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РЕЗЮМЕ

РОЛЬ ОКСИДА АЗОТА И РЕОЛОГИЧЕСКИХ 
СВОЙСТВ КРОВИ В ПОДДЕРЖАНИИ ТЕМПЕ-
РАТУРНОГО ГОМЕОСТАЗА В ТКАНИ ГОЛОВ-
НОГО МОЗГА
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В экспериментах на белых крысах исследуется про-
блема регуляции температуры в ткани головного моз-
га в условиях управляемой гипертермии всего тела. 
Полученные результаты позволяют утверждать, что 
головной мозг обеспечен высокоэффективной системой 
ауторегуляции температуры при экзогенных темпера-
турных воздействиях. Верхний предел этой ауторегуля-
ции (для крыс, по крайней мере) находится в пределах 
450С окружающей среды. Важную роль в нормальном 
функционировании системы ауторегуляции температу-
ры в головном мозгу играет оксид азота. Кроме этого, 
выявлено, что повышение индекса агрегируемости эри-
троцитов может существенно сказаться (помимо всего 
прочего) и на поддержание температурного гомеостаза 
в головном мозгу. 
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azotis oqsidis da sisxlis reologiuri 
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naSromSi Seswavlilia TeTri virTagvebis 
Tavis tvinis qsovilSi temperaturis regu-
laciis sakiTxi sxeulis hiperTermiis pi-
robebSi. miRebuli SedegebiT dgindeba, rom 
Tavis tvini uzrunvelyofilia temperaturis 
autoregulaciis efeqturi sistemiT, romelic 
icavs mas egzogenuri temperaturuli cvli-
lebebisagan. am autoregulaciis zeda zRvari 
(virTagvebisTvis) ganisazRvreba garemos tem-
peraturis daaxloebiT 45ºC-iT. Tavis tvinis 
temperaturis autoregulaciis sistemis 
normalur funqciobaSi mniSvnelovan rols 
asrulebs azotis oqsidi. aseve, dadgenilia, 
rom eriTrocitebis agregaciis indeqsis zr-
dam SesaZloa, sxvasTan erTad, mniSvnelovnad 
Seaferxos Tavis tvinSi temperaturuli ho-
meostazis SenarCuneba.
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Salivary glands play a considerable role the vital functions 
of an organism. They provide homoeostasis constancy 
not only of an oral cavity but also of top departments of 
gastrointestinal tract, executing primary enzymatic food 
processing, helping the food passing through a gullet. 
Presumably there are no other organs, that would carry out 
such a variety of functions (secretory, recretory, exretory, 
incretory) and would have so much influence to the organ-
ism condition, organs of oral cavity and digestive system 
on the whole, as salivary glands [1].

Frequency of large salivary glands disease in the structure 
of general pathology is about 0,6-1,5%. Sialolithiasis takes 

about 20 - 60%, here the process strikes submandibular 
salivary gland (SSG) more often (91-95,4%). Men and 
women can be ill approximately identically. The pathology 
appears at any age, even from a babyhood [2]. Frequency 
of tumor development in SSG is not high (4%). Sexual 
differences in morbidity demonstrate greater frequency 
of tumour development for men (correlation of men and 
women - 2,5: 1). Neoplasia is diagnosed between men at 
age 28-60 (average 42,6), between women at age 40-59 ( 
average 47) [3].

The factors that promote development of disease are: 
violation of mineral exchange, hipo- and avitaminosis 
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A, violation of saliva electrolyte composition, violation 
of enzymatic activity, decline of salivary gland secretory 
activity, which is followed by saliva condensing, violation 
of saliva formation with its speed secretion decline, changes 
in anatomic structure of the gland flowing system, acute 
and chronic inflammatory processes (chronic sialoadenitis 
and sialodochitis) etc [4]. 

However, one of the most essential risk factors of gland 
disease is a permanent increase of socialdemographic 
process, which is characterized by increasing number of 
urban population, growth of chemical and electroenerget-
ical industry, usage of mineral fertilizers, containing metals 
pesticides, emission of industrial waste in different actual 
states (hard, liquid, gas and vaporous) and exhaust, low 
technological level at industrial enterprises [5]. It creates 
continuous influence of ecosystem on living organisms [6]. 
As a result, in some regions there are groups of elements 
that are not natural, and characteristic for the technogen-
esis [7]. While adapting oneself to the new conditions, 
protection mechanisms turn on, they can resist to harmful 
influence of aggressive factors during a certain time [8]. 
But further there is an exhaustion of reserves, that results 
in adaptation failure adapting mechanisms are transformed 
into pathological ones, which affect first at cell and bio-
chemical levels, and eventually become the reason of 
morphological changes at organ level [9].

Nowadays, heavy metals are basic pollutants of environ-
ment, their level exceeds allowable norms in many regions 
of Ukraine and the world [7]. Increasing content of ions of 
copper, zinc, iron, manganese, chrome and lead in soil is 
observed in northern districts of Sumy region. Their con-
centration exceeds allowable one in 10-100 times [10]. 

The scientists all over the world pay great value to study-
ing of heavy metals influence to a human’s organism and 
laboratory animals. It is reflected in many works, majority 
of which specifies negative influence of metals on organs 
and systems of human organism [11]. The mechanism of 
heavy metals combination influence consists of a local 
and resorbtive effects [12]. The local effect is shown in 
tissues destruction and depends on the capacity of these 
combinations for dissociation. Thus as a result of proteins 
compression and denaturation, dystrophic and necrotiz-
ing changes in tissue are observed. The cornerstone of the 
resorbtive effect is blocking of functionally active enzyme 
groups and structural proteins [13]. 

There is a number of works in literature which study 
structural alteration of bones [14], testicles [15], thyroid 
gland [16], dental enamel [17] on condition of natural and 
technogenic microelementosis, but there are no scientific 
works that would light up the complex study of salivary 
glands morphological changes on condition of combined 
influence of several microelements.

So, the purpose of our investigation is studying of morpho-
logical changes in submandibular salivary gland of animals 
on condition of heavy metals salts effect and research of 
correcting influence of medicinal drug Dialipone to struc-
tural changes in submandibular salivary gland.

Material and methods. We conducted an experiment at 90 
white male-rats of young, mature and advanced age. 

All experiments are conducted following the rules of Eu-
ropean Convention of Animals Protection [18,19].

Taking into account well-marked antioxidant properties of 
alphalipoic acid, we chose a pharmacological drug “Dia-
lipone” to correct structural alteration in submandibular 
salivary gland, caused by microelementosis. 

Rats were devided in 2 groups control one and experimental 
one. There were 18 rats of different age in a control group. 
The rats got normal drinking-water and food according to 
standard daily rate.

There were 72 rats of young, mature and old age (from 4th 
to 22th months) in experimental group. This group of rats 
was divided into 2 groups of 36 animals. The first group 
drank water with heavy metals salts in concentrations, 
that are determined in soil and water of some districts of 
Sumy region (salts of zinc (ZnSO4 х 7H2O) – 5 μg/l /l, 
copper (CuSO4 of х 5H2O) - 5 μg/l /l, iron (FeSO4) - 10 
μg/l /l, lead (Pb (NO3) 2) - 3 μg/l, manganese (MnCI2 of х 
4H2O) – 1 μg/l /l) [10]. The correction was conducted by 
Dialipone. The second group drank water with heavy met-
als salts without any corrector. The first group of animals 
was divided into 2 subgroups: first one consisted of rats 
that were taken out of experiment in 1 month; the second 
subgroup was the animals that received heavy metals salts 
and the corrector during two months. The second group was 
divided also into 2 subgroups on the same principle.

The corrector “Dialipone” was slowly injected in an ab-
dominal region once a day in a dose of 60 μg to 1 kg of 
body weight.

Animals were taken out of the experiment by means of 
decapitation under aethereal anesthesia.

A part of submandibular salivary gland was taken for the 
histological research. It was fixed in 10% solution of neutral 
formalin (during 24 hours). Serial cuts were executed about 
7-9 μm each, that passed through a center, subcapsularis 
and intermediate areas of a gland. Preparations were painted 
over with a standard methods.

Prepared histological preparations were investigated and 
photographed by means of the digital image display system 
“SEO Scan ICX 285 AK-F IEE-1394». 
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Microsoft Excel 2010 with addition AtteStat 12.0 was 
used during a statistical research (determination of normal 
selection by Kolmogorov criterion, calculation of Student 
independent criterion, Pierson’s correlation coefficient - r 
and relliability of differences - р).

Results and their discussion. After 30 days of combi-
nation influence of heavy metals salts and the corrector 
drug in submandibular salivary gland of young rats one 
can observe considerably less deviations in linear size 
and architectonics of gland particles, comparing to the 
results of control group of animals. During the PAS 
reaction in gland tissue one can observe intensification 
of color saturation in epithelial cells, epithelium of the 
implanted and striated ducts, comparing to the corre-
sponding group of rats that had combination of heavy 
metals salts only (Fig. 1).

There is an insignificant divergence of collagen fiber, 
minimum signs of swelling in the capsule and interacinar 
layers of gland connective tissue. Blood vessels of the 
capsule are expanded, with increased blood filling, located 
more compact, compared to the group of microelementosis 
influence, where in interacinar stroma one can often observe 
the signs of swelling in the form of cavities. 

There is insignificant growth of connective tissue around 
ducts and in periacinar area in both groups. 

After 60-day’s experiment with Dialipone in submandibular 
salivary gland of young rats one can observe insignificant 
damage of glandular parenchima cells, that showed up in 
form of small focuses of fatty and albuminous proteina-
ceous degeneration. Animals of this group, compared to 
the second group (2 subgroup) of animals of young age, 

Fig. 1. Submandibular salivary gland of a young rat after 30 days of simulated microelementosis  (А) 
and after 30 days of microelementosis with corrector usage ( B ). Zoom х 360. Painted over with hematoxylin- eosine. 

А: 1 – epithelium of glands with PAS-positive formations. 
B: 1 – epithelium of glands with PAS-positive formations, 2 – swallowing 

Fig. 2. Submandibular salivary gland of a young rat after 60 days of microelementosis ( А ) and after 60 days of mi-
croelementosis with corrector ( B ). Zoom х 360. Painted over with hematoxylin- eosine. А: 1 – growth of connective 
tissue, 2 – epithelium of a duct and particles, 3 – interdict secretion. B: 1 –swallowing, 2 – epithelium of a duct and 

particles with insignificant quantity of carbohydrate formations, 3 - hemocapillaries

A

A

B

B
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had less distinct dyscirculatory violations. There are signs 
of swallowing, dilatation and hemocapillar wall bulge in 
the stroma component (Fig. 2). One can also observe some 
grows of connective tissue around vessels and ducts. 

In general,one can observe better saving of glandular 
epithelium, less prevalenced dystrophic and discirculatory 
changes, sclerotization processes in stroma, comparatively 
to the histological research results of submandibular sali-
vary gland tissue of young animals without the microele-
mentosis influence correction. 

After 30-days joint use of heavy metals salts combination 
and the corrector there is insignificant amount of cells 
with fatty and hydropic degeneration in submandibular 
salivary gland of mature rats. There is a secretion delay, 
desquamation of some cells (Fig. 3) in gland duct system. 
Comparing to the group of animals of corresponding age, 

which had microelementosis without any corrector, there is 
more parenchima with signs of glandular epithelium stable 
functioning, but there is less stroma component. One can 
observe moderate hemocapillar dilatation, venous conges-
tion, insignificant perivascular stroma swallowing.

After 60-days of correction with Dialopine in submandibular 
salivary gland of rats of mature age one can observe a tendency 
to damaged tissue area reduction comparing to the group of 
animals of corresponding age without corrector use. There are 
dystrophic changes in some terminal parts. There are some 
desquamated cells and insignificant secretion accumulation 
in implanted and striated ducts of the gland. One can observe 
a phenomenon of implanted ducts branching as a sign of 
strengthening of regeneration process in submandibular sali-
vary gland. Connective tissue grows mostly perivascular and 
periductal, interparticle partitions broaden. There is a venous 
congestion in some small vessels (Fig. 4).

A B
Fig. 3. Submandibular salivary gland of a mature rat after 30 days of microelementosis (А) 

and after 30 days of microelementosis with corrector (B). Zoom х 400. Painted over with hematoxylin- eosine. 
А: 1 – connective tissue, 2 – intraparticle duct with secretion, 3 – fatty tissue. B: 1 – epithelium of hybrid acinus with 

areas of stroma fatty degeneration, 2 – secretion retardation in duct clearance

A B
Fig. 4. Submandibular salivary gland of a mature rat after 60 days of microelementosis ( А ) 

and after 60 days of microelementosis with corrector ( B ). Painted over due to Van-Gizon. Zoom × 400. 
А: 1 – smooth fibrous connective tissue, 2 – hemocapillaries, 3 – adipocytes, 4 – interaduct with secretion. 

B: 1 – periductal fibrosis, 2 – swallowing, 3 – acinus with degenerative changes 
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After 30 days’ of concurrent taking of heavy metals salts 
combination and corrector in submandibular salivary 
gland of senior rats one can observe structure heteroge-
neity of parenchima: there are some fatty and hydropic 
degenerations among acinus with kept structure. Mucous 
terminal parts of glands that prevail in parenchima struc-
ture are separated by connective tissue layers with some 
signs of swallowing (Fig. 5). Comparing to the group of 
senior rats, which had microelementosis and did not take 
Dialipone, one can observe the reduction of swallowing, 
fibrosis changes, dystrophic and atrophic transformations 
of parenchyma.

After 60-days of correction with Dialopine in subman-
dibular salivary gland of old rats one can observe tissue 
swallowing, granulocyte centers with dystrophic changes. 
Sometimes glandular cells contain signs of apoptosis. In 

general, the area of gland parenchyma component dimin-
ishes due to atrophic and involutory process. There is an 
expansion of connective tissue component: interparticle 
membranes and capsule the amount of connective tissue 
component grows around large vessels, ducts (Fig. 6). 
Comparing histological changes to the group of senior 
animals, which did not take the corrector, one should notice 
less distributive dystrophic, atrophic and dyscirculatory 
changes.

Without doubts, influence of environment harmful factors, 
including heavy metals salts, results in structural changes 
in submandibular salivary gland that leads to to progress 
of diseases. The inflow of heavy metals in the organ results 
in substituting of essential macro- and microelements in a 
cell [20], blocking of active functional groups of enzymes, 
proteins [21]. The most important is blocking of sulfhydryl 

A B
Fig. 5. Submandibular salivary gland of a senior rat after 30 days of simulated microelementosis (А) 

and after 30 days of microelementosis with corrector usage (B). Painted over due to Van-Gizon. Zoom × 400. 
А: 1 – periductal, perivascular and та periacinar connective tissue, 2 – swallowing. 
B: 1 – intraparticle connective tissue with swallowing, 2 – mucous terminal sections

A B
Fig. 6. Submandibular salivary gland of a senior rat after 60 days of microelementosis (А) 

and after 60 days of microelementosis with corrector usage ( B ). Zoom × 400. Painted over with hematoxylin- eosine. 
А: 1 – acinus epithelium, 2 – periductal fibrosis, 3 – dilatation the duct clearance with secretion reservation. 

B: 1– swallowing, 2 – degenerative changes in duct epithelium
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and tiol groups that provide biological activity to over 50% 
enzyme proteins; amine, carboxyl and other groups are 
blocked less (Pic.).

Pic. The pathogenesis of the influence of heavy metals in 
the salivary gland

Thus, experimental animals in the conditions of simu-
lated microelementosis have signs of granulocyte dys-
trophic and atrophic changes. Coarse-fibred stroma, 
capilar sclerosis, hemorrhages are observed. During the 
processes of Dialipone corrective influence, damage of 
submandibular salivary gland tissue diminished. The 
swallowing and fibrotic changes were less expressed, 
as well as dystrophic and atrophic parenchyma trans-
formations.

Except impressive antioxidant properties, the drug has 
membrane stabilizing, antihypoxic, detoxification effects 
and activates damaged tissue regeneration.

Conclusions. Research of Dialipone corrective influence 
on structural changes in submandibular salivary gland of 
rats of the different age, caused by microelementosis, con-
firms perspective of the drug application. While comparing 
restoration possibilities of Dialipone for the gland tissue it 
was noticed that animals of different ages have got different 
efficiency of application the corrector.

The rats of young and mature age have got more complete 
renewal of structural changes. The rats of senior age have 
got less complete and effective renewal of structure, than 
young animals, which is explained by worse reparative 
possibilities for old rats.
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SUMMARY

STRUCTURAL CHANGES IN SUBMANDIBULAR 
SALIVARY GLAND, CAUSED BY HEAVY METAL 
SALTS, AND THEIR CORRECTION WITH DIALI-
PON (EXPERIMENTAL STUDY)

1Sikora V., 1Bojko V., 1Tkach G., 
2Kyptenko L., 2Lyndin M. 

1Sumy State University, normal anatomy department with 
a topographical anatomy and operational surgery course; 
2department of pathology, Ukraine

Setting of possibilities of structural changes correction 
in submandibular salivary gland with a Dialipone drug, 
caused by adverse effect of heavy metals salts on an or-
ganisms of different age group rats.

Structural changes and their correction were studied on 
the histological preparations basis painted by hematoxy-

lin-eozin, Van-Gizon, PAS reaction, investigated and pho-
tographed by means of the digital image display system 
"SEO Scan".

In comparison to the results of submandibular salivary 
gland tissue histological research of animals without any 
correction of microelementosis, animals that took Diali-
pone are marked with a better glandular epithelium sav-
ing, less widespreading of dystrophic and dyscirculatory 
changes, sclerotization processes in stroma.

When comparing of Dialipone restoration possibilities, it was 
set, that different age group animals show different applica-
tion efficiency of the corrector. The rats of young and mature 
age have more complete renewal of structural changes. The 
rats of advanced age show worse reparative capabilities, less 
complete and effective renewal of structural changes. 

Keywords: salivary gland, heavy metals, corrector.

РЕЗЮМЕ

СТРУКТУРНЫЕ ИЗМЕНЕНИЯ В ПОДНИЖНЕ-
ЧЕЛЮСТНОЙ СЛЮННОЙ ЖЕЛЕЗЕ, ВЫЗВАН-
НЫЕ СОЛЯМИ ТЯЖЕЛЫХ МЕТАЛЛОВ, И ИХ 
КОРРЕКЦИЯ С ПОМОЩЬЮ ДИАЛИПОНА 
(ЭКСПЕРИМЕНТАЛЬНОЕ ИССЛЕДОВАНИЕ)

Сикора В., Бойко В., Ткач Г., 
Киптенко Л., Линдин М.

Сумской государственный университет, Украина

Целью исследования явилось установление возмож-
ностей коррекции структурных изменений в подниж-
нечелюстной слюнной железе препаратом диалипон, 
которые вызваны вредным воздействием солей тяже-
лых металлов на организм крыс разных возрастных 
периодов.

Структурные изменения и их коррекция были изучены 
на гистологических препаратах, окрашенных гематок-
силин - эозином, Ван Гизону, шик-реакцией, которые 
исследовали и фотографировали с помощью цифровой 
системы вывода изображения «SEO Scan».

По сравнению с результатами гистологического иссле-
дования ткани поднижнечелюстной слюнной железы 
животных без коррекции под влиянием микроэлемен-
тоза у животных, получавших диалипон, отмечается 
большая сохранность железистого эпителия, меньшая 
распространенность дистрофических и дисциркулятор-
ных изменений, процессов склеротизации в строме.

При сравнении восстановительных возможностей 
диалипона установлено, что у животных разных воз-
растных групп оказывается различная эффективность 

ИЗУЧЕНИЕ ВОЗМОЖНОСТЕЙ КОРРЕКЦИИ В 
ПОДНИЖНЕЧЕЛЮСТНОЙ СЛЮННОЙ ЖЕЛЕЗЕ 
СТРУКТУРНЫХ ИЗМЕНЕНИЙ, ВЫЗВАННЫХ 
ВОЗДЕЙСТВИЕМ СОЛЕЙ ТЯЖЕЛЫХ 
МЕТАЛЛОВ, ПРЕПАРАТОМ ДИАЛИПОН 
(ЭКСПЕРИМЕНТАЛЬНОЕ ИССЛЕДОВАНИЕ 
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действия корректора. У крыс молодого и зрелого воз-
раста происходит полное восстановление структурных 
изменений. У крыс старческого возраста оказываются 

более низкие репаративные возможности, восстанов-
ление структуры менее полное и эффективное, чем у 
животных младших возрастных групп.

reziume

preparat dialiponis koreqciuli efeqti qveda ybisqveSa sanerwyve jirkvlis struqturul 
cvlilebebze mZime metalebis zemoqmedebis pirobebSi (eqsperimentuli kvleva)

v. sikora, v. boiko, g. tkaCi, l. kiptenko, m. lindini

sumis saxelmwifo samedicino universiteti, ukraina

kvlevis mizans warmoadgenda virTagvebis 
qveda ybisqveSa sanerwyve jirkvalSi mZime 
metalebis zemoqmedebiT gamowveuli struq-
turuli cvlilebebis koreqciis SesaZle-
blobis dadgena preparat dialiponiT. 

histologiurma kvlevam gamoavlina, rom 
virTagvebs, romlebic Rebulobdnen dia-
lipons, aReniSna jirkvlovani epiTeliumis 
SenarCuneba, srtomaSi distrofiuli da 
discirkulaciuri cvlilebebis da sklero-

zirebis procesebis umniSvnelo gavrceleba, 
im virTagvebTan SedarebiT, romelTac ar 
miewodeboda makoreqtirebeli preparati. 
aseve, cxovelTa sxvadasxva asakobriv jgufSi 
gamovlinda koreqtor dialiponis araerT-
gvarovani efeqti, kerZod, axalgazrda da 
zrdasrul virTagvebSi struqturuli cv-
lilebebi srulad aRdga,  xolo asakovan 
virTagvebSi gamovlinda dabali reparaciuli 
SesaZlebloba – struqtruris aRdgenis 
xarisxi arasruli da dabalefeqturia.

НОВЫЙ МЕХАНИЗМ ГИПОГЛИКЕМИЧЕСКОГО ДЕЙСТВИЯ 
ЭМБРИОНАЛЬНОГО ПРОТИВООПУХОЛЕВОГО МОДУЛЯТОРА МКРТЧЯНА ПУТЕМ 

АКТИВАЦИИ ЕГО МЕМБРАНОПРОТЕКТОРНОГО ЭФФЕКТА

Агаджанова Е.М.

Ереванский государственный медицинский университет им. М. Гераци, Армения

Проблема сахарного диабета является одной из основ-
ных проблем современной медицины. Несмотря на 
огромное количество работ, выполняемых в области 
диабетологии как в эксперименте, так и в клинике, 
вопрос лечения диабета по сей день не решен. Все 
существующие методы требуют постоянного введения 
новых лекарственных препаратов и носят, в основном, 
симптоматический характер. За последние годы дела-
ются попытки лечения диабета 1 типа путем трансплан-
тации поджелудочной железы или непосредственно 
островков β-клеток. Однако эти методы далеки от со-
вершенства. Они требуют соответствующий дефицит-
ный материал для трансплантации, довольно сложное 
хирургическое вмешательство, а также назначение 
больному пожизненного приема иммунодепресантов, 
что создает определенные проблемы для здоровья. На 
сегодняшний день в научной литературе появилось 
множество сообщений относительно использования 

стволовых клеток в лечении диабета. Однако все эти ра-
боты носят экспериментальный характер [28,29,33]. 

Начавшаяся по всему миру «эпидемия» диабета диктует 
необходимость проведения мер профилактики на ста-
дии преддиабета на уровне внедрения государственных 
программ.

Препарат, пригодный для эффективной борьбы с диа-
бетом, должен отвечать следующим требованиям: 1) 
оказывать регулирующее действие на определенные 
патогенетические звенья развития диабета и протек-
торное воздействие на β-клетки панкреаса; 2) обладать 
длительным эффектом воздействия; 3) терапевтические 
дозы препарата должны быть лишены способности 
длительной кумуляции в организме; 4) введение пре-
парата больному должно быть технически не сложным, 
доступным любому медработнику без специальной 


