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Food chemical additives are common exogenous factors that can cause changes in the morphology and biochemical
parameters of various organs, including the ileum. Therefore, the purpose of our study was to determine changes in the capacitive
link of the hemomicrocirculatory bed of the rat ileum and fluctuations in malondialdehyde levels after complex administration of
monosodium glutamate, sodium nitrite, and Ponceau 4R. Histological and morphometric examination of the venules of the mucosa
and submucosa, as well as determination of the concentration of malondialdehyde in the ileum homogenate of rats of the control
group (receiving saline) and experimental groups (administered the test mixture for 1, 4, 8, 12, 16, 20 weeks) were performed.
When assessing changes in morphometric parameters, the reaction of the capacitive link of the hemomicrocirculatory bed was
revealed, in particular, vasoconstriction of venules from 1 to 8 weeks, partial recovery to control values at 12 weeks and significant
vasodilation after 16 weeks, which persisted until the end of the experiment. Regarding biochemical changes, it was found that
introducing a complex of chemical food additives leads to signs of oxidative stress, which was confirmed by an increase in the
concentration of malondialdehyde. Thus, it was determined that oxidative stress is one of the pathogenetic mechanisms of
morphometric changes in the vessels of the capacitive link.

Key words: small intestine, hemomicrocirculatory bed, venules, food additives, rats, mucosa, submucosa, oxidative
stress, malondialdehyde, morphometry.
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PEAKIIISI EMHICHOI IAHKHA TEMOMIKPOILIUPKYJISTOPHOI'O PYCJIA
KJIYBOBOI KMIIIKH ITPU OKCUJATUBHOMY CTPECI, BAKJIMUKAHOMY BBEJIEHHSAM
KOMIVIEKCY XIMIMHUX XAPYOBUX JTJOBABOK

XapuoBi XiMiuHi 100aBKH € MOIIMPEHHUMH €K30T€HHHMH YMHHHUKAMM, IO MOXYTh BHUKIIMKATH 3MiHHM Mop¢oorii Ta
6i0XIMIYHHUX TTOKAa3HUKIB PI3HUX OpraHiB, 30KpeMa KiyOoBoi KHIIKU. TOMY METOIO HAIIOTO JAOCIIKeHHs OyJI0 BU3HAYCHHS 3MiH
MOKa3HUKIB €MHICHOI JaHKH TI'€MOMIKpPOLMPKYJISITOPHOTO pyciia KIyOOBOi KHMIIKM IypiB Ta KOJHMBAHHS PIBHS MaJOHOBOTO
JianbJerily Ha T KOMIUIEKCHOTO BBEIEHHS IIyTaMaTy HaTpilo, HITpUTY HaTpito Ta moHco 4R. Byno nposexeHo ricronoriube Ta
MOphOMETpUYHE TOCHIIKSHHS BEHYJ CIM30BOi Ta MiACIN30BOi OOONOHOK, a TaKOK BH3HAYCHHS KOHIEHTPALil MaJOHOBOrO
Jianbleriny y ToMoreHari KiIyOOBOI KHIIKM IIypiB KOHTPOJBHOI rpynu (orpuMmyBana (i3iodoriyHuid po3uuH) Ta
EKCIIePIMEHTAJIBHUX TPYN (SKMM BBOAWIN JOCHIIKyBaHy cymim mporsroM 1, 4, 8, 12, 16, 20 tmwxuiB). IIpy ominmi 3mix
MOP(OMETPUYHMX IIOKA3HUKIB OyJ0 BHSBICHO PEAKIil0 €MHICHOI JAaHKM TEeMOMIKPOLHUPKYIATOPHOTO pycia, 30Kpema
BA30KOHCTPHKIIsA BeHyl 3 | mo 8 TIDK/IEHb, YaCTKOBE BiJHOBJIEHHS /O KOHTPOJBHUX IOKAa3HWKIB Ha 12 TXKHI 1 3Ha4yHa
Ba30AMIIATALS Ticis 16 TrokHs, mo 36epiranacs 1o ki excriepuMmenty. [llono GioximMidHMX 3MiH, TO OyJI0 BCTAaHOBJIEHO, IO
BBEICHHS KOMIUICKCY XIMIYHMX XapyOBHX JI00aBOK IIPU3BOJMTH [0 BHMHHMKHEHHS O3HAK OKCHIATHBHOIO CTpECy, IO
HIiATBEPPKYBAJIOCS ITiJBUILEHHSIM KOHIEHTpALl MaJOHOBOTO Aianbaeriny. TakuMm 4uHOM, OyJO BH3HA4Y€HO, IO OKCHAATUBHUIL
CTpEC € OHUM 3 NIATOT€HETHYHUX MEXaHi3MiB BUHUKHEHHS MOP(GOMETPUIHHX 3MiH CyAUH €MHICHOI JIAHKH.

KnrouoBi cji0Ba: TOHKA KUIIKA, TeMOMIKPOLIMPKYJIATOPHE PYCIO, BEHYJIH, Xap4oBi 100aBKH, IIypH, CIM30Ba 000JI0HKA,
miicu30Ba 000JI0HKA, OKCHIATUBHUN CTPEC, MaJIOHOBHUH Jialiberil, MOPHOMETPisL.

The work is a fragment of the research project “Pathogenetic mechanisms of post-stress disorders under conditions of
exogenous influences and wartime factors and the search for methods of its correction”, state registration number 0124U003313.

Food additives are widely used in the food industry for several main reasons. They can improve
the flavouring properties of products by adding a specific taste or aroma and facilitating the production of
various flavour combinations. Food additives are also used to extend the shelf life of products, preventing
spoilage and keeping them fresh on store shelves. In addition, additives can preserve or even improve the
colour of products, making them more attractive to consumers. In order to achieve the best effect, the
modern food industry is characterized by the complex use of several food additives at the same time. These
substances can be of natural or chemical origin. According to the results of several scientific studies, the
latter can cause morphological changes in internal organs, particularly the digestive system [4, 6, 8, 10].
The consequence of these changes is a violation of their functional properties. The problem of determining
the pathogenetic mechanisms of their occurrence is a highly relevant problem of modern science, especially
when it comes to such an essential part of the digestive tract as the ileum, which not only performs several
important digestive processes but also has a complex morphological structure.
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Changes in biochemical parameters, particularly the development of oxidative stress, often cause the
remodelling of internal organs’ structural elements. An important marker of which in the organ homogenate
is the level of malondialdehyde (MDA), a product of the breakdown of polyunsaturated fatty acids under the
influence of reactive oxygen species (ROS). MDA is a part of the lipid oxidation process and is highly
reactive, which allows it to interact with other molecules in the body, including proteins and DNA.
Fluctuations in the body’s MDA level can occur in inflammatory processes, chronic diseases, stress, increased
physical activity, and the toxic effects of exogenous factors, including chemical food additives [7, 11].

Therefore, establishing morphological changes in the ileum and fluctuations in MDA levels
accompanying them against the background of the complex use of chemical food additives is an important
task for modern science, particularly in the context of finding ways to correct their negative impact.

The purpose of the study was to determine the changes in morphometric parameters of the
capacitive link of the hemomicrocirculatory bed of the rats’ ileum and fluctuations in the level of
malondialdehyde against the background of complex administration of monosodium glutamate, sodium
nitrite and ponceau 4R.

Materials and methods. The study was conducted on 70 sexually mature white rats weighing 180
to 252 g, which were kept in standard conditions of the vivarium of Poltava State Medical University. The
rats were divided into control and six experimental groups of 10 animals each. Animals of the control group
received saline, and animals of the experimental groups received a mixture of chemical food additives
(monosodium glutamate, sodium nitrite, ponceau 4R) in single doses: 20 mg/kg of monosodium glutamate,
5 mg/kg of Ponceau 4R and 0.6 mg/kg of sodium nitrite in 0.5 ml of distilled water orally, for 1, 4, 8, 12,
16 and 20 weeks. These doses were half the maximum permissible doses for food. At all other times, rats
had free access to water and standard vivarium food. The experimental animals were withdrawn from the
experiment by an overdose of sodium thiopental, and then experimental material was collected for
histological and biochemical studies. Biopsies of the ileum were sealed in paraffin and epoxy resin,
followed by the preparation of histological sections and their staining with hematoxylin and eosin,
according to Hart, Van Gieson, methylene blue according to generally accepted methods [2]. The
histological specimens were examined using a Levenhuk D740T microscope with a digital
microphotomount and programs adapted for these studies. The following morphometric parameters of the
venules of the mucosa and submucosa of the ileum were determined: mean total diameter, mean lumen
diameter, mean wall thickness.

The concentration of malondialdehyde in the ileum homogenate was determined by a method based
on the ability of free MDA to specifically interact with 1-methyl-2-phenyl-indole in a mixture of methanol
and acetonitrile. This interaction formed an orange chromogen (carbocyanine dye) with a maximum
absorption at a wavelength of 586 nm.

The statistical analysis of the results was performed using a personal computer and the InStat
software package, which is used for statistical processing of data from biomedical and epidemiological
studies. The difference was considered statistically significant if p<0.05.

The study was conducted in accordance with the “Rules for the Use of Laboratory Experimental
for the Humane Treatment of Animals, the Law

of Ukraine “On the Protection of Animals
from Cruelty” (No. 3447-1V 0f 21.02.2006). )
in compliance with the requirements of the
Bioethics Commission of Poltava State
Medical University (Protocol No. 208 of
22.09.2022), following the provisions of the
European Convention for the Protection of
Vertebrate Animals Used for Experimental
and Other Scientific Purposes (Strasbourg,
1986).

Results of the study and their
discussion. The capacitive link of the
hemomicrocirculatory bed of the rats’ ileum

@ . =S4 of the control and experimental groups is
A e A T e ":,-;&\J represented by venules. These vessels have a
Fig. 1. Structural components of the rats’ ileum of the control thin wall formed by a layer of endothelial

group. Semi-thin section. Methylene blue staining. Magnification: okh. cells on the basement membrane and
10; obh. 40. 1. Venule; 2. Serosa; 3. Muscular layer; 4.Submucosa; 5. .. .
Mucosa; 6. Crypt; 7. Intestinal villi. adventitial fibroblasts (Flg' 1)'
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When analyzing the mean value of the total diameter of the submucosal venules, it was found that
this indicator after 1 week of administration of the complex of chemical food additives statistically
significantly decreased by 9.75 % compared to the control, after 4 weeks — by 17.92 % compared to the
control and by 9, 06 % compared to the previous experimental period, after 8 weeks a similar dynamics was
observed, characterized by a decrease in the studied indicator by 38.99 % compared to the corresponding
indicator of the control group and by 25.67 % compared to the previous observation period, at p<0.05. After
the 12th week of the experiment, the mean total diameter of the vessels, although 18.87 % less than the control
group, increased by 32.99 % compared to the previous period. The highest morphometric values of the studied
indicator were established after 16 weeks of administration of the complex of chemical food additives. They
were characterized by an increase of 72.64 % compared to the control group and 112.79 % compared to the
previous study period, at p<0.05. After 20 weeks, the indicator was 4.4 % higher than the control group but
39.53 % lower than in the previous term of the experiment (Fig. 2A).
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Fig. 2. Dynamics of changes in the mean values of the total diameter of the venules (A) and the mean lumen diameter of the venules
(B) of the submucosa and mucosa of the rats’ ileum at different periods of administration of a complex of chemical food additives. Note: * —
statistically significant at p<0.05 compared to the control group, ** — statistically significant at p<0.05 compared to the previous observation
period.

As for the morphometric analysis of the mean lumen diameter of the venules of the ileum’s
submucosa, the following changes were found. After 1 week of administration of the complex of chemicals,
this indicator decreased by 19.4 % compared to the control. After 4 weeks of the study, a statistically
significant decrease of 18.14 % was found compared to the control, with a slight increase of 1.57 %
compared to the previous study period (at p<0.05). After 8 weeks, the mean diameter of the venous lumen
decreased both in the control group and in the previous experimental period and was 38.82 % and 25.26 %
smaller, respectively. After 12 weeks, an increase of 31.72 % was observed compared to the previous
period, although it was 19.4 % less than in the control group. At the next stage of the study (after 16 weeks
of administration of monosodium glutamate, sodium nitrite and Ponceau 4R), a simultaneous increase in
the study indicator was found both in comparison with the control and the previous period, in particular by
100.84 % and 149.21 %, respectively. After week 20 of the experiment, a slight increase in the indicator
was found compared to the control group (by 6.75 %), with a simultaneous decrease compared to the
previous experimental period (46.84 %), at p<0.05 (Fig. 2B).

The analysis of the mean wall thickness of the venules of the submucosa of the rats’ ileum showed
that after 1 week of administration of a complex of chemical food additives to experimental animals, the
0s indicator decreased by 7.89 % compared to the

control, after 4 weeks — by 15.79 % compared to

: the control group and by 8.57 % compared to the

°=* s e B previous period, at p<0.05. After 8 weeks, the
- b indicator increased, compared to the control and

the previous period, by 2.63 % and 21.86 %,
respectively. After week 12, a similar trend was
observed — an increase in the indicator by
15.79 % and 12.82 %, respectively. A further
increase in vascular wall thickness was detected

Vascular wall thickness, pm
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Fig. 3. Dynamics of changes in the mean wall thickness of
the venules of the submucosa and mucosa of the rat’s ileum at
different periods of administration of a complex of chemical food
additives. Note: * — statistically significant at p<0.05 compared to
the control group, ** — statistically significant at p<0.05 compared
to the previous observation period.

after week 16, mainly by 31.85 % compared to
the control and 13.64 % compared to the previous
period, at p<0.05. After week 20, the indicator
was 21.05 % higher than in the control group but
8 % lower than in the previous experimental

group (Fig. 3).
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Subsequently, a morphometric analysis of the capacitive link of the ileal mucosa was performed.

Thus, the mean total diameter of the venules of this layer after 1 week of the study was 16.72 %
smaller than in the control group. After 4 weeks, the indicator decreased by 25.28 % compared to the
control and 10.27 % compared to the previous period (p<0.05). A further decrease was found after week
8, particularly by 34.94 % and 19.94 %, respectively. After the 12th week of the experiment, the studied
indicator was 23.42 % lower than the control but 17.71 % higher than in the previous term. A sharp increase
was found after week 16, in particular, by 67.66 % compared to the control and 118.93 % compared to the
previous study stage, at p<0.05. After week 20, the indicator was 23.42 % lower than in the control group
and 54.32 % lower than in the previous experimental group.

Analyzing the mean lumen diameter of the venules of the ileal mucosa, it was found that after 1
week of the study, it decreased by 32.56 % compared to the control. After 4 weeks, a further decrease was
observed, particularly by 43.25 % compared to the control and 15.86 % compared to the previous
observation period. After 8 weeks, it was found that the indicator was 24.19 % lower than in the control
group but 33.61 % higher than in the previous period, at p<0.05. After week 12, the indicator was 22.33 %
lower than the control group but slightly higher than in the previous term (by 2.45 %). A sharp increase in
the studied indicator compared with the control group and the previous stage of the study was found after
week 16, by 70.7 % and 119.76 %, respectively (p<0.05). After week 20, the mean lumen diameter of the
venules of the ileal mucosa was 21.39 % lower than in the control group and 53.95 % lower than in the
previous experimental group.

The following changes were found in the analysis of the mean thickness of the venous wall of the
ileal mucosa. After 1 week of administration of the experimental mixture, the indicator increased by 7.4 %
compared to the control group. After 4 weeks, the indicator increased by 14.81 % compared to the control
and by 6.89 % compared to the previous period (p<0.05). After week 8, there was a further increase in the
indicator, particularly by 40.74 % and 22.58 %. After week 12, although the study indicator was 29.63 %
higher, it was 7.89 % lower than at the previous study stage. After week 16, changes in the indicator were
observed in the direction of growth, particularly by 44.44 % compared to the control and by 11.43 %
compared to the previous period, at p<0.05. After week 20, the mean thickness of the vascular wall of the
mucosal venule was 3.7 % greater than in the control group but 28.2 % less than at the previous stage.

The next stage of the study was to determine changes in the concentration of MDA in the ileum
homogenate at different periods of administration of monosodium glutamate, sodium nitrite and ponceau
4R in combination. Thus, it was found that after 1 week, the studied indicator statistically significantly
increased by 52.4 % compared to the control group. After week 4 of the study, the concentration of MDA

increased by 27.86 % compared to the control
% group but was 16.1 % lower than at the
— previous stage. After week 8, the indicator
was 25.52 % higher than the control group but
R 1.83 % lower than at the earlier study stage, at
10 ' X p<0.05. After week 12, an increase in MDA
L concentration was observed in the control and
6 the previous experimental group, in particular
‘ by 40.57 % and 11.98 %, respectively. After
2 week 16, the indicator increased again —
81.75 % compared to the control group and
29.3 % compared to the previous observation

_ _ _ _ period (p<0.05). The highest concentration of

Fig. 4. Dynamics of changes in the mean concentration of .
malondialdehyde in the rats’ ileum at different periods of administration malondlaldehyde was found after week 20. It
of a complex of chemical food additives. Note: * — statistically significant ~ Was 105.92 % higher than in the control group

at p<0.05 compared to the control group, ** — statistically significant at gnd 13.3 % higher than in the previous period
p<0.05 compared to the previous observation period. (Fig 4)
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We have found that the complex administration of monosodium glutamate, sodium nitrite and
ponceau 4R causes significant metric changes in the vessels of the capacitive link of the
hemomicrocirculatory bed of the submucosa and mucosa of the ileum in rats in the dynamics of the
experiment. Thus, analyzing changes in the mean total diameter of venules and the mean lumen diameter
of both submucosa and mucosa, it was found that at the initial stages of the experiment (up to 8 weeks),
vasoconstriction phenomena were observed, which are most likely due to the primary reaction of blood
vessels to the damaging agent and are the initial manifestation of compensatory and recovery processes.
After 12 weeks, signs of vasodilation appear, which are most pronounced after 16 weeks and slightly
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decrease after 20 weeks, but without returning to the control values, which, in our opinion, is a
manifestation of the cumulative damaging effect of an exogenous factor, and is also caused by metric
changes in the intestinal wall [5]. As for the changes in the mean thickness of the vascular wall, they are
dynamic, with fluctuations both in the direction of a slight decrease due to the external pressure of the
thickened and edematous intestinal wall and the thickening of the venous wall as a result of the direct
damaging effect of the exogenous factor on its endothelial layer.

Evaluating the changes in MDA concentration, it was found that there was a sharp increase in the
first week, which was the primary reaction to chemicals. In our opinion, the decrease in MDA levels after
4 and 8 weeks is associated with the activation of antioxidant mechanisms aimed at restoring balance and
reducing oxidation. However, continued exposure to the pathogenic factor in the form of a complex of
chemical food additives causes a weakening of antioxidant systems and, as a result, further damage and
new oxidation cycles. Thus, there is a disruption of oxidation and reduction processes. It results in oxidative
stress. In our opinion, this is one of the main pathogenetic mechanisms underlying the metric changes in
the capacitive link of the hemomicrocirculatory bed of the rat’s ileum that we have identified.

Other studies have shown that vascular structures respond to other exogenous factors [1, 3].
Regarding the complex effect of monosodium glutamate, sodium nitrite, and ponceau 4R, it was found that
their administration causes changes in the hemomicrocirculatory bed in various parts of the digestive tract
[10, 14] and other systems [13].

Conclusion

The complex administration of monosodium glutamate, sodium nitrite and ponceau 4R for a long
period leads to the development of signs of oxidative stress, which is the pathogenetic basis of the disorder
of microcirculation of the capacitive link of the hemomicrocirculatory bed in the submucosa and mucosa
of the ileum, characterized by vasoconstriction of venules from week 1 to 8, partial recovery to control
values at week 12, and significant vasodilation after week 16, which persists until the end of the experiment.
These changes are a compensatory and restorative response to oxidative stress caused by introducing
chemical food additives.
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