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ABSTRACT

The aim: The aim of the paper was the experimental study of the morphological features of albino rat hepatocytes after the consumption of the complex of food additives
(monosodium glutamate, sodium nitrite, Ponceau 4R) supplemented into the ration and consumed for four weeks.

Materials and methods: The study was performed on 30 outbred albino rats of both genders, weighing 204+0.67 g. The ration of the experimental animals, supplemented
with a combination of food additives, namely, monosodium glutamate, Ponceau 4R, sodium nitrate, was consumed for 1and 4 weeks. The study of the structure of hepathocytes
was carried out on traditional histological preparations and preparations stained with Best’s carmine.

Results: Supplementation of ration with the complex of food additives for one week showed the phenomena of fatty degeneration that dominated in hepatocytes, and in
a longer consumption of food additives in the ration (for four weeks), the number of liver cells with the phenomena of hydropic degeneration significantly increased, while
individual hepatocytes had signs of irreversible destructive changes.

Conclusions: Consumption of the complex of food additives supplemented into the standard ration of laboratory animals for 4 weeks leads to a significant change in the

dimensions of the liver cells, a decrease in their glycogen content, and a progressive increase in the number of hepatocytes with alterations.
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INTRODUCTION
The liver in the human body plays a key role in the metabolism
and, in addition, performs many other vital functions [1]. The
main cellular elements of the liver parenchyma are hepato-
cytes, which are involved in the metabolism of proteins, car-
bohydrates, cholesterol synthesis, detoxification and excretion
of a number of endogenous substances from the body [1,2].
Destructive changes in hepatocytes underlie the patho-
genesis of most liver diseases, and therefore, numerous
clinical and experimental studies are devoted to the mor-
phofunctional changes of the latter, developed under the
influence of various endo- and exogenous factors [3,4].
At the same time, current publications underestimate the
description of the structural and functional features of the
liver cells when various food additives are supplemented
into the ration. At the same time, on the basis of experi-
mental data, it has been found that the complex of food
additives (monosodium glutamate, Ponceau 4R, sodium
nitrate) supplemented into the ration leads to morpholog-
ical changes in some organs of the digestive system [5,6].

THE AIM
The experimental study of the morphological features of al-
bino rat hepatocytes after the consumption of the complex
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of food additives (monosodium glutamate (E621), sodium
nitrite (E250), Ponceau 4R (E124)) supplemented into the
ration and consumed for four weeks.

MATERIALS AND METHODS

The study involved 30 outbred albino rats of both genders,
weighing 204+0.67 g. All experimental studies have been
carried out in accordance with the Rules for the Humane
Treatment of Animals in accordance with the require-
ments of the Declaration of Helsinki of the World Medical
Association and in accordance with the general ethical
principles for working with experimental animals, which
were approved by the National Congress of Bioethics [7,8].

The animals were assigned into three groups (10 animals
in each). The animals of the first group (intact animals)
received regular ration, the animals of the second and third
(experimental) groups consumed the combination of food
additives, namely, monosodium glutamate, Ponceau 4R,
sodium nitrate, supplemented into the ration for 1 and 4
weeks, respectively.

After euthanasia under thiopentone anesthesia overdose
(200 mg/kg of the body weight), the liver was removed, the
fragments of which were fixed during the 24 hours in the
10% neutral formalin solution. The formalin-fixed mate-
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rial, after dehydration, was embedded into liquid paraffin
using the “Microm” station for pouring paraffin blocks
according to the standard technique. Sections of 5-7 um
thick were made from the paraffin blocks on the “Leica”
rotary microtome, which were stained with hematoxylin
and eosin according to the conventional technique and
Best’s carmine to detect glycogen [9,10].

The study of micropreparations and the determination
of morphometric parameters were carried out using the
Olimpus BX 41 microscope, equipped with a digital mi-
crophotographic attachment and a package of attached
licensed software.

RESULTS

The findings of the studies have shown that in the liver of
albino rats, hepatocytes were the main cellular elements
that form the parenchyma of the organ. In typical cases,
hepatocytes had distinct contours, a polygonal shape,
arranged in two layers, forming hepatic beams, radially
diverging from the central vein and separated from each
other by intralobular sinusoidal capillaries (Fig. 1). The
morphometry has established that the average length of
hepatocytes of intact animals was 24.79+1.67 pm; the
average width was 17.42+1.11 um. The average area of the
liver cells was 432.5+40.93 pm?, respectively. The average
diameter of the nuclei was 7.61+0.25 um, the average area
of the nuclei was 45.46+3.06 um?®. The liver cells contained
one or two orbicular nuclei. The relative number of binu-
clear hepatocytes was (20.59+3.16) %. Insufficient number
of liver cells with dystrophic changes was found (Fig. 1).

The use of stain for glycogen made it possible to identify
three subpopulations of hepatocytes. The most numerous
were hepatocytes with a moderate content of glycogen
and they generally occupied the intermediate sections
of the hepatic lobules; liver cells with a small amount of
glycogen granules in the cytoplasm, which were located in
the periphery of the hepatic lobules were somewhat less
common. The fewest were hepatocytes with a significant
content of glycogen and they were localized mainly in the
central parts of the hepatic lobules.

The consumption of the complex of food additives supple-
mented into the ration of the animals for one week showed
that the histological structure of the liver did not undergo any
significant changes, and there were no noticeable changes in
the metric parameters of the liver cells. The average length
and width of the latter was 24.26+2.51 um and 17.07+1.49,
respectively. The area of hepatocytes also did not significantly
change and accounted for 417.5+78.19 um?, respectively. More
significant changes were observed in terms of the size param-
eters of the nuclei, the diameter of which was 8.5+0.28 pm,
the average area was 56.6+3.38 pm”. The relative number of
binuclear hepatocytes significantly decreased, compared to
the control animals, accounting for (14.53+3.20) %.

In the described experimental group, hepatocytes with
dystrophic changes were detected; their total number
accounted for 3.7%. At the same time, among the latter,
cells with morphological signs of fatty degeneration, which
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had a dust-like or small-drop appearance, predominated.
Changes characteristic of hydropic dystrophy were ob-
served much less frequently in the liver cells.

In addition to the cells described above, we have found
liver cells in a small amount with intensely stained, ho-
mogeneous cytoplasm, so called “dark hepatocytes”. These
cells, in addition to the indicated tinctorial features, were
characterized by an irregular polygonal shape, variable linear
dimensions, an intensely basophilic swollen homogeneous,
often pycnotic nucleus. Quite often, such hepatocytes did
not have distinct visual contacts with adjacent liver cells,
forming hepatic beams. This morphological picture allowed
us to consider these cellular elements as hepatocytes, which
were at the initial stages of the development of irreversible
alterations. Similar cells were found in the subcapsular and in
the central portions of the liver and were located mainly on
the periphery of the hepatic lobules, near the triads (Fig. 2).

In the animals of the experimental group the number of
hepatocytes containing a significant amount of glycogen
significantly decreased, compared to the control animals,
while the number of liver cells with low glycogen content,
on the contrary, increased significantly.

The consumption of the complex of food additives sup-
plemented into the ration of the animals for four week led to
significant increase in the size of liver cells, the average length of
which was 24.9+1.11 pm, the average width was 19.5+0.87 um,
and the average area, was 484.8+43.08 um?, respectively.

The metric characteristics of the nuclei in this group, on
the contrary, did not significantly differ from the control
values. The average diameter of the nuclei of hepatocytes
in this experimental group was 7.8+0.33 um, the area was
47.8+4.06 pm®. The relative number of binuclear hepato-
cytes (15.47+1.52) % was almost the same compared to the
previous experimental group.

As previously described, along with hepatocytes with
a typical structure, we occasionally detected liver cells
with dystrophic changes. The total number of the latter
increased significantly and accounted for 8.6% of the entire
population of the liver cells. At the same time, the number
of hepatocytes with the phenomena of hydropic dystrophy
increased markedly, while the number of the liver cells with
fatty degeneration, on the contrary, decreased. It is quite
possible that a significant number of hepatocytes with the
phenomena of hydropic dystrophy along with swelling of
the cytoplasm, causes the previously described change in
the metric characteristics of liver cells.

In this experimental group, “dark hepatocytes” were also
constantly detected, the morphological features of which
were described earlier. The number and nature of the lo-
calization of the latter in the hepatic parenchyma did not
change significantly (Fig. 3.).

Hepatocytes containing a small amount of glycogen were
located on the periphery of the lobules, near the hepatic
triads, forming the group clusters. Periodically, similar
hepatocytes were also found in the intermediate parts of the
hepatic lobules, where they tended to be solitary. The total
number of described cells slightly increased, compared to
the previous group.
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Fig. 1. The structure of the liver of intact albino rats. H&E stain. Objective
lens: <40 magnification, ocular lens: 10 magnification.

1 — central vein; 2 — intralobular sinusoidal capillaries; 3 — mononuclear
hepatocytes; 4 — binuclear hepatocytes; 5 — cells of sinusoid capillaries.

Fig. 2. The structure of the liver of albino rats (combined exposure to the
food additives for 1 week). H&E stain. Objective lens: x40 magpnification,
ocular lens: <10 magpnification.

1 — hepatocytes with dystrophic changes; 2 — “dark hepatocytes”;
3 — branch of the hepatic vein; 4 — hepatic sinusoids with blood cells

The liver cells containing a moderate amount of glycogen
granules occupied mainly the intermediate parts of the
hepatic lobules, their number did not significantly change
compared to the control animals and the previous exper-
imental group. The number of hepatocytes containing a
significant amount of glycogen granules in the cytoplasm
significantly decreased; similar to the previous groups they
were located in the center of the hepatic lobules.

DISCUSSION

The findings of the study show that the complex of food
additives (monosodium glutamate, sodium nitrite, Pon-
ceau 4R) supplemented to standard ration of laboratory
animals leads to noticeable morphological changes in the
liver parenchyma.

2 : , "
Fig. 3. The structure of the liver of albino rats (combined exposure to the
food additives for 4 weeks). H&E stain. Objective lens: x40 magnification,
ocular lens: x10 magnification.
1 — dark hepatocytes; 2 — hepatocyte with the phenomena of hydropic
dystrophy; 3 —enlarged hepatocytes; 4 — hepatic sinusoids with blood cells.

The most significant changes should be considered a
change in the metric characteristics of the liver cells, a
decrease in their glycogen content and a progressive in-
crease in the number of hepatocytes with alterations. At
the same time, consumption of the complex of food addi-
tives supplemented into the ration for one week led to the
phenomena of fatty degeneration, and a longer term of its
consumption (for four weeks) showed that the number of
liver cells with morphological features, that are character-
istic of hydropic degeneration, noticeably increased. Such
changes in the liver occur under the influence of a number
of endogenous pathogenic factors, and in some cases may
be reversible [11]. The occurrence of “dark hepatocytes”
should be assigned to alterations of the liver cells, which, in
our opinion, are cells with irreversible destructive changes.

An increase in the size of the liver cells revealed by mor-
phometric studies can be both a consequence of dystrophic
changes and a manifestation of the compensatory process
associated with an increase in the functional activity of
these cellular elements.

CONCLUSIONS

Consumption of the complex of food additives supple-
mented into the standard ration of laboratory animals for
4 weeks leads to a significant change in the dimensions of
the liver cells, a decrease in their glycogen content, and a
progressive increase in the number of hepatocytes with
alterations.
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