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AHHOTALMA

BsedeHue. ViccnefoBaHne MapKepoB OKMCIMTENbHOrO cTpecca, MeTabonutoB okcmpa asota (1) (NO,) m 6anaHca
(paKLUMI KAPHUTMHA B MUTOXOHAPMAX 3NUAUAMMMCA KPbIC MO3BOJIUT OLLEHUTb MPOTEKTUBHYIO Posib L-aprMHuHa B yCNoBUAX
3KCNEPUMEHTANbHOM FMUMNEepProMoLUCTEUHEMUN.

leno. W3yuntb BnMAHME L-aprMHMHAa Ha MoKasaTenn 3HepretTMyeckoro obmeHa, ypoBeHb MeTabonuto NO,
OKMCNUTENBHON MoAUPUKaLMK benKkoB 1 banaHc GppaKLMn KapHUTUHA B MUTOXOHAPUAX FOMOBKM M XBOCTA INMANAMMMCA
KPbIC B YCNOBMAX MMNEProMOLMCTEMHEMUM.

Mamepuansl u Memodsl. HvBoTtHeIM 1 rpynnbl (n = 8) Mogenuposanu TAxenylo runepromouuctemiemmio (ML)
MnyTeM BBeJEHWS CYCNeH3MmM MeTUOHMHA B o3e 1,5 r/Kr aBax[abl B AeHb B TeveHue 21 aHA ¢ gobasneHneM 1% MeTMOHMHa
B MUTbEBYK BOAY; Kpbicbl 2 rpynnbl (N = 8) noayyanu CycneH3MOHHYI0 OCHOBY 6€3 METWMOHMHA; MMBOTHBIM 3 rpynmbl
(n = 8) Ha poHe MeTMOHMHOBOM Harpysku ¢ 11 oHA no 21 aeHb exeJHEBHO BHYTPUMKENYA04HO BBOAMNW pacTBop L-apruHuHa
B po3e 500 Mr/kr; 4 rpynne (n = 8) HasHa4anu L-aprunumy B go3e 500 mr/kr B TeueHune 10 gHei; rpynna 5 (n = 8) cnyxkuna
KOHTPONEM AnA rpynnbl 4 1 nonyyana BHYTPUMKENYAOYHO NUTLEBYIO BoAy. B CbiBOpOTKe onpeaenAanM KoHUEHTpauuio
obwero romouuctenHa u NO,. B MuTOXOHAPManbHOW (paKLMM roMoreHaTa TKaHel anUAMAMMMUCA OLEHMBANKU YPOBEHb
oKMcnmuTeNbHO-MoanduLMpoBaHHbIX benkos (OMB), koHuenTpaumio NO,, naktata M ¢pakuMin KapHWUTWHA, aKTUBHOCTb
naktatgermaporenassl (J10I), cynepokcnamcmytassl (COM), H'-AT®asbl, cykumHaTaernaporenassl (CAN).

Pesynemamei. [TL| conposoxpaanack cHuxeHueM yposHA NO, B CbIBOPOTKE KPOBM M MUTOXOHAPUAX TKaHEe! rofnoBKM
nuanaummca. B MUTOXOHAPUAX TKaHel rofioBKM M XBOCTA 3NUAMAMMKCA HAbMIOAANOoCh BbIpaXKEHHOE CHUMKEHUEe BCeX
ppakumii KapHuTuHa, aktmeHocT JIAI, H*-AT®asbl, CAl, nosbiweHue aktmeHoct COL v ypoBHA OMB. L-apruHuH
Ha dpoHe MoaenuposaHuA [TL| yMeHbLLan BbIpaXeHHOCTb rMneproMoLMcTeMHeMIN, NpeaoTBpaLLan cHuMeHre yposHa NO,
B CbIBOPOTKE KPOBW W MONOBKE 3NMAMAMMKCA U CHUMKan copeprkaHne OMB MUTOXOHAPUI anuamManMuca.

3aknoyeHue. L-aprMHWMH NpU  COBMECTHOM BBEOEHWM C METMOHWMHOM CHUMKAET CTeneHb BblParKeHHOCTH
rUneproMouucTeMHeMmnn. TaKkKe MOLTBEPHKOEHO €ro MOJOMWUTENbHOE BAMAHME Ha POCT KOHLEHTPaUMM MeTabonmtoB
NO, CbiBOPOTKM KPOBM M MWTOXOHAPWIA 3NMMAMOMMMUCA B YCNOBUAX METMOHMHOBOW HarpysKu. L-apruHuu npoasnaet
aHTUOKCUOAHTHbIE CBOMCTBA, CHUXKaA BbIPAXKEHHOCTb OKMCIIUTENIBHOTO CTPECCa, BbI3BAHHOTO TMMEproMOLMCTEUHEMUEN.
lpoeMOHCTPUPOBaHbI Pa3nnyMA B afanTMBHOM OTBETE HA OKUCIUTENbHbIA CTPECC MUTOXOHAPUW FONOBKM M XBOCTa
anuManauMmca.
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ABSTRACT

INTRODUCTION: The study of markers of oxidative stress, metabolites of nitric oxide (Il) (NO,) and the balance of
carnitine fractions in mitochondria of rat epididymis, permits to evaluate the protective role of L-arginine in experimental
hyperhomocysteinemia.

AIM: To study the influence of L-arginine on the parameters of energy metabolism, level of NO metabolites, oxidative
modification of proteins and balance of carnitine fractions in mitochondria of the head and tail of rat epididymis in
hyperhomocysteinemia.

MATERIALS AND METHODS: In animals of group 1 (n = 8), severe hyperhomocysteinemia (HHcy) was modeled by
administration of methionine suspension at a dose of 1.5 g/kg twice daily for 21 days with addition of 1% methionine
in drinking water; group 2 rats (n = 8) received suspension base without methionine; animals of group 3 (n = 8) were
daily administered L-arginine solution at a dose of 500 mg/kg intragastrically against the background methionine load
from day 11 to day 21; group 4 animals (n = 8) were administered L-arginine solution of at a dose of 500 mg/kg for
10 days; group 5 (n = 8) served as a control for group 4 and received drinking water intragastrically. Concentrations of total
homocysteine and NO, were determined in serum. In the mitochondrial fraction of the homogenate of epididymis tissues,
the level of oxidatively modified proteins (OMP), the concentration of NO,, lactate and carnitine fractions, the activity of
lactate dehydrogenase (LDH), superoxide dismutase (SOD), H*-ATPase, succinate dehydrogenase (SDH) were evaluated.

RESULTS: HHcy was accompanied by reduction of the level of NO, in blood serum and mitochondria of epididymis
head tissues. In mitochondria of tissues of head and tail of epididymis, a marked reduction of all fractions of carnitine,
activity of LDH, H*-ATPase, SDH, increase in the activity of SOD and in the level of OMP were observed. With modeled
HHcy, L-arginine reduced the extent of hyperhomocysteinemia, prevented reduction of NO, level in the blood serum and
epididymis head and reduced the content of OMP of the epididymis mitochondria.

CONCLUSION: L-arginine introduced in combination with methionine, reduces the extent of severity of
hyperhomocysteinemia. The positive effect of L-arginine on increase in the concentration of NO, metabolites in blood
serum and mitochondria of epididymis in conditions of methionine load was also confirmed. L-arginine exhibits antioxidant
properties, reducing the severity of oxidative stress induced by hyperhomocysteinemia. Differences in the adaptive
response to oxidative stress of the mitochondria of the head and tail of epididymis were demonstrated.
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LIST OF ABBREVIATIONS

ADMA — asymmetric dimethylarginine

AGXT-2 — Alanine-Glyoxylate Aminotransferase 2
BCKDC — branched-chain a-ketoacid dehydrogenase complex
CrAT Il — carnitine acyltransferase Il

DDAH — dimethylarginine dimethylaminohydrolase
EDTA — ethylene diamine tetraacetate

HHC — hyperhomocysteinemia

IVF — in vitro fertilization

LDG — lactate dehydrogenase

NAD* — nicotinamide adenine dinucleotide oxidized
NADH — nicotinamide adenine dinucleotide reduced
NO — nitric oxide (1l)

NOS — nitric oxide synthase

INTRODUCTION

Currently, the increasing spread of fertility disorders
becomes one of the global healthcare problems [1]. According
to some authors, the peak of recorded fertility disorders
falls on the most able-bodied age of 35-44 years —
in 17.7% of cases in females and in 14.9% of cases in
males [2]. Here, the share of ‘male factor’ in 21.1 + 2.8%
of cases is the key factor of inability to conceive a child [3].

Male fertility is usually diagnosed on the basis of
quantitative and morphological criteria of spermatozoa,
which, however, do not permit to exactly predict the
probability of conception in patients with idiopathic infertility
and do not exactly predict the results of in vitro fertilization
(IVF) [3]. In this context, according to R. J. Aitken, et al., an
important role in evaluation of the function of spermatozoa
is played by investigation of markers of oxidative stress
(0S) and antioxidant protection [3, 4].

Among the probable causes of OS that may underlie
an oxidative damage to cells of the male reproductive
system, of importance is mitochondrial dysfunction
associated with excessive generation of reactive oxygen
species (ROS) by mitochondria, and with frustration of
antioxidant protection, which, in turn, causes imbalance of
the processes of redox-regulation of cell hemostasis [5-7].

It should be noted that antioxidants such as L-arginine,
L-carnitine, carotenoids, vitamins E, C and B9, coenzyme
Q, cysteine and acetyl-cysteine are currently considered
as potential therapeutic agents for the correction of
fertility disorders. However, to date, the results of their
application remain contradictory [7, 8]. In this regard, an
approach that takes into account the heterogeneity of the
causes of 0S seems promising, which reflects the need for
identification of biomarkers to personalize the therapy of
fertility disorders [9].
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NOx — total metabolites NO (Il)

0DU — optical density unit

OPM — oxidative protein modification

0S — oxidative stress

PRMTs — protein arginine methyltransferases
RAP OPM — reserve adaptive potential of oxidative protein modification
ROS — reactive oxygen species

SAH — S-adenosylhomocysteine

SAM — S-adenosylmethionine

SDG — succinate dehydrogenase

SDMA — symmetric dimethylarginine

SOD — superoxide dismutase

It has been established that L-arginine is characterized
by pronounced antioxidant activity manifested even in
conditions of the primary mitochondrial dysfunction [10],
and can reduce the extent of deficit of nitric oxide Il (NO)
synthesis and 0S induced by homocysteine [11], but the
mechanism of this process is not fully understood [12].

It is reported that epididymal dysfunction associated
with disorders in formation of the microenvironment for
spermatozoa, may be a significant factor of male infertility.
Moreover, each segment of the epididymis makes a
specific contribution to the microenvironment of the lumen,
but, nevertheless, the molecular mechanisms involved in
gaining mobility and the ability to fertilization, remain to a
large extent understudied [13]. Analysis of the content of
carnitine, markers of oxidative stress and mitochondrial
enzyme activity in experimental hyperhomocysteinemia
separately and in combination with L-arginine, will allow to
evaluate the specific response of tissues of the epididymis
to modeled pathological conditions [13, 14].

The aim of this study to the influence of L-arginine
on the parameters of energy metabolism, the level of
NO metabolites, oxidative modification of proteins, and
the balance of carnitine fractions in mitochondria of the
head and tail of the epididymis of rats in conditions of
hyperhomocysteinemia.

MATERIALS AND METHODS

The study was performed on male rats of Wistar line.
Experiments with animals were carried out in accordance
with the ‘European Convention for the Protection of
Vertebrates Used for Experimental and Other Scientific
Purposes’ (Strasbourg, 1986), Order of the Ministry of
Health and Social Development of the Russian Federation
No. 708n of 2010, August 23 ‘On Approval of the Rules of




460

ORIGINAL STUDY ARTICLES

Laboratory Practice’, and the statements of the Bioethical
Commission of Ryazan State Medical University of the
Ministry of Health of the Russian Federation (Protocol
No. 16 of 2018, November 06). The animals were kept in
standard vivarium conditions, for feeding they received dry
food ‘Chara’ (Assortiment-Agro, Russia) containing 0.7%
methionine-cystine recalculated for dry matter, all vitamins
of group B, including B6 — 28 mg/kg, B9 — 64 mg/kg,
B12 — 0.13 mg/kg.

The experimental animals were divided to 5 groups:

- group 1 (HHC, n = 8) — model of hyperhomo-
cysteinemia: rats with severe hyperhomocysteinemia
(> 100 pmol/l). For this, the animals were administered
25% methionine suspension at a dose of 1.5 g of
methionine (Sigma-Aldrich, USA) per 1 kg of body mass
intragastrically (through a gastric tube) twice daily within
21 days; additionally, instead of drinking water, rats
received 1% water solution of methionine with continuous
access to drinking bowls [15];

- group 2 (Tween, n = 8) — control of modeled
hyperhomocysteinemia: rats received suspension base
according to the same scheme, consisting of water,
tween-80 (Vecton, Russia) and starch (Vecton, Russia).
Drinking bowls for these animals were filled with ordinary
drinking water;

- group 3 (HHC + Arg, n = 8) — model of
hyperhomocysteinemia with the underlying administration
of L-arginine: the animals with hyperhomocysteinemia
(similar to group 1) were intragastrically administered
L-arginine solution (Sigma, CLLIA) on 0.9% NaCl at a dose
of 500 mg/kg daily in the intervals between introduction of
methionine suspension from the 11" to 21 day [16];

- group 4 (L-arginine, n = 8) — introduction of
L-arginine to healthy animals at a dose of 500 mg/kg daily
for 10 days;

- group 5 — control for group 4 (control, n = 8):
the animals received the same amount of drinking water
intragastrically instead of L-arginine solution, during the
same period as group 4.

The animals were withdrawn from the experiment in
the morning before meal. Under ether rausch anesthesia,
the animals with preserved breathing and heartbeat were
exsanguinated by crossing the abdominal aorta. After
that, the epididymis was extracted, washed in the medium
containing 0.25 M sucrose (Czech Republic, repackaged by
State Scientific Centre of Applied Microbiology, Russia),
0.001 M EDTA (Company Helicon, Russia) and 0.05 M
tris-buffer (pH 7.4) (Vecton, Russia), the head and tail
of the epididymis were separated and used in further
research [13]. A Potter homogenizer (Sartorius, Germany)
was used for homogenization.

The homogenates were centrifuged for 10 minutes
at 800 g to precipitate nuclei and undisturbed cells. The
supernatant was centrifuged for 15 minutes at 14,000
g on a refrigerated centrifuge K24D (Germany) [17]. The
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precipitate containing mitochondria was resuspended in
the isolation medium in the ratio of 1:9. To a part of the
mitochondrial suspension, Triton X-100 (Helicon Company,
Russia) was added at a final concentration of 0.02% to
destroy the membranes. All the procedures described
above were performed at temperature not higher than 4°C.
For further analysis there were used:

- blood serum in which the concentration of total
homocysteine and NO metabolites (NO,), that is, the total
nitrite and nitrate level, was determined;

- mitochondrial fraction with destroyed membranes
where oxidative modification of protein (OMP),
concentration of NO,, lactate, carnitine fractions, activity of
lactate dehydrogenase enzymes (LDG, EC 1.1.1.27) and of
superoxide dismutase (SOD, EC 1.15.1.1) were determined;

- mitochondrial fraction with undestroyed membranes,
where activity of H*-ATPase (EC 3.6.3.14) and succinate
dehydrogenase (SDG, EC 1.3.5.1) were determined.

Concentration of total homocysteine was determined
by enzyme-linked immunoassay using a commercial kit
(Axis Shield, Great Britain). The principle of the method
is based on reduction of protein-bound homocysteine to
free homocysteine which is enzymatically converted to
S-adenosyl-L-homocysteine, with its consequent enzyme-
linked immunoassay.

The total protein content was determined by Lowry
method using a reagent kit (Ekoservis, Russia) and
KFK-3-01 ZOMZ photocolorimeter (Russia).

The total level of NO metabolites (NO,) was
photocolorimetrically evaluated on Stat Fax 3200 analyzer
(Awareness Technology, USA) using Griss reagent (Neva
Reactiv, Russia) and vanadium chloride (lll) (AcrosOrganics,
USA) to determine the sum of nitrites and nitrates [18].

The concentration of lactic acid was determined
colorimetrically on Stat Fax 1900+ analyzer (Awareness
Technology, USA) by lactate oxidase method using a kit of
Diasys (Germany).

SDG activity was evaluated by spectrophotometric
method using the reaction of reduction of potassium
hexacyanoferrate (lll) to potassium ferrocyanide on
SF-2000 spectrophotometer (Russia). The activity of
the enzyme is proportional to the amount of reduced
ferrocyanide [17].

LDG activity was determined by decrease in the
concentration of NADH in the pyruvate reduction reaction
using a commercial kit (Diasys, Germany) on a Stat Fax
1900+ analyzer (Awareness Technology, USA).

The activity of H*-ATPase was evaluated by
Bodansky method through determination of the amount
of inorganic phosphate by the formation of ammonium
phosphomolybdate reduced by ascorbic acid to
molybdenum blue, the optical density of which is
proportional to the concentration of inorganic phosphate.
The measurement was carried out using a photocolorimeter
KFK-3-01 ZOMZ (Russia) [19].
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The total activity of mitochondrial SOD was evaluated
by inhibition of quercetin auto-oxidation reaction using
KFK-3-01 ZOMZ photocolorimeter (Russia) [20].

The OMP level was analyzed on SF-2000
spectrophotometer (Russia), with subsequent recalculation
of the area under the light absorption curve [21]. To
evaluate OMP, the level of carbonyl derivatives of oxidized
amino acid residues of proteins was determined by
reaction with 2.4-dinitrophenylhydrazine. The amount of
carbonyl derivatives of amino acid residues in proteins
was estimated by the area under the curve, divided
into rectangular trapezoids. The total amount of products
of spontaneous oxidative modification of proteins
(SP OMP) was expressed in optical density units (ODU)
per mg of protein (ODU/mg of protein) [21]. In parallel
with the determination of SP OMP, metal-catalyzed
oxidation (MC OMP) was determined in Fenton reaction,
which served as a parameter of the maximum possible
oxidative damage to protein molecules and was taken for
100%. Then the reserve-adaptive potential of oxidative
damage to mitochondrial proteins (RAP OMP) was
calculated, which was expressed in % as the ratio of
SP OMP/MC OMP. The lower the proportion of spontaneous
oxidation products (SP OMP), the higher the reserve-
adaptation potential (RAP OMP) [21].

The concentration of carnitine in the mitochondria
of rat epididymis tissues was determined on a Stat Fax
3200 analyzer (Awareness Technology, USA) by Wan L.
and Hubbard R. W. method (1998) based on the formation
of free CoASH that non-enzymatically reacts with
5.5-dithiobis-2-nitrobenzoate (dimethylarginine dimethyl-
aminohydrolase, DTNB) to form stained 5-thio-2-nitro-
benzoate, the staining intensity of which was measured
spectrophotometrically at A = 410 nm [22].

Statistical processing of the results was carried out
using Statistica 10.0 (Stat Soft Inc., USA). The graphs
were plotted using GraphPad Prism 9.0 (Graph Pad
Software, USA). The correspondence of the samples
to the normal distribution was checked using
Shapiro-Wilk test. The distribution was different
from normal, and therefore Kruskal-Wallis test and
Mann-Whitney test with a 2-stage correction for
multiple comparisons of Benjamin—Krieger—lecutelli or
Mann-Whitney test were used to identify differences
between independent groups in comparison of 2 groups.
The level of differences was considered statistically
significant with the probability of a null hypothesis about
the absence of differences p < 0.05.

RESULTS

Introduction of methionine in the diet of male rats for
21 days led to increase in the concentration of cysteine
in blood serum above 100 pmol/l which corresponded to
severe form of HHC (Figure 1). The developed HHC was
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accompanied by statistically significant reduction of NO,
in blood serum, which reflected deficit of nitric oxide
synthesis by vascular wall endothelium, induced in the
model.

Evaluation of NOx level in mitochondria of
homogenate of the epididymis head revealed reduction
of their concentration in comparison with the group
receiving only suspension base, and confirmed systemic
character of deficit of NO synthesis in a severe form of
hyperhomocysteinemia (Figure 2).

According to Figures 2 and 3, increase in
homocysteine concentration was accompanied by
pronounced increase in oxidative modification of proteins
in both the head and tail of the testicular appendage,
and by a significant increase in SOD activity by 220%
(p = 0.03) and 240% (p = 0.04), respectively, relative to
the control group. All this could evidence the occurrence
of 0S in the tissues of the epididymis in conditions of
hyperhomocysteinemia (Figures 2, 3).

In animals, there was also a decrease in the RAP
of oxidative modification only in the head of the
epididymis, which probably indicates lower resistance
of the head of the testis appendage of rats to oxidative
damage.

Along with a significant increase in the parameters
of the oxidative stress, there was also a decrease in
the activity of the studied enzymes involved in the
bioenergetic processes of mitochondria (SDG, H*-ATPase),
as well as an increase in the concentration of
mitochondrial lactate and a statistically significant drop
in LDG activity in the head of the epididymis (Figure 4).

The detected changes were accompanied by a
considerable reduction of the concentration of total
carnitine in mitochondria isolated from the homogenate
of epididymis tissue, by 270% (p < 0.001) in the head of
the epididymis, and by 300% (p < 0.001) in the tail of the
epididymis (Figure 5).

To note, we found a statistically significant strong
reverse correlation relationship between the level
of serum homocysteine and concentration of total
carnitine in the mitochondrial fraction in the head of the
epididymis (r = -0.74, p = 0.001); and moderate reverse
correlation relationship in the tail of the epididymis
(r=-0.61,p=0.012).

Oral administration of L-arginine to rats at a
dose of 500 mg/kg against the background model
of hyperhomocysteinemia led to a less pronounced
increase in serum homocysteine concentration, and also
to increase in the level of nitric oxide Il metabolites in
blood serum by 170% (p = 0.006) compared to animals
administered a suspension base, and by 80% (p < 0.001)
compared to the control level; in the mitochondria of
the epididymis head — by 82.8% (p = 0.006) compared
to the series with the administration of methionine,
and by 31% (p < 0.001) compared to the control values.
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Fig. 1. Concentration of NOx, homocysteine and free carnitine in blood serum of study groups of animals, Me [Q1; Q3].
Note: HHC — modeled hyperhomocysteinemia — group 1, Tween — group 2, modeled hyperhomacysteinemia with the underlying administration
of L-arginine — group 3. P-values with the accuracy of thousandths are given above the graphs.
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Fig. 2. Comparison of the levels of NO (II) metabolites and lactate of mitochondria in the study models, Me [Q1; Q3].
Note: HHC — modeled hyperhomocysteinemia — group 1, Tween — group 2, modeled hyperhomocysteinemia with the underlying administration
of L-arginine — group 3. P-values with the accuracy of thousandths are given above the graphs.
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No statistically significant changes in the content of NO
metabolites were found in the tail of the epididymis.

In modeling of hyperhomocysteinemia against the
background introduction of L-arginine, there was also
noted statistically significant reduction of the total
area under the curve of absorption spectrum of protein
oxidation modification products in both studied fractions
of epididymis. Besides, with a combined administration
of L-arginine and methionine, there was no significant
reduction of reserve-adaptation potential, like in the
series with hyperhomocysteinemia (Figure 3).

Along with this, in administration of L-arginine
to animals with modeled hyperhomocysteinemia, the
activity of SDG and H*-ATPase did not differ from the
series of animals with severe HHC and was below the
control values.

For a more objective evaluation of the effect of
L-arginine of the epididymis tissue of male rats, similar
biochemical parameters were studied in the absence
of oxidative stress induced by excessive load with
methionine, for which a series of animals was used with
administration of L-arginine during the same period and

DOI: https://doi.org/1017816/PAVLOVJ109410

at the same dose as healthy animals (Figure 6).

A statistically significant increase was found in
the concentration of NO metabolites in blood serum
(by 150%, p < 0.001), in mitochondria of the tail (by
28.6%, p = 0.03) and of the head (by 25.75%, p = 0.003)
of epididymis.

Increase in the level of total and free carnitine in the
tail of epididymis by 31.3% (p = 0.04) and 37.7% (p = 0.01),
respectively, was noted. There was also reduction of SOD
activity in the head by 20.0% (p = 0.03) and in the tail by
17.8% (p = 0.02). Other studied biochemical parameters did
not show any statistically significant changes (Figure 7).

DISCUSSION

Changes in the level of OMP together with statistically
significant increase in the activity of SOD both in the tail
and head of the epididymis found in the series of rats with
a combined administration of L-arginine and methionine,
permit to suggest protective effect of L-arginine associated
with reduction of the intensity of oxidative damage to the
epididymis proteins in rats.
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Different reactions were found in mitochondria of
the tissues of the head and tail of the epididymis with
administration of L-arginine. Thus, in the tail of epididymis,
increase in the activity of LDG and decrease in the
concentration of lactate relative to the series of animals
with HHC were observed, with this, there was increase in
the content of total carnitine in the head mostly due to the
free fraction (Figures 2, 4).

In contrast to the series with administration of
L-arginine to healthy animals, in hyperhomocysteinemia,
L-arginine did not cause any statistically significant
changes in the level of total carnitine in mitochondria of
the head and tail of the epididymis due to the fact that it
is probably used for excretion of methionine metabolites
in the form of short-chain carnitine esters [23-25]. In
this case, the removal of excess methionine will prevent
development of complications associated with derangement
of its metabolism, however, physiological concentration of
carnitine is insufficient for complete elimination of all the
incoming methionine.

Prolonged administration of methionine (a donor of
methyl groups) creates conditions for enhanced production
of dimethyl arginines (ADMA, SDMA). These methylated
arginine derivatives, on the one hand, can inhibit
absorption of L-arginine by cells with participation of
cationic transporters (CAT) [26], due to which, supposedly,
concentration of NO metabolites in blood serum increases
to a higher extent than in mitochondria of the epididymis.
On the other hand, dimethylarginines, primarily, ADMA,
are inhibitors of NO-synthase (EC 1.14.13), decoupling of
which causes intensification of ROS production [27, 8]. In
this connection, we probably observe a more significant
increase in the activity of mitochondrial SOD, antioxidant
protection enzyme, than with introduction of methionine
alone, besides, ROS can also stimulate the activity of
arginine methyltransferases (EC 2.1.1.321) and re-enhance
the synthesis of dimethylarginines [29, 30].

It is also known from the literature sources that
homocysteine inhibits the activity of dimethylarginine
dimethylaminohydrolase (DDAH, EC 3.5.3.18) which
metabolizes ADMA to inactive products thus causing
accumulation of ADMA and inhibition of nitric oxide
synthesis [31, 32].

We may suggest that the reduction of the level of
homocysteine and of the severity of hyperhomocysteinemia
was due to the competitive transport of arginine and
methionine. Thus, J. W. Robinson, et al. found out that
absorption of L-methionine is strongly inhibited by
L-arginine and citrulline [33, 34]. Thus, the inhibitory effect
of ADMA on NO-synthase is decreased due to elimination
of ADMA in reactivation of DDAH.

On the basis of the results of the study and literature
review we proposed a scheme that generalizes understanding
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of mechanisms of reduction of the level of homocysteine
with the administration of L-arginine (Figure 8).

Of interest is also the fact of reduction of the activity
of mitochondrial SOD in the epididymis of male rats
in administration of L-arginine to group 4 rats. But in
combined administration of L-arginine and methionine,
there was a statistically significant increase in the activity
of this enzyme, and determination of dependence of
parameters of NO metabolites and the activity of SOD in the
mitochondrial fraction showed the existence of moderate
direct statistically significant correlation relationships
between these parameters in the studied sections of the
epididymis:

- head of the epididymis: r = 0.46; p = 0.023;

- tail of the epididymis: r = 0.46; p = 0.018.

Although L-arginine has a direct antioxidant effect [35],
it cannot be excluded that in this situation its antioxidant
effect is associated with increase in NO production and with
its subsequent participation in inactivation of free radicals.
This antioxidant effect of NO may be associated with the
formation of dinitrosyl iron complexes, in mitochondria as
well [36]. These NO complexes are known to effectively
inhibit the processes of free radical oxidation and oxidative
biopolymer modification [36, 37]. With this, interaction
of superoxide radical with NO produces a very strong
oxidizer — peroxynitrite which can mediate development
of oxidative stress and lead to enhancement of SOD
expression [30, 36, 37].

CONCLUSION

Thus, L-arginine reduces the extent of evidence
of hyperhomocysteinemia induced by prolonged
administration of methionine at a high dose, probably
due to inhibition of transport of methionine to cells with
the resultant increase in the concentration of nitric oxide
metabolites. In turn, some NO metabolites, like L-arginine
itself, exhibit protective antioxidant properties, preventing
development of oxidative stress induced by overproduction
of homocysteine.

The caudal part of epididymis proved to be more
resistant to oxidative damage induced by prolonged
methionine load. Besides, there were also demonstrated
differences in the adaptive response with use of exogenous
L-arginine in modeling severe hyperhomocysteinemia.

In connection with the above, it can be stated that
there exist convincing prerequisites for the study of
pharmacotherapy of deranged fertility processes in men
with use of L-arginine that can enhance vasodilating effects,
block lipid peroxidation processes and excessive ROS
production, and also restore the activity of mitochondrial
enzymes, correcting the mitochondrial dysfunction induced
by excessive load with methionine.
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