ISSN 2518-1432 (Online); ISSN 2227-4782 (Print)

https://doi.org/10.21856/;-PEP.2021.4.05

FUNCTIONING OF NO-CYCLE
IN THE SALIVA OF CHILDREN
WITH TYPE 1 DIABETES MELLITUS®

I. 0. Kuz, O. Ye. Akimov, V. O. Kostenko,
0. V. Sheshukova, A. I. Maksymenko, O. A. Pysarenko

Poltava State Medical University, Poltava, Ukraine
kuz.irina.irinovna@gmail.com

Introduction. Type 1 diabetes mellitus
(DM) is an autoimmune disease in genetically
predisposed individuals. It leads to the destruc-
tion of pancreatic B-cells and the development
of absolute insulin deficiency. According to the
International Diabetes Federation, 642 million
people will suffer from diabetes by 2040. The
presence of type 1 diabetes mellitus in children
is a major risk factor for periodontal disease.
Due to hyperglycemia, metabolism in periodon-
tal tissues may be disrupted, which in turn
may leads to the progression of inflammatory
processes [8]. Pathogenetically important fea-
tures of endocrinological diseases such as DM
are angiopathy, namely in the vessels of the
microcirculatory tract; autoaggression and the
occurrence of secondary immunodeficiencys;
changes in lipid peroxidation; metabolic disor-
ders, which may disrupt function of periodontal
tissues [4, 6, 14].

Chronic hyperglycemia contributes to the
development of oxidative stress, vascular in-
flammation, hyperproduction of nitric oxi-
de (NO) released by inducible NO synthase
(INOS), activation of lipid peroxidation. These
mechanisms are important links in the patho-
genesis of diabetes complications. Nitric oxide
plays a regulatory role in all phases of the in-
flammatory process. Nitric oxide regulates in-
flammation, immunomodulation and oxidation
in the inflammatory stage. It affects the process-
es of fibroblast differentiation, collagen synthe-
sis, increases vascularization of tissues, which,
in turn, accelerates the final stage of epithelia-
lization. Many authors believe that cells pro-
duce NO in the area of inflammation, and all
these processes are NO-dependent [2, 12].

Nitric oxide is a biological mediator in the
human body. It is a highly reactive molecule
and it has oxidizing properties, both directly
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and in the form of more toxic peroxynitrite.
These properties determine the bactericidal
and cytotoxic effects of NO and its protective
qualities, which are manifested in the stimula-
tion of antimicrobial activity and cytotoxicity
[3, 5]. NO gets into biological fluids due to its
and L-citrulline formation from L-arginine
and O, using NADPH, under the influence of
various isoenzymes of nitric oxide synthase
(NO-synthase): two constitutive types, namely
endothelial NO-synthase (eNOS) and neuro-
nal NO-synthase (nNOS), and inducible NO-
synthase (INOS). Its induction is carried out
by proinflammatory cytokines. Neuronal and
endothelial nitric oxide synthases are Ca?* -de-
pendent enzymes. The first one is mainly ex-
pressed in the central and peripheral nervous
system. Endothelial NO-synthase is present
mainly in vascular endothelial cells. These
two isoforms are constitutive, but in different
pathological conditions, their expression can be
changed, which is accompanied by a decrea-
sing of NO formation. Physiological production
of nitric oxide under the action of constitutive
NO-synthase is aimed to maintaining a certain
tissue balance in NO metabolism. Macrophage
nitric oxide synthase is predominantly iINOS

and is not expressed continuously in tissues,
but is expressed and synthesized de novo un-
der the influence of inflammatory stimuli. It is
Ca?-independent in its activation and serves
as a source of large amounts of NO, which has
a detrimental effect on bacteria and viruses.
NO as product of inducible NO-synthase, can
enhance the inflammatory changes in the tis-
sues leading to venous congestion [10, 11, 15].

It 1s known that iNOS expression is acti-
vated by a number of factors capable of induc-
ing insulin resistance, such as glucose under
conditions of hyperglycemia and free fatty
acids. This activation is mediated mainly
through the activation of nuclear factor xB
(NF-xB). Violation of NF-xB signaling is con-
sidered to be the molecular basis of many path-
ological processes such as metabolic syndrome
and DM [2, 6].

Despite the large number of experimental
studies, the effect of type 1 diabetes as sys-
temic change in metabolism on the production
of NO in the oral cavity is still unclear.

The aim of our research work was to deter-
mine the activity of NO-synthase and arginase
in oral fluid in children of primary school age
with insulin-dependent diabetes mellitus.

MATERIALS AND METHODS

We examined 82 children (from six to
twelve years old), including 56 children with
type 1 diabetes mellitus and 26 children with-
out somatic diseases.

According to our dental examination, all
the patients were divided into the following
subgroups:

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 gingi-
vitis (HCG);

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.

Exclusion criteria: children who had pre-
vious orthodontic treatment or were undergoing
orthodontic treatment at the time of the exami-
nation, current smoking, periodontal treatment
or antibiotic therapy in the last 6 months, any

other systemic diseases, the presence of erup-
tive gingivitis at the time examination. We also
excluded children with diabetes mellitus with
any other complications than periodontal in-
flammation and children with decompensated
diabetes mellitus.

NO-synthase (NOS) activity was determined
by the difference in nitrite concentration be-
fore and after incubation of tissue homogenate.
The activity of nitrites was determined by de-
termining the diazo compounds formed in the
reaction with sulfanilic acid, and then carried
out the reaction with a-naphthylamine (Griss-
Tlosvay Reagent). As a result, red derivatives
(azo dyes) were formed. The intensity of the
color is proportional to the activity of nitrites.
Aminoguanidine is a selective inhibitor of the
inducible form of NOS, so the addition of amino-
guanidine to the incubation mixture will de-
termine the activity of NOS constitutive forms.

The method of determining arginase ac-
tivity was based on analysis the difference in
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the concentration of L-ornithine before and
after incubation in phosphate buffer solution
containing L-arginine. The concentration of
L-ornithine is determined by the color product
formed in the reaction with Chinard reagent in
Khramov’s modification.

We carried out the collection of unstimula-
ted oral fluid in the morning, at the same time,
on an empty stomach. Patients were previously
asked to rinse the mouth. Sampling was per-
formed by spitting 4 ml of oral fluid into sterile,
tightly closed plastic tubes after 30 minutes.
The collected oral fluid was delivered to the
laboratory.

Statistical processing of the results was
performed with the help of Real Statistics ex-

tension for Microsoft Excel. The significance of
the differences between groups was estimated
by Khruskal-Wallis ANOVA test with follow-
ing paired comparison by Mann-Whitney test.
Differences were deemed significant if p was
lower than 0.05.

The scientific materials comply with the
rules of humane treatment of patients in ac-
cordance 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, the orders of
the Ministry of Health of Ukraine and ethics
code of requirements of Ukraine.

RESULTS AND THEIR DISCUSSION

We did not find a statistically significant
difference between groups 1 and 2. There were
no significant changes in the composition of
saliva in somatically healthy children with
healthy gums and somatically healthy children
with chronic catarrhal gingivitis. The values
of inducible NO synthase and arginase are al-
most indistinguishable in these groups (Table).

A statistically significant difference was
found for all isoforms of NO-synthase and ar-
ginase between groups 1 and 3. We had noted
an increase in the value of iNOS in 1.65 times
and a decrease in ARG in 1.57 times, when we
compared the values of inducible NO-synthase
and arginase between groups 1 and 3 (in so-
matically healthy children with healthy gums
and children with type 1 diabetes mellitus with
healthy gums). An increase in the iNOS/ARG
index demonstrates the predominance in the
oral fluid of the L-arginine breakdown by the
NOS-dependent pathway, which could lead to
excessive NO production and the development
of nitrosative stress. Such a violation of the in-
dicators’ balance showed us a decrease in re-
generative capacity in the mucous membrane in
persons with type 1 diabetes mellitus.

A statistically significant difference was
observed in the activity of constitutional, in-
ducible synthase, NO, content and arginase ac-
tivity between children with type 1 diabetes
mellitus with healthy gums (group 3) and chro-
nic catarrhal gingivitis (group 4). The activi-
ty of iNOS in group 4 decreased by 1.23 times

compared with group 3, NO, decreased by
1.44 times, and the activity of ARG increased
in 1.71 times. Increased ARG activity in group
4 children may lead to competition between
NOS and ARG for L-arginine, resulting in the
separation of cNOS from the substrate and the
transition of ctNOS to superoxide anion radical
production instead of productive NO [7, 9].

We also compared the level of glycosylated
hemoglobin in groups 3 and 4. Glycosylated
hemoglobin (Alc (HbAlc)) shows the aver-
age blood glucose level in recent months. The
norm is 4-5.6%. The level of Alc (HbAlc) in
the groups of children with type I diabetes is
almost twice as high as normal and is 9.47 %
+ 0.50 in group 3 and 8.11 + 0.22% in group 4.
We found a statistically significant difference
in the level of Alc (HbAlc) in the groups of
children with diabetes mellitus. That is why we
should take into account not only the presence
of local factor (chronic catarrhal gingivitis),
but also the important role of hyperglycemia in
the development of nitrosative stress, when we
compare the activity of constitutional, inducible
synthase, NO, and arginase level in groups 3
and 4.

A statistically significant difference was
also observed for all isoforms of NO-synthases
and NO, between groups 1 and 4 (control
group and group of children with chronic ca-
tarrhal gingivitis). The activity of inducible
NO-synthase in group 4 is 1.35 times bigger
than in group 1. ARG activity in group 4 is
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NO-synthase and arginase activity in the oral fluid
of somatically healthy children and children
with type 1 diabetes mellitus

Table.

Groups
Healthy Children with | o 54 01 with
Healthy hild ith type I diabetes Idiab
Indexes children children wit and healthy type 1 diabetes
_ HCG and HCG
n=13 _ gums —
n=13 _ n=30
n =26
1 2 3 4
gNOS, pmol/min per g 0’54:;()’02 0,55+ 0,02 0,87+ 0,07
i Tk 0,75 + 0,04
of protein .
c¢NOS, pymol/min per g 0,09 2:*0,001 0,09 + 0,001 0,11 £ 0,001 013 + 0.004
of protein . il ek ’ ’
iINOS, pmol/min per g 0,46 £ 0,02 0,46 = 0,02 0,76 + 0,07 0,622 0.04
Of protein ek kkkk *%d ’ ’
2,63 +0,11
NO,, nmol/L o 2,50£0,20 1,93 £ 0,15 1,34+ 0,14
kkkkk
ARG, pmol/m}n per g 0,669?;0,02 0,67 + 0,02 0,42*1*0,03 072 + 0,03
of protein
iNOS/ARG ratio 0,70 0,69 1,81 0,86
Note:
* the difference is significant between groups 1 and 2, p < 0,05;
wx the difference is significant between groups 1 and 3, p < 0,05;
R the difference is significant between groups 3 and 4, p < 0,05;
*#***%  the difference is significant between groups 2 and 4, p < 0,05;
kkhkkk

0.72+0.03, so there was no statistically signifi-
cant difference with a similar indicator in the
first group, but the value of this indicator was
almost twice as high as in children of group 3.
It can be assumed that changes in the activi-
ties of NOS isoforms are a consequence of the
systemic effects of insulin deficiency because
these changes are similar to the changes ob-
served in group 3 when comparing with group 1
1, 13].

It should be noted that there was no sta-
tistically significant difference in the values of
ARG activity in groups 2 and 4 (healthy child-
ren with HCG and children with type I diabe-
tes and HCG). It was high enough compared
with groups of children with healthy gums and
evidenced about the activation of regenerative
processes. The lack of changes in ARG activity
can be explained by dysregulation in the nitric

the difference is significant between groups 1 and 4, p < 0,05.

oxide cycle caused by a local factor (gingivi-
tis). Increased ARG activity in groups 2 and
4 compared with group 1 indicated an adaptive
response aimed at repairing gum damage, as
the result of arginase cleavage of L-arginine
is the formation of powerful regeneration sti-
mulants — polyamines (spermine, spermidine).
The activity of iNOS in group 4 was 1.35 times
greater than in group 2. Based on this, in-
creased NO production from NOS is a conse-
quence of insulin deficiency (systemic factor)
[2, 4, 12, 14].

It is known that both constitutive and in-
ducible NO-synthases play a role in the produc-
tion of NO in the early phase of inflammation,
thereby demonstrating its pro-inflammatory ef-
fect. At the same time, NO-synthases control
the biosynthesis of proinflammatory interleu-
kins, which are inhibitors of the inflammatory
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response. Thus, NO synthases and nitric oxide
produced by them are «true» regulators of in-
flammation.

The content of nitrates and nitrites in
the oral fluid is a rather variable feature. We
should take into account not only the number
of stable metabolites of NO, but also the activ-

ity of nitrate-nitrite reductase complex, when
quantifying the content of NO in the oral cav-
ity. The accumulation of nitrites and nitrates
in the oral fluid with low activity of reductase
enzymes 1s an unfavorable prognostic sign and
indicates inflammatory processes in the gums.

CONCLUSIONS

Activity of inducible NO-synthase has a sig-
nificant impact on the formation of stable NO-
metabolites in the oral cavity of primary school
children with type 1 diabetes mellitus.

The presence of chronic catarrhal gingivitis
both in healthy children and in children with
type 1 diabetes mellitus does not change the
formation of stable NO metabolites in the oral

cavity, though its presence triggers the adap-
tive reaction by increasing the arginase acti-
vity.

The combination of systemic factor (type 1
diabetes mellitus) and local (chronic catarrhal
gingivitis) leads to dysregulation of the NO-
cycle and increasing of competition between

NOS and ARG.
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Introduction. The presence of type 1 diabetes mellitus in children is a major risk factor for periodontal
disease.

The aim of research work was to determine the activity of NO-synthase and arginase in saliva in children
age with insulin-dependent diabetes mellitus.

Materials and methods. We examined 82 children including 56 children with type 1 diabetes mellitus
and 26 children without somatic diseases.

NO-synthase (NOS) activity was determined by the difference in nitrite concentration before and after
incubation of tissue homogenate. Determining arginase activity was based on analysis the difference in the
concentration of Li-ornithine before and after incubation in phosphate buffer solution. Statistical processing of
the results was performed with the help of Real Statistics extension for Microsoft Excel. The significance of the
differences between groups was estimated by Khruskal-Wallis ANOVA test with following paired comparison
by Mann-Whitney test.

Research results and their discussion. The violation of the indicators’ balance between groups of
healthy children with healthy gums and children with diabetes mellitus and healthy gums showed us a de-
crease in regenerative capacity in the mucous membrane in persons with type 1 diabetes mellitus. Increased
ARG activity in group of children with type 1 diabetes mellitus and chronic catarrhal gingivitis may lead to
rivalry between NOS and ARG for L-arginine. Increased ARG activity in group of somatically healthy children
with chronic catarrhal gingivitis and children with type 1 diabetes mellitus and chronic catarrhal gingivitis
compared with group of healthy children with healthy gums indicated an adaptive response aimed at repairing
gum damage. Based on this, increased NO production from NOS is a consequence of insulin deficiency (systemic
factor).

Conclusions. The combination of systemic factor (type 1 diabetes mellitus) and local (chronic catarrhal
gingivitis) leads to dysregulation of the NO-cycle and increasing of competition between NOS and ARG.

Key words: type 1 diabetes mellitus, children, NO-synthase, arginase, gingivitis.

®YHKUIOHYBAHHA NO-LUUKNY B CJINHI OITEN
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Beryn. HasBaicts mykposoro giabery I tumry y miTeil € 0CHOBHUM (DAKTOPOM PU3UKY PO3BUTKY 3aXBOPIO-
BAHbD IIAPOJOHTY.

MeTor0 gocaigHUIbKOI poboTH 0ys10 BusdHAunTH akTuBHICTE NO-cHHTa3u Ta apriHasu y CJIMHI y miTei
BIKY 3 1HCYJIIHO3AJIEKHUM I[yKPOBUM IiabeToM.

Marepianau i meTomu. Mu o6cresxunu 82 qnuTuHMU, y TOMY Yucal 56 miTei 13 mykpoBuMm giaberom I Tumy
Ta 26 miTeir 6e3 comarnuHuX 3axBopoBaHb. AKTHBHICTE NO-cuurasum (NOS) BusHauaam 3a pi3HUIEIO
B KOHIIEHTPAIlil HITPUTIB JI0 Ta MicJsd IHKyOaIlii roMoreHaTy TKaHUHU. BuaHAaUYeHHS aKTHBHOCTI apriHasu 6a-
3yBaJIocs Ha aHAJII31 PI3HUI KOHIleHTpaI[ii L-opHiTHHY 10 Ta micid iHKy6amii B podunni pocdarHoro oyde-
pa. s BusHaYeHHS CTAaTUCTUYHOI 3HAYYIIIOCT] BIIMIHHOCTEHN M1K IPyIIaMu MU 3aCTOCYBAJIH JTUCIEPCIHHU A
anaiia ANOVA sa meTomom Xpyckasa-Yosrica i3 OCai Iy OUYUM OITAPHUM MTOPIBHAHHAM 3a MeTogoM MaHHAa-
ViTHi i3 BHeceHHaM monpaBku 3a boudeponi.

PesynbraTru mocaimsxens Ta ix odorosopeunHs. [lopynieHHs 6asancy MOKA3HUKIB MIsK IPyIIaMu JTiTeit
13 KJIIHIYHO 3JI0POBUM ITAPOJOHTOM Ta BIJCYTHIMHU CYIyTHIMH 3aXBOPIOBAHHSAMU 1 I'PYIIOK0 JIITEH, XBOPUX
Ha IykpoBuil miaber I Tumry 6e3 o3HaK 3amasieHHs MIAPOJOHTY ITOKA3aJI0 HAM 3HUIKEHHS PereHepaTHBHOL
3/TaTHOCTI CJAM30BOI 00OJIOHKHM y XBOPUX HA 1ykpoBuit niaber I tumy. [linBumena aktusuicts ARG y rpymnu
IiTei, XBOpHUX Ha IyKpoBui miaber I Tumy, B sxkux OyJI0 Q1arHOCTOBAHO XPOHIYHUN KaTapaJbHUMN I'IHIIBIT,
Moske mpusBecTH J10 pisHoro criBBiguomeHnHss NOS ta ARG momo L-apriuimy. I[ligsummena akrusuicts ARG
y rpynax aite#l miteit 60e3 CyIyTHIX 3aXBOPIOBaHb, ajie, SKUM OyJO I1arHOCTOBAHO XPOHIYHUI KaTapajb-
HUU TIHTIBIT, Ta TpyIIl JiTei, XBOPUX HA IyKpoBui maiaber I Tumy, B skux OyJio MiarHOCTOBAHO XPOHIYHUN
KaTapaJbHHUHN TIHTIBIT, IOPIBHAHO 3 KOHTPOJBLHOI I'PYIION AiTel 13 KJIIHIYHO 3J0POBHM IIAPOIOHTOM Ta
BIICYTHIMY CYIIyTHIMH 3aXBOPIOBAHHAMU CB1IUMJIA PO AJAITHBHY PeakIliio, CIIPIMOBAHY Ha BlTHOBJIEHHS
MHOITKOIKeHH siceH. Buxostun 3 1iporo, 301abimernas npoaykirii NO i3 NOS e macaigrom gedinury 1HCYIIHY
(cucteMHUH harTOD).

Bucuosxku. [loeqnanusa cucremuoro dpaxropy (iykposuii giaber I Tumy) Ta mMiciieBoro (XpoHIYHHIM KaTa-
PaJbHHUMA THTIBIT) MIPU3BOAUTD 10 mopyuieHHs peryasiii NO-1iukiy Ta mocugeHHsS KOHKypeHIril misk NOS
ta ARG.

Knwouori cmosa: mykposuii niaber I tumy, mitu, NO-cunrasa, aprinasa, riHriBir.
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