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METRICAL INDICES OF THE CECUM WALL IN AREAS OF GUT-ASSOCIATED LYMPHOID
TISSUE LOCALISATION UNDER THE INFLUENCE OF FOOD ADDITIVE COMPLEX

e-mail: kinash.vet@gmail.com

There are insufficient data in the current literature on the effect of food additives on the occurrence of pathological
processes in the intestine. A total of 84 sexually mature male non-linear rats were used in the experiment. Rats of the control group
consumed drinking water and received oral physiological solution. Animals in the experimental group received food additives at
the following doses: sodium nitrite (E250) 0.6 mg/kg, sodium glutamate (E621) 20 mg/kg, ponceau 4R (E124) 5 mg/kg. Sampling
for histological examination was carried out at 1, 4, 8, 12 and 16 weeks. A significant reduction in the thickness of the cecum wall
of the animals in the areas of localisation of intestinal-associated lymphoid tissue was found at the early stages of observation. A
marked lymphoid tissue reaction in the form of intense cellular infiltration of the submucosa and mucosa was recorded. Disturbance
of crypt structure and desquamation of epithelium occurred. At the late terms of observation there was a significant increase of the
cecum wall thickness in the areas of localization of the lymphoid tissue associated with the intestine due to edema of submucosa,
partial restoration of mucosa structures.
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METPUYHI TIOKA3BHUKH CTIHKH CJIINOI KAUIIKH Y JUITHKAX JIOKAJIBAIT
ACOIIHOBAHOI 3 KNINEYHUKOM JIIM®OITHOI TKAHUHH 3A BILIUBY
KOMILJIEKCY XAPYOBHUX JOBABOK
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VY cydacHHX JliTepaTypHHX JUKepenax HeJJOCTaTHBO JAHHX I[0/I0 BIUIMBY BKMBAHHS XapuOBHX 100ABOK HAa BAHHMKHEHHS
MIaTOJIOTIYHUX IIPOIECIB B KUIIEYHUKY. B ekcrepuMeHTI BUKOpUCTaHO 84 CTaTEeBO3PUIMX HeNiHIHHMX mrypiB-cammis. lypn
KOHTPOJIBHOI TPYIH CIIOKHBAJIH NMUTHY BOLY Ta MEPOPAIFHO OTPHUMYBATH (i3ioNoriyHuid po3ynH. TBapHHU IDOCIIAHOI TPYyIH
OTPUMYBAJIK XapuoBi N0OAaBKM B HACTYNMHHUX J03ax: HITpuUTy Hatpito (E250) - 0,6 mr/kr, rimyramary Hatpito (E621) - 20 mr/kr,
monco 4R (E124) - 5 mr/kr. Bin6ip 3pa3kiB uis TiCTOJIOTIYHOTO TOCTIHKEHHS poBoawin Ha 1, 4, 8, 12 ta 16 TikaeHs. Ha paHHix
CTPOKax CIIOCTEPEKEHHS OYJIO BCTaHOBIEHO IOCTOBIpHE 3MEHIICHHS TOBIIMHHM CTIHKM CIINOI KUIIKA TBapWH B IUISHKAX
JIoKai3amii acoriiioBaHo1 3 KUIIEYHUKOM JIIM(POiTHOT TKaHWHH. PeecTpyBaiy BUpaKeHy peakiieto JiM(oinHOl TKAaHWHH Y BUTIISI
IHTCHCHUBHOT KIIITHHHOT iH(1TbTpaIii miIcIM30B0T OCHOBH Ta CJM30B01 000J0HKH. BigOyBanocs mopyIieHHs CTPYKTypH KPHUIIT Ta
JeckBaMallis emitelnito. Ha mi3HIX cTpoKax CHOCTEPEKEHHS CHOCTEPIranocs NOCTOBipHE 30UTBIIEHHS TOBIIMHH CTIHKH CIIIMOL
KHIIKHA B TUITHKAX JIOKaTi3alii acomifoBaHOl 3 KHIIEYHUKOM JIIM(OiAHOI TKaHIHHU 32 PaXyHOK HAaOpSKY IiJICIM30BOI OCHOBH,
YaCTKOBOTO BiJHOBJICHHS CTPYKTYp CIIM30BOi OOOJIOHKH.

KniwouoBi cioBa: xap4oBi no0aBkw, TiIyTaMmaT HATpilo, HITPUT HaTpiro, MOHCO 4R, acomiifioBaHa 3 KUIIEYHHUKOM
nmimMQoinHa TKaHUHA.
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The study is a fragment of the research project “Restructuring of the organs of the immune, respiratory and excretory
systems under the effect of various exogenous factors (monosodium glutamate, sodium nitrite, ethanol, methacrylate)”, state
registration No. 0121U108234.

Food additives are widely used in various branches of the food and pharmaceutical industries. Food
additives are used as preservatives, flavour enhancers and colourings. Reviews of the literature indicate
that the consumption of food colourings has increased five times since the 1950s. However, the effects of
these substances on the human body remain controversial and need to be studied closely. In particular, the
guestion of the intestinal pathology that results from the continued and uncontrolled use of food additives
remains poorly studied. The role of food additives, in particular colouring agents, in the occurrence of
colorectal cancer due to disruption of the normal intestinal microbiome has been repeatedly reported (1).
For example, the use of sausages containing nitrites has been reported to increase the incidence of colorectal
cancer in mice with adenomatous polyposis coli. The researchers believe oxidative stress and
dysbacteriosis induced by the food additive to be the cause of the pathology [3].

The intestinal mucosa has an extremely developed lymphatic system due to the fact that it is
constantly exposed to a high antigenic load through contact with food and pathogenic and opportunistic
microorganisms [2, 7]. The total area occupied by lymphoid tissue in the human intestine is known to be
about 260-300 m?. [4]. Gut-associated lymphoid tissue of the large intestine includes diffuse clusters of
lymphoid cells and organized lymphoid nodules localized in the intestinal mucosa, intraepithelial
lymphocytes localized in the epithelium. In contrast to lymph nodes, histologically mucosa-associated
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lymphoid tissue is predominantly aggregates of lymphoid and supporting cells, which are not completely
encapsulated or lack a capsule altogether. The functional sections of GALT are represented by the lymphoid
(the subepithelial dome region) and the overlying follicle-associated epithelium [10].

The purpose of the study was to establish the dynamics of changes in the metric parameters of the
cecum’s gut-associated lymphoid tissue in the normal conditions and under the complex action of food
additives.

Materials and methods. The experiment involved 84 mature male rats (Rattus norvegicus)
weighing 204.5+0.67 g, which were obtained from the experimental-biological clinic of the University. All
procedures followed the standard rules established by the commission of Poltava State Medical University
on ethical issues and bioethics (order of the rector No. 330 of May 30, 2020) in accordance with the
European Communities Council Directive of 24 November 1986 (86/609/EEC). The rats of all groups had
access to food and water ad libitum. The animals were sacrificed under thiopentone anesthesia overdose.
The rats of control group (n=14) consumed drinking water and were administered with saline orally. The
rats of the experimental group, with access to water ad libitum, were administered with 0,6 mg/kg sodium
nitrite E250 (Uralchem, China), 20 mg/kg monosodium glutamate E621 (Multichem, China) and 5 mg/kg
Ponceau 4R E124 (Multichem, China) in 0.5 ml of distilled water once daily orally. Collection of samples
for histological examination was carried out at 1, 4, 8, 12 and 16 weeks. After euthanasia the rats were
dissected following the method of complete evisceration. The cecum was removed and fixed with a 10 %
neutral formalin solution. The material was washed and prepared for paraffin embedding according to
standard techniques [11]. Sections of 5-10 um thick were obtained using the #a manual rotary microtome
HistoLine. Histological sections were stained with hematoxylin and eosin (H&E). Series of histological
slide’s photomicrographs from objectives 4x and 10x were captured by a microscope Levenhuk D740T
attached to a digital 5.1 Mpx kit camera. Photo fixation and morphometry were performed in Levenhuk
Lite software. The data was expressed as the means + standard error of the mean. Statistical processing of
morphometric data was performed using the Excel software, that analyzed using parametric Student's t-
test. The data was expressed as the means + standard error of the mean. Besides, p<0.05 was considered to
be statistically significant.

Results of the study and their discussion. According to the results of morphometric study, the
total thickness of the cecum wall in control animals was 617.76+5.57 um, thickness of mucosa was
181.74+2.63 pm, thickness of submucosa was 263.85+1.5 um (Table 1).

Table 1
Results of metric studies of the rat cecum wall at sites of localized gut-associated lymphoid tissue when
exposed to a complex of nutritional supplements

Week Total wall thickness, um Mucosa thickness, um Submucosa thickness, pm
Control 617.76+5.57 181.74+2.63 263.85+1.5
1 524.46+2,8 * 163.79+8.8 * 266.44+1.59
4 491.32+£20.8 *** 182.17+1.31 ** 204.274+9.42 * **
8 504.01+2.47 * 185.32+1.37 236.274+3.19 * **
12 593.71+4.01 *** 237.74+1.13 * ** 261.93+1.85 **
16 777.23+6.93 * ** 246.09+9.65 * 279.3+4.35 * **

Notes: * — p<0.05 compared to the control group; ** — p<0.05 compared to the previous time period of the observation.

In control rats, organized lymph nodes and diffuse clusters of lymphoid cells were recorded in the
subepithelial submucosa. The submucosal base was a layer of loose connective tissue and contained
numerous blood vessels of different calibers. Lymph nodes were an intense accumulation of
unencapsulated lymphatic tissue. The lymphoid tissue extended throughout the submucosa and had
indistinct borders with a poorly defined light germinal centre and a darker interfollicular mantle zone.
Towards the mucosa, the interfollicular (mantle) zone gradually progressed to the subepithelial dome
region, which was characterised by a gradual decrease in the number of lymphoid cells in the surrounding
connective tissue. The muscle plate was represented by several layers of smooth myositis. On the lumen
side, the mucosa was represented by follicle-associated epithelium, which was a layer of columnar
epithelial cells. Short crypts, the lumen of which was lined by columnar absorbing epithelial cells and
bocalytic exocrinocytes, were visualized. A slight infiltration of the mucosa with single lymphoid cells was
observed.

The total thickness of the rat cecum wall at the 1st week of observation was 524.46+2.8 um, reliably
less by 15.1 % in comparison with the control group. The thickness of mucosa at this period of observation
was 163.79+£8.8 um and was significantly less than that of the control group by 9.88 %. The submucous
membrane thickness was 266.44+1.59 pm and did not reliably differ from the control group of animals.
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At the first week of the experiment in the subepithelial submucosa of the rat cecum an active
migration of cells from lymph nodes into the surrounding submucosal tissues was recorded. Lymph nodes
had a well-defined light germinal centre and a dark interfollicular zone, intensely stained due to a large
concentration of lymphoid cells. The boundary between the interfollicular (mantle) zone and the area of
subepithelial dome was not clearly visualized due to active migration of lymphocytes from lymph nodes
towards the intestinal lumen. As a consequence, cellular infiltration of the lamina propria of the mucosa
and mucosa was observed (fig. 1a,1b).

Fig. 1a. Structure of the rat cecum wall at sites of localised Fig. 1b. A lymph node in the submucosal base of the cecum
gut-associated lymphoid tissue (1st week of experiment).  of rats (1st week of experiment). Hematoxylin and eosin staining.
Hematoxylin and eosin staining. x100 X400.

At the 4th week of experiment the total cecum wall thickness in rats was 491.32+20.8 um, which
was reliably less by 20.47 % than in the control group, and by 6.32 % less than in the previous observation
period. The mucosal thickness was within 182.17+1.31 pum, and did not differ significantly from the control
group. However, it was 11.22 % greater than the previous observation period. The submucosa thickness
was 204.27+9.42 micrometres and differed significantly from the control group and the previous period of
observation by 22.58 % and 23.33 % respectively.

At week 4 of the experiment, the lymph nodes of the rat cecum wall had lost their structure. The
germinal centre of the nodule, interfollicular zone and subepithelial dome were undifferentiated. The
submucosal base in the area of lymphoid tissue localization stained homogeneously. It should be assumed
that lymph node obliteration occurred due to edema and increased migration of granulocytes and
lymphocytes into lamina propria of mucosa from lymphoid nodules and submucosal base vessels. In the
mucosa, desquamation of epitheliocytes both on the surface and in the crypt lumen was recorded (fig. 2a).

Fig. 2a. Structure of the rat cecum wall at sites of Fig. 2b. Structure of the rat cecum wall at sites of
localization of gut-associated lymphoid tissue (4th week of  localization of gut-associated lymphoid tissue (8th week of
experiment). Hematoxylin and eosin staining. x100. experiment). Hematoxylin and eosin staining. x100.

At the 8th week of experiment the total cecum wall thickness was 504.01+2.47 micrometres, which
was 18.41 % less than the control and probably did not differ from the previous period of observation.
Mucosa thickness was 185.32+1.37 um and did not differ significantly from the control or the previous
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follow-up. The submucosa thickness was 236.27+3.19 micrometres and was significantly greater than the
control by 1.97 %, and the previous follow-up by 15.67 %.

At this time of observation, complete desquamation of submucosal lymph nodes was recorded.
Spasmed arterial vessels and blood-filled venous vessels were visualized. The germinal centre of the
nodule, interfollicular zone and subepithelial dome were not visualized. A small number of lymphoid
cells were registered at the periphery of the nodule, against the background of significant cellular
infiltration of the nearby loose connective tissue of submucosal base. Intense cellular infiltration of the
mucosa persisted. There was moderate desquamation of epithelial cells in the upper crypts and superficial
epithelium (fig. 2b).

At the 12 weeks of observation the total cecum wall thickness in rats was 593.71+4.01 micrometres,
which was significantly less by 3,89 % than in the control group, and by 28.29 % more than in the previous
observation period. The cecum mucosa thickness in rats was 237.74+1.13 pum, which was 30.81 % more
than that in the control group, and 28.29 % more than that in the previous observation period. The
submucosa thickness was 261.93+1.85 um, significantly greater than the previous observation term by
10.85 %.

At week 12, microscopic changes in the submucosa were similar to those of the previous
observation period. The germinal centre of the nodule, the interfollicular zone and the subepithelial dome
were not visible. A small number of lymphoid cells were visualized at the periphery of the nodule. Intense
cellular infiltration of loose connective tissue of submucosa, intrinsic lamina and mucosa was recorded
(fig. 3a).

Fig. 3a. Structure of the rat cecum wall at sites of Fig. 3b. Structure of the rat cecum wall at sites of
localization of gut-associated lymphoid tissue (12th week of  localization of gut-associated lymphoid tissue (week 16 of the
experiment). Hematoxylin and eosin staining. x100. experiment). Hematoxylin and eosin staining. x100.

At the 16th week of experiment the total cecum wall thickness in rats was 777.23+6.93 um and
differed significantly from the control and previous period of observation. Thus, this index was 25.81 %
higher than the control, and 30.91 % higher in comparison with the previous period of observation. The
mucous membrane thickness was 246.09+9.65 micrometres and was 35.41 % greater than the control
group. The submucosa thickness was 279.3+4.35 microns. This index was significantly different from the
control group and the results of the previous period of observation and was greater by 5.86 % and 6.64 %,
respectively.

The microscopic picture at week 16 of the experiment was characterized by “desolation” of the
submucosal lymph nodes, the germinal centre of the node, the interfollicular zone and the subepithelial
dome were not visualized. In the loose connective tissue of submucosal base, only single lymphoid cells
were visualized in the localized gut-associated lymphoid tissue. At the same time, significant cellular
infiltration of the adjacent loose connective tissue of submucosal base was preserved. In places of
localization of lymph nodes a large number of spasmed arterial vessels and venous blood vessels were
registered. There were moderate phenomena of desquamation in the mucosal epithelium against the
background of preserved cellular infiltration of its lamina propria (fig. 3b).

During the experiment, it was established that metric indexes of the cecum wall in sites of
localization of gut-associated lymphoid tissue under the influence of complex of food additives changed in
the direction of decreasing of all the studied indexes up to the 8th week of observation. The decrease in
submucosal thickness was probably due to active migration of lymphoid cells from lymph nodes into the
surrounding connective tissue and mucosa of the rat cecum. The thickness of the mucosa probably
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decreased due to desquamation of the epithelium, up to the disruption of the crypt structure. Starting from
the 8th week of observation, the total thickness of the rat cecum wall in the areas of gut-associated lymphoid
tissue localization began to increase and exceeded the control values by the 16th week of observation
(fig. 4). It is likely that the increase in submucosal thickness was due to edema and vasospasm due to the
prolonged action of the altering factor. No recovery of the lymph node structure was observed, in contrast
to the mucosa where the phenomena of desquamation became less pronounced by the 16th week of
observations and the crypt structure partially recovered.

In our opinion, the metrics
of the rat cecum wall in the areas
of gut-associated lymphoid
tissue localization indicate a
direct effect of the food additive
complex on the local mucosal
immunity response. Normally,
the immune response of the
intestinal  mucosa to food
antigens is characterised as
tolerant (so-called “oral
tolerance”). In the absence of
inflammatory substances in the
food masses, the presentation of
food antigens by dendritic cells
in the intestinal mucosa does not
activate  T-lymphocytes, but
rather conditions their tolerance.

Fig. 4. Dynamics of morphometric indices of the rat cecum wall at sites of localized  Intestinal epithelial cells are also
gut-associated lymphoid tissue. involved in the presentation of
food antigens and the formation of antigen tolerance. [7]. The cells of the intestinal epithelium act as
peculiar sensors for food and microbial antigens; they deliver these antigens to the lymphoid tissue of the
own lamina, where an immune response is formed [13]. Consequently, damage to the mucosa in the
experiment, as evidenced by epithelioocyte desquamation, disruption of crypt structure and intense
lymphoid infiltration, can lead to impaired formation of antigen tolerance, which is consistent with the data
of previous research [14]. The presence of an inflammatory reaction in response to the presence of a
particular substance in the intestinal contents suggests hypersensitivity or an alternative action of the above-
mentioned substance.

When monosodium glutamate, nitrite sodium and ponceau 4R supplements were used, a gradual
reduction in the overall thickness of the cecum wall at sites of gut-associated lymphoid tissue localisation
was observed in the early stages of follow-up. The morphology of the intestinal wall and gut-associated
lymphoid tissue in particular is known to be influenced by pituitary hormones. Thus, total pituitaryectomy
in rats led to a decrease in the height of the small intestinal villi and a decrease in the number of cell bodies
and in the number of IgA- and IgM-secreting lymphocytes. The area of the intestinal mucosal plate was
reduced in animals subjected to anterior and total pituitaryctomy [1]. Consequently, the effect of nutritional
supplements on intestinal wall morphology may be mediated, as monosodium glutamate is known to cause
disruption of the neuroendocrine function of the hypothalamic-pituitary system [10].

It should be noted that the structure and function of gut-associated lymphoid tissue is provided by
normal microflora [8]. At the same time, the consumption of monosodium glutamate leads to a disturbance
in the composition of normal gut microflora, a reduction of bifidobacteria and causes dysbiosis [9, 15].
Some members of the normal human gut microflora are sensitive to sodium nitrite and its combinations
with other additives [6].

Thus, in our opinion, there are several aspects of the effect of a complex of food additives on the
gut-associated lymphoid tissue of the cecum. The first aspect is the direct alterative effect of food additives
on the intestinal mucosa through contact with food masses. As a result, the barrier and antigen-presenting
functions of colonocytes are impaired and, as a consequence, immune cell function is locally compromised.
The second aspect is the effect of food additives, in particular monosodium glutamate, on the central
neuroendocrine system, resulting in pathological changes in the intestinal mucosa and gut-associated
lymphoid tissue. The third aspect is the effect of food additives on normal gut microflora and the occurrence
of dysbiosis, which directly affects gut-associated lymphoid tissues.
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Administration of the monosodium glutamate, sodium nitrite and ponceau 4R complex causes a
decrease in the thickness of the cecum wall of the white rats in the localization areas of the gut-associated
lymphoid tissue in the early period of observation, which is associated with a marked mucosa-associated
submucosa and mucosa reaction, disturbance of crypt structure and epithelium desquamation. At the late
terms of observation, an increase in the thickness of the cecum wall of white rats in the areas of localization
of gut-associated lymphoid tissue with edema and submucosa base and partial recovery of mucosa
structures were observed.
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