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CHARACTERISTICS OF METRIC PARAMETERS OF THE ILEUM WALL IN RATS UNDER
LONG-TERM COMPLEX INFLUENCE OF CHEMICAL FOOD ADDITIVES

e-mail: s.bilash@pdmu.edu.ua

It has been experimentally proven that chemical food additives can cause changes in the morphological structure of various
internal organs, including the digestive system. To date, data on the complex effects of these substances on the ileum are rather limited.
It justified the aim of the study, which was to investigate changes in the intestinal wall after long-term administration of a complex of
chemical food additives, including monosodium glutamate, sodium nitrite and ponceau 4R. In this study, using histological and
morphometric methods of research, we determined the dynamic changes in the overall average wall thickness and its separate layers.
It was found that the ileum of rats of both the control group (receiving saline) and the experimental groups (receiving a complex of
chemical food substances for 1, 4, 8, 12, 16, and 20 weeks) is represented by serosa, muscular layer, submucosa and mucosa. It has
been established that changes occur for up to 8 weeks due to hyperhydration of connective tissue and pericellular oedema of the
structural components of all layers. However, starting from week 12, there are signs of irreversible changes that progress to week 20
and manifest as dystrophic changes with subsequent atrophy of the ileal wall, confirmed by a decrease in all indicators. Thus, with
their prolonged administration, chemical food additives disrupt the protective and adaptive mechanisms of the ileum.
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XAPAKTEPUCTUKA METPUUYHUX IIOKA3HUKIB CTIHKH KJIYBOBOI KUIIIKH IITYPIB
IIPU TPUBAJIOMY KOMIIVIEKCHOMY BIIJIMBI XIMIYHUX XAPYOBUX JTOBABOK

ExcriepiMeHTanbHO I0BEACHO, 1110 XiMiUHI Xap4oBi 100aBKU MOXKYTh BUKJIMKATH 3MiHK MOP(OIIOriuHOT Oy10BU pi3HUX
BHYTPILLIHIX OpraHiB, 30kpemMa TpaBHoi cucteMu. Ha cborozHi, AaHi 111010 KOMIUIEKCHOTO BIUIUBY LIMX PEYOBUH Ha KITyOOBY KHILKY
€ 1ocuTh 0OMexeHUMH. Lle i 00rpyHTYBaJIO METY HOCIIKEHHS, KA M0JIArala y BABYEHHI 3MiH KHIIKOBOT CTIHKH IIPU TPHBAJIOMY
BBEJICHHI KOMIUIEKCY XIMIUYHHX XapyoBHX I00aBOK, 30KpeMa IIIyTaMaTy HaTpilo, HITPUTY HaTpiro Ta moHco 4R. Y poborti, 3a
JIOTIOMOTOI0 TICTOJIOTIYHOTO Ta MOP(HOMETPHYHOTO METOIIB IOCHTIIKEHHS, OYyJO0 MPOBENCHO BU3HAUCHHS IUHAMIYHUX 3MiH
MOKa3HHKIB 3arajbHOI CEpPeIHbOI TOBLIMHU CTIHKM Ta OKpeMHX ii 060JI0HOK. Byio BCTAHOBIICHO, 10 KiIy0OBa KHUIIKA IIypPiB K
KOHTPOJIBHOI TpynHu (oTpuMyBaia (i3ioJoTivHMi PO3YMH), TaK 1 €KCIEePUMEHTAIPHHUX IPYI (OTPUMYyBaIH KOMIUICKC XiMIYHHX
Xap4yoBHX pedyoBHH mpotrsiroM 1, 4, 8, 12, 16, 20 TwKHIB) IpeacTaBiIeHa CEPO3HOIO, M’S30BOI0, IMiJCIH30BOIO Ta CIM30BOIO
obonoHkamu. BcTaHOBieHO, MO 1O 8 TIDKHS BHHHKAIOTH 3MIiHM OOYMOBIIEHI TilepriipaTaiii€lo CHOoJy4yHOI TKaHHHHU Ta
MEPULICTIOISIPHAM HAaOPSIKOM CTPYKTYPHHUX KOMIIOHEHTIB YCiX 00OJIOHOK. Ajie mounHaro4u 3 12 THKHS 3’SBJISIOTHCS MPOSBU
HEOOOPOTHHX 3MiH, SIKi MporpecyroTs 40 20 THKHS Ta NPOSBISIOTHECS y BUMNISAL AUCTPO(IYHUX 3MiH 3 MOAANBIIOI aTpodiero
CTIHKH KJIyOOBOT KUIIKH, IO MiATBEPAKYETHCS 3MEHIICHHAM BCiX MOKa3HHUKIB. TakuM 4WHOM, XiMi4HI Xap4oBi J00aBKH MpH iX
TPHUBAJIOMY BBEICHHI IOPYIIYIOTh 3aXHMCHI Ta aaNTaliifHi MEXaHi3MHU KJIyOOBOT KHIIKH.

Kniouosi cioBa: kiy0oBa KHIKa, KHIIKOBA CTiHKA, Xap4yoBi J0OaBKH, MOp(GOMETPUYHMI aHaJi3, IIypH, CIM30Ba
000J10HKa, CepO3Ha 000JIOHKA, JIIM(OIUTH.

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 No. 0124U003313.

Dysfunctions of internal organs resulting from their morphological changes often occur due to the
negative impact of endogenous and exogenous factors. Chemical food additives, widely used in the modern
food industry, play an important role among the latter. They not only give food products a pleasant taste,
smell, and attractive appearance but also prevent early spoilage, thereby extending the shelf life of food
products. The results of studies show that these chemicals can cause changes in various internal organs [4,
5, 10]. However, given its direct contact with them, they have the most negative impact on the digestive
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system. The small intestine, in particular its terminal section, the ileum, plays an important role in digestion.
It secretes intestinal juice, conductes hydrolysis of substances through cavity and membrane digestion, and
is the main site of water and electrolyte reabsorption in the small intestine. The complex morphological
structure of the organ (leaf-shaped villi, accumulation of lymphoid follicles in the form of Peyer's patches)
explains the possibility of various morphological changes under the influence of various exogenous agents
[3], including chemical food additives.

Given the large number of substances classified as chemical food additives, a literature search was
conducted to determine the frequency of their use. The results showed that monosodium glutamate, sodium
nitrite and ponceau 4R are the most common. Monosodium glutamate (MSG, E621) is a glutamic acid salt
that stimulates orosensory receptors, acting as a chemical flavour enhancer, improving the taste of the
product [6] and is widely used in the manufacture of fast food, meat and sausage products, canned food,
sauces, and convenience food. Sodium nitrite (E250) is used in the production of sausages and other meat
products. It gives them a distinctive pink colour and aroma through the formation of nitrosyl myoglobin,
and also inhibits the growth of Clostridium botulinum and other foodborne pathogens, which delays
oxidative processes and extends the shelf life of products [9]. Ponceau 4R (E124) is a bright red food
colouring agent that belongs to aromatic heterocyclic compounds. It finds extensive use in the
confectionery industry, where it is employed to give cakes and pastries an attractive appearance, and also
in the production of sweet carbonated drinks.

In view of the above, the study of changes occurring in the ileum with the complex use of these
chemical compounds is of considerable interest to scientists and requires detailed study.

The purpose of the study was to determine the changes in the morphometric parameters of the
ileal wall with prolonged administration of monosodium glutamate, sodium nitrite and ponceau 4R in
combination.

Materials and methods. The study was carried out on 70 white mature rats, which were kept in
standard conditions of the vivarium of Poltava State Medical University. The experimental animals were
divided into control and 6 experimental groups of 10 rats each. Animals in the control group received
saline. Animals of the experimental groups received a complex of chemical food additives (monosodium
glutamate, sodium nitrite, Ponceau 4R), once at the rate of 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. The doses used were two times lower than the maximum permissible doses for food. The rats had
free access to water and standard vivarium food for the rest of the time. The experimental animals were
euthanised by overdose with ether anaesthesia. The extracted experimental material (ileal biopsies) was
embedded in paraffin according to conventional methods [1], followed by histological and morphological
examination. Sections made from paraffin blocks were stained with haematoxylin and eosin, according to
Hart, according to Van Gieson. Further study of histological sections was performed using a light
microscope with a digital microphotocamera Olympus C 3040-ADU with programs adapted for these types
of studies (Olympus DP-Soft, licence No. VJ285302, VT310403, 1AV4U13B26802) and Vorex 3 (serial
number 5604). The following morphometric parameters of the ileal wall were determined: total average
wall thickness, average serosa thickness, average muscle thickness, average submucosa thickness, and
average mucosa thickness.

The data was analysed using a PC and the InStat software package used for statistical processing
of data from biomedical and epidemiological studies. The difference was considered significant at p<0.05.

All manipulations were performed in accordance with the “Rules for the Use of Laboratory
Experimental Animals” (2006, Appendix 4) and the Helsinki Declaration for the Humane Treatment
of Animals, the Law of Ukraine “On the Protection of Animals from Cruelty” (No. 3447-1V of
21.02.2006), in compliance with the requirements of the Bioethics Committee of Poltava State Medical
University (Protocol No. 208 of 22.09.2022), in accordance with 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 ileal wall of rats of the control (Fig. 1A) and
experimental groups is represented by serosa, muscular layer, submucosa and mucosa, but their
morphometric parameters change after the first week of the experimental study (Fig. 1B).

When analysing the results of the morphometric study of the average total intestinal wall thickness,
it was found that after the first week of administration of the chemical food additives complex, the indicator
was statistically significantly reduced by 51.78 % (at p<0.05) compared to the control group, after the
fourth week this index was 21.56 % higher compared to the control and 19.75 % lower compared to the
previous observation period, at p<0.05. After 8 weeks of the study, the index was 40.98 % higher than the
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control group and 15.98 % lower than the previous period. After week 12, the total intestinal wall thickness
increased by 16.6 % compared to the control group but was 17.29 % lower than in the previous study
period, at p<0.05. As for the 16th week of the experimental study, it was determined that this index was
12.76 % higher than in the control group and 3.29 % lower than in the previous observation period. After
20 weeks, the total intestinal wall thickness was lower compared to the control group and the previous
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Fig. 1. Ileal wall of the control group rats (A) and changes in the ileal wall of rats after 1 week of administration of a complex
of chemical food additives (B). Paraffin section. Hematoxylin and eosin staining. Magnification: okh. 10; obh. 40. 1. Serosa; 2.
Muscular layer; 3. Submucosa; 4. Mucosa.

Evaluating the dynamic changes in the metric indices of the mean thickness of the ileal mucosa at
different observation periods, it was found that after the first week of the experiment, this index increased
by 40.11 % compared to the control group. After the 4th week, it was 26.07 % higher than in the control
group but 23.45 % lower than in the previous period. At the next stage of the experimental study (after 8
weeks), the mean index of the intestinal
wall mucosa increased by 28.57 %
compared to the control group and by
3.39 % compared to week 4, at p<0.05.

5 250 a T After 12 weeks of administration of the
2 200 chemical food additives complex, it was
= 150 found that the index increased by 24.14 %
—: 100 compared to the control but was 6.2 %
S " lower than in the previous period. Similar

dynamics were observed after the 16th

Control I week 4 weeks 8weeks 12weeks 16 weeks 20 weeks week of the experiment, in pal‘tiCUIal‘, an
increase of 12.15% compared to the
control group, while it decreased by

14.93 % compared to the previous period.
Fig. 2. Dynamics of changes in the average values of the total wall % p p p

thickness of the ileum of rats at different periods of administration of chemical After 20 weeks (_)f observation, the mean
food additives. thickness of the ileal mucosa was 3.01 %

Note: * — statistically significant at p<0.05 compared to the control lower than in the control group and
group, ** — statistically significant at p<0.05 compared to the previous 13.51 % lower than in the previous period
observation period. of the experimental study (Fig. 3A).

The following changes were found when assessing the mean values of the intestinal wall
submucosa. After 1 week, the index was 10.05 % lower than in the control group. After 4 weeks, compared
with the control and the previous period of the experimental study, the indicator increased by 21.53 % and
33.74 %, respectively (p<0.05). After 8 weeks, the reverse dynamics was observed, i.e. the index was
6.46 % lower than in the control group and 23.03 % lower than in the experimental group of animals
administered a complex of chemical food additives for 4 weeks. After 12 weeks, the average submucosa
thickness was 6.46 % higher than in the control group and 13.81 % higher than in the previous observation
period. After 16 weeks, the index was characterised by negative dynamics, as it was 6.65 % lower than in
the control group and 12.32 % lower than at the previous time point. The worst metric was found after
week 20 — lower by 17.74 % compared to the control group and 11.88 % compared to the previous period
(Fig. 3B).

Further, we analysed the metric indices of the mean thickness of the ileal muscle layer. Thus,
after 1 week of administration of the complex of chemical food additives, the index increased by 36.76 %

Period of administration of a complex of chemical food
additives
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compared to the control. After 4 weeks, this index increased by 18.66 % compared to the control group
but was 24.96 % lower than the previous observation period (p<0.05). Analysing the changes after week
8, it was found that the mean thickness of the muscle layer of the intestinal wall increased both in
comparison with the control group (by 61.26 %) and with the previous period (by 35.9 %). Positive
changes in the index were also characteristic after week 12, in particular, an increase of 81.22 %
compared to the control and 12.37 % compared to the previous experimental period. After week 16, this
index was 18.17 % higher than in the control group, although it decreased by 34.79 % compared to the
previous study period, at p<0.05. The most significant changes were detected after week 20,
characterised by a decrease of 18.6 % and 31.12 % compared to the control group and the previous
observation period, respectively (Fig. 4A).
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Fig. 3. Dynamics of changes in the average indicators of the mucosa (A) and submucosa (B) of the ileal wall in rats at different
periods of administration of chemical food additives.

Period 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.

Studying the dynamics of metric changes in the average thickness of the serosa of the ileum, it was
found that after 1 week of administration of the complex of chemical food additives, the index increased
by 30.41 % compared to the control group. After 4 weeks, a positive trend was observed, characterised by
an increase of 57.77 % compared to the control and 9.8 % compared to the previous observation period.
After week 8, the index increased by 9.61 % compared to the control group but was 30.52 % lower than at
the previous time point (p<0.05). After 12 weeks of the experimental study, the mean thickness of the
intestinal wall serosa increased in comparison with the control group (by 40.1 %) and the previous
observation period (27.81 %). The increase in the index was also characteristic after week 16 of the
experiment, in particular, by 46.31 % and 4.44 % compared to the control group and the previous
observation period, respectively (p<0.05). After week 20 of the study, the index increased by 10.78 %
compared to the control group, although it decreased by 24.29 % compared to the previous period

(Fig. 4B).
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Fig. 4. Dynamics of changes in the average indicators of the muscle layer (A) and serosa (B) of the ileal wall in rats at different
periods of administration 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.
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Thus, we have found that the administration of a complex of chemical food additives (monosodium
glutamate, sodium nitrite, ponceau 4R) for 20 weeks causes changes in the metric parameters of both the
total thickness of the ileal wall and its separate layers. The results of our previous studies show that in the
early stages of combined administration of the selected food additives, significant metric changes in the
ileal wall occur due to hyperhydration of connective tissue, impaired blood circulation, significant
lymphocytic infiltration, and pericellular oedema of the structural components of all layers [2]. In the
dynamics of the experimental study, it was found that these changes are characteristic even after 8 weeks
of observation, which can be explained by the activation of compensatory and adaptive mechanisms to the
effects of exogenous harmful factors. After 12 weeks of administration of monosodium glutamate, sodium
nitrite and ponceau 4R, irreversible changes in the intestinal wall structure appear, which progress to 20
weeks. It manifestes in the form of dystrophic changes with subsequent atrophy of the ileal wall, which is
confirmed by a decrease in not only the total thickness of the intestinal wall but also each of its layers. It
can most likely be explained by the prolonged exposure to aggressive exogenous factors, which include
chemical food additives. In our opinion, these substances deplete the cellular and tissue components of the
ileum, disrupting its protective and adaptive mechanisms.

Other studies have shown that the combined use of monosodium glutamate, sodium nitrite and
ponceau 4R leads to a disruption in the morphological structure of organs of the digestive system [7, 8] and
others [11]. Thus, it can be assumed that chemical food additives have a negative impact not only on the
ileum, but also on other parts of the gastrointestinal tract.

% i 7 ZZ

Long-term use of chemical food additives (monosodium glutamate, sodium nitrite, and ponceau
4R) leads to pronounced morphometric changes in the ileal wall, which is characterised by atrophic changes
due to disruption of adaptation processes caused by a negative, damaging exogenous factor.
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