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AGE DEPENDET FEATURES OF LIPID PEROXIDATION REGULATION
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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.

€menxo 10.B., bosr B./l., Pomanosa M.J]. BIIJIMB BIKY HA INEPEKMCHE OKMCHEHHA JIIIAIB
Y KPOBI I ®EPTUJIBHICTh CAMIIB HIVPIB / 3amopispkuii HamioHambHHHA yHiBepcHTeT, 69600,
VYkpaina, 3anopixxxs, Byl. JKyKoBCEKOTO, 66.

JlocTipKeHHsT TIPUCBSIYCHE BIUTMBY BiKy Ha PEryJULil0 NMEPEeKHCHO-OKHCHIOBAHUX MPOLECIB Y KPOBi, a
TaKO)K Ha (EepTHIBHICTH Yy caMIiB IMypiB. BuxopmcraHo mnwrToxiMmiuHi 1 OiOXiMiYHI METOIH.
JlocmimKkyBannch 3alekHi Bil BiKy 3MiHU B TIEPEKHCHOMY OKHCHEHHI JIMIAIB Ta iX 3B 30K 3 YOJOBIYOIO
¢deprunpHicTO. J{OCTiKESHHS TIPOBOIIUIICS Ha OS3MOPOIHHUX CaMILIX IrypiB BikoM 1, 3, 12 1 24-micsi.
BusHaganm craH QepMEHTATHBHHX Ta HE(QEpMEHTATUBHHX CHCTEM KpOBi, TaKOX OYyJI0 BHBYCHO
(epTUIIBHICTD 32 TaKUMH MOKAa3HUKAMH, SK PYXJIUBICTh CHEPMATO30iMiB, X KiJIBKICTh Ta MOP(OIIOTis.
KpiM TOTO OLiHIOBaIM BMICT XeNaTOyTBOpIOIOYNX MeTatiB (Zn, Mg, Cu) y mia3Mi KpoBi Ta cnepmi i ix
BMICT y CIIepMaTo30i/ax.

BcraHoBiieHO, 1110 HAHWKYA aKTHBHICTh aHTHOKCHJIAHTHOT CHCTEMH KpOBi Oylia y MOJIOJHMX Ta CTapux
mypiB, a HaAHOUTBIIA — Yy JOPOCINX, AHAJIOTIUHI pe3ynbTaTh OyIM OTpUMaHi JUIsl TOKa3HUKIB
(epTHIBLHOCTI Ta CTaHy METAJIOJITaHIHOTO TOMEOCTAa3y.

PesynpTatm  gocmipkeHHS: 1) CTAaH AHTHOKCHJAHTHUX CHCTEM 3aJie)KUTh BiJl BiKy; 2) BMICT
XelaTOYTBOPIOIOUMX MeTaliB (Zn, Mg, Cu) B mia3Mi KpoBi, CliepMi Ta B CIIEPMATO30iJaxX 3alexarh Bijg
BiKY; 3) GepTHIBHICTS 3aI€XKAaTh Bif BIKY.
Knouosi cnosa: ¢hepmunvuicms, xenamoymeopioroui memanu, Cu, Zn, Mg, ik, anmuoxcuoanmui ¢hepmenmu ma
He (hepmenmamusHi cucmemu.

Emenko 10.B., bort B.Jl., Pomanosa M./[. BIMSITHUE BO3PACTA HA INEPEKMCHOE OKHNCJIEHHME

JMIIMAOB B KPOBU N ®EPTUJIBHOCTU CAMIIOB KPBIC / 3amopoxckuil HalMOHAIHHBIH

yHuBepcureT, 69600, Ykpauna, 3anopoxbe, yi. JKykoBckoro, 66.
HccenenoBanne MOCBAIIEHO BIMSHUIO BO3pacTa Ha PETYIISIINIO TIEPEKUCHBIX OKUCIUTEIBHBIX IPOLIECCOB B
KPOBH, a TaKKe Ha (EpPTWIBHOCTh CaMIOB KpBIC. BBUIM HCHONB30BaHBL: IUTOXMMHUYECKHE U
OMOXMMHYECKHE METO/IbI. McciieoBaInch 3aBHUCSINE OT BO3PACTA M3MEHEHHS B IEPEKUCHOM OKHCIICHUN
JIMITHIOB U MIX CBSA3b C MYKCKOH (pepTHIBHOCTRIO. McciieoBanust MpOBOAMINCH Ha OECIIOPOAHBIX caMIax
KpbIC Bo3pacToM 1, 3, 12 u 24-mecsina. Onpenensiiin coctosiHie GepMEHTaTUBHBIX U He()ePMEHTAaTUBHBIX
CHUCTEM KpOBHM, TakXe H3ydyeHa (EepTHIBHOCTh 110 TaKUM IOKa3aTelsIM, KaK MOABHIKHOCTh
CIepPMaTO30MJIOB, MX KoiaudyecTBO M  Mopdosorus. Kpome Toro, oneHuBanu cojuepkKaHue
xenarooOpasyomux wmerauioB (Zn, Mg, Cu) B mia3Me KpOBM W CIEPMBI M HX COJEpKaHHe
B CIIepMaTO30M/ax.
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yCTaHOBJ’IeHO, YTO HH3Kass aKTHUBHOCTb aHTI/IOKCI/IHaHTHOﬁ CHUCTEMbI KPOBHU ObLiIa Y MOJOABIX U CTAapbIX
KpBbIC, a4 HauBbICHIad — Y B3POCJBbIX, AHAJIOTHUYHBIC PE3YJIbTAThI ObLIN MOJYYCHBI U1 IoKazaTeaeh
q)epTI/IJ'H)HOCTI/I " COCTOAHUA MECTAJIOJIMTaHHOI'O roMeocTasa.

BrIBOIBI U3 pe3ynpTaToB: 1) COCTOSHNE aHTHOKCHIAHTHBIX CHCTEM 3aBHCHT OT BO3pAcTa; 2) cojepkaHue
xenaTooOpasyromux MetamioB (Zn, Mg, Cu) B ma3mMe KpoBH, CIIEpMe U B CIIEPMATO30UIaX 3aBUCAT OT
BO3pacTa; 3) hepTUIbHOCT 3aBUCHUT OT BO3pAcCTa.
Kniouesvie cnosa: gepmunvrnocmo, xeramoobpaszyiowue memainvt, Cu, Zn, Mg, 6o3pacm, anmuokcuoanmmvie
hepmenmol, HehepmenmamusHbie CUCTEMbL.

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, 8].

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 VIS», 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, | mM EDTA,
0,15mM NAD PH, ImM GSH, 0,6 mM MA>0O;, 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'em™'.

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, | mM EDTA, 0,16 mM
NADPH, ImM 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

* kK *
(nmol MDA/m] 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 2081199 2814+222% 1922+321
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 53,8+4,5 24,9+4,9%* 19,9+£5,1*
plasma, in %

Antiradical activity of plasma,

in % 64,2+2,3 62,8+2.,9 58,5+3,1 54,1£3,1*
0

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+031%% | 17.81£045%% |  321+0.46%*
Motility, % 2.31%0,12 542120,42%%% | 63,91+7,81%%* 3.42+0,34%
Egrrgll?élogy y 3.25+0,31 17,18+1,12%%% | 251442 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 7 3 B 7

Zn (in blood

7,73+£0,81 10,1540,79%** 12,2442, 56%** 6,54+1,35*
plasma, pmol/I)

Zn (in seminal
plasma, umol/I)

Mg (in blood
plasma, pmol/I)

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

0,77+0,08 1,04+0,16%** 1,24+0,09%*** 0,41+0.06**

Mg (in seminal

10,21£2,31 12,42+1,62 15,37+£2,74** 8,31+1,35
plasma, pumol/l)

Cu (in blood 22.19+3.91 17,07+1,12%%* 15,7142, ,42%*x* 18,82+1,79%
plasma, pmol/I)

Cu (in seminal 271,31+ 191,82:43,74%% 175,0548,94%%* 239,39+14,31
plasma, pmol/I) 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 | 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 PIBHS CTIMKOCTI YBATH CTYJEHTIB I TA 111 KYPCIB
Y ITPOLECI HABUAHHA

Kyuxoscbkuit O. M., Cuuosa C. O.

3anopizvKuii HayYioHAILHUL YHI8EepCUmem
69600, Yxpaina, 3anopiscocs, eyn. Kykoscvkoeo, 66
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VY crarTi po3risHYTO MpodiieMu criiikocTi yBaru B cryneHTiB I i III kypciB GionorigHoro (akyisTery.
Meta nOCHIIKEHHS — TMPOBECTH TOPIBHAIBHHUNA aHami3 3MiH piBHA CTiiikocti yBaru crymeHTiB [ i III
KypCiB 13 pi3HHM THIIOM TeMmepaMeHTy. [1opiBHUIbHUI aHAI3 OTPUMAHKX JaHUX MOKAa3aB, 10 CTYACHTH
IIT xypcy 3aranom Kpaiie BUKOHYBAJIM 3aBJaHHS Ta MaJlil Kpalli pe3yabTaTH MOPIBHIHO 31 CTyICHTaMHM-
MEPIIOKYPCHUKAMH TPOTSTOM YChOT'O HABYAJILHOTO POKY, 1[0 MOKHA MOSCHUTH KPAIIOI0 aJalnTali€ero 10
HaBuaHHs y BH3.

Knouogi crosa: ysaza, munu memnepamennty, Xonepux, caueginix, greemamux, CmitiKicms yeazu.

Kyuxosckuit O. H., Cuuosa C. 0. M3MEHEHME VPOBHS YCTOMYMBOCTU BHUMAHMA
CTYJEHTOB I U1 IIT KYPCA B ITPOIIECCE OBYYEHUS / 3anoposkckuil HallMOHATIbHBII YHUBEPCUTET;
69600, Ykpauna, 3anopoxse, yi. KykoBckoro, 66

B cratbe paccMoTpeHB! IPo0IeMBl yCTOMYMBOCTH BHUMaHHA y cTyAeHToB | 1 11l kypcos Gmomornaeckoro
¢axynprera. Llenpro Hamero HcciaeJOBaHMS SBISICTCS CPaBHUTEIBHBIA aHAIN3 W3MEHEHUH YpOBHS
BHuMaHus cryaeHToB I u III kypcoB ¢ pasHblM Tumom TtemnepameHnta. CpaBHUTENBHBIA aHAIN3
MOJYYEHHBIX JAHHBIX YCTOMUMBOCTH BHMMAaHHs IOKas3al, 4Tto cTyiaeHTsl III kypca B mernoM myudrmie
BBINOJIHSIN 33JaHUS U UMEJHU Jy4llIue pe3yabTaThl 0 CPAaBHEHUIO CO CTYAEHTAMU-NIEPBOKYPCHUKAMU B
TEUEHHE BCEro yueOHOro roja, 4To MOKHO OOBSICHUTB JIydIlled ajanTtanuei k ooyuenuio B BY 3e.
Kniouegvie cnosa: enumanue, munsvi memnepamenma, Xonepux, CaHe8UHUK, (aeemMamuk, CIouKocms GHUMAHUSL.

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

Bicnuxk 3anopizbko2o nayionanvnozo ynieepcumenty Nel, 2017



