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This work is devoted to the research of age-dependent features of lipid peroxidation regulation in blood
and fertility of rats. Such methods as cytochemical and biochemical were used. Age—dependent changes
of lipid hydro peroxide contain were investigated, state of enzymatic and non-enzymatic antioxidant
system in blood plasma and erythrocytes of rats of 1-, 3-,12- and 24-months old have been studied then
studied the fertility of male rats: motility sperm, sperm content, morphology. The content of trace
elements (Zn, Mg, Cu) in blood and seminal plasma and spermatozoons was investigated.

Obtained results allow to make a conclusion, that the role of enzymatic glutton dependent antioxidant
system of animals in LPO inhibition increases with aging. In young (1 month old) and old groups
(24 months old) male rats were infertile, adult group (12 months) were fertile. It was shown, that fertility of
animals depended on aging. In the case with young and old male rats the age may explain higher content of
Cu and lower content Mg and Zn in blood, seminal plasma and spermatozoids than in group 12 months age.

The results of the research are the following: 1) The status of the antioxidant system depends on aging.
2) The content of helatable metals (zinc, cuprum, magnesium) in blood and seminal plasma and
spermatozoons depends on aging. 3) The fertility depends on aging.

Key words: fertility, helatable metals, Cu, Zn, Mg, aging, antioxidant fermentation and non-fermentative system.

€mwenko 10.B., bosr B.JI., Pomanosa M./I. BIUIB BIKY HA INEPEKMCHE OKMCHEHHS JIIIIAIB
Y KPOBI I ®EPTMJIBHICTh CAMIIB IIYPIB / 3anopi3pkuii HamioHaNsHHH yHiBepcureT, 69600,
Vkpaina, 3anopixoks, By JKykoBcskoro, 66.

JlocnikeHHs. MPUCBAYEHE BIUIMBY BIKYy Ha PETyJIALil0 MEPEeKHCHO-OKHUCHIOBAHUX IPOLECIB Y KPOBI, a
Tako)Xk Ha (epTHIBHICTE y caMiiB [IypiB. BHKOpPHCTaHO IMTOXiIMiYHI 1 Oi10XiMiYHI METOJH.
JlocripKyBaJlich 3aleXHi Bill BiKy 3MiHH B NEPEKHCHOMY OKHCHEHHI JIIIIB Ta iX 3B’430K 3 YOJIOBIYOIO
(epTuibHicTIO. JlOCTIPKEHHS TPOBOAMINCS HA OE3MOPOJHUX caMIsAX LIypiB BikoM 1, 3, 12 i 24-micsmi.
Busnayanu craH QepMeHTaTHMBHMX Ta He(QEPMEHTaTHBHMX CHUCTEM KpOBi, TakoX OyJIO BHUBUYEHO
(hepTUIbHICTh 32 TAKMMHU MMOKAa3HUKAMH, SIK PYXJHMBICTh CHEPMATO30iMdiB, X KUIBKICTH Ta MOPQOIIOTis.
Kpim Toro ouiHIOBaNM BMICT XeIaTOyTBOpPOIOUNX MeTaliB (Zn, Mg, Cu) y mia3mi KpoBi Ta criepmi 1 ix
BMICT y CIIepMarTo30isax.

BcTaHOBIICHO, 1110 HaHW)KYa aKTHBHICTh aHTHMOKCHIAHTHOI CHCTEMH KpOBi Oysia y MOJIOAMX Ta CTapux
ImypiB, a HaWOUmBIIa — y JOPOCIHX, AHAJOTIYHI pe3yabTaTd Oymu OTpUMaHi Ul IOKa3HUKIB
(hepTHIHLHOCTI Ta CTaHy METaJIOJIraHJHOTO TOMEOCTasy.

Pesynbrati  gocimiukeHHs: 1) CTaH aHTHOKCHAAHTHUX CHCTEM 3alie)KWUTh BiJl BIKy; 2) BMICT
XeNIaToyTBOPIOIOYNX MeTaliB (Zn, Mg, Cu) B mia3mi KpoBi, CliepMi Ta B CIIepMaTO30inax 3ajie)kaTh BiJ
BiKy; 3) ()epTWIIBHICTD 3aJIeXkKAaTh Bifl BIKY.
Kniouosi cnosa: pepmunvricms, xenamoymsopioroui memanu, Cu, Zn, Mg, 6ix, anmuoxcuoanmui pepmenmu ma
He hepmenmamueHi cucmemu.

Emenko FO.B., bosr B./l., Pomanosa M.Jl. BJIMSIHUE BO3PACTA HA INTEPEKMCHOE OKVCJIEHUE

JIMTTUI0OB B KPOBU U DEPTUJIILHOCTU CAMIIOB KPBIC / 3anopoxckuil HalMOHAILHBINA

yHHBepcuTeT, 69600, Ykpanna, 3anopoxse, yi. XKykosckoro, 66.
HccnenoBanue MOCBSMIEHO BIMAHHUIO BO3PACTa HA PETYIALMIO MIEPEKHCHBIX OKUCIUTENbHBIX IIPOIIECCOB B
KPOBHM, a TaKxke Ha (EpPTUIbHOCTh CaMIOB KpbIC. DBBUIM HCIIOJBb30BAaHBI: LUTOXHUMHYECKHE U
OHOXMMHMYECKHe MeTO/bl. MccnenoBanuch 3aBUCAIME OT BO3pAcTa H3MEHEHHUS B IEPEKUCHOM OKHCIICHUU
JIMITHJIOB M MX CBSI3b C MYXKCKOil (hepTHIIbHOCTBIO. Mccne[oBaHus POBOJMINCH Ha OECIIOPOIHBIX CaMIax
KpbIC Bo3pacToM 1, 3, 12 u 24-mecsua. Onpenensiin cocTosiHue pepMEHTaTHBHEIX M He()epMEHTaTUBHBIX
CHCTEM KpOBM, TaKXKe M3ydyeHa (GEpPTWILHOCTh II0 TAKUM II0Ka3aTelasiM, KaK IOJIBHIKHOCTb
CIepMaTO30MI0B, WUX KOJIM4ecTBO U Mopdonorus. Kpome Toro, oueHuBamM —coIepiKaHHe
xenartooOpasyromux MetawioB (Zn, Mg, Cu) B mimasMe KpOBH H CIEpPMBl U HUX COJEepIKaHHE
B CIIEpMAaTO30U/1ax.
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yCTaHOBJ’IeHO, YTO HHU3Kasi aKTUBHOCTb aHTHMOKCHUJIAHTHOW CUCTEMBI KpOBHU ObLIa Y MOJOABIX U CTApbIX
KpbIC, a HaWBBICIIAA — Y B3POCJbIX, AHAJOIHMYHBLIC PE3YJILTAThI ObLTH TOJIYUCHBI JUIA rokasaresnei
Q)epTI/IJleOCTI/I 1 COCTOAHHA METAJIJIOJIMTaHAHOI0 roMmeocrasa.

BbIBOJIBI M3 pe3yAbTaToB: 1) COCTOSHUE aHTHOKCHIAHTHBIX CHCTEM 3aBHCHT OT BO3pAacTa; 2) COJICpKaHue
xenaToobpasyromux Metaios (Zn, Mg, Cu) B mia3mMe KpOBH, CliepMe H B CIIEPMATO30MaX 3aBUCAT OT
Bo3pacTa; 3) pepTUIFHOCTH 3aBUCHT OT BO3pacTa.
Knrouesvie cnosa: gepmunvrhocms, xeramoobpasyowue memainvt, Cu, Zn, Mg, ospacm, aHmuoxkcuOaHmmule
Gepmenmul, HepepmenmamugHvle CUCMEMb.

INTRODUCTION

On the biological trace elements Zn, mg and Cu are important in reproduction [1-3]. Helatable
metals (Zn, Mg, Cu) has been intensively studied, there deficiency leads to gonadal dysfunction [1-
3], decreases testicular weight and causes shrinkage of seminiferous tubules [4-7].

Helatable metals are necessary for reproduction because the gonads are the most rapidly growing
tissues in body and vital enzymes involved in nuclear acid and protein synthesis are metal-
enzymes [1-4].

The three cations (cu, Zn, Mg) stimulate or inhibit progressive motility depending on the
concentration of each. At high concentration, these elements individually or jointly, impair
fertility among the patients with normal sperm density [4-7].

Recent studies hypothesized that insufficient intake of Zn can impair and make the sperm cell
highly susceptible to oxidative damage [4-6]. High levels of free radicals may overwhelm the
antioxidant strategies, which is associated with low quality of sperm [4-6].

Nowadays, one of the most universally recognized representations of the mechanisms of aging in
the Harman’s hypothesis is about the key role of free radicals in infringement of structure and
functions of bio membranes and macromolecules with aging [7, 8]. While the tendency to a
simplified treatment of free radical of aging, as an activation of free radical processes
biostructures damage with age prevails in literature [7, §].

The purpose of the presented work was the investigation of the level of LPO products and also
the state of enzymatic and non-enzymatic antioxidant system in plasma and erythrocytes, content
of trace elements (Zn, Mg, Cu) in blood and seminal plasma and their relation to fertility of male
rats of 1-, 3-,12- and 24- months old.

MATERIALS AND METHODS

We used 40 male rats of 1-, 3-, 12- and 24- month age, per 10 animals in each group. The
1 month age rats were a control group. After decapitation the animal’s blood was collected in
heparinized test-tubes, plasma and erythrocytes were obtained frozen and kept in liquid nitrogen
in polyethylene ampoules 0,5 ml in each.

Before measuring the LPO products and activities of enzymatic and non- enzymatic antioxidant
system, ampoules were heated in water bath at 37C. It had shown earlier, that fast freezing-
thawing out didn’t considerably influence the value of the measured parameters [9].

The resistance of erythrocytes to a spontaneous hemolysis was defined spectrophotometrically at
543 nm according to Jagera method [10]. In experiments we used fresh heparinized blood. The
degree of spontaneous hemolysis of erythrocytes was expressed in % to template hemolysis of
erythrocytes. Antioxidant activity (AOA) Of blood plasma was determined from the ability of
plasma to impale brake the accumulation of thiobarbituric acid — active LPO products in
suspensions of yolk lipoproteins [11]. A spectrum of absorption of TBA - active product was
recorded on a two beam spectrophotometer «Specord UV VISy», then was absorbed at 532-580
nm [9].
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The efficiency of quenching of OA-radicals by plasma of blood was defined from the activity of
plasma to break the destruction of deoxyribose’s by AO-radical [9]. Antiradical activity was
calculated in the same way as AOA.

The definition of lipid hydro peroxide in blood plasma was carried out according to Asakava [9].
A spectrum of adsorption of the painted product was recorded on a two beam spectrophotometer
«Specord UV VIS» then we measured the absorption at 535-520 nm. The content of hydro
peroxides was expressed in equivalent amounts of malondialdehyde (MDA).

Glutathione peroxide activity of plasma and erythrocytes was determined by spectrophotometric
at 350 nm in a medium containing 50 mM K, Na — phosphate buffer, pH 7,4, 1 mM EDTA,
0,15mM NAD PH, ImM GSH, 0,6 mM MA>0;, 3 mM NaN3 and 1,0 U/ml glutathione
reductase as it was described [12]. The activity was expressed in nmol NADPH /ml of plasma or
for 1 mg of erythrocytes protein in 1 mg of erythrocytes in 1 minute, using the factor of molar
extinction that is 6,22 x 103 M'cm™'.

Glutathione reductase activity of erythrocytes was determined by spectrophotometric at 340 nm
in a medium, containing 50 mM K-phosphate the buffer, pH 7,4, 1 mM EDTA, 0,16 mM
NADPH, 1mM GSSG, as it was described [9]. The activity was expressed in nmol NADPH an
1 mg in 1 minute.

Glucose-6-phosphate  dehydrogenase activity of erythrocytes was measured by
spectrophotometric from the speed of NADP reduction [10].

Semen parameters analysis on microscopic examination sperm morphology was evaluated
according to the criteria by Kruger [10].

Measurement of Cu, Mg, Zn in semen and blood plasma: semen samples were centrifuged at
600 g for 10-fold by deionized water. Levels of Cu, Mg, Zn were measured by atomic absorption
spectrophotometer [2, 6].

Measurement of Cu, Mg, Zn in spermatozoons: seminal smears were fixed for 5 min formalin
vapors before dithizone staining 0,2% water ammonia solution of this reagent for Zn was
used [2, 6]. Reagent of Mg was lumomagneson [2, 6], of Cu lumocuppheron [10]. Metals content
in spermatozoids was evaluated with semi quantitative methods.

The first one was carried out using the following criteria 1- weak, 2- moderate, 3-pronounced
reaction intensity. The score for 100 cells was counted, using colored sales [14]. The number of
spermatozoids was expressed as its number per 1 mml of the semen. The results are presented as
X £SD: testing for significance is performed using Students — test.

RESULTS AND DISCUSSION

The data submitted in the table 1 changes in content of LPO products and the state of enzymatic and
non-enzymatic antioxidant system in plasma and erythrocytes of blood of rats of different ages.

The data submitted in the table testify, that blood considerably decreased with an average age of
animals and during further aging a little bit increased, having remained authentically lower at the
level of young 1-month rats. The activity of the basic enzyme, utilizing hydro peroxides of lipids
of plasma, H-dependent glutathione peroxidase — on the contrary, sharply increased by average
age. So highly expressed the increasing of glutathione peroxidase activity by the 12-month age in
rats was also found in erythrocytes of blood.

Glutathione-s-transferase activity in blood plasma of 12-month old animals was also
authentically over activity among the young 1-month old rats. During further aging by 24-month,
the activity of the studied glutathione-dependent antioxidant enzymes a little bit reduces,
remaining considerably higher among the young (glutathione peroxidase erythrocytes) or at level
of 1- month old rats (glutathione peroxidase and glutathione-s-transferase of plasma).
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Table 1 — The changes in content of LPO products and the state of enzymatic and non-enzymatic
antioxidant system in plasma and erythrocytes of blood of male rats of different age (1,3, 12, 24
month, n = 10 in all group.)

Age, month
1 3 12 24

Measurable parameters

Hydro peroxide of lipids

* k3 %
(nmol MDA/ml plasma) 5,41 +£0,22 4,12+0,17 3,61+0,14 3,72+0,19

Glutathione peroxidase
activity (nmol NADPH/ml 1932+153 2081+199 2814+4222% 19224321
plasma per minute)

Glutathione transferase
activity (nmol XDNB/ml 90,6+3,7 101,3+3,5 123,8+11,1* 95,9+7.9
plasma per minute)

Glutathione peroxidase
activity (nmol NADPA/mg
protein erythrocytes per
minute)

2,88+0,22 2,24+0,27* 1,82+0,08* 2,48+0,23

Glutathione reductase activity
(nmol NADPA/mg protein 2,89+0,24 2,24+0,18* 1,85+0,83* 2,46+0,21
erythrocytes per minute)

Glucosed-6-phosphate
dehydrogenase activity (nmol
NADPH/mg protein
erythrocytes per minute)

82,9+6,8 72,2£5,5 57,9+5,1* 63,9+4,9*

Degree spontaneous
hemolysis erythrocytes, in % 26,1+0,9 16,9+1,1* 18,6+1,1* 21,1+0,5%*
to complete

Antioxidant activity of

o 53,9+7,8 53,84+4,5 24,9+4,9%* 19,9+£5,1*
plasma, in %

Antiradical activity of plasma,
in %

64,2423 62,829 58,5+3,1 54,1+3,1*

Note: * P<0,05 compare with 1 month age rats group.

The activity of non-enzymatic antioxidant system of blood presented in this work is
characterized by the amount AOA of plasma, the ability, to quench OH-radical and by the degree
of erythrocytes resistance to a spontaneous hemolysis, in contrast to activity of enzymatic
antioxidant system considerably decreased by an average age in 2,2 times and by 24-months in
2,7 times in comparison with 1-month animals. The resistance of erythrocytes to a spontaneous
hemolysis and antiradical activity of plasma decreased in 1,2 times by 24-month age.

Obtained results allow to make a conclusion, that the role of enzymatic glutton — dependent
antioxidant system of blood of animals in LPO inhibition increases with aging. Here it is
important to note that glucose-6-phosphate dehydrogenase and glutathione reductase activities in
erythrocytes decreased during the aging of animals. According to this reason it is possible to
expect, that activation of POL may be more expressed in old rats than in young rats under certain
long extreme conditions, which cause oxidation of GSH and NADPH. As a whole, received
results about age changes of certain parameters, which characterize the condition of LPO and
antioxidant system of blood, testify that during relatively late periods of enzymatic system. In
this concentration more complete supply with reducing equivalents (NADPH and GSH) of
fermentative antioxidant system of the young and old male rats’ organisms may be an effective
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way to inhibit the occurrence and development of age related pathologies of free radical etiology.
Average values of sperm parameters in group of male rat can be observed in table 2.

Table 2 — Age and semen parameters in 4 studied groups.

. Age, month
Variable I 3 B 2
(S;fgg; content 2,78+0,23 1425£0,31%% | 17,8120,45%%% |  3.21+0.46%*
Motility, % 2,31%0,12 5421+0,42%%% | 63,0147 81%** 3,42+0,34%
E‘;rrgfglogy o 3,25+0,31 17,181,12%%* | 25,1442 25%** 4,47£1,81%
, /0

Note: *P <0.05, **P <0,01, ***P <0,001 compare with 1 month age rats group.

In this group young (1 month old) and old (24 months old) male rat was infertile and other rats
were fertile. The fertility of animal depends on aging.

Then content of helatable metals (Zn, Mg, Cu) in blood and seminal plasma in male rat is shown
in table 3.

Table 3 — The content of metals (Zn, Mg, Cu) in blood and seminal plasma in 4 studied groups.

Age, month

Variable I 3 B 7

Zn (in blood

7,73+0,81 10,15+0,79%%** 12,24+2,56%** 6,54+1,35%
plasma, pmol/l)

Zn (in seminal
plasma, pmol/l)

Mg (in blood

103,02+3,01 110,25+8,42* 136,51+2,32%* 94,28+3,25*

0,77+0,08 1,04+0,16%** 1,240,09%** 0,410.06**
plasma, pmol/l)
Mg (in seminal 10,2142,31 12,42+1,62 15,3742, 74%% 8,31+1,35
plasma, pmol/l)
Cu (in blood

22,19+3,91 | 17,07+1,12%%* 15,7142,42% % 18,82+1,79*%
plasma, pmol/l)
Cu (in seminal 271,31+ 191,8243,74%*% | 175,05+8,94%** | 239.39+1431
plasma, pmol/l) 15,21

Note: ¥*P<0.05, **P<0,01, ***P<0,001 compare with 1 month age rats group.

The situation with the control group (1-month old) and old group (24-months old) may explain
higher content of Cu and lower content of Zn and Mg in blood and seminal plasma. The situation
with the group (12-months old) may explain higher content of Zn, Mg and lower content of Cu
in blood and seminal plasma . The content helatable metals in blood and seminal plasma depends
on aging. Table 4 shows the content of helatable metals in spermatozoons.

Table 4 — The content of metals (Zn, Mg, cu) in spermatozooons of male rats.

Intensity of cytochemical Age, month
reaction, sing 1 3 12 24
Zn (dithizone) 0,86+0,07 1,27+0,14%* 1,38+0,09%** 0,95+0,07**

Mg (lumomagnesone) 0,32+0,05 0,94+0,61*** 1,07+£0,08*** 0,74+0,05%*
Cu(lumocuppherone) 1,04+0,04 0,85+0,07** 0,49+0,05%** 0,76+0,08*
Note: *P<0.05, **P<0,01, ***P<0,001 compare with 1 month age rats group.
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The situation with the control group (1-month old) and old group (24-monthes old) may explain
higher content of Cu and lower content of Zn and Mg in spermatozoons. The situation with the
group (12-month) may explain higher content of Zn, Mg and lower content of Cu in
spermatozoons. The content helatable metals in spermatozoons depends on aging.

In future we will study the method of correction of alteration in metal ligand homeostasis,
antioxidant system and male fertility which depends on aging.

10.

CONCLUSION

The status of the antioxidant system depends on aging. The antioxidant activity was lower in
groups (1 and 24-months old) and higher in 12 months old rats.

The content of the helatable metals (Mg, Cu, Zn) in blood and seminal plasma and
spermatosoons depends on aging, in case with young and old rats male may explain
higercontent of Cu and lower content Zn and Mg in blood and seminal plasma in
spermatozoons.

The fertility depends on aging. The fertility was lower in young and old groups (1 and 24-
months old) and higher in adult 12 months old.
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3MIHA PIBHSA CTIMKOCTI YBAT'YM CTYJAEHTIB I TA 111 KYPCIB
Y NIPOLHECI HABYAHHA
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VY craTTi po3risHyTO Hpobiiemu cTiiikocti yBaru B ctyieHTiB | i Il kypciB OionoriyHoro ¢akyibTery.
Merta jmocmiKeHHs — NPOBECTH MOPIBHJIBHUI aHami3 3MiH piBHs cTiiikocti yBaru ctyaentiB [ i III
KYPCIB i3 pi3HUM TUIIOM TemrepaMeHTy. [IopiBHSUIbHUI aHai3 OTPUMAHUX JaHUX OKa3aB, M0 CTYACHTH
III kypcy 3arajom Kpaille BUKOHYBaJIM 3aBAaHHS Ta MajJM Kpalli pe3yJlbTaTH MOPIBHAHO 3i CTYAEHTaMHU-
MEPLIIOKYPCHUKAMU NPOTIATOM YChOTO HABYAJIBHOTO POKY, II0 MOYKHA MOSCHUTH KPAIIOI0 aJalTalli€elo 10
HaB4yaHHs y BH3.

Kniouosi crosa: yeaea, munu memnepamenmy, Xo1epux, CaHesiHiK, Qreemamux, Cmitikicms yeazu.

Kyukosckuit O. H., Cuuosa C.0. HW3MEHEHHUE VYPOBHS YCTOMUYMBOCTU BHHUMAHUSI
CTYAEHTOB I 1 Il KYPCA B ITPOLECCE OBYUYEHU / 3anoposxckuii HalMOHAIBHBIA YHUBEPCUTET;
69600, Ykpauna, 3anopoxse, yi. JKykoBckoro, 66

B crartbe paccmoTpensl npobiemMsl yeroitunBocTr BHUMaHus y cryaentos I u 111 kypcos 6uonorudeckoro
¢akynpreTa. llenapio Hamero wucciIeqOBAaHMS SBIAETCS CPAaBHUTENBHBIN aHAIN3 H3MEHEHHH YpPOBHS
BHUMaHuUs cryneHToB | m III kypcoB ¢ pasHeIM TumoMm TemmnepameHTa. CpaBHHUTENBHBIH aHAIN3
MOJTYYEHHBIX JAHHBIX YCTOMYMBOCTH BHHMAaHHMsS TIOKasas, 4To cryfaeHTtsl III kypca B memom uydme
BBINTOJTHSIIM 33aHUsI ¥ UMEITH JIydIlIne Pe3ysbTaThl 0 CPABHEHHIO CO CTYJCHTaMH-NIEPBOKYPCHUKAMH B
Te4eHHe BCEro Y4eOHOro To/1a, YTO MOKHO OOBSICHUTH JIydlllel ajanTtaruei k o0yuenunio B BY3e.
Kniouesvie crosa: snumanue, munvi memnepamenma, X01epux, CAHe8UHUK, hieeMamux, CmotiKoCms 6HUMAHUS.

Kuchkovsky O.N., Sichova S.O0. CHANGE OF THE LEVEL OF STABILITY OF ATTENTION IN THE
PROCESS OF STUDENTS TRAINING I AND III OF THE COURSE / Zaporozhye National University;
69600, Ukraine, Zaporozhye, Zhukovsky str., 66

The problem of studying of attention is now becoming increasingly important. This is primarily due to the
high dynamics of life, which becomes increasingly important health problem students, facilitating their
living and learning. Today a growing number of children who have lost interest in the study decreased
their intellectual level, decreased concentration, all this necessitates the development of practical
psychological and pedagogical methods to increase the potential of students. Attention is inherently one
of the phenomena of approximately & D personality. And the psychological impact is directed to the
content of the image, a phenomenon thought. Attention plays an important role in the regulation of
intellectual activity. It focuses, directs the human mind at any given time on any real or ideal objects —
objects, events, events, images, thoughts, etc. Attention occupies a special place among mental
phenomena, speaking an integral part of learning, feeling and will.

Attention review and as a function of internal control over compliance mental action programs for their
implementation. Development of such monitoring improves the performance of any activity and its
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