Folia Medica 64(1):75-83

fOlia 1 DOI: 10.3897/folmed.64.e57544
medica
8 Original Article

Melatonin Ameliorates Testes against Forced
Treadmill Exercise Training on Spermatogenesis
in Rats

Seyed Ali Akbar Mahmudi!, Hatef Ghasemi Hamidabadi??, Ardeshir Moayeri4,
Maryam Nazm Bojnordi*?, Maria Zahiri’, Zahra Madani', Mina Vardiani®

! Department of Sport Medicine, Mazandaran University of Medical Sciences, Sari, Iran

2 Department of Anatomy and Cell Biology, Faculty of Medicine, Mazandaran University of Medical Sciences, Sari, Iran

3 Immunogenetic Research Center, Department of Anatomy and Cell Biology, Faculty of Medicine, Mazandaran University of Medical Sciences, Sari, Iran

4 Department of Anatomy, Faculty of Medicine, Ilam University of Medical Sciences, Ilam, Iran

° The Persian Gulf Marine Biotechnology Research Center, The Persian Gulf Biomedical Sciences Research Institute, Bushehr University of Medical Sciences,
Bushehr, Iran

6 Reproductive Biotechnology Research Center, Avicenna Research Institute, ACECR, Tehran, Iran

Corresponding author: Hatef Ghasemi Hamidabadi, Department of Anatomy and Cell Biology, Faculty of Medicine, Mazandaran University of Medi-
cal Sciences, Sari, Iran; E-mail: hatefdr@gmail.com; Tel.: +98-011- 33543081-3

Received: 12 Aug 2020 ¢ Accepted: 22 June 2021 ¢ Published: 28 Feb 2022

Citation: Mahmudi SAA, Hamidabadi HG, Moayeri A, Bojnordi MN, Zahiri M, Madani Z, Vardiani M. Melatonin ameliorates testes
against forced treadmill exercise training on spermatogenesis in rats. Folia Med (Plovdiv) 2022;64(1):75-83. doi: 10.3897/folmed.64.
e57544.

Abstract

Introduction: It is well documented that some forced exercises can have bad effects on the genital system. Melatonin is a potent anti-
oxidant that is effective in reducing the physical stress.

Aim: The aim of this study was to evaluate the supportive effect of melatonin on the quality of spermatogenesis, including count, motil-
ity, morphology, viability, and apoptosis of sperm following a forced treadmill exercise.

Materials and methods: A total of 40 adult male Sprague-Dawley rats were used in this experimental study. All rats were divided
into five groups: control group, sham M group, melatonin (M) group, forced treadmill exercise group (Ft), and melatonin with forced
treadmill exercise (MFt) group. The experimental group was trained to force treadmill stress for one hour of forced treadmill exercise
daily, five days weekly for eight weeks. Then the sperm quality parameters were measured after dissection and removal of epididymis.
Spermatogenesis and germ cell apoptosis were evaluated using Miller and Johnsen’s score and TUNEL staining separately.

Results: Results showed the count, motility, morphology, and viability of sperm in forced treadmill-melatonin administrated group,
significantly enhanced by melatonin treatment compared to the treadmill exercise group (p<0.01). Also the number of apoptotic germ
cells significantly decreased in treadmill exercised-melatonin administrated group compared to the treadmill exercised group.

Conclusions: These results suggest that administration of melatonin can protect the testis against the detrimental effect of forced
treadmill exercise in adult male rats.
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INTRODUCTION

Infertility is one of the major health and social problems
of all human societies in the present age and is one of the
major causes of concern in couples who have begun liv-
ing together. Exposure to external factors before and after
pregnancy, and during the early postnatal stages can en-
danger their reproductive ability and the health of their off-
spring.1? According to sport studies, researchers attribute
these reproductive disorders to a series of physical activities
that affect the male genital system such as the forced swim-
ming exercise.!* Some of the factors affecting male infer-
tility depend on professional sport factors. Exercise is like-
ly to decrease testosterone levels.* This change can impair
the function of sperm cells which can ultimately decrease
sperm quality and sterility. The oxygen consumed by the
cells is converted to free radicals or reactive oxygen species
(ROS) by the resuscitation of an electron in the mitochon-
dria, as exercise increases the oxygen consumption ten to
twenty times, leading to the promotion of ROS production
in cells and tissues through the microsomal electron trans-
port system during metabolism.” The drug is also produced
in cells and tissues. Consequently, “exercise exerts a severe
oxidative stress on cells and tissues”®” However, ROS is ef-
fectively mediated by the cell’s antioxidant defense system.
ROS results in lipid peroxidation, membrane permeability,
and apoptosis. This leads to DNA fragmentation of sper-
matogenesis cells and ultimately apoptosis of spermatogen-
esis cells. Exogenous antioxidants need to be added out-
side the cell to compensate for cellular antioxidant defense
in order to prevent cellular damage.”® Antioxidants are
molecules that can prevent or slow the oxidation of other
molecules. Oxidation is a chemical reaction that transfers
electrons from a substance to the oxidizing agent. The ox-
idation reaction is capable of producing free radicals.”-1!
Melatonin is a hormone that is made in the body by the
pineal gland and a number of other organs such as the ret-
ina, lacrimal glands, intestines, and bone marrow or enter-
ochromaffin cells of the gastrointestinal tract.*'> Melatonin
is also a potent antioxidant that is readily available. It cross-
es the cell membrane as an important antioxidant that is
active in both water and fat phases. Researchers have noted
this.2 Melatonin also reduces the effects of testicular inju-
ry in rats exposed to nandrolone. On the other hand, the
presence of melatonin receptors in the testis has also been
demonstrated!? given that the amount of testicular antioxi-
dant enzymes are lower than other tissues, such as the liver
and kidney, and also given that it is likely that “intense ex-
ercise exerts a great deal of oxidative stress on the testis”>12.
Considering the high level of specialized exercise, for ex-
ample, at the Olympic level or the professional level among
male athletes and the wide range of adverse effects, espe-
cially sterility*!%!4, it seems important to employ a strategy
to reduce these complications. Thus, melatonin is used as
a potent antioxidant in this design to reduce the physical
stress (exercise), thereby balancing the testicular antioxi-
dant system, improving apoptosis and sperm quality.*1>-18

AIM

Given that no attention has been paid to the molecular
mechanism of the effect of melatonin on testicular tissue
induced by running exercise, the main purpose of this
study was to identify the molecular mechanisms involved
in the effect of melatonin on apoptosis in severe exercises
such as forced treadmill exercise, so that some strategies
may be developed in the future.

MATERIALS AND METHODS

Animals and exercise procedure

In this experimental study, the rats were accidentally sep-
arated into five different groups with 8 animals each. All
animal care was performed according to guidelines of the
Mazandaran University of Medical Sciences (Sari, Iran).

Group 1 (control group): without any injection or ex-
ercise protocol. Group 2 (sham M): rats received the sol-
vent of melatonin (ethanol %1) as a vehicle (ip); Group 3
(M): rats received 10 mg/kg of melatonin weekly for eight
weeks (ip). Group 4 (Ft): the exercise protocol was engaged
for one hour of forced treadmill exercise per day, five days
a week for eight weeks. Group 5 (MFt): rats received 10
mg/kg/week of melatonin and the exercise protocol was
engaged for one hour of forced treadmill exercise per day,
five days a week for eight weeks.

Sample collection

Measurement of testes weight, seminal vesicle, prostate and
epididymal weights were evidenced along with measuring
epididymal sperm count, morphology, viability, and motil-
ity. Testes were placed overnight in 10% buffered formal-
dehyde (37% formaldehyde, Merck, Darmstadt, Germany).

Sperm analysis

The epididymis was minced with scissors in a petri dish
containing 5 ml of Ham’s F10 medium and incubated at
37°C for 15 minutes to allow the spermatozoa to exit from
the tissue. To analyze sperm motility, 10 pl of sperm sus-
pension was placed on a slide and then covered with a cov-
erslip. The percentage of motile sperms was calculated by
selecting 10 microscopic fields at 400x magnifications.!*
To determine sperm viability, 10 pl of sperm suspension
was blended with an equal volume of eosin-nigrosine dye.
The percentage of live sperms (colourless or light pink) and
dead sperms (red or dark pink color) were calculated by
counting 200 sperms in each slide with observation by light
microscope at 1000x magnification. The sperm count was
calculated by mixing 50 pl of sperm suspension with 200
ul of distilled water. 10 pl of this diluted suspension was
moved to each of the counting chambers of the Neubau-
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er haemocytometer and stand for 5 minutes for cells sedi-
mentation. After this 5 minutes, sperm count was analyzed
with a light microscope at 400x magnification.>?! Sperm
morphology was evaluated by using eosin Y staining. One
drop of sperm suspension was mixed with an equal amount
of 1% eosin Y dye. After 30 minutes, smears were prepared
and allowed to dry in the air, and were mounted and then
covered with a coverslips. Two hundred sperm cells were
inspected in each slide to investigate the morphological
abnormalities at 1000x magnification.?>?* Unusual struc-
ture or morphology of head and tail of spermatozoa was
considered as abnormal morphology of sperm.

Evaluation of spermatogenesis

In the current study, Johnsen’s and Miller’s scores were
used to evaluate the spermatogenesis. Spermatogenesis was
ranked by calculating Johnsen’s score (from 1-10) and mea-
suring the number of germinal cell layers in the testes. Ten
seminiferous tubules were considered to count germinal
epithelial layers according to the Miller’s scores. The scores
of spermatogenesis quality in seminiferous tubules, were
obtained according to the maturity of germ cells.?!

Histopathological analysis

After fixation, testes were embedded in paraffin wax and
then 5-pm thick sections were obtained by using a rotary
microtome. The prepared slides were stained with haema-
toxylin and eosin and then observed by a light microscope.

Germ cell apoptosis by TUNEL assay

Germ cell apoptosis was evaluated by TUNEL staining
according to the TUNEL [terminal deoxynucleotidyl trans-
ferase (TdT) enzyme-mediated dUTP nick end labeling]
assay kit protocol. 5-um thick paraffin-embedded sections
were deparaffinised and then rehydrated in graded alcohol.
Sections were incubated in blocking solution (3% H,0,) to
neutralize endogenous peroxidases for 10 minutes. Then,
sections were washed with PBS and were incubated with
TdT for 60 minutes at 37°C. After washing the slides with
PBS, they were incubated with anti-digoxigenin peroxidase
antibodies. DAB substrate was applied for 10 minutes to
stain positive apoptotic cell brown. At least, 10 seminif-
erous tubules were selected in each section for counting
apoptotic cells by light microscope observation.

RESULTS

Body weight changes and accessory sex
organs weight

Body weight changes significantly decreased in the Ft
(5.86+0.65) and MFt (8.10+0.72) groups (p<0.001) via
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forced treadmill exercise as compared to the control
(11.36+0.45), sham M (11.03£0.56) and M (11.60+0.30)
groups. Melatonin treatment increased the body weight
changes in the MFt group (8.10+0.72) in comparison to the
Ft group (5.86%0.65) (p<0.01).

Seminal vesicle weight in the Ft group (0.13+0.05) was
significantly lower than in the control (0.36+0.05), sham
M (0.36+0.05) and M groups (0.36+0.05) (p<0.01). Also,
seminal vesicle weight in the MFt group (0.16+0.05) was
lower than in the control, sham M, and M groups (p<0.05).
Melatonin treatment increased the seminal vesicle weight
in the MFt group as compared to the Ft group, but this
change was not significant. No significant differences were
observed in prostate weight of different groups (0.56+0.05,
0.50£0.10, 0.50+0.10, 0.41+0.01, and 0.46+0.01, respective-
ly in the control, sham M, M, Ft and MFt groups, p>0.05)
(Fig. 1).

Sperm parameter analysis

Mean sperm normal morphology percentage in the Ft
(65.33£2.08) and MFt (71.33+2.51) groups were sig-
nificantly lower than in the control group (85.33+4.16)
(p<0.001). Melatonin treatment in the MFt group
(71.3342.51) increased sperm normal morphology per-
centage as compared to the Ft group (65.33£2.08); however,
this difference failed to reach significance. The mean sperm
concentration in Ft group (138.30x10°+2.08) significantly
decreased as compared to control (166.00x10°+8.88), sham
M (157.30x10°+4.04), and M (165.01x105+6.55) groups
(p<0.001). Also, sperm concentrations in the MFt group
(143.70x10°+1.52) was significantly lower than in the
control, sham M, and M groups (p<0.01). No significant
difference was observed in the mean sperm concentration
of Ft and MFt groups. The mean percentage of progressive
forward motility significantly decreased in the Ft group
(26.67+4.50) as compared to the control (61.60+4.93), sham
M (59.01+6.24), and M groups (60.01£1.01) (p<0.001).
Also, the mean percentage of progressive motility in MFt
group (43.33£0.57) was significantly lower than in the con-
trol, sham M, and M groups (p<0.01). Melatonin treatment
in MFt group (43.33+0.57) increased the progressive mo-
tility percentage as compared to the Ft group (26.67+4.50)
(p<0.01). The mean percentages of sperm viability in the
Ft (55.33+5.50) and MFt (64.33+4.04) groups were sig-
nificantly lower than in the control (88.34£1.15), sham M
(86.67+1.52), and M (83.01+2.00) groups (p<0.001). The
mean percentage of sperm viability significantly increased
in the MFt group (64.33+4.04) as compared to that in the Ft
group (55.33+5.50, p<0.05) (Fig. 2).

Germ cell apoptosis

Forced treadmill exercise in the Ft group (5.2+0.54) dra-
matically led to an increase in the number of apoptotic
germ cells as compared to the control (0.89+0.99), sham M
(0.9+0.44), and M (0.69+0.18) groups (p<0.001). Interest-
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Figure 1. Effects of melatonin on the body weight changes and accessory sex glands weight in forced treadmill exercised rats. (a) the
body weight changes, (b) prostate weight, (c) seminal vesicle weight. * p<0.05: in comparison with the control group, ** p<0.01: in com-
parison with the control group. *** p<0.001: in comparison with the control group, # p<0.05: in comparison with the sham M group,
## p<0.01: in comparison with the sham M group, ### p<0.001: in comparison with the sham M group.

Figure 2. Effects of melatonin on the sperm quality parameters in forced treadmill exercised rats. (a) Sperm normal morphology, (b)
Sperm count, (¢) Sperm forward motility, (d) Sperm viability. * p<0.05: in comparison with the control group, ** p<0.01: in comparison
with the control group. *** p<0.001: in comparison with the control group, # p<0.05: in comparison with the sham M group, ## p<0.01:
in comparison with the sham M group, ### p<0.001: in comparison with the sham M group.
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ingly, melatonin treatment in the M group (0.69+0.18) sig-
nificantly decreased the number of apoptotic germ cells as
compared to that in the control group (0.89+0.99) (p<0.01).
Also, melatonin treatment and forced treadmill exercise in
the MFt group (1.8+0.27) significantly decreased apoptotic
germ cell in comparison to the non-treated forced exercise
group (group Ft) (5.2+0.54, p<0.001) (Table 1, Fig. 3).

Johnsen's scores

Evaluation of Johnsen’s scores in histopathological samples
indicated that forced treadmill running exercise led to a sig-
nificant decrease of spermatogenesis quality in the Ft group
(8.1+0.83) as compared to that in the control (9.9+0.52)
and sham (9.8+0.31) groups (p<0.01). Melatonin treatment
in forced exercise rats (group MFt) increased the Johnsen’s
scores (9.0+0.67) as compared to the Ft group (8.1+0.83),
but this change was not significant (Table 1, Fig. 3).

DISCUSSION

In the current study, we assessed the protective effect of
melatonin treatment on harmful effects of forced treadmill
running exercise in adult rats. An eight-week forced exer-
cise led to an increase in the apoptotic germ cells in the
testes tissue, and to a decrease in the sperm quality param-
eters, Johnsen’s scores, body weight changes, and seminal
vesicle weight. We found that melatonin treatment can pro-
tect against forced treadmill running exercise harmful ef-
fects via decreasing the apoptotic germ cells, increasing the
sperm quality parameters (sperm viability and sperm pro-
gressive motility), and preventing body weight reduction.

There is a general consensus that intensive exercise stress
can lead to testis tissue dysfunction and decrease spermato-
genesis quality.* Previous studies have reported that inten-
sive exercise increases germ cell apoptosis in testes.!*22:2425
Oxidative stress in testicular tissue is the main cause of in-
fertility following intensive exercise. Due to enhancement
of oxygen consumption during exercise, reactive oxygen
species (ROS) are excessively generated and affect testicular
normal structure and function.”!!2*

Testis is a susceptible tissue to the oxidative stress
because of the high level of cell division and existence of
high level of unsaturated fatty acids.?® Also, during ex-
tensive exercise, the blood supply of testis decreases and
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subsequently testosterone secretion declines and hypoxia
in testis leads to apoptosis of germ cells.?” There are sev-
eral research studies both in animals and humans which
have demonstrated that intensive exercise leads to the re-
duction of sperm quality parameters and production of re-
productive hormone, and to the increase in the oxidative
stress and lipid peroxidation.”®1118:28.29 Intensive exercise
induces oxidative stress in testis tissue via decreasing the
anti-oxidative enzymes (superoxide dismutase and glu-
tathione peroxidase) and increasing oxidative enzyme
(malondialdehyde).’® Swimming exercise is one of the
best studied animal models of intensive forced exercise.
Previously, Moayeri et al. have reported that melatonin
treatment could hamper the detrimental effects of forced
swimming exercise against oxidative stress in testis tissue
and spermatogenesis.* Similar to our study, their study
shows that forced swimming exercise leads to the reduc-
tion of sperm quality parameters and anti-oxidative en-
zymes and to the increase of germ cell apoptosis.* They
reported that melatonin treatment significantly reduced
apoptosis of germ cells and increased progressive motili-
ty and antioxidative enzymes as compared to non-treated
animals.

Beneficial effects of melatonin treatment as an antioxi-
dant agents has been reported in different oxidative stress
related disorders. In accordance with previous studies, we
found that forced treadmill exercise decreased prostate and
seminal vesicle weights.#** Intensive exercise can change
energy metabolisms and reduce the secretion of some
reproductive hormones such as testosterone, which de-
creases the testes weight and the accessory sex organs.3!32
Similar to our findings, a previous study has reported that
melatonin could increase accessory sex organ.* Significant
reduction in the spermatogenesis and sperm parameters
quality after intensive exercises may be due to a reduction of
testosterone production and increase of the oxidative stress.

Based on the literature data, overproduction of ROS
causes cell damages in the testicular tissue.?* Melatonin
has been shown to have protective effects against the det-
rimental effect of ROS overproduction during intensive
exercise.* Melatonin treatment has indicated the benefi-
cial effects after ischemic/reperfusion injuries of animal
model of testicular torsion/detorsion.’® Previously, it has
been stated that melatonin ameliorates testicular torsion/
detorsion injuries and increases spermatogenesis quality
via increasing the Johnsen’s score and serum inhibin B.

Table 1. Effects of melatonin on the number of apoptotic germ cells and Johnsen’s scores in forced treadmill exercised rats

Control Sham M M Ft MFt
Johnsen’s scores 9.9+0.52 9.8+0.31 9.1+0.11 8.1+0.83"#* 9.0+0.67
Apoptotic germ cells (n) 0.89+0.99 0.9+0.44 0.69+0.18"#* 5.240.54""### 1.840.27%%%

M: melatonin; Ft: forced treadmill exercise; MFt: melatonin + forced treadmill exercise. Values are mean + SEM; ** p<0.01, in com-

parison with the control group; *** p<0.001, in comparison with the control group; ## p<0.01, in comparison with the sham M group;

### p<0.001, in comparison with the sham M group; %

p<0.001, in comparison with the Ft group.
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Figure 3. Light micrographs of hematoxylin and eosin (H&E) staining. (A) control group, (B) sham group, (C) melatonin group, (D)
forced treadmill exercised group, and (E) exercise + melatonin group demonstrated spermatogenic cell density, and Miller’s and John-
sen’s scores of the seminiferous tubules. F, G, H, I and J showed the apoptotic index of testis seminiferous tubules with tunnel staining
in (F) control group, (G) sham, (H) melatonin group, (I) forced treadmill exercised group, and (J) exercise + melatonin group. Arrow
shows the apoptotic cell and arrowhead indicates the spermatogenic cells.
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It is of note that melatonin can stimulate antioxidative en-
zymes which boosts its antioxidative properties and pro-
tects against DNA damage.'? Also, melatonin can protect
testis tissue via stimulating testosterone production and
angiogenesis properties.>> There are different studies con-
sistent to our study which have proved the protective role
of melatonin against germ cell apoptosis.***¢ For instance,
a study reported that melatonin treatment decreased the
apoptotic cells in testes of Busulfan-treated mice which
confirmed the protective role of melatonin against che-
motherapeutic agents and enhancement of fertility after
cytotoxic therapy.>* In another study, melatonin showed
protective effects against cisplatin testicular damages as
chemotropic agents.’” Cisplatin administration led to a
significant reduction of the testes weight and accessory sex
glands; however, melatonin treatment ameliorated these
adverse changes.17373% Also, melatonin could counter-
act the adverse effects of cisplatin on decreasing epidid-
ymal sperm count, motility, and morphology. Take et al.
reported that melatonin could protect testis tissue against
degenerative changes and cell death of ionizing irradiation
exposure.?>>® This result may be due to free radical scav-
enging, antioxidant and anti-apoptotic (caspase-3 inhibi-
tion) properties of melatonin.

CONCLUSIONS

These results suggest that administration of melatonin can
protect the testis against the detrimental effect of forced
treadmill exercise in adult male rats. Forced treadmill
running exercise results in testicular oxidative stress and
induces testicular injuries. Taken together, melatonin can
protect testis tissue and sperm quality parameters.
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Pe3tome

BBepeHue: B muTeparype MMeeTcs OCTATOYHO MHOTO JJAHHBIX O IaryOHOM BIIVIAHVM HPMHYAMTEIbHBIX YIPaXXHEHWIT Ha PeIpo-
AYKTVMBHYIO CHCTeMY. MelTaTOHVH AB/IAETCS MOIIHBIM aHTMOKCUAHTOM, KOTOPBIiT 3pdeKTHBEH B CHIDKeHNN (QI3MIECKOro cTpecca.

Lenb: Ienpio gaHHOTO MCCIEROBaHMS OBUIO OLEHUTD NOAAep>KMBatoInit 9 ekt MeTaToHMHA Ha KaueCTBO ClIepMaTOreHesa, BKITIO-
Yasi KOJIMYECTBO CIIEPMATO30M/O0B, IIOBIDKHOCTD, MOP(OJIOINIO, XXI3HECIIOCOOHOCTD 1 AIIONTO3 IOCIe (GOPCUPOBAHHBIX YIPaXKHe-
HUIT Ha GETOBOII JOPOXKKE.

Marepuasnbl U MeTOAbI: B 9T0M 9KCIIepMMeHTaIbHOM MCC/IEfOBAHNM MCIIONb30BAIM B 06LIeil CIoXHOCTY 40 B3POCIIBIX CaMIIOB
KpbIc mopozist Sprague-Dawley. Bee KpbIchl ObUIy pasfie/ieHbl Ha 5 TPYIIIL: KOHTPO/IbHAS TPYIIIA, TPYIIIA IO)KHOTO Me/IATOHVHA, TPYIIa
MenaroHnHa (M), TpyIIa IPMHYAUTEIbHOI HAarpy3Ku Ha 6eroBoit fopoxke (Ft) u rpyIina MeaToHMHA NIPYHYAUTEIbHOI HATPY3KI Ha
6erosoit gopoxke (MFt). SKcepuMeHTaIbHYI0 TPYIILY IIOBEPrali CTPECCy, 3aCTaB/isisi paboTaTh Ha 6EroBoll JOPOXKKE B TeYeH!UEe
1 yaca WM eXeJHEeBHO, ISITh Hell B HEfle/I0 B TedeHne BOCbMM Hefenb. [locie paccedeHys M yAa/IeHNUst IPUATKA SMYKA U3MepPsIn
IapaMeTpbl KadyecTBa criepMbl. CliepMaToreHes 11 alolTo3 3apOfbILIEBIX KIIETOK OLEHMBA/IN OTHENbHO C MCIIOIb30BAHMEM LIKATIbI
Miller and Johnsen n oxpammsanus TUNEL.

Pe3ynbraTbl: PesynbTaTel MOKa3amy, 9TO HOABIDKHOCTD, MOPQOIOrUA U )KU3HECIOCOOHOCTD CIIEPMATO30M/I0B B IPYIIIIe Me/aTo-
HUHA C IPUHYAUTE/IbHON Harpy3Koil Ha 6eroBoii JOPOXKKe ObUIN 3HAYMTETHHO HOBbILIEHDI II0 CPAaBHEHUIO C IPYIIION, IOIBepriericsa
IIPUHYAUTEIBHOI Harpyske Ha 6erosoit gopoxxke (p<0.01). KpoMe TOro, Kom4ecTBO aoNTOTHYECKMX 3aPOAIBIIIEBDIX K/IETOK 3HAYM-
TETbHO YMEHBIINIOCh B TPYIITIe MeNAaTOHMHA C IPYHYAUTENLHOI HarPy3Koil Ha 6€roBoil JOpPOYKKe IO CPABHEHNIO C TPYIIIO, TOf{BEpT-
Ielicsl IPMHYANTENbHO Harpy3Ke Ha 6eroBoil JOpOXKKe.

3ak/itoueHne: Sty pe3ynbTaThl IOKa3bIBAIOT, YTO BBEleHMe MeTaTOHMHA MOXKET 3aITUTD CEMEHHUKY OT BPEJHOTO BO3/IENCTBUA
IIPMHYANTEIbHOI HArPy3Ku Ha 6€T0BOIL JOPOXKKe Y B3POCIIBIX CAMIIOB KPBIC.

KnwoueBble cnoBa

NIpUHYAUTE/IbHAA Harpy3ka Ha 6eroBoit AOPOXKKE, METATOHMH, KPbIChI, KAY€CTBO CIIEPMBI, CIIEPMATOTE€HE3
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