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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Smoking is one of the most common harmful habits that can 

lead to the development of pathological processes in various 
organs and systems. At the same time, smoking in childhood 
and adolescence especially contributes to the deterioration of 
the general somatic condition, increases the risk and determines 
the severity of the course of respiratory diseases, which in the 
future has an impact on the development and functioning of the 
respiratory system, becomes the cause of dependent conditions 
and complicates the course of accompanying pathology. It is 
believed that disruption of the microcirculatory channel can 
be one of the key links in the development of pathological 
processes in the oral cavity. Therefore, improving the quality of 
diagnosis of lesions of the microcirculatory bed of periodontal 
tissues in the early stages of the inflammatory process became 
the goal of our work.

Material and methods: All patients were divided into 2 
groups: the main group adolescents from 14 to 17 years old 
who smoke, and the control group - adolescents who have never 
smoked. Determination of the degree of damage to the vascular 
bed of periodontal tissues in adolescents was carried out with 
using biochemical analysis of oral fluid to detect in it prognostic 
markers of microcirculation disorders in periodontal tissues 
with determination of the level of arginine, nitrates, citrulline, 
urea. The index of micro crystallization of oral fluid, the rate of 
saliva secretion and the pH of the oral fluid were detected also.

Results: The results and their analysis indicate certain 
differences in the biochemical profile of the oral fluid of 
adolescents who smoke and adolescents who do not have this 
habit. The following values of the investigated indicators were 
obtained. Interquartile indicators of the level of arginine in the 
main group are 6.19-13.63, in the control group - 9.01-12.12; 
nitrates – 98.2-174.84 and 96.3-179.39, citrulline – 10.20-17.39 
and 7.31-14.38, urea – 10.2-15.9 and 11.1-17.7 in accordance 
with the specified procedure. Such a situation may indicate the 
presence of an early biochemical response, which appears some 
time before clinical manifestations, since individuals with an 
intact periodontium were selected for participation in this study.

Conclusions: Smoking is an unconditional factor that worsens 
the morpho-functional condition of the mucous membrane of the 
oral cavity not only in adults, but also in children. Yes, a reliable 
difference between smokers and non-smokers was determined 
for arginine and citrulline indicators; no significant differences 
were found between the parameters of nitrates and urea.

Key words. Smoking, microcirculatory disorders, adolescents.
Introduction.

Smoking is one of the most common harmful habits [1,2], 
which leads to a negative effect in human organism and can 
be fully regarded as a risk factor for life-threatening diseases. 

It was established that a long history of smoking leads to a 
decrease in the average life expectancy of this contingent by 22 
years and a threefold increase in the mortality rate. But, despite 
this, a rapid increase in the number of smokers is determined, 
which, according to forecasts, will lead to the death of about 10 
million people annually by 2030 [3]. According to American 
researchers, smoking in childhood and adolescence contributes 
to the deterioration of the general somatic condition, increases 
the risk and determines the severity of the course of respiratory 
diseases, which in the future has an impact on the development 
and functioning of the respiratory system, becomes the cause of 
dependent conditions and complicates the course of concomitant 
pathology [4]. There are sad statistics about the use of tobacco by 
children and adolescents. Thus, it is known that every day 2,500 
children under the age of 18 use their first cigarette, and more 
than 400 of them become new, permanent smokers, and half of 
them will die from this addiction in the future [5]. The situation 
is worsened by the fact that in childhood and adolescence, a 
person searches for his society, forms an emotional and cognitive 
space for adult life. At this time, attempts and experiments are 
especially relevant, sometimes without understanding their vital 
risks [6]. Most people who use tobacco started in their teens. 
As statistics show, those who start smoking at a younger age 
are more likely to become addicted to nicotine and have greater 
problems with quitting smoking [7]. According to the 2017 
survey, 9.7% of final graders, 5.0% of tenth graders, and 1.9% 
of eighth graders had used cigarettes in the past. Analyzes of 
the 2012 National Youth Tobacco Survey (NYTS) found that 
20.8% of adolescent tobacco users reported having a need to 
use tobacco within 30 minutes of waking, which is classified 
as a classic symptom of nicotine dependence. This study also 
reported data on 41.9% of adolescents who reported a strong 
craving for tobacco [8]. Other studies have found that the degree 
and frequency of nicotine use do not affect the ability to quit. 
Thus, irregular smoking among adolescents is associated with 
the same level of difficulty in quitting as with daily smokers [9].

The determination of the specific mechanisms of the influence 
of smoking addiction on the state of the microcirculatory 
bed, in particular microcirculation, is relevant and timely, for 
the further formation of therapeutic and preventive tactics, in 
relation to periodontal tissue diseases associated with tobacco 
smoking in adolescents. The aim of our study was to improve 
the quality of diagnosis of lesions of the microcirculatory bed 
of periodontal tissues in the early stages of the inflammatory 
process for the further formation of therapeutic and preventive 
tactics regarding diseases of periodontal tissues associated with 
tobacco smoking.
Materials and Methods.

All patients went to the dentist for a preventive examination. 
Dental status was determined after an examination with using 
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a dental mirror and a probe. The patients were divided into 2 
groups: the main group - 19 adolescents from 14 to 17 years old 
who smoke cigarettes, and the control group - 20 adolescents 
from 14 to 18 years old who have never smoked. Oral fluid for 
biochemical analysis was collected from patients in the morning 
on an empty stomach by spitting into a measuring tube. In order 
to avoid the formation of increased concentrations of nitrates 
and nitrites in the oral fluid, patients were recommended to 
refrain from consuming foods containing dyes (sausages, 
sausage, ketchup, early ripening vegetables, etc.) for 3 days 
before the start of the study and during its conduct. It was also 
not recommended to use mouth rinses and stay in direct sunlight 
for a long time. Determination of the degree of injury to the 
vascular bed of periodontal tissues in adolescents was carried 
out with using a biochemical analysis of oral fluid to identify 
prognostic markers of microcirculation disorders in periodontal 
tissues. Thus, for this, the amount of arginine was determined 
by the method of S. Sakaguchi (reaction with α-naphthol) 
[10]. For this purpose, permutite was placed in the absorption 
column, 5 ml of the solution under investigation was slowly 
passed through it, then washed with NaCl solution (0.3%). To 
determine arginine, 2 ml of the solution was taken, and 0.5 ml of 
a cold solution of α-naphthol and urea was added (0.2% solution 
of α-naphthol in absolute alcohol, which was diluted 1:4 with 
a 10% urea solution before use). After 2 minutes, 0.2 ml of 
sodium hypobromite solution (0.66 ml of bromine in 100 ml 
of 5% NaOH solution) was added. The solution was left for 20 
minutes at 0ºС, then quickly brought to room temperature and 
the optical density was measured on a SF-46 spectrophotometer 
at a wavelength of 525 nm. The quantitative content of citrulline 
was determined according to the method of AG Gornall and 
A.Hunter (reaction with diacetylmonooxime in a strongly acidic 
medium) [11]. To determine citrulline, 0.7 ml of the material 
sample was incubated with 0.1 ml of urease (Sigma, USA) 
solution of 15 mg/ml for 15 minutes at 37ºС. Then 0.2 ml of 
trichloroacetic acid (20%) was added and centrifuged (2 min, 
12,000 rpm) and the reaction with diacetyl monooxime was 
carried out. The quantitative content of urea was determined by 
the diacetylmonooxime method, using a standard set of reagents 
from the company "Felicit" Ukraine. The concentration of 
nitrates and nitrites was determined using the reaction with 
the Griess-Ilosvay reagent. The quantitative determination 
of nitrites is based on spectrophotometry of the dye, which is 
created in the visible and ultraviolet part of the spectrum, since 
the optical density (specific gravity) of the dye is proportional 
to the concentration of nitrite ions. The concentration of nitrates 
and nitrites is determined in the sum.

One of the integral indicators of the homeostasis of the oral 
cavity is the mineralizing potential of the oral fluid, which 
was assessed by its microcrystallization. The evaluation of 
microcrystallization was carried out in average scores depending 
on the types of crystal formation. Assessment of the mineralizing 
potential of oral fluid: 0.0-1.0 – very low; 1.1-2.0 – low; 2.1-3.0 
– satisfactory; 3.1-4.0 – high and 4.-5.0 – very high. To study 
indicators of microcrystallization and mineralization potential 
oral fluid was obtained in the amount of 0.2-0.4 ml was taken 

from the bottom of the oral cavity using a sterile pipette without 
stimulation two hours after eating and rinsing the oral cavity 
with distilled water. Three drops of oral fluid were placed on 
a slide pretreated with alcohol and dried at room temperature. 
After drying, the drops were examined under a microscope. 
Determination of the types of microcrystallization was carried 
out depending on the detected types of crystal formation.

Statistical processing of the data was performed using the 
Statistica for Windows 8.0 software package. Statistical 
processing was performed using the methods of variational 
statistics. The conformity of the distribution to normality was 
determined by the Shapiro-Wilk`s test, which showed that 
the samples are close to the normal distribution. Methods of 
descriptive statistics (determination of numerical characteristics 
of variables - arithmetic mean (M), mean sampling error (m), 
determination of the reliability of differences (p), which were 
tested via the Student-Fisher t-test in representative samples) 
were used. Correlation between indicators was assessed using 
Spearman's correlation coefficient (r). The difference in values 
between comparative indicators was considered significant at p 
< 0.05.

The study was conducted in compliance with the basic bioethical 
provisions of the Council of Europe Convention on Human and 
Biomedical Rights (April 4, 1997), the Helsinki Declaration 
of the World Medical Association on the Ethical Principles of 
Scientific Medical Research with Human Participation, and the 
Order of the Ministry of Health of Ukraine.
Results.

The results and their analysis indicate certain differences in the 
biochemical profile of the oral fluid of adolescents who smoke 
and adolescents who do not have this habit (Table 1). So, for 
example, there is a significant difference between the indicators 
of arginine and citrulline, but there are no differences between 
the indicators from the side of nitrates and urea.

Table 1. Changes in the biochemical profile of oral fluid in patients of 
the main and control groups.

Interquartile range Average value Error
Arginine
Main group
Control group

6.19-13.63
9.01-12.12

8.10
11,11*

0.64
0.67

Nitrates
Main group
Control group

98.2-174.84
96.3-179.39

142.77
131.55

6.09
5.51

Citrulline
Main group
Control group

10.20-17.39
7.31-14.38

11.97
11,14*

0.31
0.30

Urea
Main group
Control group

10.2-15.9
11.1-17.7

13.28
14.39

0.34
0.40

Note: * - significant difference with the control group, p < 0.05

The index of microcrystallization of oral fluid, the rate of saliva 
secretion and the pH of the oral fluid are presented in Table 2.
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Discussion.
Smoke contains four thousand active substances that cause 

quite diverse and specific changes in the oral cavity [12,13]. At 
the same time, the authors associate the main effects of smoking 
with the activation of bacterial aggression and, as a result, 
increased changes in the microbiota of the oral cavity. There are 
references about disorders in the soft tissue of oral cavity [14]. 

It should be noted that any exposure to nicotine among 
youth is a cause for concern. In order to determine the effect 
of smoking on subgingival bacteria, other confounding factors 
that would dilute or interfere with the effects of smoking should 
be eliminated, especially those associated with gingivitis 
and periodontitis. The same situation has arisen around the 
relationship between quality of life and the health of the oral 
cavity, which has been discussed from a broader perspective 
for many years, since pathological changes in the oral cavity, 
in particular periodontal tissues, have a direct impact on the 
daily life of patients [15]. It is believed that the quality of life 
should be defined as something peculiar to individuals, their 
most personal characteristics, related to both the constitutional 
aspects of hereditary nature and those acquired in the course of 
their life [13] and taking into account these concepts, special 
attention deserves determination of factors and indicators for 
measuring the standard of living of a person, correlating it 
with the state of dental health. In dentistry, this relationship is 
strongly emphasized by the fact that the health of the oral cavity 
has a direct and inverse effect on a person's life in its physical 
and psychosocial aspects [16].

This coincides with the opinion of other specialists in this 
direction, who indicate that higher concentrations of L-arginine 
and L-citrulline are observed in inflamed gum tissues, thereby 
suggesting that changes in the concentration of nitric oxide (NO), 
and therefore in microcirculation, occur in patients in gums with 
gingivitis [17,18]. So, influence of detected changes of arginine 
and citrulline characterized by consequent reduce nitric oxide 
(most important endogenous substance for vasodilatation) that 
realised in vasoconstriction of microcirculatory bed vessels 
and ischemia development in oral cavity. Disturbance of organ 
function in oral cavity as result of formed ischemia leads to 
estimated changes of saliva production (both quantitative and 
qualitative) with reduced self-protective property of saliva 
influence that realize in start of pathological processes in both 
soft and dense tissues of oral cavity. 

Such a situation may indicate the presence of an early 
biochemical response that appears a certain time before clinical 
manifestations, since individuals with an intact periodontium 
were selected for participation in this study. Therefore, taking 

into account the obtained results, it is possible to note the 
leading role of early biochemical markers of damage to the 
vascular bed of periodontal tissues in adolescents who smoke, 
and to use them as a prognostic criterion for the possibility 
of inflammation in this area. Of course, such data should be 
compared with the determination of the condition of the oral 
cavity, its microbiocinosis [19,20]. This, in turn, allows for a 
purposeful approach to the choice of treatment and prevention 
tactics at the pre-clinical stage, as well as at the early stages of 
the inflammatory process, which is provoked by smoking.

Oral fluid, performing the function of a multifaceted and quite 
indicative evaluation criterion, both of the state of the oral cavity 
in particular, and of the body as a whole, can be a diagnostic 
sign of any disease at its preclinical stage [21]. Therefore, 
determining the biophysical processes of salivation allows 
diagnosing a pathological condition and making appropriate 
preventive and therapeutic decisions, using the buffering, 
protective and other functions of this biological substance [22]. 
The availability and non-invasiveness of taking the necessary 
amount of mixed saliva contribute to the possibility of wide 
implementation of methods of determining the properties of 
oral fluid in the practice of scientific research.

As can be seen, the deterioration of the rate of salivation 
completely depends on the presence of smoking addiction. 
Despite the experience of addiction, there is a sharp decrease in 
this indicator compared to the control group. At the same time, 
no significant shifts in the pH of mixed saliva were observed. 
The influence of smoking experience on clinical indicators 
of oral cavity health deserves special attention. These data 
should be useful in formulating a strategy for the diagnosis and 
prevention of major dental diseases in children with different 
periods of smoking addiction.

At the same time, the importance of establishing a stable 
pattern of oral health before adolescence and beyond can be 
challenging for lifestyle changes during this period of life 
[13]. In adolescence, lack of time and forgetfulness are often 
cited as reasons for bad oral hygiene habits [23]. Children's 
personal self-esteem can be associated with positive oral health 
behaviors.

Periodontal destruction, alveolar bone loss and gingival 
recession were previously found to be significantly increased 
in smokers compared to non-smokers [24] and it was concluded 
that periodontal differences between smokers and non-smokers 
were observed. Our study did not assess significant changes 
in saliva status that could be explained by compensatory 
hypersalivation, but requires further investigation.

Changes in the dental status of adolescents with smoking 
addiction revealed in the study indicated certain aspects of 
the risk of developing dental diseases in this group of patients 
with the prevalence of periodontal inflammation. The most 
vulnerable, with a short history of smoking, were periodontal 
tissues. This may indicate a direct effect of tobacco smoke on 
the microcirculation of the gums. However, it should be noted 
that such a mechanism of action must be confirmed by an 
experimental evidence base, which, in turn, creates a promising 
scientific direction for further research. In addition, further 
studies are needed to evaluate biophysical and biochemical 

Group Indicator of 
microcrystallization

Salivation 
rate, ml/min pH, units

A group of non-
smokers 2.44±0.18 0.38±0.03 6.51±0.28

A group of 
smokers 1.88±0.12* 0.14 ± 0.01* 6.22 ± 0.21*

Table 2. Indicator of microcrystallization of oral fluid and biophysical 
properties of oral fluid in the studied groups (М±m).

Note: * - significant difference with the control group, p < 0.05
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changes in oral fluid or even changes in the structure of paranasal 
sinus walls [25-28] and depending on inflammation [29-32]. We 
believe that the lack of certain changes in the main group was 
associated only with a short period of addiction to smoking, and 
over time the situation may shift in the direction of negative 
changes. This also requires further studies in this patient group. 
A comprehensive record of maintaining oral hygiene in proper 
condition [33-36], determination of the level of total protein, 
hydrogen sulfide, and nitrogen metabolites [37-40] is necessary 
to prevent the development of inflammatory diseases when 
creating periodontal care [41-46], as most significant detected 
changes arginine and its precursor citrulline have received much 
interest in the past two decades because of their potential effects 
on whole-body nitric oxide production and augmentation of 
NO-dependent signalling pathways [47], described in our work 
changes of saliva property proves about much more various 
consequences of biochemical changes in microcirculatory bed 
vessels. 

Thus, analyzing the obtained results of a comprehensive study, 
it becomes clear the mutual relationship between the habit of 
smoking and the state of periodontal tissues in both clinical and 
biophysical aspects. Therefore, the planning of the following 
diagnostic and treatment-prophylactic measures for adolescents 
should be carried out taking into account this addiction.
Conclusion.

Smoking is an unconditional factor that worsens the 
morphofunctional state of the mucous membrane of the oral 
cavity in adolescents. There is a significant difference between 
the indicators of arginine and citrulline, but there are no 
differences between the indicators from the side of nitrates and 
urea. Simultaneously, pathological process is characterized by 
reducing salivation rate, pH and indicator of microcrystallization 
of oral fluid,

The research is promising in terms of the future development 
of diagnostic and therapeutic methods that could reduce or even 
eliminate the negative impact of tobacco smoking in adolescents.
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