fact, together with the clinical condition of
the gums, indicates sufficient effectiveness of the standard
method of treatment of chronic catarrhal gingivitis.
The preventive complex in children with healthy gums and
type 1 diabetes leads to an increase in arginase activity after 1
month, which indicates an increase in reparative processes.
However, there are no changes in the activity of arginases, and
the activity of iNOS even increases in 1 year. Thus, despite
the absence of inflammation, proinflammatory polarization
of oral macrophages predominates. Such changes may be
associated with the change of the normal oral microbiota to
the so-called “diabetic” [15]. It is characterized by the presence
of specific pathogenic strains. The increase in nitrite concentration can be considered not as a damaging factor, but as an
adaptive response aimed at suppressing bacterial pathogens
[16]. It is evidenced by the intact periodontium.
Using our own treatment complex in children with
chronic catarrhal gingivitis and type 1 diabetes mellitus
leads to a change in the polarization of oral macrophages
towards the predominance of M2 polarization in 1 month.
It is evidenced by increased arginase activity and a statistically significant decrease in iNOS activity. The polarization of macrophages changes to the predominance of
M1 polarization in 1 year. It is evidenced by the decrease
in arginase activity, and no changes in the iNOS activity.
Thus, taking into account the state of the periodontium
in this group of children, we can conclude that changes in
biochemical parameters of oral fluid in 1 month are associated with the elimination of chronic catarrhal gingivitis,
and changes in biochemical parameters in 1 year are due
to systemic pathogenetic factor, namely, type 1 diabetes
mellitus. Increasing nitrite concentrations may also be an
adaptive response of oral macrophages to diabetes-induced
changes in the composition of the oral microflora [17, 18].

CONCLUSIONS

Our treatment complex of chronic catarrhal gingivitis in
children with type 1 diabetes mellitus normalizes the polarization of oral macrophages caused by the influence of
chronic catarrhal gingivitis as a local pathogenetic factor.
Standard treatment of chronic catarrhal gingivitis in
non-diabetic children leads to the predominance of anti-inflammatory polarization of oral macrophages.
The complex of preventive measures for children with
type 1 diabetes mellitus and healthy gums preserve the
pro-inflammatory polarization of macrophages in the long
term but prevent damage to periodontal tissues.
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