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Nowadays, food additives are an important element of the food industry, which not only improve the taste of
products, but also allow them to be stored longer. At the same time, they have negative properties that manifest
themselves after long-term use. The experiment was aimed at identifying the effect of several food additives on the
gums, vessels and changes in their structure. During the study, it was established that the effect of a complex of food
additives (sodium glutamate, sodium nitrite, and Ponceau 4R) on the microvessels of the gums of rats leads to a vio-
lation of hemodynamic conditions, and with prolonged action leads to an irreversible violation of blood supply to the
gums as a whole. Morphological changes of microvessels (first of all arterioles) are observed mainly from the fourth
week of the experiment and are characterized by vasodilatation or vasoconstriction, the formation of erythrocyte
aggregates, which leads to significant pathological changes in the structural organization of the gums and blood
supply to the gums, as an integral organ of the oral cavity.
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Connection of the publication with planned re-
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This article was performed as part of research work:
“Patterns of morphogenesis of organs, tissues and neu-
rovascular formations in normal condition, pathology
and under the influence of exogenous factors” (state
registration number 0118U004457).

Introduction.

In our time, when the need for the amount of food
products is constantly growing, manufacturers find vari-
ous ways to speed up production and increase the shelf
life of products. In solving these problems, industrial-
ists are helped by the use of various chemicals. At first
glance, some food additives have useful properties, for
example, they prevent spoilage of food products, im-
prove their taste and appearance, but their usefulness
or harmfulness is highly controversial and poorly stud-
ied [1-3]. Their quantity in food products is strictly regu-
lated by both domestic and international legislation.
However, even if the permissible level of chemically cre-
ated food additives is observed, their regular entry into
the body can cause the appearance of allergic reactions,
the emergence and development of pathological chang-
es in the organs and systems of the human body [4]. For
example, widely used food additive called sodium gluta-
mate. It’s used in cooking as a flavor enhancer. In many
countries and in Ukraine also, sodium glutamate gener-
ally recognized as safe to eat. However, the systematic
use of products with glutamate in humans violates the
hormonal balance, problems with digestion, gastritis
and gastric ulcer, obesity can develop [5].

The reaction of the human body to food additives
is exclusively individual. Currently, there are literary
sources in which the consequences of the separate
use of various food additives are highlighted, but the
changes in the body when receiving several additives at
the same time are practically not investigated. Very few
tests have been conducted in this area. One study, in
which two preservatives were tested together, showed
that they have a much stronger effect in combination
than individually [6]. Therefore, the problem of studying

the morphofunctional changes in the body during the
daily consumption of many food additives, even in the
maximum permissible amount, is an extremely urgent
and important problem of ensuring the public health of
the population not only of our country, but also of hu-
manity as a whole.

The aim of the study.

To research the morphological changes in the struc-
tural components of the arterioles of the hemomicrocir-
culatory channel of the mucous membrane of the gums
of rats under the influence of a complex of food addi-
tives in the experiment.

Object and research methods.

The study was conducted on white rats, weighing
(0.350+0.15) kg, which were kept under standard condi-
tions in the vivarium of the Poltava State Medical Uni-
versity. Experimental studies were carried out in compli-
ance with biotic requirements and humane treatment of
experimental animals, regulated by the Law of Ukraine
“On the Protection of Animals from Cruelty Treatment”
(No. 3447-1V dated 21.02.2006) and the European Con-
vention on the Protection of Vertebrate Animals Used
for Research and other scientific goals (Strasbourg,
1986).

The animals were divided into 6 groups (1 control
group (n=15) and 5 experimental groups (n=75)). With
the exception of the control group, each group is named
according to the number of weeks the rat was removed
from the experiment. Rats in the control group were
given normal saline orally and drank water freely. Rats
from the experimental groups orally, at the same time,
were administered a mixture of a 10% solution of so-
dium nitrite (E 250), monosodium glutamate (E621) in
a dose of 20 mg/kg in 0.5 ml of distilled water, Ponceau
4R —in a dose 5 mg/kg in 0.5 ml of distilled water once
a day, also under the condition that animals have free
access to drinking water. Dosages of food additives were
twice less than their permissible rate in food products
defined by the legislation of Ukraine “On Standardiza-
tion”. Rats were removed from the experiment after 1,
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4, 8, 12 and 16 weeks by overdose of thiopental anes-
thesia.

Then the gingival fragments fixed in a neutral forma-
lin solution were sealed in paraffin. Histological sections
made from paraffin blocks were stained with hematoxy-
lin and eosin for examination sections. After studying
immunohistochemical reactions were performed on
the inspection sections, and then microscopy was per-
formed using a Viorex light microscope with a DSM 900
digital photomicroscope. To obtain semi-thin and ultra-
thin sections, the studied material was fixed in glutaral-
dehyde on a phosphate buffer and sealed in EPON-812.
Ready sections were stained with toluidine blue and
polychrome dye. For electron microscopic research,
epoxy blocks were used, from which ultra-thin sections
were made on an ultramicrotome, which were then
placed on copper support grids and contrasted with a
1% aqueous solution of uranyl acetate and lead citrate
according to the Reynolds method with changes [7] and
studied using an electron microscope PEM-125K.

The average total diameter, average lumen diameter
and blood vessel wall thickness of arterioles in rat gingi-
val mucosa were measured using morphometry. When
performing morphological and morphometric studies,
we used a visual analysis system for histological prep-
arations. We observed the images using a microscope
and a vision CCD camera. Morphometric studies were
performed using VideoTest-5.0, KAAPA ImageBase, and
Microsoft Excel programs. We determined the overall
mean diameter, mean lumen diameter, and wall thick-
ness of arterioles, venules, and capillaries and pro-
cessed the data using Statistica 10 BiostatPro 6 software
and Microsoft Excel 2019. The calculations and values
in the sample were verified using the Shapiro-Wilk test.
Data quantification involves determining the arithmetic
mean (M) of the variation series and its standard error
(m). To compare quantitative values in paired rows, we
used Student’s t test. Differences were considered sig-
nificant at p<0.05.

Research results and their discussion.

Morphological examination showed that the gin-
giva of rats in the control group was covered by mu-
cosa and had no submucosal base. The mucosa fuses
directly with its own plates, and its surface layer forms
tall, narrow papillae that grow into the epithelial layer

muscle cells. The shell consists of a thin layer of loose
connective tissue.

The hemomicrocirculatory channel of the mucous
membrane of the gums of rats is extremely developed.
Arterioles, as a resistive link of the microcirculatory
channel, in the dynamics of the experiment responded
to the introduction of food additives by processes of va-
sodilatation, vasoconstriction, thinning or thickening of
the vascular wall. Thus, the average total diameter of
arterioles for the 4th week of the experimental study
was statistically significantly reduced at p<0.05 by 19.4%
compared to the control indicators. During weeks 4-8 of
the experiment, the average total diameter of arterioles
recovered to control values, but was wider by 2.6 and
1.2%, respectively, compared to control values and was
within statistical error with the group control On the
12th week of observation, this indicator, in comparison
with the control indicators, increased statistically sig-
nificantly at p<0.05 by 9.1%, and on the 16th week by
11.2%, which indicates vasodilation processes (fig. 1).

In accordance with changes in the indicators of the
average total diameter of arterioles, there were also
functional changes in the indicators of their average di-
ameters of lumens. Thus, after 1 week of taking the food
complex, the average diameter of arteriole lumens de-
creased by 1.7% compared to the control indicators, and
already after the 4th week of the experiment, this indi-
cator increased by 2.7% compared to the control group.
After the 8th week of observation, this indicator again
decreased by 1.2% compared to the control indicators.
After the 12th week of the experimental study, the in-
dicator of the mean diameter of the arteriole lumen
reliably increased by 9.1% at p<0.05 compared to the
control indicators and reached its maximum value after
the 16th week of observation with a reliable increase of
11.8% at p<0.05 (fig. 2).

A detailed analysis of the structural components
of the vascular wall of arterioles showed that after 1
week of taking a complex of nutritional supplements,
the vascular wall significantly thins by 69.9% compared
to control indicators, reliably at p<0.05. At the ultrami-
croscopic level, it was determined that the wall of ar-
terioles underwent significant destructive changes. In
the inner lining of arterioles, endothelial cells acquired
a flattened appearance, and some lost their connec-
tion with the basement membrane. The internal elastic

of the mucosa. The epithelial layer

is composed of multiple layers of |20

flat, nonkeratinized epithelium. Ele- |4
ments of the blood microcirculatory

channels were visualized directly in |1©

the lamina propria and its papillae

T
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and penetrated deep into the epi- |;, |
thelial layer. We examined arteri-
oles as resistance links of the blood [1© ]
microcirculatory system. An arte- | 8
riole is defined as a circular struc- | |
ture composed of three shells: the
inner shell, the middle shell, and | % T
the outer shell. The intima is repre- | 2 -
sented by endothelial cells that lie | | . ‘ . . :

on the internal elastic lamina and o
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have a tortuous course. The me-
diastinum is visualized as a space
composed of 1-2 layers of smooth

Figure 1 — Changes of the total diameter of the arterioles of the mucous membrane of the
gums of rats in the dynamics of the experiment. Firstly it reduced, on the 4* week it back to
control level and after that it slightly increased to 12*" week.
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ing of the vascular wall by 9.1% is
determined. During this period, at
the microscopic level, the restora-
tion of the organizational structure
of the inner membrane of arterioles
is revealed due to the arrangement
of endotheliocytes to the basement
membrane and the restoration of
the tortuosity of the latter. After
the 16th week of the experimental
study, there was a further reliable
at p<0.05 thickening of the vascular
wall by 11.6% due to swelling of the
layer of loose connective tissue of
the outer membrane of arterioles
(fig. 4).

After experimental modeling of
the effect of a complex of food ad-
ditives on the mucous membrane of

16 week

Figure 2 — Changes in the indicators of the average diameters of the lumen of the arterioles
of the mucous membrane of the gums of rats in the dynamics of the experiment. Except for
the first and 8" weeks, where there is a decrease in the diameter of the lumen, in other cases
there is an increase of the lumen compared to the control.

membrane, in contrast to such structures in the control
group of animals, lost its tortuous course. In the middle
membrane, smooth myocytes were visualized as hav-
ing a thinned and elongated shape, and in some places
they had no connection with the elastic membrane at
all. In the external cervical membrane, the layer of loose
connective tissue was significantly thinned, compared
to the arterioles of the mucous membrane of the gums
of the control group of animals. In parallel with the de-
struction of the vascular wall in the lumens of arterioles,
the wall sludge of erythrocytes is determined according
to the dextran type: different sizes of erythrocyte aggre-
gates are visualized, which are directly adjacent to the
vascular wall of arterioles (fig. 3).

In the interval between the 4th and 8th weeks of the
experimental study, it was established that there was no
significant difference in the average thickness of the vas-
cular wall between the control indicators and similar in-
dicators in these experimental groups. A slight thicken-
ing of the arteriole wall was observed after the 4th week
by 2.8%, and after the 8th week by 1.1%. Further, after
the 12th week of observatlon a reliable p<0 05 thicken-

Figure 3 — The structure of the gum and their vessels under the microscope.

the gums of rats, we established the
regular reactions of arterioles, their
structural changes and changes in
the rheological properties of blood.
According to literature sources, the reaction of microves-
sels to the influence of external and internal environ-
mental factors is quite specific and diverse. Therefore,
during the morphological and morphometric study, we
determined the changes in the arterioles of the mucous
membrane of the gums of experimental animals, as a
resistive link of the hemomicrocirculatory channel [8-9].
It is worth noting that after 1 week of experimental re-
search, reliably, statistically significantly, at p<0.05, the
average total diameter of arterioles decreases. At the
same time, hyperhydration of its amorphous substance
is determined on histological preparations in the con-
nective tissue surrounding the microvessel. Due to this
process, the clamping of arterioles and, accordingly,
disruption of hemodynamic processes is observed. Sig-
nificant thinning of the vascular wall and corresponding
changes in its structural organization are also clearly
defined. The fact of changing the rheological proper-
ties of blood with the formation of wall dextran slags
of erythrocytes deserves special attention, which, in our
opinion, is connected with the entry into the systemic
bloodstream of food additives that contain glutamate
5 and sodium nitrite in their compo-
| sition and cause both allergic reac-
tions [10] and in the future systemic
: inflammatory processes [11-12].
‘ In the interval between 4 and
| 12 weeks of the experimental
study, the average indicators of
the total diameter, the diameter
of the lumens, and the thickness
of the vascular wall of arterioles
changed in response to restorative
| and compensatory reactions, which
were aimed at neutralizing the
| source of alteration and restoring
the morphofunctional state of the
| surrounding tissue microvessels.
| But these processes do not fully
| lead to the complete restoration of
Il normal hemodynamic indicators in
comparison with similar indicators
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of the control group of animals, as
evidenced by the increase in the
lumen of microvessels, the state of | 4°

the loose connective tissue of the | 4
mucous membrane of the gums of
rats, and this in turn leads to de- | 35
compensation of these processes. 3
which in turn is manifested by signs
of hypoxia. 25
After the 16th week of observa- | 2
tion, the morphometric indicators
did not return to similar indicators |
of the control group of animals. At 1
the microscopic level, numerous &
groups of mast cells in the stage |

of degranulation and in the stage | 0
of accumulation of secretory gran-
ules are visualized in the deep lay-
ers of the mucous membrane of
the gums. In our opinion, mast cells
play a decisive role in restoring local
hemodynamics, due to the degranulation of secretory
granules that contain heparin.

Conclusions.

1. An irreversible processes of hemodynamic chang-
es of the mucous membrane of the gums with the de-
velopment of hypoxic processes in the surrounding tis-
sues are occurred after long-term intake of a complex
of food additives into the organism of laboratory rats,
which contain glutamate , sodium nitrite and Ponceau

control 1 week 4 week 8 week 12 week 16 week

Figure 4 — Changes in the indicators of the average thickness of the wall of the arterioles of

the mucous membrane of the gums of rats in the dynamics of the experiment. After great

decrease of thickness in the first week, it back to control level in the 4*" week and slightly
increased to 16" week.

3. Restorative and compensatory reactions do not
lead to a full restoration of normal hemodynamic pa-
rameters, which in the last weeks of the study is reflect-
ed by an increase in the average diameter of arterioles
and the average diameter of the lumen of microvessels,
which in turn and leads to decompensation of these
processes in the mucous membrane of the gums.

4. Cells of the deep layers of the mucous membrane
of the gums mostly in the stage of degranulation and
accumulation of secretory granules and this is indicates

4R dye.

2. Increasing or decreasing of thickness of the wall
of arterioles shows the destructive changes at the ul-
trastructural level with the formation of wall dextran
deposits of erythrocytes, which leads to changes in the
rheological properties of blood in all elements of the he-
momicrocirculatory channel.

the cyclic processes of restoration of local hemodynam-
ics due to the degranulation of secretory granules that
contain heparin.

Prospects for further research.

The results of the research could be used in the fu-
ture different experiments with food additives , mostly
with other types or their combinations.
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MOP®O/10lM4HI 3MIHU B APTEPIOJIAX TEMOMIKPOLIMPKYNIATOPHOIO PYC/IA CNM30BOI O60/IOHKU ACEH
NPU TPUBANIU All HA HUX XAPHYOBUX AOBABOK

OnekKcieHko B. B., binaw C. M.

Pestome. [laHa poboTa goCniaxKye BNAMB KOMMNIEKCY XapuoBux A06aBOK, A0 AKMX BXOAATb [IyTamaT HaTpito, HITPUT
HaTpito Ta MoHco 4R Ha AcHa wWypiB. JocnigKeHHA CNpAMOBaHe Ha BUABNEHHA MOPGONOTiYHMX Y CTIHKax apTepion.
JocnigyeHHs nNpoBOAMAOCbL Ha maTepiani 3 siceH wypis. MigrotoBneHi 3pisn dapbyBanm TakMmmu 6apBHUKAMM, AK
TONYIAMHOBUIA CUHIM Ta NONIXPOMHUIA. OCHOBHUMM METoAaMMU A0CAIAKEHHS 6yM MOPGONOTiYHMIA, TICTONOTIYHWUNA i
CTAaTUCTUYHUIA.

fIcHa WypiB Yy KOHTPO/IbHIM rpyni Big3Ha4yanMcsa HasBHICTIO C/IM30BOI 060/10HKM 6e3 niacnnM3oBoi ocHoBM, byayum
3POLLLEHOHO 3 BIACHOO NIACTUHKOL0. MepLuunii Wwap yTBOPIOBaAN By3bKi 1 BUCOKI COCOUKM, LLO HiBM BpocTanu B eniteni-
aNbHWUI Wap cAn30B0i 06010HKK. HacTynHMi Wwap, enitenianbHUM, BUCTENEHNI BAaraToapoBUM NNOCKUM HE3POrOBiI-
UM eniteniem. ApTepionu, AK OCHOBHI CYANHM HALIOMO AOCNIAXKEHHA, BU3HAYANUCL AK CTPYKTYPU BEIMKOTO AiameTpy
OKpyrnoi ¢opMu 3 TOBCTOHO CTIHKOLO, B fKil HaABHI 3 Wapw.

JocnigyKysannca 3 OCHOBHUX MOKA3HUKM: 3arasibHUI AiaMeTp, MPOCBIT KaHany Ta TOBLUMHA CTiIHOK apTepion. Oco-
6n1Ba yBara npuAainanace 3miHam y AaHUX 3HAYEHHAX Ta iXHA iHTepnpeTau;i.

Ha 1 TM»KHi BU3HaAYaIMCs, B OCHOBHOMY, 3MEHLLIEHHS MOKa3HMKIB BiZiHOCHO KOHTPO/IbHOI Fpynu, AKi 3pocTann abo
noBepTannCA A0 3HAYEHb KOHTPONbHOI rpynu 40 4 TUXKHA JOCNigKeHHA. B noganbliomy 3Ha4eHHA 3poctann 4o 16
TUXKHA, ane Ui 3Ha4YeHHA He3HaYHO MepeBepLUYBaIN MOKA3HUKM KOHTPONbHOI rpynu. Lle nokasye HeaoCTaTHIO Aito
BiLHOBHMX NPOLLECIB y apTepionax i BHACAIAOK NOTYKHOO BMJ/IMB Xap4oBMX A406aBOK Ha Mopdoorito cyauH, ocobamnso
npw TpuBanin aji.

Unm gocnigKeHHAM MU LEMOHCTPYEMO, WO BM/IMB KOMMIEKCY XapyoBMX A0OABOK € 3HAYHO MOTYMKHILUMM, HiX
Aii okpemux go6aBoK. 3raaytoyu, Lo BCi MPOAYKTU MIiCTATb B cObi came KomnaeKc 406aBoK, el ekcnepumeHT byae
LiKaBMM MpaLiBHMKaM Xap4yoBOi MPOMMCIOBOCTI, @ TAKOX NiKapAM i HayKOBLAM, WO 6yayTb BECTU AOCAIOMKEHHA Y
LbOMY HAMpPAMKY.

Kntouosi cnoBa: sAcHa, MiKpOUMPKYAALiA, apTepionu, wypu, MopdOooriYHi 3MiHW, CyAMHM, eniTenii, Xxap4oBsi Ao-
6aBku, mopdonoris, BiAHOBHI NpoLecy.

MORPHOLOGICAL CHANGES IN THE ARTERIOLES OF THE HAEMOMICROCIRCULATORY BED OF THE GINGIVAL
MUCOSA UNDER PROLONGED EXPOSURE TO FOOD ADDITIVES

Oleksiienko V. V., Bilash S. M.

Abstract. This study investigates the effect of a complex of food additives, including monosodium glutamate,
sodium nitrite and Ponceau 4R on the gums of rats. The study is aimed at identifying morphological changes in the
walls of arterioles. The study was conducted on material from the gums of rats. Prepared sections were stained with
such dyes as toluidine blue and polychrome. The main research methods were morphological, histological and static.

The gums of rats in the control group were characterised by the presence of a mucous membrane without
a submucosal base, being fused to its own lamina. The first layer was formed by narrow and high papillae, which
seemed to grow into the epithelial layer of the mucosa. The next layer, the epithelial layer, was lined with multilayered
squamous non-cornified epithelium. Arterioles, as the main vessels of our study, were defined as large-diameter,
rounded structures with a thick wall and 3 layers.

We studied 3 main parameters: total diameter, lumen of the canal and thickness of the arterioles walls. Particular
attention was paid to changes in these values and their interpretation.

At week 1, there were mainly decreases in the values relative to the control group, which increased or returned
to the control group values by week 4 of the study. Further, the values increased until week 16, but these values
were slightly higher than those of the control group. This indicates an insufficient effect of recovery processes in the
arterioles due to the powerful effect of nutritional supplements on vascular morphology, especially with prolonged
exposure.

With this study, we demonstrate that the effects of a complex of food additives are much more powerful than those
of individual additives. Given that all foods contain a complex of additives, this experiment will be of interest to food
industry workers, as well as doctors and scientists conducting research in this area.

Key words: gum, microcirculation, arterioles, rats, morphological changes, vessels, epithelium, nutritional
supplements, morphology, restorative process.
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