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CYTOLOGICAL INDICATORS OF BUCCAL
EPITHELIUM CELLS REGARDING PHYSICAL
ACTIVITY AND COMPLIANCE

WITH THE DRINKING REGIME

OF CERTAIN GROUPS OF YOUNG PEOPLE

The study of the buccal epithelium also plays an important role in modern approaches to preventive medicine, in assessing the risk of various
pathologies, including pathological conditions associated with the drinking regimen. The purpose of the study was to determine the cytogenetic
features of buccal epithelium cells in athletes of strength sports (sambo) and team sports (volleyball) in the period between competitions with a
normal training regimen, to compare with a control group of young people who do not go in for sports, and to study water consumption regimes.
in the studied groups and assess the relationship with cytological and morphometric parameters. 3 homogeneous groups were formed for a com-
parative assessment of the cytogenetic parameters of the buccal epithelium. In total, 27 athletes of power sports (judo), 25 athletes of team sports
(volleyball) and 45 representatives of the control group took part in the study. Evaluation of cytogenetic parameters revealed statistically significant
patterns: Cells containing micronuclei were found 3.85 times more often in the power group and 4.3 times more often in the game group than in the
control group. The frequency of cells with protrusions generally corresponded to the trend towards the absence of statistically significant differences
between strength and game sports and the presence of significant differences compared to the control group.
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Introduction. One of the urgent tasks
of medicine is the use of non-invasive
methods for the early diagnosis of dis-
eases. Buccal epithelium is also used
as a material for non-invasive methods.
According to modern data, the buccal
epithelium is a sensitive "mirror" that
allows you to identify many factors that
affect human health. The study of the
buccal epithelium also plays an important
role in modern approaches to preventive
medicine, in assessing the risk of various
pathologies, including pathological con-
ditions associated with the drinking reg-
imen [1, 4].

A correlation was determined between
laboratory parameters: cholesterol in
obese children, total protein in healthy
children and the number of binuclear
cells. There is a 10x increase in the num-
ber of cells with condensed chromatin in
obese children [1].

Anumber of studies have shown differ-
ences in the frequency of occurrence of
various cytogenetic disorders in healthy
individuals of different nationalities, gen-
der, and age. To a greater extent, there
is a different ratio of the number of cells
with micronuclei, protrusions of the "bro-
ken egg" type, nuclei with perinuclear
vacuoles, protrusions of the "notched"
type, protrusions of the "tongue" type,
and other disorders in the studied sam-
ples. Apparently, this is due to the adap-
tive abilities of the body to new environ-
mental conditions, the individual charac-

teristics of the body, hormonal activity,
general physical fitness, the state of the
nervous system, and the processes of
humoral regulation [3, 4, 5].

Various ecotoxicants, smoking, al-
cohol and negative factors of the labor
process have a significant impact on the
state of the nuclei of buccal epithelium
cells. Thus, pesticides cause activation
of the processes of proliferation and de-
struction [6], almost always there is a sta-
tistically significant increase in the num-
ber of micronuclei in workers in hazard-
ous industries and residents of regions
with chemical industries [7, 8, 9].

The dynamics of changes in buccal
epithelium cells in power sports athletes
at various stages of the competitive pro-
cess was studied. Correlations between
the level of various types of aggression
and other indicators of the psychophys-
iological state of athletes have been re-
vealed, and complex models for the reg-
ulation of these changes have been pro-
posed [10]. The results obtained can be
considered markers of the effectiveness
of preparation for competitions, and the
low invasiveness of the micronucleus test
allows you to control these processes in
dynamics.

Based on the above trends, we set
the goal of the study - to determine the
cytogenetic features of buccal epithelium
cells in athletes of strength sports (sam-
bo) and team sports (volleyball) in the
period between competitions with a nor-



. YAKUT MEDICAL JOURNAL

mal training regimen, to compare with the
control group of young people, non-ath-
letes, as well as to study the water con-
sumption regimes in the studied groups
and evaluate the relationship with cyto-
logical and morphometric parameters.

Materials and methods. 3 homoge-
neous groups were formed for a compar-
ative assessment of the cytogenetic pa-
rameters of the buccal epithelium. In to-
tal, 27 athletes of power sports (judo), 25
athletes of team sports (volleyball) and
45 representatives of the control group
took part in the study.

All groups included males aged 19 to
25 years. Before the start of the study,
everyone completed a questionnaire. All
respondents claimed that they did not
have bad habits, chronic diseases, com-
plaints from the dentoalveolar system. All
respondents also claimed to have been
in Barnaul for the past year or more. All
respondents stated that they train in the
period between competitions in the usu-
al way, which includes 3 workouts per
week, lasting 2 astronomical hours each.

Representatives of the control group
met the indicated criteria, but did not go
in for professional sports and did not at-
tend the gym on a regular basis, however,
as students of a higher educational insti-
tution, they attended a general physical
training class once a week as part of the
main health group (2 academic hours).

The screening questionnaire about
the drinking regimen included questions
about the characteristics of water con-
sumption (“tap ", “ bottled ” ), knowledge
about the drinking regimen ( “ | know and
observe 7, “ | don’t know ” , “ | know and
do not observe ” ), signs of dehydration (
“ | feel thirsty in the morning constantly ”
, “ | feel thirsty in the morning periodically
”, “ 1 don't feel thirsty in the morning ”
) Further comparison of water consump-
tion regimens was carried out between
athletes in general and the control group.

The selection of the buccal epithelium
was carried out with a wooden spatula,
from the mucous surface of the oral cavi-
ty and applied to a glass slide with further
fixation over the flame of an alcohol burn-
er and stained with methylene blue. Visu-
al microscopy was performed at a mag-
nification of 100x10, digital microscopy
and morphometry using a ToupCam 3.2
megapixel video camera, at least 1000
cells were viewed in each preparation.

Based on the sample sizes, the Sha-
piro-Wilk test was used to assess the
compliance with the normality of the
data distribution. To detect the absence
or presence of differences between the
indicators in the studied groups, the Kru-
skal-Wallis test was used; if statistically

significant differences were found, post-
hoc intergroup comparisons were carried
out using the Mann-Whitney test. In a
simple paired comparison, the signifi-
cance level was taken equal to p = 0.05;
in cases of paired comparisons between
three groups, the critical significance lev-
el was taken equal to p =1 - 0.95 ® =
0.017. In the text and tables, data are
presented as the median and the values
of the first and third quartiles in parenthe-
ses. The calculations were carried out in
IBM SPSS Statistics 23.0.

Results. At the first stage of the study,
a screening assessment of the drinking
regime was carried out on the basis of
a questionnaire. It turned out that in the
group of athletes 71% use bottled water
and only 29% tap water, in the control
group these values correspond to 57%
and 43%, respectively. To the question
about compliance with the drinking re-
gime, the answers were distributed as
follows: athletes - “ | know | comply ” -
89%, “ | don’t know ” - 2%, “ | know | do
not comply ” - 9%, the control group - “ |
know | comply ” - 1%, “ | don't know " -
56%, " | know | don't comply " - 33%. In
the group of athletes, when asked about
the signs of dehydration, the answers
were distributed as follows - “ | feel thirsty
in the morning all the time ” - 12%, “ | feel
thirsty in the morning periodically ” - 31%,
“1don’t feel thirsty in the morning ” - 57%;
in the control group, respectively - " | feel
thirsty in the morning all the time " - 22%,
" | feel thirsty in the morning periodically
"-40%, " | do not feel thirsty in the morn-
ing " - 38%.

Next, we compared the values of the
area of the cytoplasm and the nucleus
in the cells of the buccal epithelium of
athletes of all categories and the con-
trol group. Morphometry in the group of
athletes showed that the median area
of the cytoplasm corresponds to 3621.3
(2911.2-4887.3) um?, and the area of the
nucleus is 61.3 (56.8-66.6) um?. In the
control group, the median area of the cy-
toplasm corresponds to 3017.8 (2613.7-
4113.3) um?, and the area of the nucleus
is 58.9 (53.1-68.3) um?. It was statistical-
ly reliably established that the median of
the cytoplasm area in the group of ath-
letes is greater than in the control group,
which may be due to better conditions for
observing the drinking regimen. There
were no statistically significant differenc-
es between the medians of the core area.

The obtained results testify to the pos-
itive effect of the pedagogical work of the
coaching staff, counting on high achieve-
ments, including through the fight against
dehydration and timely replenishment of
microelement deficiencies, however, to

clarify the role of bottled water, additional
research is required on the composition
and additives used, such as zinc, seleni-
um, iodine, fluorine, etc.

The data in the control group indicate
the need to intensify sanitary and edu-
cational work among different groups of
young people not associated with sports,
organize lectures, schools for a healthy
drinking regime.

Earlier studies supplemented the
results organically, so in [11, 14] it was
shown that men's total daily water intake
was about 0.25 | less than the recom-
mended adequate intake, while women's
intake was about the same as the ade-
quate intake. On average, men and wom-
en aged 60 years and older, non-Hispan-
ic black men and women, Hispanic men
and women, men and women with low
physical activity, and men with moderate
physical activity consumed less than the
adequate daily norm, which also indi-
cates an indirect positive effect of phys-
ical activity on the maintenance of inter-
nal environmental constancy in athletes.
Also of interest for practical implementa-
tion are studies [12, 13, 15], where it was
found that an increase in water consump-
tion can contribute to the prevention of
overweight. It can be said that a balance
between adequate physical activity, a full
drinking regime and lifestyle is an effec-
tive mechanism of health saving in all
age groups.

At the second stage of the study, be-
fore conducting intergroup comparisons,
we assessed the type of distribution for
each of the studied parameters, since
the sample did not exceed 50 cases for
each of the groups, the Shapiro-Wilk test
was used, for all values except for the
frequency of cells with an atypical nucle-
us (p=0.057) and the frequency of cells
with protrusions of the “ tongue ” type
(p=0.066), it took values of p<0.05, which
indicates non-normal types of distribution
in the studied samples. Thus, further, we
used nonparametric criteria to establish
differences between the studied groups.

Evaluation of cytogenetic parameters
revealed statistically significant patterns:
Cells containing micronuclei were found
3.85 times more often in the power group
and 4.3 times more often in the game
group than in the control group. The fre-
quency of cells with protrusions gener-
ally corresponded to the trend towards
the absence of statistically significant
differences between strength and game
sports and the presence of significant dif-
ferences compared to the control group.
Within this indicator, a number of features
stand out, so the frequency of cells with
protrusions of the " bubble " type is more



common in the power group than in the
game and control groups. The frequency
of cells with protrusions of the " broken
egg " type is 2 times more common in the
power group and 2.4 times more com-
mon in the game group than in the control
group. When pairwise comparing the fre-
quency of cells with an atypical nucleus,
it turned out that such changes are more
typical for representatives of team sports
(7.64 times more often than in the control
group and 2.37 times more often than in
the game group). The integral indicator of
the cytogenetic effect corresponded to the
general trend and generally showed that
statistically significant differences were
found between the control group and the
strength and play groups (see Table 1).
It can also be noted that in the group of
athletes of both power and game groups,
rare anomalies such as " many micronu-
clei " (see Fig. 1) and " atypically shaped
core " (see Fig. 2) were more common,
statistically significant differences com-
pared to the control group could not be
established due to the low frequency of
observation of these changes. The re-
sults obtained are generally consistent
with existing studies and are primarily
due to reactive processes in the body - a
systematic increase in the level of corti-
sol, inflammatory mediators, changes in
circadian rhythms due to participation in
competitions in different time zones and
climatic zones, however, rather high val-
ues of the frequency of occurrence mi-
cronuclei in all groups, including the con-
trol group, require an additional assess-
ment of environmental factors and an
assessment of the role of nutrition, drink-
ing regimen, and environmental factors.

Grade features indicators of prolif-
eration of cells of the buccal epithelium
made it possible to determine that the
main differences were represented (see
Table 2) by an increase in the frequency
of occurrence of cells with two or more
nuclei in the game group, cells with dou-
ble nuclei and circular notches in the
power group (2.01 times more often than
in the control group and 1.84 times more
often than in the game group), which ulti-
mately led to statistically significant differ-
ences between all the groups studied, so
the integral proliferation index is highest
in the game group, the second place is
the power group and the last is the con-
trol group. These changes may reflect the
constant processes occurring in the body
of athletes - increased testosterone lev-
els, chronic stress, some of the changes
are also due to the background level of
environmental factors.

Evaluation of indicators of early and
late destruction of the cell nucleus (see
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Table 1

Cytogenetic parameters, %o

. Control group,

Indicators Powal;,:gzl;;up 1 Gaml(llllgz,zgsr)oup 2 group 3

(n=45)

. . . 7.36 8.22 1.91%**

Cells with micronuclei (4.5-7.9) (6-10) (0-2.75)

cells with protrusions (21?32) (21_242) 1(713:;;*
Cells with vesicular protrusions 2(8_93*)* (lof?) (11'_128)

Cells with " broken egg " 0.18 0.22 0.09%%**
protrusions (0-1) (0-1) (0-1)
Cells with tongue protrusions (%_515 ) (%_516) (%fllS )
Cells with an atypical nucleus 1(143; :zzéfjﬁ)k (()Oﬁgﬁ

Integral indicator of cytogenetic 10.18 10.44 3.64%H*
action (5.5-12.5) (7-11) (1-6)

Note: * p <0.017 changes are significant between all groups in a pairwise comparison (1-2,
2-3, 1-3), ** p <0.017 changes are reliable in pairs of groups 1-2 and 1-3, *** p <0.017 changes

are reliable in pairs of groups 1-3 and 2-3

Table 3) did not reveal significant differ-
ences, only the frequency of cells with
perinuclear vacuole in the game group
was statistically significantly higher in the
game group than in the power and con-
trol groups (5.56 times), these changes
can be explained by active preparation
for participation in competitions at the re-
gional level.

Evaluating the results obtained, it
seems relevant to identify the role of in-
dividual trace elements such as potas-
sium, calcium, magnesium in the forma-
tion of indicators of mental and physical
performance, correction of cytogenetic,
proliferative apoptotic changes in the
nuclei of buccal epithelial cells. Ways to
additionally compensate for micronutrient
deficiencies may include both changes in
dietary behavior and the consumption of
specialized bottled waters enriched with
essential substances.

Conclusions:

1) The features of water consump-
tion of athletes in game and power sports
were determined in comparison with the
control group and related changes in cy-
tological parameters;

2) Athletes in the conditions of
preparation for competitions are under
stress and the risk of increasing the level
of genome instability, determined by cyto-
genetic and proliferative indicators;

3) The control of cytological pa-
rameters of the buccal epithelium seems
to be a promising method for assessing
the effectiveness of training;

4) An assessment of the cytolog-
ical landscape of the representatives of
the control group is necessary to clarify
the contribution of other risk factors for
genomic instability due to regional char-
acteristics;

5) It is necessary to conduct ad-

Microscopic picture of anomalies of the buccal epithelium of the type "many micronuclei” (a),
type "atypical nucleus" (b)
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Proliferation indices, %o

Table 2

. Control group
Power, group 1 | Gaming, group 2 ’
Knersn (n=37) (n=25) i A
sk
Cells with two or more nuclei (12 _'g%) 3('3_75) (01_'58_22)
Cells with double nuclei and 2.00%%** 1.44 1.18
circular notches (0-3.5) (0-3) (0-1.5)
* * *
Integral proliferation index ?2(22) ?31_%5) (31'_(21(.)5)

Note: * p < 0.017 changes are significant between all groups in a pairwise comparison (1-2,
2-3, 1-3), ** p <0.017 changes are reliable in pairs of groups 1-3 and 2-3, *** p <(0.017 changes

are reliable in pairs of groups 1-2 and 1-3

Table 3

Indicators of early and late destruction of the cell nucleus, %o

. Control group
. Power, group 1 | Gaming, group 2 ’
Indicators 2 > group 3
(n=27) (n=25) (n=45)
k%
Cells with perinuclear vacuole ((())_'8 65) 2('8?3) ((())_'3 65)
Cells with chromatin 4.64%* 19.00%* 1.73*
condensation (1-7) (2-33) (1-2.5)
Cells with nuclear vacuolization 7.64 8.89 4.00
and onset of karyolysis (4.5-10) (3.25-9.33) (1.5-6)
Cells with karyopyknosis é_793) (55_889) (12 _‘255)
Cells with karyorrhexis (13 53_3) (14 _225) (02 53'_3)
. . 60.73 68.44 51.73
Cells with complete karyolysis (38.5-75) (41-134.5) (21-63.75)
Apoptotic index 73.82 99.56 58.73
pop (51-83) (35-154.5) (25.5-71)

Note: * p <0.017 changes are significant between all groups in a pairwise comparison (1-2,
2-3, 1-3), ** p < 0.017 changes are reliable in pairs of groups 1-2 and 2-3

ditional studies on large sample sizes to
build predictive models such as "environ-
mental risk factors - social risk factors -
lifestyle - cytogenetic changes" .

1. Gunina L.l.,, Rybina I.S. Laboratornye
markery kontrolya i upravleniya trenirovochnym
protsessom sportsmenov: nauka i praktika.
[Laboratory markers of control and management
of the training process of athletes: science and
practice]. Moscow: Sport, 2022; 376 (In Russ.).]

2. Zaydullin Ll. Ispol'zovanie mikroyader-
nogo testa dlya otsenki sostoyaniya parodonta u
rabotnikov, podvergayushchikhsya vozdeystviyu
vrednykh veshchestv [Use of the micronucleus

test to assess periodontal health in exposed
workers]. Gigiena i sanitariya [Hygiene and sani-
tary. 2020; 99(9): 956-960 (In Russ.).]

3. llyushina N.A. Tsitomorfologicheskiy anal-
iz eksfoliativnykh kletok bukkal'nogo epiteliya u
rabotnikov, imeyushchikh kontakt s pestitsidami
[Cytomorphological analysis of exfoliative cells
of the buccal epithelium in workers exposed to
pesticides. Vestnik (Toxicological Review). 2021;
29(4): 22-29 (In Russ.).]

4. Kardakova V.M. Molekulyarno-genetich-
eskiy analiz skorostno-silovykh kachestv u
dzyudoistov goroda Permi [Molecular genetic
analysis of speed-strength qualities in judoists
of the city of Perm]. Fundamental'nye i priklad-
nye issledovaniya v biologii i ekologii [Basic and
applied research in biology and ecology. 2021;
24-27 (In Russ.).]

5. Kasimova S.K. Tsitogeneticheskie narush-

eniya v kletkakh bukkal'nogo epiteliya studentov
raznykh etnicheskikh grupp [Cytogenetic dis-
orders in buccal epithelial cells of students of
different ethnic groups]. Sovremennye problemy
nauki i obrazovaniya [Modern problems of sci-
ence and education. 2020; 6: 186 (In Russ.).]

6. Kvetnoy |.M. Bukkal'nyy epiteliy kak ob’ekt
dlya izucheniya signal'nykh mekhanizmov «pro-
grammirovaniya» ozhireniya u detey [Buccal
epithelium as an object for studying the signal-
ing mechanisms of "programming" obesity in
children]. Meditsina: teoriya i praktika [Medicine:
science and practice. 2019; 4(S):245-246 (In
Russ.).]

7. Kovtun O.P. Vzaimosvyaz' tsitologich-
eskikh osobennostey bukkal'nogo epiteliya i
biokhimicheskikh parametrov u shkol'nikov s
ozhireniem. [Relationship between cytological
features of buccal epithelium and biochemical
parameters in school children with obesity]. Vo-
prosy detskoy dietologii [Questions of child di-
etology 2021; 19(1): 72-78 (In Russ.).]

8. Morozova E.N. Morfologicheskie oso-
bennosti bukkal'nogo epiteliya u studentov ne-
groidnoy rasy, imeyushchikh razlichnyy uroven'
gigieny polosti rta. [Morphological features of
buccal epithelium in black students with differ-
ent levels of oral hygiene.] Vestnik novykh med-
itsinskikh tekhnologiy [Journal of new medical
technologies 2018; 12(4): 71-76 (In Russ.).]

9. Parfentieva O.. T allele UCP3
(RS1800849) assotsiirovan so snizhennym na-
kopleniem zhirovoy massy nezavisimo ot urovn-
ya fizicheskoy aktivnosti. [is associated with re-
duced accumulation of fat mass, regardless of
the level of physical activity.] Chelovek. Sport.
Meditsina [Human. Sport. Medicine 2022; 22(1):
9-34 (In Russ.).]

10. Daniels MC, Popkin BM. Impact of wa-
ter intake on energy intake and weight status: a
systematic review. Nutr Rev, 68 (2010): 505-521.

11. Kant AK, Graubard BI, Atchison EA. In-
takes of plain water, moisture in foods and bev-
erages, and total water in the adult US popula-
tion—nutritional, meal pattern, and body weight
correlates: National Health and Nutrition Ex-
amination Surveys 1999-2006. Am J Clin Nutr.
2009; 90(3):655-63.

12. Muckelbauer R, Sarganas G, Griineis
A, Miuller-Nordhorn J. Am J Clin Nutr. As-
sociation between water consumption and
body weight outcomes: a systematic re-
view. 2013 Aug;98(2):282-99. doi: 10.3945/
ajcn.112.055061. Epub 2013 Jun 26. PMID:
23803882.

13. Muckelbauer R, Libuda L, Clausen K,
Toschke AM, Reinehr T, Kersting M. Pediatrics
Promotion and provision of drinking water in
schools for overweight prevention: randomized,
controlled cluster trial. 2009; 123: e661-e667.

14. Nurlybayeva K.A. Cytomorphological
assessment of buccal epithelium of the cheeks
of children of some industrial cities of the Kara-
ganda region. [Cytomorphological assessment
of buccal epithelium of the cheeks of children of
some industrial cities of the Karaganda region.]
Vestnik Karagandinskogo universiteta. Seriya:
Biologiya. Meditsina. Geografiya [Bulletin of
Karaganda University. Series: Biology. Medi-
cine. Geography 2018; 4: 80-85 (In Russ.).]

15. Rosinger A, Herrick K. Daily water intake
among U.S. men and women, 2009-2012. NCHS
data brief, no 242. Hyattsville, MD: National Cen-
ter for Health Statistics. 2016



