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A BSTRACT
The aim: Investigation of ultrastructural changes in the elements of rats'duodenal mucosa in norm and exposed to a complex of food additives (monosodium glutamate, 
sodium nitrite and Ponceau 4R).
Materials and methods: 70 rats of the experimental groups was administered 0.6 mg/kg of sodium nitrite, monosodium glutamate at a dose of 20 mg/kg, Ponceau 4R at a 
dose o f 5 mg/kg in 0.5 ml o f distilled water once daily per os. The doses of food additives were twice lower the allowable normal rate in food products. Animals were removed 
from the experiment at 1,4,8,12 and 16 weeks.
Results: The effect o f the complex of food additives on the mucous membrane of the duodenum was manifested by the development o f edema and increased local immune 
response. In the later stages o f observation, dystrophic changes in epithelial cells were determined. Vacuoles were found in the cytoplasm.
Conclusions: The use o f a complex of food additives led to general ultramicroscopic changes in the mucous membrane of rats'duodenum, triggering the morphological 
mechanisms of nonspecific inflammation in the form o f dystrophic changes and the development of apoptosis.
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INTRODUCTION
Food additives are not commonly considered as a food 
product, though they are supplemented for technological 
purposes in the production process and as a result become 
an integral part of them. Adverse reactions to food additives 
in children have been reported [1], as well as the impact of 
food additives, artificial sweeteners on the human intestinal 
microbiome and its ability to ferment fibers [2]. The findings 
of our study on the content of food additives in domestic 
and foreign products showed that the most commonly used 
food additives were monosodium glutamate, sodium nitrite 
and Ponceau 4R. Recently, the growing use of monosodium 
glutamate, a well-known food additive (also used in baby 
food product) and a component of some vaccines is a cause 
for concern due to its potential impact on human health [3]. 
It is difficult to find semi-finished or finished products made 
industrially, which would not have the above additive [4]. A 
group of Ukrainian researchers have studied the structural 
and functional changes in the rat lar ge intestine wall under 
the effect of monosodium glutamate. The findings of the 
studies have shown that long-term daily consumption of 
monosodium glutamate, even in safe doses, leads to mor
phological changes in the colon wall in the form of focal 
inflammatory changes of the mucous membrane, blood

Wiad Lek. 2022;75(6):1466-1470

circulation disorders in the intestinal wall, occurrence of 
erosive ulcers and dysplastic changes [5].

In Ukraine, the food additive E-250 (sodium nitrite) is 
widely used as a color retainer in the manufacturing of 
meat products [6]. Chronic exposure to sodium nitrite 
provokes the development of oxidative stress (increased 
2,3-bisphosphoglyceric acid), inflammation (elevated in
terleukin- 1 -beta, which, in turn, causes a dramatic rise of 
iNOS activity), the development of endothelial dysfunction 
(increased von Willebrand factor) [7].

Ponceau 4R is a colorant of synthetic origin, which has a 
bright red color. It opens a whole palette of shades: yellow 
mixed with orange colorants gives brown, and when mixed 
with blue colorant, Ponceau gives a purple color [8]. No 
natural colorant has been found to date, demonstrating 
a problem to be investigated in the future. Noteworthy, 
although necessary, these substances are responsible for 
the high frequency of allergic reactions [9, 10].

Current scientific publications elucidate the outcomes of 
the effects of various food additives on organs and systems; 
however, insufficient data have been found to date, as pre
vious studies were based on the effects of food additives 
alone, which does not reveal the full picture, as in practice 
manufacturers use them in combination.
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THE AIM
The paper was aimed at the study of the ultrastructural 
changes in the elements of the rat duodenal mucosa in 
normal condition and under the effect of the complex of 
food additives (monosodium glutamate, sodium nitrite 
and Ponceau 4R).

MATERIALS AND METHODS
Outbred mature male rats (n-84) were involved into the ex
periment. The rats of control group consumed drinking wa
ter and received saline per os. The rats of the experimental 
group, with access to water ad libitum, were administered 
with 0,6 mg/kg sodium nitrite, 20 mg/kg monosodium 
glutamate and 5 mg/kg Ponceau 4R in 0.5 ml of distilled 
water once daily per os. The doses of food additives were 
twice lower the allowable normal rate in food products. 
The “open field” test was used to evaluate the rats’ adaptive 
behavior [11]. The animals were sacrificed within 1,4, 8, 
12 and 16 weeks under thiopentone anesthesia overdose. 
After euthanasia, the fragments of the duodenal wall were 
fixed in 2.5% glutaraldehyde solution. Subsequently, the 
pieces of the duodenal wall were embedded into epon- 
12 in compliance with the conventional technique [12]. 
Electron microscopy study was made in the electron m i
croscopy laboratory of the Institute of Morphology at I. 
Horbachevsky Ternopil National Medical University. The 
ultra-thin sections were made using the ultramicrotome 
LKB-3 (Sweden). Contrasting of sections was performed 
first in 1% uranyl acetate solution in methanol and then in 
Reynolds lead citrate [13]. The follow up analysis was made 
using the electron microscope PEM -125 K (serial number 
38-76, TU 25-07-871-70) at an accelerating voltage (50 - 
75) kW. The housing of the animals and experimental part 
of the study has been carried out in compliance with the 
“General ethical principles used for animal experiments”, 
adopted at the First National Congress on Bioethics and 
requirements of the international principles of the “Euro
pean Convention for the Protection of Vertebrate Animals 
Used for Experimental and Other Scientific Purposes” [ 14].

RESULTS
Electron microscopy study of the duodenum of control 
rats showed that the rat mucous membrane had a typical 
structure, forming villi and crypts, the surface of which was 
covered with a single layer of prismatic microvilli epitheli
um, with different cellular representation (Fig. la, lb). The 
glycocalyx, which was represented by glycoproteins and 
lipoproteins, was located on the surface of the microvilli. 
On the lateral surface of the apical part of the cells, due to 
microfilaments combined with intercellular contacts, entero- 
cytes were conj oined and closed the connection between the 
intestinal lumen and the intercellular space. The epithelial 
cells of the villi consisted mainly of enterocytes with a brush 
border and goblet cells.

Prismatic enterocytes contained the ovoid nuclei in their 
basal portion. Euchromatin predominated in the nuclei and

several nucleoli were visualized. Peripheral condensed heter
ochromatin was revealed in the form of lumps, located circu
larly on the periphery of the nucleus. A granular endoplasmic 
reticulum was located near the nucleus. The Golgi complex 
was located above the nucleus, and its cisterns lay vertically 
relative to the enterocyte. Numerous mitochondria were 
located around the perimeter of the cell. Bumps of smooth 
endoplasmic reticulum, lysosomes and vesicles were displaced 
to the apical part of the cells and localized near' their terminal 
part. Among the enterocytes with a brush border in the villi 
and poorly differentiated enterocytes without a brush border 
in the crypts, the goblet cells, which are mucosal cells whose 
function is cyclical and associated with the accumulation and 
excretion of the secretory products into the intestinal lumen, 
were located. Goblet cells at different stages of the secretion 
had different structure and location of organelles. During 
the secretion phase, the nucleus with organelles was pressed 
against the basal surface of the cell. The Golgi complex and 
mitochondria were located near the nucleus; mitochondria 
were enlarged, light, with short cristae. During the excretion 
phase, the cell became narrow, its nucleus was diminished, 
and accordingly the cytoplasm was free from the granules of 
secretion. EC, ECL and P-cells were found in the epithelium 
of the duodenal mucosa. Notably, the electron microscopy 
study showed that endocrinocytes of the duodenum had a 
number of common features, which was expressed by the 
accumulation of secretory granules in the basal cytoplasm and 
the location of the Golgi complex in the supranuclear part, 
which primarily determined the morphological polarity of 
the endocrine cells. Endocrinocytes did not reach the lumen 
of the duodenum. They were located near the vessels of the 
blood microdrculatorybed, which determined the excretion 
through the basal or basal-lateral surface, which affected 
adjacent components.

On week 4 of the consumption of the complex of food 
additives, namely, monosodium glutamate, sodium nitrite 
and Ponceau 4R, edema was observed in the crypts, which 
led to dilatation of the venules of the mucous membrane, the 
wall of which was thinned; almost no blood corpuscles were 
determined in the lumen, endotheliocytes were flattened; 
on the adluminal surface the phenomenon of adhesion of 
leukocytes to the vascular wall was observed, blood plasma 
formed electronically transparent vacuole-like structures. 
The lumens of the capillaries were also dilated, with no blood 
corpuscles found. The vast majority of poorly differentiated 
exocrinocytes were identified in the crypts, the nuclei of which 
were mostly ovoid, sometimes with sporadic invaginations. 
The Golgi complex was poorly differentiated; it was located 
above the nucleus, surrounded by lysosomes and secretory 
vesicles, which moved closer to the nucleus. Cells were at the 
stage of differentiation into the Paneth cells. The Paneth cells 
were located at the bottom of the crypt sporadically or in clus
ters. They were characterized by a large orbicular nucleus with 
mitochondria located nearby; the Golgi complex was shifted 
to the basal part of the cell, the cisterns of the endoplasmic 
reticulum were dilated in the basal parts of the cell. EC-cells 
were located among the columnar epitheliocytes without a 
brush border in the crypt. The nucleus was orbicular. The
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Fig. 1a and 1b. Goblet cells, endocrinocytes and enterocytes with a brush border in the epithelium of Fig.2.Thedevelopmentofedemainthecrypts
villi and crypts of control rats. Electronogram. X8000 magnification. ofthemucousmembraneoftheratduodenum

after consumption of the complex of food ad
ditives. Electronogram. X6000 magnification.

Fig. 3: a. Lymphocyte in the epithelium of the crypt of the rat duodenum on week 8 of the experiment. Electronogram. X6000 magnification;
b. Macrophages and EC-cell in the crypts on week 8 of consumption of the complex of food additives. Electronogram. x6000 magnification;
c. Eosinophil next to the P-cell in the epithelium of crypts on week 8 of the experiment. Electronogram. X6000 magnification.

Fig. 4: a. Phenomena of apoptosis and segmentation of nuclei in the enterocytes of the epithelium of the crypts of rat duodenum on week 12 of the 
experiment. Electronogram. X6000 magnification; b. P-cells next to the enterocytes with deformed nuclei on week 12 of consumption of the complex 
of food additives. Electronogram. X6000 magnification; c. Differentiation of crypt epithelial exocrinocytes on week 16 of consumption of the complex of 
food additives. Electronogram. X6000 magnification.

endoplasmic reticulum had dilations and ruptures in some 
places, and the tubules were branched. The Golgi complex was 
located near the wall. Granules with endocrine secretion were 
deformed, of different diameters, in some granules a slight 
desolation was noted (Fig. 2).

From week 8 to week 12 of the experiment, local immu
nity was intense that was manifested by the appearance 
of numerous lymphocytes (Fig. 3a), macrophages (Fig. 
3b) and eosinophils (Fig. 3c) among the epithelial cells 
of the duodenum mucosa for the immune response and 
nonspecific inflammatory reactions. The Golgi complex 
with unchanged structure and large and orbicular nucleus 
was found among the Paneth cells above the nucleus, near

which mitochondria were located; the endoplasmic retic
ulum was unchanged and evenly surrounded the nucleus; 
the Paneth cells with apoptosis were also noted. The nuclei 
of these cells were deformed, s-shaped, were at different 
stages of karyopyknosis, the lumps of heterochromatin 
were large and located on the periphery of the nucleus. 
Numerous vacuoles were observed in the heterogeneous 
cytoplasm; dilatation and destruction of cisterns of the 
granular endoplasmic reticulum was observed (Fig. 3a).

EC-cells were elongated. Their nuclei were dark, bean
shaped and reached the basal part of the cytoplasm. Secretory 
granules were unevenly distributed, formed aggregations and 
bad a variety of shapes: from a bean-shaped to elongated oval.
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The cytoplasm showed high electron density. According to all 
available indicators, the cells were at the stage of hypertrophy 
and hypersecretion, because due to the negative effect of the 
complex of food additives, the intestine responded byreleas
ing large amounts of mucus as a protective reaction to the 
direct action of chemicals on the mucous membrane affected 
by serotonin produced by EC -cells. Exocrinocytes had an 
electronically tr ansparent cytoplasm and showed no granules 
with secretory products; mitochondria were diminished and 
arranged in clusters (Fig. 3b).

On week 12, the electron microscopy study of exocrinocytes 
of the intestinal glands showed signs of apoptosis at different 
stages of manifestation. The nuclei were deformed, in some 
cells segmentation of nuclei and disappearance of nucleoli 
was observed. The cytoplasm was granular and contained a 
large number of electron-transparent vacuoles. The number 
of mitochondria was reduced, they showed polymorphism 
and were diminished (Fig. 4a). The findings of the electron 
microscopy study showed that on week 12 of the experiment, 
an increase in the number of P-cells among the cellular rep
resentation of the crypts of the rat duodenum was noted. 
These cells were a population with small granules. In their 
cytoplasm, the nuclei were elongated, occupying almost the 
entire volume of cells. The granular endoplasmic reticulum 
was well developed, located in the supranuclear zone near the 
Golgi complex, with very small cisterns. In the cytoplasm, 
the fine orbicular granules, with a light border were found. 
These granules contained bombesin, which is known to affect 
the secretion and contraction of smooth myocytes (Fig. 4b).

At the end of the experiment, in the epithelial cells of the du
odenal mucosa an increase in the differentiation of exocrino
cytes due to compensatory-restorative responses of the body 
to the action of alternative factors was noted. The cells had 
orbicular nuclei, but with a predominance of heterochromatin 
in the nucleus; an increase in the number of mitochondria in 
the cytoplasm was detected, but they were small in size and 
located in clusters. Lysosomes and a small number of secre
tory granules were located around the nucleus. Polysomes 
were found in the cytoplasm, which indicated an increase in 
the protein synthesis to build structural components of cells; 
granular endoplasmic reticulum fine cisterns were located in 
the perinuclear space; the Golgi complex was located above 
the nucleus. It should be noted that at the electron microscopy 
level, the cells with deformed nuclei and areas of desolation 
in the cytoplasm were noted next to the cells at the stage of 
differentiation, which indicated parallel processes of dystro
phic changes of crypt epithelial cells and apoptosis (Fig. 4c).

DISCUSSION
Thus, the findings of the study of the ultrastructural orga
nization of the rat duodenal mucosa have been found that 
the epithelial cells of the villi consisted, in the vast majority, 
of prismatic enterocytes with a brush border. The cells with 
striated border with many microvilli were found on their 
apical surface. The goblet cells were located sporadically 
between the columnar epitheliocytes with and without a 
striated border. Columnar epitheliocytes without a brush

border predominated in the epithelial lining of the crypts, 
at the bottom of which the Paneth cells were located. Spo
radic endocrine cells were detected throughout the intestinal 
glands: EC, ECL, and P-cells, which had a number of com
mon features, namely, aggregation of the secretory granules 
in the basal parts of the cytoplasm and the Golgi complex 
was located in the supranuclear part, which determined the 
morphological polarity of endocrinocytes. The nuclei were 
light, ovoid and reached the basal part of the cytoplasm. 
Secretory granules were evenly distributed and had a variety 
of shapes: from elongated oval to bean-shaped. The lamina 
propria is represented by loose fibrous unformed connec
tive tissue with microcirculatory vessels, namely, arterioles, 
capillaries and venules, which allows us to conclude that 
the mucous membrane of the rat duodenum corresponds 
to that in humans and can be used in the experiments to 
obtain reliable findings. Consumption of the complex of food 
additives due to direct immediate action of chemicals at the 
early stages of the experiment led to the spasm of exchange 
and resistance sections [ 15], to which the mucous membrane 
responded by nonspecific inflammation with subsequent 
edema and electi on microscopy study revealed the following 
signs: the nuclei of epithelial cells with striated border had 
an oval, sometimes irregular shape with invaginations, the 
endoplasmic reticulum was partially visualized, with a poorly 
pronounced Golgi complex. Secretory granules of goblet cells 
had desolations and deformations. The nuclei were displaced 
closer to the basement membrane, and the Golgi complex 
was located between the nucleus and the mucous secretion, 
the endoplasmic reticulum was compacted. The nuclei of 
endocrinocytes were more oval in shape and in the vast 
majority deformed. The Golgi complex was located closer 
to the basement membrane. The endoplasmic reticulum was 
enlarged and ruptured in some places, with branched tubules. 
The granules with the secretory products were deformed, in 
which a slight desolation was noted. Changes in the vessels 
of the blood microcirculatory bed were noted, manifested 
by dilation of the venules of the lamina propria of the mu
cosa, with the adhesion of leukocytes to the vascular wall, 
blood plasma formed electronically transparent vacuole-like 
structures, capillary lumens were also dilated, with no blood 
cells found. The above changes indicated the development 
of edema and the activation of the local protective barrier, 
which was confirmed on the electrograms by the presence of 
macrophages and lymphocytes among the epithelial cells, and 
the presence of eosinophils (Fig. 3c), indicating a nonspecific 
allergic immune response, apparently caused by the presence 
of the Ponceau 4R colorant. Subsequently, there were signs 
of dystrophic changes in the epithelial cells of the duodenal 
mucosa, which was manifested by destructuring of the cyto
plasm of the cells, deformation of the nuclei and the presence 
of various vacuoles. The phenomena of karyopyknosis in 
the Paneth cells and invaginations in the nuclei of columnar 
epitheliocytes indicated the presence of apoptotic manifes
tations. At the end of the experiment, adaptive mechanisms 
did not lead to complete recovery, which on the electrograms 
was manifested by file phenomena of cell differentiation with 
adjacent cells at different phases of apoptosis.
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CONCLUSIONS
Consumption of the complex of food additives led to 
general ultramicroscopic changes in the mucous mem
brane of the rat duodenum, triggering the morphological 
mechanisms of nonspecific inflammation in the form of 
dystrophic changes and the development of apoptosis. The 
adaptive mechanisms do not lead to complete restriction 
of the alternative and intensification of the reparative pro
cesses, which at the end of the experiment was expressed 
by the presence of dystrophic changes in the epithelial cells 
and the phenomena of apoptosis.
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