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THE CHANGE OF BIOMETALS CONTENT (Cu, Mg, Zn) IN BLOOD
AND SEMEN AND THEIR RELATIONSHIP TO THE FERTILITY OF MEN,
WHO WERE CONTAMINATED BY ANTHROPOGENIC AIR POLLUTION
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This work is devoted to the research of the influence of the change of biometals content (Cu, Mg, Zn) in
blood and seminal plasma and their relationship to the fertility of men, who were contaminated by
anthropogenic air pollution. Such methods were used: cytochemical, biochemical and ecohygienic. The
content of Zn, Mg, Cu in the blood and sperm of 190 men, 134 of them were metallurgical workers, was
researched. We separated them according to the groups with such signs: fertility, contamination by air
pollution and smoking.

The results of the research are the following: 1) air pollution influences on the content of chelatable
metals in plasma of blood and semen and in the spermatozoons; 2) chronic influence of this factor
decreases Zn and Mg content in blood and seminal plasma and in the spermatozoons, but this process is
accompanied with increase of Cu content in fluids and cells; 3) the decrease of Zn and Mg content in
fluids and cells leads to the result of an infertile status of the men who were contaminated by
anthropogenic air pollution. In future we will study the methods of correction of this effect.

Key words: content of biometals in blood and seminal plasma, fertility of men, anthropogenic air pollution.

3MIHU BMICTY BIOMETAJIIB (Cu, Mg, Zn) Y IIJIA3MI KPOBI I CHEPMI
TA iX BILIUB HA ®EPTHJILHICThH YOJIOBIKIB, IO MIJTABAJIUCS JIi
AHTPOIIOTEHHO 3ABPY/IHEHOI'O MTOBITPSI
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Exonmoro-TirieHiYHIMH Ta NATOXIMIYHUMH METOJAMH MIPOBOIMIIKCS JOCIHIIKEHHS BILUTUBY 3MiH MOKAa3HHKIB
MeTaloJliranHoro romeocrasy (Bmicty Zn, Mg, Cu B mia3Mi KpoBi Ta cnepmi i B crepMaTo3oigax) Ta
(epTHIBHICTD YOJIOBIKIB, 110 KOHTAKTYIOTh 3 aHTPOIIOI'€HHO 3a0PY/IHEHHSM MOBITPSM (TIHJI BXKKUX METAIIB,
TIOTIOHOBHH auM). O6ctexxkeHo 190 poOITHUKIB MeTanyprilHUX MHiANPUEMCTB, NOAUICHUX Ha TIPYyNU 3a
03HaKaMu: (epTHIIBHICTD, KOHTAKT 3 BAXXKKMMHU METaJlaMU Ta ITaliHHSL.

Y pesyabTari IOCHiZKEHHs OyJlO BCTaHOBJEHO, IO BIUIMB aHTPOINOTEHHO 3a0pyAHEHOro TOBITPS
nigBuigye BMict CU B ruta3Mi KpoBi i criepMi, a TAaKOX y CIepMaTo30inax, 30KpeM, 3a BCiMa MOKa3HUKaMH
3HIDKYETBCS BMICT ZN Ta MQ, mo y CBOIO Uepry BUKIWKAe MOPYIICHHS YOJOBIYOi (pepTHIBHOCTI, sKe
MPOSABIAETHECA 3HIKCHHSAM (EepTIIBHOCTI B Tpymmi, IMo mepedyBala IMmia di€l0 aHTPOMOTESHHO
3a0pyIHEHOTO TOBITPS Ta OO MMOBHOTO 3HUKHEHHS (EPTHIBLHOCTI B TPYHi KypIiB, MO0 KOHTAKTYBAaIH 3
MTUJIOM Ba)KKHX METaJiB.
IMomanemri qocnigkeHHss HEOOXITHO CIPSIMYBAaTH HAa 3HAXOJUKCHHS CITOCOOIB MOIEpePKEHHS BHHUKHCHHS
[HUX SIBUIN, a TMPU iX BUHUKHEHHI — 3aco0iB ix kopekmii. Takox Oa)kaHO Tepen UM JOCHIIUTH BIUIMB
AHTPOINOTEHHHUX (PaKTOPIB HA EKCIIEPUMEHTAIBHUX TBApHHAX.
Kniouosi cnosa: emicm Oiomemanié 6 niasmi Kposi ma cnepmi, QepmuibHiCmb Y0108iKi8, AHMPONOSEHHO
3a0pyonene nogimpsl.

MU3MEHEHMUS COAEPKAHUSI BUOMETAJIJIOB (Cu, Mg, Zn) B IIJIABME KPOBHU U CIIEPME
1 WX BJIUSHUE HA ®EPTUJIbHOCTb MYKYHH, ITIOJABEPTABIIINXCSI BO3JEHCTBHUIO
AHTPOIIOTEHHO 3ATPS3HEHHOI'O BO3JIYXA
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DKOJOTO-TUTHCHUYECCKUMU | OUTOXUMHUYCCKNUMHU METOJaMH, NPOBOIUIOCH HMCCICIAOBAHUC BIIMAHUA
H3MCHEHMI MoKa3aTele METAJJIOJIMTaHAHOT'O IroMe€ocCTa3a (cozxepn(a}me Zn, Mg, Cu B mmasme KpOBHU U
CriepMe, a TaKKe cnepMaTos*on,uax) Ha (bepTI/IJ'II)HOCTL MYKYWH, KOHTAaKTUPOBABIINX C AHTPOIIOTCHHO
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3arpsA3HEHHBIM BO3IYXOM (TIBUIb TSDKEINBIX METAJUIOB, TabadHbIM abiM). OOciemoBanbl 190 paboumx
METAJUTYPTUUeCKUX MPEIIPUSATHI, pa3faenEHHbIX Ha TPYIIbI M0 MpU3HaKaMm: (pepTHILHOCTh, KOHTAKT C
TsOKENBIMU METAJIIAMHU U KypEHUE.
B pesyibrare ucciIenOBaHHS YCTAHOBIEHO, YTO BO3ACUCTBUE aHTPOIOICHHO 3arps3HEHHOTO BO3JyXa
noBbImaeT coaepkanne CU B Iuta3Me KpOBH, CIepMe, a Takke B chepmarto3ouaax. Kpome Toro,
MPOUCXOUT CHWXKEHHUE cojepkaHusi MQ u Zn mo BceM MOKa3zaTessM, 4TO B CBOIO OYEpE[b BHI3bIBACT
HapyIICHUE MYKCKOW (DepTHUIBHOCTH MY)KUUH, COYCTABIIUX KYPEHHE C BO3ICHCTBUEM 3arpsi3HEHHOTO
BO3yXa.
JanpHeWmue wuccleoBaHUs HEOOXOAMMO HANPABUTh HAa HAXO0XKICHHE CIOCOOOB MPEAYIpPEeKICHUS
BO3HHMKHOBCHHS STHUX HETaTHBHBIX MPOSBICHUN, a NpPH BO3HUKHOBEHHH — METOJOB WX KOPPEKIIHH,
KENAaTeIbHO MPEABAPUTEIHLHO OTPAaOOTAHHBIX HAa SKCIIEPUMCHTAIBHBIX JKUBOTHBIX.
Kniouegvie cnoea: cooepocanue Ouomemannog 6 niasme KpoGu U CHepMbl, (QepMmUIbHOCMb  MYICUUH,
AHMPONO2EHHASL 3A2PAZHEHHOCTb 8030VXA.

INTRODUCTION

On the biological trace elements Zn, Mg and Cu are important in reproduction. Zinc has been
extensively studied. Its deficiency leads to gonadal dysfunction [1-3] decreases testicular weight
and causes shrinkage of seminiferous tubules [4-7]. Some of the zinc deficiency states such sickle
cell anemia, chronic alcogolism, idiopathic male sterility, or toxic effects of di-(2-ethyl hexyl)-
phthalate (DEHP) or other phthalic acid esters (PAES), cause atrophy of the testis and the atropty is
attributed to low availability or increased urinary excretion of zinc [1-7]. Zinc deficiency is also
linked to malignant growth in the testis. Zinc content is high in the adult testis compared to
immature animals or those in which the efferent duct is ligated. Zinc concentration of the men
increases at puberty and reaches a maximum at the age of 34-40 years of age when functional
activity of the organ is at its peak. Similarly the rats with a maldescended testicle, the ectopic testis
has a decreased zinc content, whereas that of the other testicle is normal. Zinc deficiency impairs
the action of the Mullerian inhibitory factor which is essential for testicular differentiation [1-4].

Angiotensin converting enzyme (ACE) is closely associated with testicular development and sperm
development [1-7]. ACE is primarily localized in the germinal cells and has very little activity in
Leydig and Sertoli cells. The precise role of ACE is not clear yet but reduced ACE activity in the
testis of zinc-deficient rats has been analyzed [1, 3, 4]. It is believed that zinc deficiency first
impairs ACE activity, and that in turn leads to depletion of testosterone and finally impairs
spermatogenesis. Although the probable site of action is considered to be primary spermatocytes, it
has also sperm heads [1, 8, 9].

Zinc appears to be an indispensable element in reproduction for another reason too. The gonads are
the most rapidly growing tissues in body and vital enzymes involved in nucleic acid and protein
synthesis are zinc metalloenzymes [1-4].

The three zinc cations, cuprum and magnesium stimulated or inhibit progressive motility depending
on the concentration of each. At high concentration, these elements, individual or jointly, impair
fertility in the patients with normal sperm density. Although a positive correlation between seminal
fluid, zinc and sperm motility and sperm density of asthenozoospermic men is studied excessively
in asthenozoospermia. Some of the important enzymes of spermatozoa are zinc metalloenzymes and
can thus become dysfunctional when zinc is deficient [1-7].

Spermatozooon zinc is suggested to protect an inherent capacity of decondensation, thereby assist to
extend the functional life-span of the ejaculated sperm. The spermatozoon head accumulates a
fourfold higher zinc concentration than seminal plasma, and the high-affinity zinc bilding sites are
present within the nuclear matrix. Zinc is related to the structural integrity of DNA, and prevents
destruction of DNA by inhibit degrading enzymes [1-6].

Further, an insufficient zinc level in the nucleus may destabilize the quaternary structure of
chromatin, reduce the DNA content of spermatozoa and thereby reduce their fertilizing
capability [1-3].
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The concentration of zinc (Zn) in human seminal plasma is higher than in other tissues. Zinc is the
metalloprotein cofactor for DNA-binding proteins with Zn fingers. It is part of cooper (Cu)/zinc
superoxide dismutase and several proteins are involved in the repair of damaged DNA (which are
mutated in half of human tumors) and in the transcription processes of DNA [1, 3, 8]. Zinc has an
important role in testes development, sperm physiologic functions and decreasing of its levels
causing hypogonadism, decrease in testes volume, inadequate development of secondary sexual
characteristics and atropy of seminiferous tubules (and hence spermatogenesis failure). Recent
studies hypothesized that insufficient intake of Zn can impair and make the sperm cell hidhly
susceptible to oxidative damage [1-7].

Infertile and smoker men are very susceptible to oxidative damage induced by free radicals. High
levels of free radicals may overwhelm the antioxidant strategies (especially the effective
concentrations of seminal Zn), which is associated with low quality of sperm. In the present study,
we hypothesized that major changes in the level of seminal trace elements, especially Zn levels, are
related to low quality of sperm and poor fertilizing capacity. Therefore this study is focused
primarily on Zn levels in the seminal plasma of fertile and infertile subjects (smokers and
nonsmokers). The connection of Zn and a certain degree of Mg in the seminal plasma of all groups
was evaluated [1-4].

Zinc is also localized in the Golgi complex or secretory vesicles of interstitiotrophs (IT),
folliculotrophs (FT) and lactotrophs (LT) of the pituitary gland. Thus it seems that the element plays
an important role in the production and secretion of LH, FSH and prolactin, and these in turn
regulate testosterone production. It is now well-known that zinc deficiency depresses
steroidogenesis [1, 3, 4]. Besides its effect on androgen metabolism, it interacts with steroid
receptors and androgen binding protein. The earliest citochemical changes occur in Leydig and
Sertoli cells in mice after two weeks of zinc deficiency. Cholesterol and neutral lipids are precursors
of sex steroids. Under the zinc deficiency they are uptaken by the germinal and non-germinal cells
of the testis that does not seem to be affected, but probably the cells are incapable of converting
them into sex steroids. This is thought to be the reason that there is a low level of serum
testosterone, in spite of high serum LH and FSH levels, after LHRH injection to zinc-deficient rats.
Sertoli cell products hormone (SCH) forms the metabolism of testosterone, triggers the formation of
new cell lines in the testis, its insufficiency, because of defective metabolism of cholesterol, appears
to be responsible for the arrest of spermatogenesis [1-7].

The main aim of this work is the study of the influence of air pollution containing hydrogen sulfide
of toxic metals to the content of trace elements (Zn, Mg, Cu) in blood and seminal plasma and their
relationship to fertility of the men who were contaminated by anthropogenic air pollution.

MATERIALS AND METHODS

Biochemical methods were used to estimate Zn, Mg, Cu content in blood and sperm for mass
investigations of industrial workers. The methods are relatively complicated and require great
quantities of blood sperm samples. The citochemical methods used here are simple and need
relatively small amounts, only a few drops are required for each analysis.

The cells of 190 subjects were investigated in total, with 56 people as controls, unexposed to the air
pollution. Exposure of 134 workers to hydrogen sulfide and toxic metals (in metallurgical facilities)
was studied. Significant exceeding of hydrogen sulfide concentration of air to 1,4 maximum
allowable concentration (MAC) was noted. Average annual indicator of hydrogen sulfide in
working zone air formed 0,8 MAC. Toxic metals concentration in working zone air of metallurgic
industry fluctuated within the range from 0,7 to 1,0 MAC.

All participants were within the age range of 24-35 years. Almost none of them had acute infections
at the time of testing. The period of exposure was one year. The exposures were similar in each
investigated department.
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Procedures. All the subjects were interviewed by an experienced investigator using a questionnaire
to obtain information on occupation exposure at work to metals, general health, living habits,
including cigarette smoking and alcohol drinking, and medical history. In addition, a medical
examination was conducted by an andrologist.

The subjects were asked to collect semen at home in the morning by masturbation into a sterile
wide-mouth plastic container after at least three days abstinence. The samples were brought to the
hospital within an hour of collection. Time of ejaculation, abstinence period, and spillage (if any)
were recorded by the subjects; 10 ml of venous blood was also drawn from the subjects into a
heparinized plastic tube on the day when they handed in the semen samples. Semen screening was
performed as soon as possible after the specimen was delivered at the Seminology laboratory of the
reproductive clinic. The semen screening included semen volume, sperm density, motility,
morphology, and viability. These were performed according to the World Health Organization
guidelines for examination of human semen. The blood and semen samples were stored in metal
free containers and kept at -40°C and 4°C respectively before analysis.

Semen samples were obtained by masturbation into a sterile container after sexual abstinence for 2
to 3 days. Before semen analysis, a questionnaire was distributed to obtain information on smoking
habits; alcohol use, use or abuse of other substances and drugs and a history of orchitis, testicular
trauma, sexually transmitted disease, varicocele, surgery for inguinal hemia and cryptorebism.
Consent was obtained from the subjects. Fertile and infertile patients who smoked cigarettes
regularly or who were nonsmokers (previously never smoked) were included in the study [1, 5-9].

Semen parameters analysis. After collection, semen specimens were allowed to liquefy at room
temperature for 30 minutes and used for analysis. On microscopic examination, sperm and sperm
with normal morphology were objectively evaluated according to standards set by the World Health
Organization. Sperm morphology was evaluated according to the criteria by Kruger [1, 5-9].

Measurement of Cu, Mg, Zn in semen and blood plasma. Semen samples were centrifuged at
600 g for 10 minutes. After centrifugation, supernatants were diluted 10-fold by deionized water.
Levels of Cu, Mg, Zn were measured by atomic absorption spectrophotometre [10].

Measurement of Cu, Mg, Zn in spermatozoons

Seminal smears were fixed for 5 min in formalin vapors before dithizone staining. 0,2% water —
ammonia solution of this reagent was used. The dye was prepared in the following way.
Combination of 45 ml of distilled water, 600 mg of dithizone, and 0,9 ml of 25% solution of
ammonium hydroxide were placed into a flask and mixed in water bath at 70°C during 10 min.
Then the content was filtered and 1% water ammonia solution of dithizone was obtained because
the fourth part of reagent remained insoluble. Working solution of dithizone was prepared by
fivefold dilution of basic. (1%) solution with 0,2% solution of natrium diethyldithiocarbamat.
Reagent of Mg was lumomagneson, of Cu lumocuppheron metals content in spermatozoids was
evaluated with semi — quantitative and 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 scales [6]. The quantitative
method was based on granule number score in the cells. The number of spermatozoids was

expressed as its number per 1 mul of the semen. The results are presented as X +SD; testing for
significance is performed using Students' t-test.

RESULTS AND DISCUSSIONS

Average values of sperm parameters in fertile and infertile groups can be observed in Table 1. No
significant differences between the groups in age and semen volumewere observed. Sperm quantity,
motility, and normal morphology in fertile group (smokers or nonsmokers) were significantly
higher than those in infertile group. A trend toward a higher quality of sperm was seen for
nonsmokers compared with smokers (Table 1).
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Average concentrations of Zn, Mg, Cu in the seminal plasma of all samples can be seen in Table 2.
The concentration of elements in seminal plasma was in the order Cu, Zn, Mg. No significant
differences were observed in average concentrations of Zn, Mg and Cu between groups. However, a
trend (P = 0,9) was observed for a lower average Mg levels in seminal plasma of infertile smokers
compared with infertile nonsmokers. Moreover, a trend (P = 0,7) toward higher Mg levels was
observed in seminal plasma of fertile nonsmokers compared with infertile nonsmokers (Table 2).

Fertile groups (smokers or nonsmokers) demonstrated significantly higher Zn levels in their seminal
plasma than any infertile groups (P< 0,001). A trend was observed for a lower average Zn levels in
seminal of smokers compared with nonsmokers was observed (Table 2). Fertile nonsmokers had
significantly higher levels of Zn in their seminal than infertile nonsmokers (P< 0,001), moreover
fertile smokers had significantly high levels of Zn in their seminal plasma compared with infertile
smokers (P< 0,001). A trend (P = 0,7) for a lower average Zn levels in seminal plasma of fertile
smokers compared with fertile nonsmokers was observed. Moreover, there was a trend (P = 0,6)
toward higher average Zn levels. Average content of metals in spermatozoons in 2 studied groups
can be observed in Table 3.

Table 1 — Age and semen parameters in 2 studied groups.

Variable Fertile group Infertile group
control nonsmoker, nonsmoker smoker, exposed
(n =56 exposed by the air | exposed by the by the air
nonsmoker, pollution air pollution pollution
unexposed by the (n=38) (n = 46) (n=52)
air pollution)
Age (y) 31,25 + 4,02 29,43 + 3,6 29,63 + 3,38 31,01 + 4,53
Volume (ml) 453 +1,15 421 +1,35* 4,11 +1,61 3,2+0,82
Sperm
content 87,58 £ 4,95 77,59 £16,35* 38,29 + 15,9$ 32,02 +18,97°
(x10°)
TOt(axllsO%;“rm 38425+ 1532 | 34553+ 137,6* | 157,3+13,58° | 9538+ 6,48
Motility (%) 65,29 + 8,69 63,94 £ 7,85* 41,93 + 5,14° 41,87+ 5,25
Normal
morphology 16,25 £4,01 12,31 +3,92* 5,7 +1,49°% 5,3 £0,5%**
(%)

Note: Values are presented as average + SD;

* P < 0,05 by using 1-way analysis of variance followed by post hoc Newman-Keuls test when values of fertile smokers
are compared with fertile nonsmokers;

*** P < 0,001 by using 1-way analysis of variance followed by post hoc Newman-Keuls test when values of fertile
smokers are compared with fertile nonsmokers;

$P < 0,001 by using 1-way analysis of variance followed by post hoc Newman-Keuls test when values of infertile
nonsmokers are compared with fertile nonsmokers.

TP < 0,01 by using 1-way analysis of variance followed by post hoc Newnan-Keuls test when values of infertile
smokers are compared with fertile smokers.

P < 0,01 by using 1-way analysis of variance followed by post hoc Newman-Keuls test when values of infertile
nonsmokers are compared with fertile smokers.

*P < 0,01 by using 1-way analysis of variance followed by post hoc Newman-Keuls test when values of infertile
nonsmokers are compared with fertile smokers.

Table 2 shows relevant data of 56 referenced subjects and 136 workers who were exposed by the air
pollution. The referenced group included 38 fertile nonsmoker exposed by the air pollution (I g), 46
infertile nonsmoker exposed by the air pollution (11 g) and 52 infertile, smokers exposed by the air
pollution (Il g). The incidence of the control group may explain higher content of Zn, Mg and
lower content of Cu in blood and seminal plasma.
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The incidence of the group (111 g) may explain lower content of Zn and Mg and higher content of
Cu in blood and seminal plasma.

Table 2 — The content of metals (Zn, Mg, Cu) in blood and seminal plasma in 2 studied groups

Variable Fertile group Infertile group
control nonsmoker nonsmoker smoker, exposed
(n=56 exposed by the exposed by the | by the air pollution
nonsmoker, air pollution air pollution (n=52)
unexposed by (n=238) (n=46)
the air pollution
Zn
(in blood 12,25 £2,68 10,21 & 0,84 *** 7,78 £ 0,99%* 6,57 £ 1,63%**
plasma, umol/l)
Zn 110,25 +
(in seminal 135,85 £ 2,54 12 2’5*** 101,95 £ 2,05%** 04,75 £ 2,5%**
plasma, pmol/l) ’
Mg
(in blood 1,21+ 0,07 1,05 + 0,14%%** 0,75 £ 0,08** 0,3 £0,06%**
plasma, mmol/l)
Mg
(in seminal 15,21 £2,67 12,75 £ 1,54 10,12 £ 2,65** 8,25+ 1,33
plasma, mmol/Il)
Cu
(in blood 15,45 £2,86 17,21 £ 2,14%** | 18,75 + 1,86%** 22,12+ 3,95%**
plasma, umol/l)
Cu
(in seminal 175+ 9,58 192,95 + 1,85%** | 240,52 £2,75%** | 270,75 + 14,85%**
plasma, pmol/l)

Note: ** P < 0,01;*** P < 0,001.

Table 3 — The content of metals (Zn, Mg, Cu) in spermatozoons in 2 studied groups

Intensity Fertile group Infertile group
of cyttc_)cherr]lcal control nonsmoker nonsmoker smoker,

reaction, sing (n =56) exposed by the | exposed by the | exposed by the

nonsmoker air pollution air pollution air pollution

unexposed by (n=38) (n = 46)
the air pollution
Zn o oo ok 0,85+ 0,08
(dithizone) 1,5+ 0,16 1,2+0,14 1,09 + 0,09 ke

Mg 1,01 £0,07 *** | 0,92 +0,02*** | 0,74 £0,04*** | 0,32 £0,05%*

(lumomagnesone)

Cu
(lumocuppherone)

Note: *P < 0,05; **P < 0,01,*** P < 0,001

0,50 £ 0,05*** | 0,72 +£0,06%* | 0,85+ 0,02%** | 1,01 £ 0,04%**

The content of Zn and Mg in spermatozoons decreased but the content of copper increased. This
fact proves that Zn and Mg are synergists but Cu is their antagonist. The influence of
contamination of atmospheric air had a negative effect on the characteristics of spermatozoons.
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Table 4 shows the correlations between each of the measured reproduction parameters with respect
to Szn, Smg, Scu, SMOKINg age and exposure by the air pollution Sz, and Swg the increase of quantity
of total sperm, motility of sperm and the decrease of percentage of pathologic sperm. Sc,, smoking
and exposure by the air pollution decreased these parameters.

Table 4 — The Spearmen rank correlation coefficient and the level of significance (r, p) for
relationships between the parameters of semen quality with respect to zinc (Sz,), magnium (Swmyg),
cuppers (Scu), Smoking habits, age and exposure by the air pollution.

Parameter Szn Smg Scu Smoking Age Exposure by the
air pollution
Semen volume 0,145 | 0,151 | -0,135 -0,004 0,035 -0,052
Sperm volume 0,291 | 0,318 | -0,164 -0,009 -0,044 -0,210
Motilite sperm, % 0,152 | 0,148 | -0,191 -0,028 0,076 0,001
Normal rr:)orphology, 0,139 | 0,142 | -0,079 -0,141 0,025 -0,018
%o

1. Air pollution influences on the content of chelatable metals (Zn, Mg, Cu) in plasma of blood and
semen in the spermatozoids.

2. Chronic influence of this factor decreases Zn and Mg content in the blood and seminal plasma
and in spermatozoons, but this progress is accompanied with the increasing of spermatozoons.

3. The decreasing of Zn and Mg content in blood and seminal plasma and spermatozoons leads to
an infertile status of the men, who were contaminated by anthropogenic air pollution. In future we
will study the method of correction of this effect.
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The short characteristic of organism functional condition changes of trained and untrained young men
during physical activity and processes of restoration is given in the paper following the analysis of repeated
modulated electric current influence on the specified processes. The aim of the study was to compare the
characteristics of a modulated electric current influence on cardiovascular system functional condition in
trained and untrained persons (17-24 years old) during the physical activity and restoration.

The study included 56 healthy young men (23 trained and 33 untrained), who were divided into the main
group (11 trained and 16 untrained persons) and control group (12 trained and 17 untrained persons). The
study included two stages: the first stage — the baseline functional condition was estimated in both groups;
the second stage — the functional condition state reaction to repeated modulated electric current during the
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