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Sesaswavlad gamoyenebuli iyo “iZulebiTi 
curvis”, “amaRlebuli jvaredini labirinTis”, 
“Ria velis” testebi. naCvenebia, rom virTagvebis 
qronikuli stresireba informaciuli stresis 
modelis gamoyenebiT iwvevs qceviTi depresiis 
ganviTarebas rogorc dominant, aseve submisiur 

virTagvebSi. qceviTi depresiis fonze aRiniS-
neba hipoTalamusSi serotoninis donis mkveT-
ri mateba, rac savaraudoa, rom gamowveulia 
stresirebis modelis TaviseburebiT (arakon-
trolirebadi stresoriT, keZod gardauvali 
eleqtro-mtkivneuli zemoqmedebiT).

IMPACT OF SMOKING HABITS ON THE STATE OF CHROMATIN AND MORPHOLOGY 
OF BUCCAL EPITHELIAL CELLS AMONG MEDICAL STUDENTS 

1Volkova O., 1Ryabokon E., 2Magda I., 3Shckorbatov Y.

1Kharkiv National Medical University; 2S.P. Grigoriev Institute for Medical Radiology 
of National Academy of Medical Science of Ukraine; 3V.N.Karazin Kharkiv National University, Ukraine

Smoking is a destructive habit, but is not perceived in 
society as a very harmful habit. People mostly are poorly 
aware of the hazards associated with smoking; in particular, 
among the students of medical higher educational institu-
tions the percentage of smokers is high [1,16].

Professional position of physician provides an excellent 
opportunity to conduct propaganda about the dangers of 
smoking, because doctors are in contact with a large part of 
the population and, therefore, have the opportunity to help 
people change their behavior, give advice and recommen-
dation to stop smoking, to answer questions related to the 
consequences of tobacco consumption. Even brief advice 
of health care professional about the harmful effects of 
smoking and importance of quitting is one of the effective 
methods of reducing smoking. However, the health worker 
himself should be an example for patients. If the recom-
mendation is given by the doctor who smokes the patient’s 
motivation to stop smoking is reduced [15].Unfortunately, 
the smoking habit is not rare among medical students. The 
data of experimental observations on cytological changes, 
induced by smoking, presented in anonymous form, may 
be an additional argument among medical students against 
smoking habit.

In the number of works the changes in buccal cells of 
smokers were shown. For instance, oral keratinocytes were 
evaluated using flow cytometry. Among smokers com-
pared to non-smokers, the DNA damages were registered. 
Namely, the DNA adducts (8-hydroxy-2’-deoxyguanine 
(8-OHdG) and benzo[a]pyrene (B[a]P) ) were indicated. 
Other lesions, as increased DNA content, aneuploidy, 
percentage of cells in (S) and G(2)+(M) phases, and also 
apoptosis were registered[9].

The mean AgNOR numbers per nucleus in the group of 
smokers was higher than among non-smokers (p<0.001). 
The mean nuclear area (NA) of cells of smokers group 

was significantly higher, than among non-smokers group 
(p<0.05). Authors hypothesize that results of both AgNOR 
counts and nuclear area show that cellular proliferation 
issignificantly higher in the group of smokers and this can 
indicate shift towards dysplasia[14].

Experimental results revealed that NA, nuclear perimeter 
(NP), minimal nuclear diameter (ND-min), and maximal 
nuclear diameter (ND-max) values of the buccal mucosa 
cell nuclei of smokers were higher than those of non-
smokers.The difference was statistically significant in the 
case of NA, ND-min, and ND-max values [6].

Mean NA for smokers was elevated compared with non-
smokers. Mean cell area(CA) in smokers was decreased 
as compared to non-smokers but the difference was not 
statistically significant. Also, NA/CA ratio was elevated 
in smokers group. Authors suggest that the increase in 
NA and NA/CA ratio, and also decrease in CA are due to 
smoking [3].

An increase in NA, theNA/CAratio, and ratio of maximum 
NDto minimum ND were observed, while a decrease in 
CA were observed in lateral surface of the tongue, buccal 
mucosa and floor of the mouth of smokers and also water-
pipe users (p≤0.001). No statistically significant differences 
were observed in percent of karryorhexis, vacuolization of 
cytoplasm, and two- or multilobed nuclei in oral mucosa of 
smokers, waterpipe users (p=0.8), and normal individuals 
(p=0.9) in buccal mucosa, tongue, and mouth floor areas. 
The parallel analysis revealed that the percentage of in-
flammation and Candidacontamination among smokers 
(p<0.001) and waterpipe users (p=0.002) were higher 
than among non-smokers[10].The statistically significant 
decrease in CA and an increase in NA and NA/CA ratio 
were observed in tobacco users[7]. Changes in buccal cell 
nucleus morphology among smoking students also were 
shown in [2]. The quantities of nuclei with tongue- and 
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broken egg-type protrusions, micronuclei, binuclear cells, 
as well as a significant decrease in CA and increase in NA 
and NA/CA ratio were detected in the group of smokers 
as compared to the control group. In authors’ opinion, 
these changes indicate the presence of local inflammation 
resulting from the toxic effects of smoking products on the 
oral mucosa [2].

At the same tine no differences between groups of 
9 smoking and non-smoking women in micronuclei 
test in buccal cells weredetected [4].At the same time 
significantly high frequency of micronuclei (p<0.01) 
and binucleate cells (p<0.05) were observed in the 
group of smokers as compared to non-smokers. A dose-
response relationship was observed between smoking 
and DNA damage [17].In the study of 90 individuals of 
which 46 were smokers and 44 were non-smokers was 
found a statistically significant increase in the micro-
nuclei quantity among smokers (р<0.05) [5].The mean 
percentage of aneuploid nuclus wasstatistically higher 
in the group of smokers (79.65%), as compared to the 
group of non-smokers (39.3%) [13].

The purpose of the present work was to investigate 
the morphology of buccal cells in relation to smoking 
habits among students. In this investigation the special 
attention is paid to changes in the state of chromatin 
condensation, previously non-studied comparatively 
among smokers and non-smokers. Also we investigated 
in comparative aspect the group of hookah smokes, this 
group of smokers previously not attracted the attention 
of many researchers.

Material and methods. The students of the Faculty of 
Dentistry and of the Medical Faculty of the Kharkiv Na-
tional Medical University were used as goodwill donors 
of buccal epithelium cells. The study was performed in 
accordance with the European Convention on Human 
Rights and Biomedicine (1997) and also of Declarations 
and Recommendations of the First, the Second and the 
Third National (Ukrainian) Congresses of Bioethics 
(Kiev, Ukraine, 2001, 2004, 2007) and Ukrainian leg-
islation. All participants gave written informed consent 
prior to participation in the research. The research was 
approved by the Board of Bioethics of the V.N.Karazin 
Kharkiv National University.

The 81students with different smoking habits were exam-
ined. Cells of buccal epithelium were obtained from donor’s 
cheek were obtained by scraping with sterile blunt spatula. 
Cells were stained by 2% orcein solution in 45% acetic acid 
[11]. Cells were photographed at a magnification x 400 by 
microscope MICMED-7 (Russia). Morphometric measure-
ments were performed on cell photographs. Insample of 
cells of each donor were assessed 100cells and the mean 
values of all parameters were calculated. The heterochro-
matin granules quantity (HGQ) cell nucleus area (NA), cell 

area (CA), nucleus perimeter (NP), and cell perimeter (CP) 
were assessed. All results were processed statistically by 
Student method. In Fig. 1-5 are presented mean values and 
standard errors of mean. The variants which significantly 
differ from control (p>0.05) are marked by asterisk (*).

Results and their discussion. It was conducted a survey 
among 115 volunteer students of 2nd, 3d year of study of 
the Dental Faculty and of 5th year of study of the Medical 
Faculty of Kharkov National Medical University, among 
which 66 (57.3%) girls and 49 (42.6%) of young men aged 
17-25 years old.

According to the survey among smokers: 18% smokers 
start smoking up to 14 years old, 32% of students - from 
14-16 years old, 40% at the age of 17-19 years old, and 
10% started smoking after 19 years old.

Distribution of smokers by the number of cigarettes con-
sumed daily shows that 78% of medical students smoked 
less than 10 cigarettes per day, 18% – about 20 cigarettes, 
more than one pack of up to 4% of all students participat-
ing in the survey.

All students taking part in experiment (n=103) were divided 
in connection to their smoking habits into 6 groups: con-
suming light cigarettes (L) n=8; consuming heavy cigarettes 
(H) n=15; united group of smokers of cigarettes n=23; 
consuming hookah (water-pipe) n=13; consuming both 
hookah and cigarettesn=6; and non-smoking students n=38.

In Fig. 1 are presented the data on the HGQ in buccal epi-
thelium cells of students of groups with different smoking 
habits.

Fig. 1. HGQ (heterochromatin granules quantity) in buc-
cal epithelium cells of non-smoking and smoking donors

The data of Fig. 1 demonstrate increase of HGQ, and there-
fore, chromatin condensation, among smokers of hookah 
(water pipe), in both variants; hookah only and hookah and 
also cigarettes.We observed only a tendency of increase of 
HGQ in cells of cigarette smokers.
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Fig. 2. Cell nucleus area (NA) in buccal epithelium cells 
of non-smoking and smoking donors

In the Fig. 2 are demonstrated data on nuclear area (NA) 
in cells. In our experiment only among hookah smoker vas 
observed significant changes in NA. Decrease of NA was 
detected among smokers of hookah and cigarettes hookah.

Fig. 3. Cell nucleus perimeter (NP) in buccal epithelium 
cells of non-smoking and smoking donors 

In the Fig. 3 are presented data on nuclear perimeter (NP) in 
different groups of donors. As one can see, the PN proved to be 
most sensitive to smoking habits and decreased in all groups of 
smokers. The most decrease is shown for the group of hookah 
smokers. The NA in our experiment not changed significantly 
in heavy cigarettes smokers; only tendency of NA decrease 
was registered. In all other groups of smokers NA decrease 
was significant. Hookah smokers had the most effect on NA.

In the Fig. 4 are presented data on cell area (CA) among 
non-smokers and smokers. From the data of Fig. 4 it is seen 
that the CA decreased in all groups of smokers. Among 
smokers of heavy cigarettes it was observed only tendency 
of CA decrease, and in other groups it was significant. The 
cell perimeter (CP), like the NP, proved to be sensitive to 
smoking habits, demonstrating decrease in all groups of 
smokers (Fig. 5).

Fig. 4. Cell area (CA) in buccal epithelium cells of non-
smoking and smoking donors

Fig. 5. Cell perimeter (CP) in buccal epithelium cells of 
non-smoking and smoking donors 

It was previously demonstrated that different stress factors 
(inhibitors of metabolism, elevated sub lethal temperature, 
ultraviolet and microwave irradiation) induce the process 
of heterochromatinization in buccal cell nuclei [12].
Significant increase in the HGQ or heterochromatization 
in nuclei of buccal cell epithelium in group of hookah 
smokers (Fig. 1) indicate the fact that cells are in the state 
of stress connected with factors of hookah (chemical fac-
tors of smoke and elevated temperature). As t is known 
the process of heterochromatinization is connected with 
decrease of transcriptional activity [8]. The fact that among 
other groups of smokers only in groups of hookah smokers 
the increase of heterochromatization was observed, and 
in these groups NAdecrease was the most indicates the 
more unfavorable effect of hookah smoking as compared 
to cigarettes smoking.

The data obtained in this work indicate changes innuclear 
and cell dimensions of buccal epithelium cells among 
smokers. As a rule, among smokers are observed decrease 
of NA and CA, decrease of NP and CP. We connect these 
processes with elevated rate of apoptosis in buccal epithe-
lium cells connected with smoking.As to CA decrease (Fig. 
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4), our experimental data are in a good agreement with 
results of works [2, 3, 7, 10]. Therefore, the observed in 
this work decrease of NA in buccal cells of smokers (Fig. 
2) is in contradiction with results of works [2, 3, 6, 7, 10, 
14] demonstrating increase of NA in cells of smokers. We 
also demonstrated decrease in NP (Fig. 3) that contradicts 
to results of NP increase in buccal epithelium cells of smok-
ers [6, 14].In our opinion,the only possible explanation of 
differences between our results and previously reported, 
may be connected with more intensive smoking in groups 
of smokers in Kharkiv. 

Conclusions. Summing up, the smoking of cigarettes and 
hookah induces significant decrease in nuclear and cell 
perimeter and cell area in cells of buccal epithelium. Smok-
ing of hookah induces, besides, the hererochromatization 
in cell nucleus and the decrease of nuclear area. These data 
show unfavorable effects of smoking cigarettes and even 
more harmful effect of hookah smoking.

Conflict of interest. Authors declare no conflict of interest.
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SUMMARY

IMPACT OF SMOKING HABITS ON THE STATE 
OF CHROMATIN AND MORPHOLOGY OF BUC-
CAL EPITHELIAL CELLS AMONG MEDICAL 
STUDENTS 

1Volkova O., 1Ryabokon E., 2Magda I., 3Shckorbatov Y.

1Kharkiv National Medical University; 2S.P. Grigoriev 
Institute for Medical Radiology of National Academy of 
Medical Science of Ukraine; 3V.N.Karazin Kharkiv Na-
tional University, Ukraine

The cells of buccal epithelium were investigated in 
groups of smoking and non-smoking students. Cell 
samples were collected by scraping with blunt sterile 
spatula, stained with orcein and photographed. The 
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smoking of cigarettes and hookah induces significant 
decrease in nuclear and cell perimeter and cell area in 
cells of buccal epithelium. Smoking of hookah induces, 
besides, the heterochromatization in cell nuclei and the 
decrease of nuclear area. The data obtained indicate 
stress reaction in cells (heterochromatinization) and 
apoptosis-related changes in cells (decrease of nuclear 

and cell perimeter and cell area). These data show un-
favorable effects of smoking cigarettes and even more 
harmful effect of hookah smoking.

Keywords: cell nucleus; heterochromatin; cell area; 
nuclear area; cell perimeter, nuclear perimeter; toxic ef-
fects of smoking.

РЕЗЮМЕ

ВЛИЯНИЕ КУРЕНИЯ НА СОСТОЯНИЕ ХРОМАТИНА И 
МОРФОЛОГИЮ КЛЕТОК БУККАЛЬНОГО ЭПИТЕЛИЯ У СТУДЕНТОВ-МЕДИКОВ

1Волкова O.С., 1Рябоконь Е.Н., 2Магда И.Ю., 3Шкорбатов Ю.Г.

1Харьковский национальный медицинский университет; 2Институт медицинской радиологии 
им. С.П. Григорьева Национальной академии медицинских наук Украины; 

3Харьковский национальный университет им. В.Н. Каразина, Украина

Клетки буккального эпителия исследовали в группах 
курящих и некурящих студентов. Пробы клеток от-
бирали, соскабливая посредством тупого стерильного 
шпателя, окрашивали орсеином и фотографировали. 
Морфометрические измерения проводились на микро-
фотографиях клеток. Курение сигарет и кальяна вы-
зывает значительное снижение ядерного и клеточного 
периметров и площади клеток буккального эпителия. 

Курение кальяна индуцирует гетерохроматинизацию 
в ядрах клеток и уменьшение площади ядер. Полу-
ченные данные указывают на стрессовую реакцию 
клеток (гетерохроматинизация) и связанные с апоп-
тозом изменения в них (уменьшение площади ядер и 
периметра и площади клеток). Эти данные указывают 
на неблагоприятные последствия курения сигарет и 
еще более вредное воздействие курения кальяна.

reziume

mwevelobis gavlena loyis lorwovani garsis epiTeliumis qromatinsa 
da morfologiaze student-medikosebSi

1o. volkova, 1e. riabokoni, 2i. magda, 3iu. Skorbatovi

1xarkovis erovnuli samedicino universiteti; 2ukrainis medicinis mecnierebaTa 
erovnuli akademiis s. grigorievis sax. samedicino radiologiis instituti; 

3v. karazinis sax. xarkovis erovnuli universiteti, ukraina

mwevel da aramwevel studentebSi gamokvleu-
lia lorwovani garsis epiTeliumis  ujre-
debi. Uujredebis nimuSebi amokveTili iyo 
blagvi steriluri Spatelis meSveobiT, 
ris Semdegac SeiReba orseiniT da foto-
grafirebuli iqna. morfologiuri gazomve-
bi Catarda ujredebis mikrofotografiebze. 
gamovlinda, rom sigaretis da Cilimis 

moweva iwvevs birTvuli da ujreduli 
perimetris, ujredis bukaluri epiTeliumis 
farTobis mniSvnelovan Semcirebas. kvlevis 
Sedegebi miuTiTeben ujredebis stresul 
reaqciaze da apoptozur cvlilebebze. 
statiis avtorebs gamotanili aqvT daskvna 
adamianis organizmze sigaretis da Cilimis 
mowevis saziano zemoqmedebis Sesaxeb.


