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Abstract

The aim of this work was to study the lungs respiratory part in rats of different ages after
methionine administration. The experiments were conducted on 48 male 3 and 15 months old
Wistar rats. Animals received 250 mg/kg of methionine daily for 21 days. Lungs tissue samples
were taken at the end of the experiment. We used histological, morphometric, biochemical and
statistical research methods. It was found that in the lungs of 3-month experimental rats, the
area of the alveolus (in 19%) and the relative area of air spaces (in 11%) decreased, and the
relative area of the parenchyma and stroma — increased (in 16%) at the end of the experiment.
Elevated levels of hydroxyproline in the lung tissue of these rats may indicate an increase in the
number of connective tissue elements. In 15-month-old animals treated with methionine the
morpho- and biochemical signs of improvement in the functional capabilities of the lungs were
observed. Thus, the administration of methionine with young rats reduces the activity of the
lungs, and the adult animals, on the contrary, increases.

Introduction

Amino acids are structural units of proteins, but also have their own
biological roles as active substances, that are not fully discovered yet. The
irreplaceable sulfur-containing amino acid methionine, which occupies
a central place in amino acid metabolism, is of particular interest in this
regard (BROSNAN et al. 2007).
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Methionine has a wide range of effects on metabolic processes in the
body. It is essential for cell proliferation, in particular for protein and RNA
synthesis (GELTINK and PEARCE 2019). The effect of methionine on the
cardiovascular, digestive, endocrine and other systems is well studied
(AISSA et al. 2017, LATIMER et al. 2018). But, at the same time, the effect
of methionine on the morphofunctional state of the lungs remains poorly
understood.

Most of the existing literature data are devoted to clinical and experi-
mental studies of the methionine effect on the lung condition in a particu-
lar pathology and the effectiveness of its use for the correction of existing
disorders (GNANADHAS et al. 2015, YOON et al. 2016). It was shown that
the levels of collagen and elastin transcription, as well as the content of
phosphatidylcholine, which is the main component of pulmonary surfac-
tant, decreased in mice on a methionine restriction diet. A lack of methi-
onine has been shown to alter significantly the lung response to cigarette
smoke, increasing the risk of inflammation (JUBINVILLE et al. 2020). Model
studies of chronic asthma have shown that S-adenosylmethionine
(a methionine derivative) protects mouse lung tissue from damage and
fibrosis by reducing oxidative stress (YOON et al. 2016). It was found that
methionine reduces the risk of developing lung cancer (TAKATA et al. 2012),
increases the effectiveness of antibiotic therapy for chronic infections of
the respiratory system (GNANADHAS et al. 2015). At the same time, a num-
ber of studies have shown that prolonged exposure to high doses of methi-
onine can lead to serious damage to elastic fibers and lung structure in
general (STARCHER and HILL 2005).

Of particular interest is the question of effectiveness of the use of
methionine to prevent the development of pathology or in healthy individ-
uals, as a means of preadaptation and increasing the body’s resistance to
effects of various harmful environmental factors (YANKO et al. 2020). Until
now, the question how the pronounced effect of using methionine to
increase the functional activity of healthy lungs, remains open.

The results of the use of methionine in experimental practice are sig-
nificantly influenced, on the one hand, by the dosage and duration of
methionine administration, and, on the other, by the age and sex of the
experimental animals. It is known that the lungs, like other organs, react
differently to the same influences in the process of ontogenesis. This fully
applies to age-related differences in the response of the lungs to the admin-
istration of methionine.

The aim of this work was to study the methionine effect on the lungs
respiratory part of healthy rats of different ages.
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Materials and Methods

Research object and experiment design

The study was conducted 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
IIT — control 3 and 15 month old animals, IT and IV — experimental 3 and
15 month old rats, respectively. Control rats received 240-250 mg/kg
methionine, which was included to the standard diet. The experimental
rats received an additional oral 250 mg/kg of body weight dose of methi-
onine (Sigma-Aldrich, Germany). 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 defi-
ciency of an amino acid in the body to the values of the physiological norm
(ZHANG et al. 2004). The animals received methionine together with the
cheese mass, with visual control of the complete consumption of the por-
tion. The control rats received a similar portion of the cheese mass without
methionine. Animals of all groups were kept in standardized conditions,
on a standard diet. The total duration of the experiment was 21 days.

The rats were removed from the experiment by decapitation under
ether narcosis. At the end of the experiment, the body and lung weights of
the rats were measured and the lung index was determined. All research
protocols corresponded to the provisions of the Council of Europe Conven-
tion on Bioethics (1997), the Helsinki Declaration of the World Medical
Association (1996), the European Convention for the Protection of Verte-
brates, 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 A. A. Bogomoletz Insti-
tute of Physiology, National Academy of Sciences of Ukraine.

Histological studies

Histological preparations of lungs 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 and
Mason method (KIERNAN 2015). Microscopic preparations were photo-
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graphed on a microscope “Nikon Eclipse E100” (Japan) using a digital
camera. The morphometry of the preparations digital images was per-
formed using the computer program “Image J”.

The mean diameter of the alveolar lumen, the depth and area of the
alveolus, the alveolus entrance width, the thickness of the interalveolar
septum, the diameter of the respiratory bronchioles, the alveolar courses
and sacs were measured on the lungs tissue histological sections. The rel-
ative area of parenchymal tissue, stroma, air spaces were measured and
their ratio was determined. Morphometric measurements were performed
on sections where the alveolar passages and alveolus are clearly visible
(WEIBEL 1964, YANKO et al. 2021).

Biochemical studies

For biochemical studies, a sample of lung tissue was washed with
saline from blood residues and dried to constant weight. The concentration
of total hydroxyproline in the lung tissue was determined photometrically
by oxidation of hydroxyproline with chloramine T (KLIMENT et al. 2011).

Data Analysis

Statistical processing was carried out using variation statistics meth-
ods using the computer program Statistica 6.0. The normal distribution of
digital arrays was verified using the Pearson criterion. When the distribu-
tion was normal, the Student’s ¢-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 and Discussion

Lung mass and lung index in 3-month-old rats, after methionine
administration, were at the level of control values. Whereas in 15-month-
old animals these indicators, compared with the control, were lower by
15% and 13% respectively. From this it follows that the lungs of adult rats
are more sensitive to the effects of methionine.

The lungs respiratory part (LRP) was represented by respiratory bron-
chioles (RB), alveolar courses (AC), alveolar sacs (AS) and alveolus. It is
difficult to identify structural differences between AC and AS in histologi-
cal sections, as well as the differences between peripheral RB and AC,
they is why they are generally considered to be the one group (Figure 1).
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Fig. 1. Micrograph of the lungs respiratory part in control (¢ — 3 months old; ¢ — 15 months old)
and experimental rats (b — 3 months old; d — 15 months old). Van Gieson staining, > 200
Note. Micrographs show a decrease in the size of the alveolus and the relative area of air spaces (1),
as well as in increase in the relative area of the parenchyma and stroma (2) in 3-month-old rats,
after the administration of methionine (b). In 15-month-old experimental animals, on the contrary,
the size of the alveolus, the relative area of air spaces (I) increased, and the relative area of connec-

tive tissue and parenchyma in the lungs (2) decreased (d).

Morphological differences in LRP structure of control rats of different
ages were revealed. Thus, in the lungs of 15-month-old rats, compared to
3-month-old rats, the area of alveolus was smaller by 20%, their depth —
by 13%. The thickness of the interalveolar septum was larger by 26%. The
relative area of the parenchyma and stroma was 17% larger and airspace
was 13% smaller. The concentration of hydroxyproline in the lungs tissue
of adult rats was 88% higher than in young animals (Table 1). This nature
of differences in the main morphometric parameters of LRP of young and
adult rats corresponds to the general pattern of decrease in the functional
activity of the lungs with age.

Morphometric parameters of LRP, after methionine administration,
depended on the age of the animals and changed in different ways. Thus,
in 3-month-old experimental rats, the average area of the alveolus was
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smaller than in control animals of the same age by 19%, their depth — by
13% and the width of the entrance to the alveolus — by 14%. In 3-month-
old rats, a significant increase in the relative area of the parenchyma and
stroma (by 16%), a decrease in the relative area of air spaces (by 11%) and
the ratio of the area of air spaces to the area of the parenchyma and stroma
(by 23%) were observed comparing to the control. This indicated a decrease
in the air content of the alveolus and deterioration in the conditions for the
processes of intrapulmonary gas exchange (Table 1).

Morphometric indicators of the lungs respiratory part (n = 12, M + m) fablet
3 month old rats 15 month old rats
Indicators
control |experience| control |experience
Mean diameter of alveolus lumen, pm 24.0+0.5 | 21.94+0.3 22.44+0.5 23.3+0.8
Cross-sectional area of alveolus [pm?] 746122 600+£23* | 600+£15** | 672+21*
Depth of alveolus [pm] 22.6+£0.6 | 19.6+0.7% | 19.7+0.9%* | 22.7+1.0%
Width of the entrance to the alveolus [pm] 13.5+0.4 | 11.6+£0.4* | 12.3+0.4 | 13.9+0.6*

Diameter of lumen of respiratory bronchioles,

63.1+2.9 | 58.1£1.5 67.8+2.1 | 68.8+2.7
alveolar courses and alveolar sacs [nm]

Thickness of interalveolar septum [pum] 3.4+0.1 3.2+0.2 4.3+0.1%* | 3.2+0.1*

Relative area of parenchyma and stroma [%] 41.8+1.7 | 48.4+1.1% | 49.1+1.7%* | 45.5+1.7

Relative area of air spaces [%)] 58.2+1.3 | 51.6+1.1* | 50.9+1.9** | 54.5+3.6

The ratio of the area of air spaces / the area

1.39+0.12 | 1.07+0.08* | 1.04+0.08%* | 1.20+0.07*
of parenchyma and stroma

*. p < 0.05 — significance of differences in comparison with control
** . p < 0.05 — significance of differences in comparison with the control of 3-month-old rats

The changes in the LRP of 15-month-old rats treated with methionine
were opposite. They were expressed as a significant increase in the area of
the alveolus (by 12%), their depth (by 15%), the width of the entrance to
the alveolus (by 13%); tendencies towards decrease in the relative area of
the parenchyma and stroma, as well as increase in the relative area of air
spaces in comparison to the control. This led to significant increase in the
ratio of the area of air spaces to the area of the parenchyma and stroma of
the lungs (by 15%). It should be noted that although the total area of the
alveolar surface increased after the administration of methionine, it never
went beyond the normal range and did not reach the size characteristic of
emphysematous state. The thickness of the interalveolar septum in
15-month-old rats, after the administration of methionine, significantly
decreased by 26% compared to the control animals (Table 1).
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As it is known, the interalveolar septum consists of the epithelial lay-
ers of the alveolus, subepithelial basement membranes, a network of blood
capillaries, as well as elastic, reticular and collagen fibers — its most pro-
nounced structural component (KNUDSEN and OCHS 2018). It is obvious
that a decrease in the thickness of the interalveolar septum, first of all,
can be associated with a decrease in the content of connective tissue ele-
ments in it — elastic, reticular and collagen fibers. Such changes in the
air-blood barrier lead to improved alveolar-capillary gas exchange. A sim-
ilar nature of changes in the morphometric parameters of LRP in adult
experimental rats, which were noted in our studies, may indicate improve-
ment in the conditions of intrapulmonary gas exchange and functional
activity of the lungs in general.

Staining by the Van Gieson method (KIERNAN 2015) revealed an
increase in the number of collagen fiber bundles in the LRP of 3-month-old
rats and decrease in adult animals. The majority of connective tissue ele-
ments was located around the RB, blood vessels, to a lesser extent, in the
interalveolar septum (Figure 1).

Determination of concentration of hydroxyproline, an amino acid
marker of collagen fibrillar protein, is often used to assess the condition of
the connective tissue of various organs (LI and WU 2018). We revealed
a significant increase in the concentration of total hydroxyproline (by 39%)
in the lung tissue of young rats treated with methionine. Concentration of
hydroxyproline in the lungs of 15-month-old rats, on the contrary, was by
35% lower (p < 0.05) than in control animals, that may indicate violation
of the dynamic balance between the processes of collagen catabolism and
biosynthesis (Figure 2). The multidirectional nature of changes in the
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Fig. 2. Concentration of hydroxyproline in the lungs tissue in control and experimental rats
* p < 0.05 — reliability compared to control
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concentration of total hydroxyproline in the lung tissue indicates the
predominance of collagen catabolism processes and decrease in relative
mass of connective tissue in the lungs of adult rats and, on the contrary,
increase in its mass in young animals. These data may be important to
explain the pathogenesis of disorders of the LRP.

The reasons of the identified age differences in the effect of methionine
on the LRP state require further study and clarification. As you know,
with age, a body’s response to drugs can change. In old age, the effect of
use of drug can both increase and decrease in comparison with young age.
It is also known that age-related decrease in metabolic rate leads to slow-
down in drug inactivation. The drugs can be contained in plasma in high
concentrations and for a longer time. It is also necessary to take into
account the fact that the ability to activate methionine-dependent enzymes
in an aging organism may also decrease, and the number of receptors may
decrease as well. Therefore, the amount of methionine supplied with
a standard diet may not be sufficient. At a young age, with a balanced diet,
methionine is quite enough, and its excessive administration leads to its
accumulation in the body, and as a consequence to adverse consequences
in the functioning of the lungs. Obviously, all this requires an age-depen-
dent correction of the standard doses of the drug.

To date, there is no information about the features of the effect of
methionine on the histomorphological and biochemical parameters of the
lung state in animals of different ages. Therefore, further detailed study of
the functions and mechanisms of the methionine effect on morphological
changes in the lungs is urgent.

Conclusions

Thus, the administration of an additional amount of methionine (at
a dose of 250 mg/kg) to standard diet of rats had different effects on the
LRP of rats of different ages. The nature and severity of changes in the
main histo- and biochemical parameters of LRP in 3-month-old rats indi-
cated decrease in its activity. This was evidenced by decrease in the size of
the alveolus and the relative area of air spaces, as well as in increase in
the relative area of the parenchyma and stroma. Increase in the concen-
tration of hydroxyproline in lung tissue of these rats may indicate increase
in the number of connective tissue elements, which may reduce the effi-
ciency of alveolar-capillary gas exchange. In 15-month-old animals treated
with methionine, on the contrary, morpho- and biochemical signs of
improvement in functional capabilities of the lungs were observed: the
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size of the alveolus increased, their depth, the width of the entrance to the
alveolus, the relative area of air spaces increased, the thickness of the
interalveolar septum and the concentration of hydroxyproline in the lungs
decreased. Such differences in the LRP response of young and old rats to
the administration of methionine should be taken into account when pre-
scribing methionine-containing drugs to people of different ages with
impaired lung function.

Translated by ROMAN YANKO AND MIKHAIL LEVASHOV
Accepted for print 16.11.2021

References

AI1SSA A.F., AMARAL C.L.D., VENANCIO V.P., MACHADO C.D.S., HERNANDES L.C., SANTOS PW.D.S.,
CURI R., BIANCHI M.L.P., ANTUNES L.M.G. 2017. Methionine-supplemented diet affects the
expression of cardiovascular disease-related genes and increases inflammatory cytokines in
mice heart and liver. J. Toxicol. Environ. Health A., 80(19-21): 1116-1128, doi:
10.1080/15287394.2017.1357366.

BROSNAN J.T., BROSNAN M.E., BERTOLO R.F., BRUNTON J.A. 2007. Methionine: A metabolically
unique amino acid. Livestock Science, 112(1-2): 2—7, doi: 10.1016/].1ivsci.2007.07.005.

GELTINK R., PEARCE E. 2019. The importance of methionine metabolisme. Life, 8: e47221, doi:
10.7554/eLife.47221.

GNANADHAS D.P., ELANGO M., DATEY A., CHAKRAVORTTY D. 2015. Chronic lung infection by Pseu-
domonas aeruginosa biofilm is cured by L-Methionine in combination with antibiotic therapy.
Sci. Rep., 2(5): 16043, doi: 10.1038/srep16043.

JUBINVILLE E., MILAD N., MARANDA-ROBITAILLE M., LAFRANCE MA., PINEAULT M., LAMOTHE J.,
ROUTHIER J., BEAULIEU M.dJ., AUBIN S., LAPLANTE M., MORISSETTE M.C. 2020. Critical impor-
tance of dietary methionine and choline in the maintenance of lung homeostasis during normal
and cigarette smoke exposure conditions. Am. J. Physiol. Lung. Cell Mol. Physiol., 319(2):
L.391-1.402, doi: 10.1152/ajplung.00353.2019.

KLIMENT C.R., ENGLERT J.M., CRUM L.P., OURY T.D. 2011. A novel method for accurate collagen
and biochemical assessment of pulmonary tissue utilizing one animal. Int. J. Clin. Exp. Pathol.,
4(4): 349-355.

KNUDSEN L., OcHS M. 2018. The micromechanics of lung alveoli: structure and function of surfac-
tant and tissue components. Histochem. Cell Biol., 150(6): 661-676, doi: 10.1007/s00418-018-
1747-9.

LATIMER M.N., FREIJ K.W., CLEVELAND B.M., BIGA P.R. 2018. Physiological and molecular mech-
anisms of methionine restriction. Front Endocrinol., 9: 217, doi: 10.3389/fendo.2018.00217.

L1 P., WU G. 2018. Roles of dietary glycine, proline, and hydroxyproline in collagen synthesis and
animal growth. Amino Acids, 50(1): 29-38, doi: 10.1007/s00726-017-2490-6.

KIERNAN J.A. 2015. Histological and histochemical methods — theory and practice. Fifth Edition.
Scion Publishing Ltd, Banbury, UK.

STARCHER B., HILL C.H. 2005. Elastin defects in the lungs of avian and murine models of homo-
cysteinemia. Exp. Lung Res., 31(9-10): 873-85.

TAKATA Y., CAI Q., BEEGHLY-FADIEL A., L1 H., SHRUBSOLE M.J., J1 B.T., YANG G., CHOW W.H.,
GAO Y.T., ZHENG W., SHU X.0. 2012. Dietary B vitamin and methionine intakes and lung can-
cer risk among female never smokers in China. Cancer Causes Control, 23(12): 1965-1975,
do0i:10.1007/810552-012-0074-z.

WEIBEL E.R. 1964. Morphometrics of the lung Handbook of physiology. Respiration, 1: 285-307.



456 Roman Yanko et al.

YANKO R., CHAKA O., KOLOMIETS 1. 2020. Effect of methionine on morphological changes in the
lungs of young rats. Abstracts of VII International Scientific and Practical Conference. Lon-
don, Great Britain: 64—68, doi: 10.46299/ISG.2020.11.VII.

YANKO R., LEVASHOV M., CHAKA E., SAFONOV S. 2021. Morphofunctional state of the lungs respi-
ratory part in normotensive and hypertensive rats after combined exposure to intermittent hy-
poxia and melatonin. J. Educ. Health Sport, 11(1): 5668, doi: 10.12775/JENS.2021.11.1.006.

YOON S.Y., HONG G.H., KWON H.S., PARK S., PARK S.Y., SHIN B., Kim T., MOON H., CHO Y.S. 2016.
S-adenosylmethionine reduces airway inflammation and fibrosis in a murine model of chronic
severe asthma via suppression of oxidative stress. Exp. Mol. Med., 48(6): €236, doi:10.1038/
emm.2016.35.

ZHANG R., MA J., XIA M., ZHU H., LING W. 2004. Mild hyperhomocysteinemia induced by feeding
rats diets rich in methionine or deficient in folate promotes early atherosclerotic inflammatory
processes. J. Nutr., 134(4): 825-830, doi: 10.1093/jn/134.4.825.



