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REMODELING OF THE STRUCTURAL COMPONENTS OF THE SPLEEN CAPSULE
IN RATS UNDER THE INFLUENCE OF A COMPLEX OF CHEMICAL FOOD ADDITIVES

e-mail: o.mamai@pdmu.edu.ua

The spleen, although often underestimated, is a particularly important component of the immune system, which some
scientists call the “forgotten” organ. Its importance and role, in our opinion, are undoubtedly necessary for maintaining and regulating
the body's immunogenic and protective processes. The spleen plays a key role not only as a universal organ of hematopoiesis in the
fetus and ensures the constancy of blood composition and properties, but also as a crucial organ in the process of antigen-dependent
differentiation of T- and B-lymphocytes. In addition, the state of the spleen's connective tissue capsule, which is an integral part of the
musculoskeletal system, requires further study to understand the pathophysiological mechanisms of the effect of a complex of chemical
food additives on the biological structures of the immune system, which was the purpose of the study. In this study, using histological
and morphometric methods of research, the overall average thickness of the spleen connective tissue capsule was determined. It was
found that the introduction of a complex of food chemical additives to white experimental rats leads to thinning and destruction of the
connective tissue capsule in the early stages and to a significant thickening of the capsule in the later stages due to hyperhydration of
the amorphous substance and destruction and swelling of the fibrous component.
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PEMOJEJIOBAHHS CTPYKTYPHUX KOMIIOHEHTIB KAIICYJIM CEJIE3IHKU IIYPIB
LI JI€X0 KOMILIEKCY XIMIYHUX XAPYOBUX JOBABOK

CenesiHka, X094 1 4acTO HENOOLIHIOBaHA, € OCOOIMBO BaXKJIMBOIO CKJIAJOBOI0 IMyHHOI CHCTEMH, SIKY NESKI HAayKOBII
HA3MBAKOTH «3a0yTHM» OPTaHOM. i 3HAYEHHA Ta PONb, HA HAILY TYMKY, 6e3MepeuHo HeoOXimHi A7is MiATPUMAHHS Ta Perysisiii
IMyHOTE€HHMX Ta 3aXHCHHMX IpoleciB opraHiaMy. CenesiHKa Bifirpae KIIOYOBY pOJNb HE TUIBKM SIK YHIBEPCAJIbHUI OpraH
remMaromnoesy y Iuioga i 3abe3ledye CTaliCTh CKIagy Ta BIACTUBOCTEH KpOBi, ajle W SK BHUpINIANbHUN OpraH y Mporeci
aHTurensanexxHoi qudepenuianii T- i B-nimdonuTie. J[o TOro * CTaH CHOMYYHOTKAHMHHOT KaCIyJlu CeNIe3iHKH, SKa € CKIaI0BOIO
YaCTHHOI OMOPHO-CKOPOTIIMBOTO arapary, moTpedye MTOJAaTKOBOrO BHBYCHHS JUIS PO3YyMIiHHs MaTO(i3ioNOriYHUX MEXaHi3MiB
BIUTMBY KOMIUIEKCY XiMIUYHHMX XapyoBUX J00aBOK Ha O10JOTIUHI CTPYKTYPH iIMyHHOI CHCTEMH, IO i CTaI0 METOIO TOCIiIKEHHS. Y
po6oTi, 3a JOMOMOrO0 TiCTONOrIYHOr0 Ta MOP(GOMETPUYHOTO METOMIB JOCHTIKSHHS, OyJI0 MPOBEICHO BU3HAUCHHS 3arajbHUX
CepeHiX MOKa3HMKIB TOBLIMHH CIIOJYyYHOTKAaHMHHOI KalCyllM Celie3iHKH. BcTaHOBIEHO, IO BBEICHHS KOMILIEKCY XapyOBHX
XiMiYHEX [00aBOK OiNMM eKCIIepUMEHTaJbHUM IMIypaM MpPU3BOJWTH HA paHHIX eTamax [0 CTOHIIGHHS Ta JeCTPYKIUi
CIIOJTyYHOTKAHMHHOT KallCy/IM a Ha Mi3HiX TepMiHaX JI0 3HAYHOTO IOTOBLICHHS KallCyJIM 3a PaXyHOK Trineprigparauii amopgHoi
PEUYOBHMHH Ta AECTPYKIIT i HAOyXaHHS BOJOKHUCTOIO KOMIIOHEHTY.

KurouoBi ciioBa: opraHu KpOBOTBOPEHHS Ta IMYHHOTO 3aXHCTy, MOp(hoMeTpis, cene3iHka, JTiMQOiAHI BYy3JIHKH,
CHHYCOI/, Xap4oBi J0OaBKH, IIIyTaMar HaTpilo, HITPHUT HATpito, [IoHCco 4R, cromyYyHOTKAaHWHHA KaICyIa.

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.

Over the past century, the food industry has undergone significant transformations. These changes
are mainly related to the mass production and distribution of products, which has become possible due to
improved production methods and long-term storage. The main idea behind new food technologies was the
introduction of new chemical synthetic food additives that not only improve the organoleptic properties of
products but also facilitate longer storage, facilitate transportation and increase shelf life, which is beneficial
for manufacturers, suppliers and large retail chains [6]. At the same time, excessive consumption of food
additives can lead to morphological changes in internal organs, in particular in the organs of the immune
system, which affects their functional activity and properties [8, 10]. Among the components of the immune
system, the spleen deserves special attention, which, according to some reports, is an underestimated,
“forgotten” organ [5]. The role of the spleen in the maintenance and regulation of immune processes is
extremely important, not only in the context of its function as a universal organ of hematopoiesis in the fetus
and maintaining the stability of blood composition, but also as a key organ in ensuring antigen-dependent
differentiation of T and B lymphocytes [3]. Previous studies emphasize the significant impact of food
supplements on the development of various pathological conditions of organs and systems [4]. However,
these studies do not provide a complete picture of the impact, as they focus on the study of individual food
additives. An analysis of modern food products has shown that the most common additives are monosodium
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glutamate, sodium nitrite, and the synthetic dye Ponceau-4R, but there is not enough information about their
complex effect on the spleen, especially in the dynamics [2]. Therefore, the study of the effect of a complex
of chemical synthetic food additives on the morphofunctional features of the spleen cassula as an active
participant in immune reactions is of great importance. That is why it became an important and urgent issue
to analyze the role of these substances as a nonspecific antigenic factor that affects the functional state of the
spleen, namely its capsule, in order to prevent the development of a pathophysiological cascade of events and
ensure qualitative changes towards a harmless, healthy and safe food industry.

The purpose of the study was to determine the morphological and functional changes in the
structural components of the spleen capsule of rats under the influence of a complex of chemical food
additives.

Materials and methods. The study was conducted on 70 mature rats, which were divided into one
control and six experimental groups. The control group received saline, and the experimental group
received a complex of chemical food additives (monosodium glutamate, sodium nitrite, Ponceau 4R) at
doses two times lower than the maximum permissible doses. After weeks 1, 4, 8, 12, 16 and 20 of the
experimental study, the experimental animals were withdrawn from the experiment by an overdose of ether
anesthesia. Guided by generally accepted methods, spleen biopsies were removed, sealed in paraffin and
epoxy resin, and thin and semi-thin sections were made with subsequent staining. The obtained histologic
sections were examined using a light microscope with a digital microphotographic attachment. The results
were evaluated using the InStat software package. The experimental study was carried out in compliance
with the requirements of humane treatment of experimental animals regulated by the relevant law of
Ukraine and 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. In our opinion, it is extremely important in the process
of studying the structural reorganization of any parenchymal organ, of which the spleen is a direct
representative, which reacts to the introduction of a complex of chemical synthetic food additives, to
establish the processes that occur in the connective tissue capsule, which is woven into the spleen
throughout the entire thickness to form trabeculae - a matrix or framework specific to this type of organ.
This “soft” skeleton is a part of the spleen's musculoskeletal system and penetrates the complex structure
and contains blood vessels (Fig. 1A).

During the experimental study, it was found that after 1 week of administration of a complex of
chemical food additives to laboratory animals, moderate thinning of the connective tissue capsule was
determined in the histological preparations of the capsule obtained by us. Its mean thickness, statistically
significant at p<0.05, decreased by 1.54 times compared to the control values (Fig. 1B).

B

Fig. 1. Spleen of a white laboratory rat of the control group. Paraffin section (A). Spleen capsule of a white laboratory rat after
1 week of administration of a complex of food additives (B). Staining: hematoxylin and eosin. Collection: ca. 10, vol. 40. Designations:
1 — connective tissue capsule; 2 — trabeculae; 3 — marginal sinus; 4 — lymph node.

After 4 weeks of the experiment, the mean thickness of the connective tissue capsule, statistically
significantly at p<0.05, decreased by 1.17 times compared with the control values, but compared with the
previous observation period, thickening was observed and the index at p<0.05 increased by 1.31 times
(Fig. 2A).

After 8 weeks of the experimental study, similar dynamics were observed with the control group
and the 1st group - the mean thickness of the connective tissue capsule, statistically significant at p<0.05,
decreased by 1.67 times compared to the control values and compared to the previous observation period,
the indicator statistically significant at p<0.05 also decreased by 1.42 times (Fig. 2B).
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After the 12th week of the experimental study, a sharp thickening of the connective tissue capsule
was observed - the mean thickness of the connective tissue capsule, statistically significant at p<0.05,
increased by 1.33 times compared to the control values and by 2.22 times compared to the previous
observation period at p<0.05 (Fig. 3A).

A

Fig. 2. Spleen capsule of a white laboratory rat after 4 weeks of administration of a complex of food additives (A). Spleen
capsule of a white laboratory rat after 8 weeks of administration of a complex of food additives (B) Paraffin section. Staining:
hematoxylin and eosin. Collection: ca. 10, vol. 40. Designations: 1 — connective tissue capsule; 2 — trabeculae; 3 — marginal sinus; 4 —
lymph node

After the 16th week of the experimental study, a slight oscillatory dynamics towards thinning of
the connective tissue capsule was observed, so at p<0.05 the mean thickness of the connective tissue
capsule increased by 1.18 times, but compared to the previous period at p<0.05 it decreased by 1.13 times
(Fig. 3B).

Fig. 3. Spleen capsule of a white laboratory rat after 12 weeks of administration of a complex of food additives (A). Spleen
capsule of a white laboratory rat after 16 weeks of administration of a complex of food additives (B) Paraffin section. Staining:
hematoxylin and eosin. Collection: ca. 10, vol. 40. Designations: 1 — connective tissue capsule; 2 — trabeculae; 3 — marginal sinus; 4 —
lymph node

After the 20th week of the experimental study, at the final stage, a very significant thickening of
the connective tissue capsule was observed. The mean thickness index, at p<0.05, increased by 2.03 times
compared to the control group, and compared to the same index in the previous group, at p<0.05, increased
by 1.72 times (Fig. 4A).

The dynamics of morphometric changes in the mean total thickness of the connective tissue capsule
is shown in the table (Fig. 4B).

Analyzing the results obtained, it was found that the administration of a complex of food chemicals
(monosodium glutamate, sodium nitrite, ponceau 4R) for 20 weeks causes both morphological and
morphometric changes in the spleen capsule, which changed in the dynamics of the experiment. Thus, it
was found that after 1 week of administration of a complex of food chemical additives to white laboratory
rats, it leads to thinning of the connective tissue capsule due to the compressive effect of the spleen
parenchyma, which was visualized as hyperhydrated and destruction of the fibrous component of the
connective tissue capsule. After 4 weeks, the fibrous component of the connective tissue capsule and the
active component are restored and the mean number of fibroblastic cells increases. After 8 weeks of the
experiment, destructive changes in the connective tissue capsule were visualized, which were manifested
by destructive changes in collagen and elastic fibers, while the average number of fibroblastic cells did not
increase compared to the previous observation period. Starting from week 12, signs of capsular thickening
due to hyperhydration of the amorphous substance gradually increased, progressing to week 20 of the study.
In addition, at this stage, irreversible changes occurred in the form of destruction and swelling of the fibrous

243



ISSN 2079-8334. Céim meouuyunu ma oionozii. 2024. Ne 3 (89)

component. These changes are most likely the result of prolonged negative effects of chemicals that deplete
the defense mechanisms of spleen cell elements.
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Fig. 4. Spleen capsule of a white laboratory rat after 20 weeks of administration of a complex of food additives Paraffin section.
Staining: hematoxylin and eosin. Collection: ca. 10, vol. 40. Designations: 1 — connective tissue capsule; 2 — trabeculae; 3 — marginal sinus; 4
— lymph node (A). Morphometric changes in the average total thickness of the connective tissue capsule of the spleen of white laboratory rats
in the dynamics of the experimental study (B). Note: * is a statistically significant difference at p<0.05 compared to the control values; ** is a
statistically significant difference at p<0.05 compared to the previous observation period (B).

The negative damaging effects of the chemical food additives selected by us when used in
combination have been proven by other scientists. In particular, changes in the mofro-functional properties
of such organs as the liver [7], tongue [1], submandibular salivary glands [11], duodenum [12], lungs [9] and
a number of others have been established. Taking into account the above, as well as the results of our own
research, it can be argued that chemical food additives cause not only changes in the organs of the digestive
system with which they come into direct contact, but also in other systems. Thus, we can assume that
monosodium glutamate, monosodium nitrite, and ponceau 4R have a systemic negative impact on the body.

2. L

The administration of sodium glutamate, sodium nitrite and ponceau 4R in combination for 20
weeks of experimental study led to significant morphological and metric changes in the spleen capsule,
which at the initial stages were characterized by hyperhydration of the fibrous component and an increase
in the number of fibroblasts with gradual depletion of defense mechanisms and the appearance of signs of
edema and destruction in the late stages of the experiment.
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