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Abstract
Background: Literature data on the effect of methionine on functional activity and,
especially, on morphological changes in the liver parenchyma in animals of different ages are

sporadic, and research results are often ambiguous.
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Aim: The purpose of this work was to study and compare the morphofunctional
changes in the liver of rats of different ages on prolonged administration of L-methionine.

Material and Methods: The experiment was performed on 48 male Wistar rats of 3
and 15 months of age. Animals of the experimental group received L-methionine at a dose of
250 mg/kg body weight in addition to the standard diet, daily for 21 days. Histological
preparations were prepared from liver tissue by a standard technique. Morphometry was
performed on digital images using the computer program «Image J». Succinate
dehydrogenase activity and protein concentration were determined in the suspension of
hepatocyte mitochondria.

Results: It was revealed that 21-day administration of L-methionine to rats led to
hypertrophy of the hepatocyte nucleus, an increase in the nuclear-cytoplasmic ratio, the
number of binuclear hepatocytes, and the nucleolus in the cell nucleus. The relative area of
the sinusoids network increased by 50% in 3-month-old animals. This indicated a better blood
filling of the liver parenchyma. The increase in succinate dehydrogenase activity and protein
concentration was revealed in the suspension of hepatocyte mitochondria of the experimental
rats. This indicated an increase in the mitochondria energy potential and protein-synthetic
activity.

Conclusions: The administration of prophylactic doses of methionine to healthy rats
leads to the appearance of pronounced morphological and functional signs of increased
activity of hepatocytes. The severity of this effect has a distinct age-dependent character. In
young rats, it is more pronounced than in mature rats. The results of the study are important
for practical medicine when using methionine for therapeutic and prophylactic purposes.

Key words: methionine; liver.

Introduction

The essential amino acid methionine is one of the hepatoprotectors with a wide range
of action on the liver and metabolic processes in other organs and tissues. It plays a central
role in the amino acids metabolism, since it serves as a source of formation of other amino
acids and peptides that take part in many biochemical reactions [1, 2].

It has been proven that methionine does not allow the accumulation of fat in the liver,
cleanses it of toxins and harmful substances. In addition, methionine helps the liver to
metabolize fats in the body. Methionine and various drugs based on it are widely used in

practical medicine in the treatment of patients with liver diseases such as: hepatitis, hepatosis,
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cirrhosis, intoxication, dystrophic changes. L-methionine activates the processes of
regeneration of damaged liver tissue [3, 4].

Methionine acquires its full therapeutic potential after it is converted in the body to S-
adenosylmethionine (SAMe). The liver is the organ in which about 50% of the total
methionine in the body is metabolized. It is in the liver methionine is converted into SAMe,
which is necessary for the methylation of a large number of substrates. In the presence of
pathology in the liver, the transformation of methionine into SAMe decreases, which has a
negative effect not only on it, but also on other organs. Deficiency of methionine in the body,
and, as a consequence, a violation of the formation of SAMe, can be observed with
malnutrition, alcohol abuse, medication, intoxication, etc. [5, 6]. It has been shown that in
mice prolonged nutritional deficiency of methionine led to a decrease in SAMe levels and the
development of steatohepatitis, liver obesity, mitochondrial dysfunction, hepatocellular
damage, inflammation, fibrosis, and the development of hepatocellular carcinoma [7, 8].
Therefore, maintaining the homeostasis of methionine is important for the prevention of liver
disease [5]. At the same time, the use of high doses of methionine, on the contrary, increases
the risk of liver damage due to its accumulation in hepatocytes and the development of
homocystenemia.

Literature data on the results of experimental studies of the effect of methionine on the
morphofunctional state of the liver parenchyma are often ambiguous [9, 10]. This may be due
to differences in the dosage and duration of methionine administration, as well as to the use of
animals of different ages in experiments. It is known that the liver, like other organs, reacts
differently to the same influences in the process of ontogenesis. Age-related susceptibility of
this organ to the action of methionine is no exception. At the same time, until now there is no
unanimous opinion about the peculiarities of the effect of this amino acid on
histomorphological and biochemical changes in the liver in animals of different ages.
Therefore, in order to compare and analyze the age-related reactivity of the liver after the
administration of methionine we took rats of different age groups into the experiment.

Purpose of work

The aim of this work was to study and compare morphofunctional changes in the rats
liver of different ages after methionine administration.

Material and methods

The study was carried out on 48 male Wistar rats at the age of 3 and 15 months. The
rats were divided into 4 groups (12 animals each): I and Il — control 3 and 15 month old

animals, 1l and 1V — experimental young and adult rats, respectively. The rats of the control
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group received 240-250 mg / kg of methionine, which was included in the standard diet. The
experimental rats received an additional oral dose of L-methionine at the rate of 250 mg / kg
body weight. Thus, the total amount of methionine that the experimental animals received
was ~500 mg / kg of body weight. Such a dose of methionine can be considered as a
prophylactic one, since it does not lead to a significant increase in its content in the body and
the occurrence of homocystenemia, but is sufficient to correct a possible deficiency of an
amino acid in the body to the values of the physiological norm. Animals of all groups were
kept in standardized conditions with a standard diet. The experiment lasted 21 days.

The rats were removed from the experiment by decapitation under ether narcosis. All
research protocols corresponded to the provisions of the Council of Europe Convention on
Bioethics (1997), the Helsinki Declaration of the World Medical Association (1996), the
European Convention for the Protection of Vertebrates, which are used for experimental and
other scientific purposes (Strasbourg, 1985), the general ethical principles of animal
experiments, adopted by the First National Congress of Ukraine on Bioethics (2001), as well
as a committee with biomedical ethics of the Bogomoletz Institute of Physiology, National
Academy of Sciences of Ukraine.

We used histological, morphometric, biochemical and statistical research methods.
Histological preparations of liver tissue were prepared according to a standard procedure:
fixed in Buen's liquid, dehydrated in spirits of increasing concentration and dioxane and
poured into paraffin. The obtained preparations were used for morphological and
morphometric studies. The sections were stained with Bemer's hematoxylin and eosin, and for
the detection of connective tissue elements — by the Van Gyzon method [8]. Microscopic
preparations were photographed on a microscope "Nikon Eclipse E100" (Japan) using a
digital camera. The morphometry of the preparations digital images was performed using the
computer program "Image J".

On histological sections of the liver, the average diameter, the cross-sectional area of
hepatocytes, their nucleus and cytoplasm were measured, the nuclear-cytoplasmic ratio was
determined, the number of mono- and binuclear cells was counted and the density of
hepatocytes per unit area was determined, the number of nucleolus was counted, measured the
distance between adjacent nucleus of hepatocytes. The number of hepatocytes was counted in
10 fields of view of the microscope (at 800 times magnification), the number of nucleolus was
counted per 100 nucleus of hepatocytes, the diameter and area were measured for each cell
with the determination of the average value relative to 100 cells. Using the method of

superimposing point morphometric grids, the relative area of the sinusoidal grid and the
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relative area of the liver parenchyma were determined. The Vizotto coefficient was calculated
— the ratio of the relative area of the sinusoidal grid to the relative area of the liver
parenchyma. On sections of the liver the number was counted and the density of placement of
connective tissue cells was determined. The ratio of the number of stromal cells to the number
of hepatocytes was determined [12, 13].

Mitochondria were isolated from the liver parenchyma by differential centrifugation.
In the suspension of hepatocytes mitochondria the activity of succinate dehydrogenase
(Stinger and Kearney method) and protein concentration (Lowry method) were determined.

Data analysis

Statistical processing was carried out using variation statistics methods using the
computer program Statistica 6.0. The normal distribution of digital arrays was verified using
the Pearson criterion. When the distribution was normal, the Student's t-test was used to
estimate the difference in the reliability of the difference between the control and
experimental groups. Differences were considered significant at p < 0.05.

Results

No significant structural differences were found in the liver of control rats of different
ages. However, in mature rats, a distinct tendency towards a decrease in the relative area of
the parenchyma and the number of nucleous in the hepatocyte nucleus was noted. At the same
time, such indicators as the number of binuclear hepatocytes, the ratio of binuclear
hepatocytes to mononuclear, as well as the relative area of sinusoids and the Vizotto
coefficient were slightly higher in them than in young rats.

The liver parenchyma of rats of both groups, after the end of methionine
administration, retained its structure. Hepatocytes were predominantly of medium size with
well-defined contours. The nucleus had a rounded shape and was located in the center of the
cell. The structural boundaries of the lobules were poorly discernible, which is characteristic
of this animal species. Interlobular connective tissue was poorly expressed (Figure).

In the liver of rats treated with L-methionine a slight tendency towards a decrease in
the diameter, cross-sectional area of hepatocytes and their cytoplasm was observed. The area
of the nucleus of hepatocytes in animals, on the contrary, increased by 7% (at 3 months) and
18% (at 15 months; p < 0.05) compared with the control. This led to a significant increase in
the nuclear-cytoplasmic ratio by 16% in young animals and by 33% in adult rats. The state of
the nucleolus apparatus is an important informational indicator of the functional activity of
hepatocytes. In 3- and 15-month-old animals treated with L-methionine, there was a

significant increase in the number of nucleolus by 17% and 28%, respectively (Table 1).
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Figure: Microphotograph of the liver in control (a) and experimental (b) rats of 3 months of
age. Van Gieson color. x800

Table 1. Morphometric parameters of the liver parenchyma (M £ m; n = 12)

Index 3 month old rats 15 month old rats

Control Experience Control Experience

Relative parenchyma area,% | 93.8£0.6 90.7 £ 0.8 91.4+1.1 91.0£0.7

Average diameter of the 16.6 £ 0.3 152+ 0.4 15.9+0.6 15.5+0.3

hepatocyte, um

Area, pm?

hepatocyte 258.2+124 | 241.2+11.0 | 260.9£17.9 240.7+8.8

nucleus 329+09 351+10 33.2£1.7 39.1+1.6*

cytoplasm 225.3+11.2 | 206.1+9.8 | 227.7£15.3 201.6£10.7

Nuclear cytoplasm. ratio 0.146 + 0.005 |0.170 + 0.004*| 0.146+0.005 | 0.194+0.006*

Number of hepatocytes (for

23000 um?), pcs

general 66.3+2.1 70.5+2.6 66.5+2.8 63.0+£2.3

mononuclear 64.6+19 67.2+25 64.0+2.9 60.1+2.3

binuclear 1.7+£0.3 3.3+0.2* 2.5+0.1 2.9+0.1*

The ratio of binuclear /

mononuclear hepatocytes 0.026 + 0.004 |0.049 + 0.003*| 0.039+0.004 | 0.048+0.005*

Density of  hepatocytes, 2.88 +£0.09 3.07+£0.11 2.89+0.13 2.74+0.22

pcs./1000 um?

Number of nucleolus in the 1.66 +0.06 | 1.95+0.05* 1.56+0.04 1.99+0.08*

hepatocyte nucleus, pcs

Distance between nucleus of | 9.0+0.1 7.9+0.1* 9.1+0.2 8.4+0.2

adjacent hepatocytes, pm

Here and in table 2 and 3 * - p < 0.05 — significant differences in compared with the control.

In the liver of experimental animals, the total number and the number of mononuclear

hepatocytes remained at the level of control values. At the same time, the number of binuclear

hepatocytes significantly increased by 94% (in 3 months old rats) and 16% (in 15 months old
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rats) compared to the control. This led to a significant increase in the ratio of binuclear /
mononuclear hepatocytes by 88% and 23% in the liver of young and adult rats, respectively
(Table 1).

The distance between the nucleus of adjacent hepatocytes in experimental rats was
12% lower (at 3 months; p < 0.05) and 9% (at 15 months) compared to the control (Table 1).
In our case, this is most likely due to the smaller area of the cell cytoplasm.

Normally, a small amount of connective tissue (CT) is located in the liver tissue of rats
in comparison with other organs. The stroma plays a supporting role for parenchymal cells
and lines the walls of blood vessels, lymph vessels and bile ducts. An important feature of CT
is its ability to grow and replace defects, "voids"”, that are formed in the parenchyma during
massive death of hepatocytes. The liver stroma includes connective tissue cells: fibroblasts,
Kupffer cells, Ito cells, phagocytes and Pit cells, which are located mainly in sinusoids. CT
also contains thinner branched collagen fibers that form a supporting network-like structure
between hepatocytes [14]. When the liver preparations were stained with 2% acid
picrofuchsin in combination with Weigert's iron hematoxylin, no significant differences were
found between control and experimental animals in the amount and intensity of staining of CT
elements (collagen and elastin fibers) in the liver. Most of the CT elements in the liver are
localized near the central vein and portal triads (Figure).

In the liver of 3-month-old rats, after the administration of L-methionine, a significant
increase (by 50%) in the relative area of the sinusoidal grid was revealed in comparison with
the control. This, in turn, led to an increase in the Vizotto coefficient by 52% (p < 0.05),
which may indicate a better blood filling of the liver parenchyma and the activation of the
trophic function of CT in it. As you know, sinusoids form a network of interconnected
vessels. The walls of sinusoids include cells of the reticuloendothelial system — endothelial
and stellate reticuloendothelial cells (Kupffer cells). Between the wall of the sinusoid, which
has numerous holes, and the surface of hepatocytes, there is the Disse space, through which
there is a continuous exchange of nutrients and compounds that are synthesized by
hepatocytes [14]. In the liver of young animals the total number and density of CT cells were
by 11% less than in the control values. The ratio of the number of CT cells to the number of
hepatocytes in these rats was significantly lower by 15% than in the control. The studied
parameters of CT in the liver of 15-month-old experimental rats did not change (Table 2).

In the suspension of hepatocytes mitochondria of young rats, after the administration
of L-methionine, a significant increase in the activity of succinate dehydrogenase by 23%

compared with the control was revealed (Table 3). In adult animals this indicator remained at
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the control level. Succinate hydrogenase is directly involved in oxygen metabolism and ATP
synthesis, and an increase in its activity indicates an increase in the energy potential of cell
mitochondria [15].

Table 2. Morphometric parameters of the connective tissue of the liver (M £ m; n = 12)

Index 3 month old rats 15 month old rats
Control Experience Control Experience
Relative area of sinusoids, % 6.2 +0.6 9.3+0.8* 8.6+1.2 9.0+0.7
\Vizotto coefficient 0.066 +0.008 | 0.10 + 0.01* | 0.094+0.010 | 0.099+0.008
Number of connective tissue
cells (per 23000 pum?), pcs 22.2+15 19.7+£0.9 21.3£2.4 20.0£1.2

Connective tissue cell density,
pcs./1000 pm? 0.97+0.06 | 0.86+0.04 | 0.9310.11 0.87+0.06

Relationships.  number  of
connective  tissue cells 0.33+£0.01 |0.28+0.01* | 0.33+£0.05 0.32+0.01
number of hepatocytes

Table 3. Succinate dehydrogenase activity and protein concentration in hepatocyte

mitochondrial suspension (M £ m; n = 12)

Index 3 month old rats 15 month old rats
Control Experience Control Experience
Succinate dehydrogenase| 97.2 +5.3 119.6 £ 6.4* 95.046.3 95.546.5
activity, nM/min /g tissue
Protein concentration, mg/g 39101 45+0.1*% 3.7£0.44 6.4+0.5*

Mitochondria have their own genetic material and systems for the production of their
own RNA and proteins [16]. We found that in the suspension of hepatocytes mitochondria of
3 and 15 month old rats, treated with L-methionine, the protein concentration significantly
increased by 15% and 73%, respectively, compared with the control (Table 3).

Discussion

Most of the existing literature data are devoted to clinical and experimental studies of
the effect of methionine on the state of the liver in a particular pathology and the effectiveness
of its use for the correction of existing disorders. At the same time, the question of the use of
methionine at the preclinical stages of the development of pathology or in healthy individuals,
as a means of pre-adaptation and increasing the body's resistance to the effects of various

unfavorable environmental factors, has been little studied. Until now, the question of how
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pronounced the effect of using methionine is to increase the functional activity of a healthy
liver in patients of different age groups remains open.

The results of our studies indicate that in the liver of healthy young and adult rats that
received L-methionine for 21 days (at a dose of 250 mg / kg), there is a tendency to a decrease
in the size of hepatocytes and their cytoplasm. But, at the same time, the area of the
hepatocytes nucleus, on the contrary, slightly increases, which leads to an increase in the
nuclear-cytoplasmic ratio. Nucleus hypertrophy primarily indicates an increase in the
functional activity of the cell [17]. To a lesser extent an increase in this indicator may indicate
the preparation of the cell for mitosis and an increase in the ploidy of hepatocytes, since the
number of tetraploid and octaploid cells increases during the regeneration process [18].

The results of our research showed that the number of binuclear hepatocytes
significantly increased in the experimental rats. Most authors believe that an increase in the
number of binuclear hepatocytes indicates an increase in the intensity of regeneration of the
liver parenchyma at the intracellular level due to polyploidization [19, 20]. The general
principle of regeneration is the restoration of the entire total tissue genome. This is achieved
either by dividing cells or by increasing genomes in a cell that has not divided.

An increase in the number of nucleolus was observed in the hepatocyte nucleus of
animals treated with L-methionine, which may also indicate the activation of the processes of
physiological regeneration of hepatocytes at the intracellular level. Since the main functions
of the nucleolus include the synthesis of rRNA, with which ribosome subunits are formed, it
is believed that hyperplasia of the nucleolus indicates an increase in the protein-synthetic
activity of hepatocytes [21].

An increase in the relative area of the sinusoidal grid and the Vizotto coefficient in 3-
month-old rats treated with L-methionine suggests an improvement in the blood volume of
the liver parenchyma and activation of the trophic function of the connective tissue in it.

An increase in the activity of succinate dehydrogenase and protein concentration in the
suspension of hepatocyte mitochondria in experimental rats also indicates an increase in the
energy potential of mitochondria and an increase in their protein-synthetic activity [15].

It was revealed that the positive effect on the liver from the additional administration
of methionine is more pronounced in young rats than in adults. As you know, with age the
body's response to drugs can change. In old and old age, the effect of the use of the drug can
both increase and decrease in comparison with young age. In relation to the results of our
studies, it can be assumed that the absorption of methionine from the intestine slows down

with age. It is also necessary to take into account the fact that the ability to activate
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methionine-dependent enzymes in an aging organism may also decrease, and the number of
receptors may decrease. Obviously, all this requires an age-dependent correction of the
standard doses of the drug, as well as further research in this direction.

The positive effect of the influence of methionine, or its derivatives has been identified
by other authors. A number of researchers have found that the administration of methionine
(at a dose of 35 mg / kg) for 9 days prevents functional and morphological changes in the
liver 5 days after the reproduction of the model of acute toxic hepatitis. This was expressed in
the improvement of the integral indicators of animals, the approximation of the indicators of
the activity of AST and ALT to the control values and a decrease in the phenomena of
cytolysis of the liver tissue [10]. It has been proven that the administration of methionine
counteracts changes in enzyme activity and morphological abnormalities in the liver when it
is damaged by sodium fluoride [22]. In the study of the animals liver, under conditions of
correction of steatosis with hepatoprotector ademetionine, it was found that changes in organ
structures are less pronounced than in animals that received a hypercaloric diet without
subsequent administration of the drug. The use of this methionine derivative prevents damage
to the structural components of the liver lobules, has a positive effect on the morphofunctional
state of the organ [23]. Other authors found that subchronic administration of methionine (0.8
mmol / kg, for 21 days) in rat liver caused periportal mononuclear infiltration and rare
necrosis of hepatocytes, intracellular edema [9]. It was revealed that a methionine deficiency
in food leads to severe steohepatitis, which is accompanied by liver fibrosis [24]. It has been
shown that methionine increases plasma cholesterol levels in animals and enhances its
synthesis in the liver. Rats that received 3.5 g / kg or more methionine had higher plasma
cholesterol concentrations. Hepatocytes incubated in media supplemented with 100 or 200
umol / L methionine also had a high level of cholesterol synthesis [25].

Conclusion

Thus, additional administration of prophylactic doses of methionine to healthy rats
leads to the appearance of morphological and functional signs of increased activity of
hepatocytes. The severity of this effect has a distinct age-dependent character. In young rats, it
is more pronounced than in adults. The age dependence of the positive effect of methionine
on the activity of hepatocytes should be taken into account not only when correcting clinically
pronounced abnormalities in liver function, but also when using methionine at preclinical
stages of pathology development and in healthy individuals, as a means of preadaptation and
increasing liver resistance to the possible effects of various adverse environmental factors.

The results obtained are not only of theoretical importance, but also of interest for practical
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medicine in solving the problems of complex treatment and prevention of chronic liver

diseases associated with insufficient liver function.
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