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Izmantotie apziméjumi
ML — magnétiskais lauks,

PML — pastavigais magnétiskais lauks,

vilPML — vidgjas intensitates Tslaicigi aplic€ts pastavigais magnétiskais lauks,

EML - elektromagnétiskais lauks.

Apzim&jumi magnétu novietojumam (resp., vilPML orientacijai) pret dzivnieka galvu:

IS-kN - pie labas puslodes (1) - dienvidu pols (S), pie kreisas puslodes (k) — ziemelu pols (N);
IN-KS - pie labas puslodes (1) - ziemelu pols (N), pie kreisas puslodes (k) — dienvidu pols (S);
IN-kN — pie labas puslodes (1) - ziemelu pols (N), pie kreisas puslodes (k)— ziemelu pols (N);
IS-kS - pie labas puslodes (1) - dienvidu pols (S), pie kreisas puslodes (k) — dienvidu pols (S);
Dzivnieku grupu apzimé&jumi atklata lauka eksperimentos:

k-f — kontroles grupa, kuras dzivniekiem pie galvas novietoja "neistos magnétus" —
magnétiem lidziga izme&ra kartona kastites;

k-c¢ — kontroles grupa, kuras dzivniekus turgja caurul€ bez magnétiem un kartona kastitém;

k-nav — kontroles grupa, kuras dzivnieki noveroSanas buri tika ievietoti bez tur€Sanas
caurulg;

rote — grupa, kuras dzivnieku apvienojosa pazime bija ta, ka vini, atrodoties caurulés un
sanemot PML aplikaciju, izradija pastiprinatu kustibu aktivitati un “vélas” ap savu horizontalo
asi ("rotgja"), tadel nebija iesp&jams noverteét konkréta magnétiska lauka vektora virzienu
attieciba pret dzivnieka galvu.

Uzvedibas parametru apzim&jumi un mervienibas:

gr(x) - mazgasanas reizu skaits, gr(s) - mazgasanas ilgums (s),

scr(x) - kasiSanas reizu skaits, ser(s) - kasiSanas ilgums (s),

hole - dzivnieka izradita interese par atklata lauka biira grida izurbtajiem caurumiem (reizes),
vert - vertikalo aktivitasu skaits (reizes),

re. time — laiks (s), kadu dzivnieks pavadijis nekustoties vai mazkustigi, kad parvietoSanas
atrums neparsniedz 0,5 cm/s ,

mov. sl. - laika periods (s), ko dzivnieks pavadijis 1&€ni kustoties 0,5-3,7 cm/s,
mov. f. - laika periods (s), ko dzivnieks pavadijis kustoties atrak par 3,7 cm/s,
v. max - maksimalais atrums, ko dzivnieks sasniedzis atrodoties biirT (cm/s),

v. mean - dzivnieka parvietoSanas vid&jais atrums (cm/s), kuru aprékina, attiecinot dzivnieka
noieto celu pret laiku, ko tas pavadijis noveérosanas burt,

dist - dzivnieka kopgjais veiktais cel§ (cm) attieciga izmekl&uma laika,

n. ent. - zonu skaits, ko dztvnieks $k&rsojis eksperimenta.laika.



Islaiciga pastaviga magnétiska lauka ietekmes uz laboratorijas dzivnieku
fiziologiskam funkcijam atkariba no indukcijas vektora virziena

1. Petamas problemas nostadne un aktualitate

Pastaviga magnétiska lauka (PML) iesp&jamo ietekmju uz dzivajiem organismiem izpéte
ir nozimiga vairakos aspektos.

Vispirms, visparbiologiska interese ir par dabigas izcelsmes PML, proti, Zemes
magnétiska lauka mijiedarbibu ar dzivo dabu — augiem, mikroorganismiem, dzivniekiem un
cilvékiem. Saja virziena biitiska ir magnétiska lauka ka telpiskas orientacijas signala uztveres un
izmantoSanas mehanismu izpéte.

Otrkart, patstavigu interesi rada maksligi inducéta vaja PML ietekmes uz cilvéka
(dzivnieku) organismu izpéte, jo arstnieciba un dziednieciba diezgan plasi tiek pielietota Sadu
lauku iedarbiba, kaut ar1 iegltajam arstnieciskajam efektam trukst korekts zinatnisks
pamatojums.

Treskart, pamazam attistas un apstiprina savu lietderibu pétijumi, kuros PML tiek
izmantots ka riks biofizikalo likumsakaribu izzinaSanai molekulara un zemmolekulara lIimen.

Katra no Siem virzieniem p&dgja desmitgade giiti nozimigi atklajumi, kas lavusi izvirzit
principiali jaunas darba hipotézes turpmakiem pétjjumiem. Pieméram, petijumi, kuru mérkis bija
noskaidrot PML antihipertensiva efekta mehanismus, ne tikai preciz&ja priekSstatus par PML
tetekmi uz vazodilatacijas signalmolekulu (NO) veidoSanos asinsvadu sienina un kalcija kanalu
vadamibu gludas muskulatiiras §tinas, bet lava arT pamatot originalu hipot&zi par iesp&jamu PML
modulacijas mehanismu dzivnieka organisma, kura ka modulgjoSais faktors darbojas
sirdsdarbibas frekvence (Okano, Ohkubo, 2005).

Kliniskas fiziologijas joma pédéja desmitgadé iezim&jusies pareja no magnetoterapijas
empirisku rezultatu uzkraSanas uz PML iedarbibas mehanismu izpéti. Bitiskakie rezultati iegiiti
pétijumos par PML stimul&joso ietekmi uz kaula regeneraciju, angiogenézi, mikrocirkulaciju
(Basford, 2001), sp&ju mazinat nociceptivu signalu izraisitas sapju sajitas (Segal et al., 2001).

Magnetorecepcijas joma noskaidrota intracellularo magnetjitigo molekularo veidojumu
fizikala daba, un turpina papildinaties neirofiziologu priekSstati par tam mugurkaulnieku
smadzenu darbibas 1patnibam, uz kuram balstas magnetoreceptivo orientacijas reakciju vadiba
(Cain S., et al., 2005). Situaciju petijumu joma, kura ieklaujas promocijas darbs, var raksturot ka
pareju uz PML neirofiziologisko efektu padzilinatu izpéti. Uzkrato fenomenologisko faktu
kopums ka aktualu izvirza vairaku nozimigu apgalvojumu eksperimentalu parbaudi.

Cilveéka (dzivnieka) smadzenes ir jutigas pret vajas intensitates PML; spilgts tam
apliecinajums ir objektivi konstat€jamas izmainas smadzenu darbiba geomagnétiskas aktivitates
mainu laika, kad lauka intensitates svarstibas ieklaujas pikoteslu diapazona (McLean et al.,
2001).

PML iedarbiba uz organismu izraisa organisma (Stnas, biologiska procesa) tulitéju —
Tslaicigu un atgriezenisku — atbildes reakciju, kuras izpausmes (gadijuma, ja lauka iedarbiba ir
ilgstoSa jeb vairakkartgja) var uzkraties un veidot noturigas morfofunkcionalas izmainas.

Eksperimentu ar laboratorijas dzivniekiem rezultati demonstré PML islaicigas ietekmes
uz smadzeném izpausmju daudzpusibu. Paradits, ka 50 minasu ilga 30 mT intensitates PML
iedarbiba izraisa destruktivas izmainas juras clicipu vairdkos smadzenu apvidos — hipotalama,
lielo puslozu garoza, smadzenités (Bregadze, 1988). Ari trusa smadzen&s vaja (20 — 30 mT) un
1slaiciga (3 min) PML iedarbiba spgj izraisit neiroglijas strukturalas izmainas, kuras turpinas vél
vairakas dienas p&c PML aplikacijas (Xomomos, 1982).

Pastaviga magnétiska lauka un dziva organisma mijiedarbiba magnétiskais lauks iesaistas
ka multiparametrisks faktors, proti, nozimiga ir ne tikai lauka intensitate un iedarbibas ilgums
(arT periodiskums), bet ari lauka frekvence (ja biologiskaja struktiira notikusi arja pastaviga
magnétiska lauka endogéna parveide par mainigu) un lauka orientacija pret biologisko substratu.



2. Hipoteze

Viens no PML parametriem, no kura atkariga gan lauka efektivitate, gan fiziologiskas
reakcijas kvalitativas izpausmes, ir magnétiska lauka vektora orientacija pret dzivnieka kermeni
un smadzenu anatomiskam struktiram.

3. Darba merkis un uzdevumi
Merkis:

noskaidrot maksliga vid€jas intensitates (Iidz 250mT) pastaviga magnétiska lauka slaicigas
(Iidz 15 minttém) ietekmes tulit€jas izpausmes laboratorijas dzivnieku (truSu, pelu, Zurku)
smadzengs un organisma kopuma.

Uzdevumi:

e noskaidrot monoaminu koncentracijas izmainas zurkas smadzenu audos vidéjas
intensitdates islaiciga pastaviga magnétiska lauka (vilPML) ietekme atkariba no lauka
vektora orientacijas pret smadzeném;

¢ noskaidrot viTlPML indukcijas vektora orientacijas ietekmi uz laboratorijas dzivnieku
(truSu un zurku) lielo puslozu garozas bioelektrisko aktivitati;

e noskaidrot vilPML ietekmju uz galvas smadzenu sirdsdarbibas vadibas centriem
atkaribu no indukcijas vektora orientacijas attieciba pret dzivnieka galvas
anatomiskajam struktiiram;

e noskaidrot vilPML vektora orientacijas ietekmi uz laboratorijas dzivnieku instinktivo
uzvedibu, izmantojot atveérta lauka un motoras asimetrijas noteikSanas metodes.

4. Novitate

Biitisks pastaviga magnétiska lauka parametrs, no kura atkariga gan lauka efektivitate, gan
fiziologiskas reakcijas kvalitativas izpausmes, ir magnétiska lauka vektora orientacija pret
dzivnieka kermena un smadzenu anatomiskam struktiram.

Pirmo reizi izdevies paradit smadzenu audu 1pasu jutibu pret vilPML, ja abpus laboratorijas
dzivnieku galvai novietoti magnétu viennosaukuma poli. Noskaidrots, ka laboratorijas
dzivniekiem (Zurkam) raksturiga individuali atSkiriga jutiba pret vilPML.

5. Autora ieguldijums, darba aprobacija un publikaciju
saraksts

Autors patstavigi veicis un vadijis visus eksperimentus, iznemot elektrofiziologisko
eksperimentu ar truSiem (eksperimenta vaditajs Dr. med. P.Gustsons) un monoaminu
koncentraciju noteiksanu izolétos smadzenu audos (eksperimenta vaditajs Dr. biol. S. Svirskis).
Autors patstavigi veicis rezultatu statistiko apstradi un iegiito rezultatu interpretaciju.

Eksperimentos un datu apstradé lidzdarbojas ari studenti, apkopojot savu veikumu
bakalaura un magistra darbos.
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Pastaviga magnétiska lauka un elektromagnétisko lauku ietekme uz organismu:
primarie efekti un sliekSnu intensitates

No fiziologijas viedokla bitiskakais ir noskaidrot primaro mehanismu magnétisko un
elektromagnétisko lauku mijiedarbiba ar dzivo veidojumu (organismu, $tinu). Iesp&jama analizes
pamattermina sekojosa definicija: primarais (tieSais) efektors ir molekulara struktiira vai lauks,
kas absorbg pastaviga magnétiska lauka (PML) un elektromagnétiska lauka (EML) energiju un ta
rezultata maina savu uzbiivi, parametrus un/vai darbibu.

Primaro efektoru pamattipi

PML un EML fizikalo parametru dazadiba lauj jau apriori prognozet, ka dzivnieku $iinas
eksisté vairaku tipu primarie efektori. Sadu tieso efektoru uzskaitjuma izveidé més izmantojam
gan vairaku autoru eksperimentu materialus, gan arT teorétiska rakstura apkopojosas publikacijas
(Weaver, Austumian, 1995; Papatheofanis, 1987; Muchsam, Pilla, 1999).

Magnétiska un elektriska lauka primarie efektori un izraisitas perturbacijas:

1) magnetiti — to telpiskas orientacijas maina (Kirschvink et al., 2001; Lohman, Johnses,
2000);

2) membranu proteinu diamagnétiski domeni — transmembranalas parneses izmainas $tnas
(Rosen, 1993; 2003);

3) magnetosomas — to rotacija vai telpiska nobide un (ka sekas) — poru vai kanalu jaunveide
biologiskas membranas (Lohman, Johnses, 2000);

4) magnetosensitivas kimiskas reakcijas — biologiski aktivu reagentu veidoSanas (Weaver et
al., 2000);

5) brivie radikali — izmainas no tiem atkarigo procesu dinamika (Jajte et al., 2002) un to
funkcionalas izmainas (Weaver et al., 2000);

6) metalproteini — to specifiskas funkcijas izmaina (Ali et al, 2003);

7) potencial-atkarigie kanali Sinu membranas — membranas potenciala un jonu
transmembranalo plismu izmainas (Sonnier, Marino, 2001; Aldinucci et al., 2003);

8) Stnu membranu vai citoplazmas receptor-molekulas — to jutibas izmaina (Massot et al.,
2000);

9) lipidu agregati membranas — membranas caurlaidibas izmaina lipofilam vielam;

10) fermenti, kas fikséti biomembranas — molekulu konformacijas un enzimatiskas aktivitates
izmaina (Weaver et al., 2000; Liboff et al., 2003).

11) biomembranu hidrofilas poras (kanalos) — membranu caurlaidibas izmainas;

12) elektriska ladina nes€jos Stnstarpu telpa — ladinu nes€ju (jonu, polaru molekulu)
izvietojuma maina, resp. lokalu elektrisko stravu veidoSanas Stinstarpu telpa;

13) stnas virspus€jai membranai adsorbétajos jonos — transmembranala jonu transporta un
Stinas virsmas adhezivo TpaSibu izmainas (Panagopoulos et al., 2002);

14) DNS molekularos kompleksos — mutagéns efekts (Lai, Singh, 1996; Malayapa et al.,
1998);

15) starpstinu spraugu savienojumos — kanalu caurlaidibas izmainas (Marino et al., 2003).

PML un EML recepcijas papildmehanismi

a) Argja lauka mijiedarbiba ar endogénas (biogénas) izcelsmes elektriskam un
elektromagnétiskam paradibam; tadas ir:




1) Siinas membranas potencials;

2) membranas potenciala gradualas, dziestosas svarstibas;

3) membranas potenciala impulsveida svarstibas (t.s. darbibas potenciali);

4) transmembranalas cirkularas stravas, kuras ir darbibas potencialu bezdekrementa
izplatiSanas pamatmehanisms;

5) mainigas elektrisko potencialu starpibas starp audu apvidiem, kuri ir atSkirigos
funkcionalos stavoklos (piem., sirds elektriskie dipoli, smadzenu elektriskie dipoli);

6) Stnu virsmas potenciali.

b) EML iejaukSanas Siinu ekstrasinaptiskas komunikacijas; S$ajas norisés butiski ir
vairaki mehanismi, to parametri (Sanderson, 1996; Zoli et al., 1999), piem&ram:

1) intercellularie kalcija vilni;

2) Sunstarpu telpas ka sakaru kanala tilpums;

3) brivo jonu koncentracijas Stnstarpu telpa.

c) EML iejaukSanas Stnu nesinaptiskds komunikacijas; par tadam deéveé Sinu
komunikacijas, kuras tiek izmantoti gazveida signali — NO, CO u.c., kuru parnesei nav nekadu
Skeérslu (sakaru kanals — neierobezots) un kuru recepcijai nav nepiecieSami speciali receptori un
sekundarie starpnieki, jo pasi signali saistas ar mérka molekulam.

d) EML iejaukSanas signalu recepcijas un transdukcijas procesos $iina; $ajos procesos,
atkariba no signala modalitates, piedalas vesela rinda kimisku savienojumu, kuri var kalpot ka
EML primarie efektori (proteini, receptori un fermenti — §is kimisko savienojumu klases jau
minétas iepriekS, sadala par primariem efektoriem). Ka funkcionalus pamattipus var minét
sekojoSus:

1) receptori:

jonotropie: piem., N-holinoreceptori, histamina receptori katjoniem, y-aminosviestskabes,

glicina, glutamata receptori anjoniem:

a) receptorie proteini pasi veido kalcija vai kalija jonu kanalus;
b) receptors ietekmé jau esosa kanala atverumu ar G-proteina starpniecibu.

metabotropie: piem., M-holinoreceptori, adrenoreceptori, purinu receptori, glutamata, y-

aminosviestskabes, peptidu receptori; So receptoru intracelularai vai membranalai doménam ir
enzimatiska aktivitate.

2) G-proteini (GTF - saistproteini) — proteini, ar kuru starpniecibu receptors ietekme jonu
kanalus vai intracelularo starpnieku veidoSanu kataliz€joSos enzimus. G-proteini var biit
gan heterotriméra, gan monomeéra forma.

3) metabotropo receptoru enzimi — katalizé sekundaro signalvielu veidoSanos:

a) enzimi, kas tiek aktivéti ar G-proteina starpniecibu, piem., adenilatciklaze,
guanilatciklaze, fosfolipazes C, A,, D;

b) protein-tirozina kinaze — insulina, augSanas hormona u.c. hormonu receptoros
ietilpstosa kinaze, kas tiek aktiveta bez G-proteina lidzdalibas.

4) intracelularie signali (sekundarie starpnieki, mesendzeri):

Ca joni, Kkalcija-kalmodulina komplekss, cikliskie nukleotidi (cAMF, cGMF),
inozitoltrifosfats (IP3), diacilglicerols (DAG), eikosanoidi (prostaglandini, leikotriéni,
tromboksani), NO u.c.

5) proteinkinazes (PK) — enzimi, kas ir jutigi pret intracelulariem signaliem un katalize
efektoro proteinu fosforilésanu; piem., cAMP-atkariga PK-A, kalmodulin-atkariga PK-C
familija u.c.

6) proteinfosfatazes (PP) — enzimi, kas ir jutigi pret intracelulariem signaliem un katalizg
efektoro proteinu defosforiléSanu:

a) serina-treonina proteinfosfatazes, piem., kalcineirins (PP2B) neironos;

b) protein-tirozina fosfatazes.

7) ubikvitina — proteosomu sistéma — protetnu kompleksi §iina, kuru funkcija ir 1sdzivojoso
signalproteinu, ka ar1 “nolietojoSos” proteinu degradacija.

Sadu savienojumu kompleksi veido vienotas signalu transdukcijas kaskades $inas. Ja

kads no kaskades locekliem absorbé EML (kalpo ka primarais efektors), tad netiesais efekts
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izpaudisies ka Stinas informativas darbibas kliida, reagg€jot uz to signalu, kura uztverSanai kalpo
konkréta recepcijas-transdukcijas kaskade.

Magnétieskais lauks ka viltus informativs signals

Sis fenomens uzskatams par vienu Ipasu variantu iepriekS aprakstitajam mehanismam,
kad EML iejaucas signalu recepcijas norises:

1) EML absorbé receptor-proteina komplekss Siinas membrana, kas ir specifisks kada
signala (endogéna vai ekzogéna) uztverei;
2) absorbéta energija izraisa receptormolekulas konformacijas mainas, lidzigas tam, kadas
izraisa specifiskais signals;
3) sak funkcionét sekundaro starpnieku kaskade un Siina tiek ierosinatas tadas funkcionalas
izmainas, kadas ir raksturigas, atbildot uz specifisko signalu.
Respektivi, Saja gadijuma EML ietekme imité kada pavisam citas modalitates faktora ietekmi
(Sonnier, Marino, 2001).

PML un EML minimali pietiekosa intensitate

EML intensitates sliekSpu empirisku noteikSanu apgriitina vesela rinda objektivu
apstaklu:

dazadu primaro efektoru atSkiriga jutiba attieciba pret EML;

EML ietekmes fizikala mehanisma (lidz ar to ar1 efektivitates) atkariba no EML
parametru (frekvences, lauka struktiiras, starojuma temporalas struktiiras modulacijam un tml.)
vertibam; dazadas parametru vertibas un kombinacijas var izsaukt kvalitativi atSkirigus efektus;

EML iedarbibas mehanisma kompleksais raksturs, ietverot sevi gan termalo, gan
netermalus (bez siltuma efekta) komponentus;

EML primaro un sekundaro efektu uzkrasanas un iespgjama summacija laika un ari
telpiska summacija;

EML efekta sliek$pa intensitates atkariba no efektoro Stnu funkcionala stavokla; stresa
skartas Stinas, ka likums, ir vairak paklautas EML ietekmém sakara ar ipatn€ju stresa proteinu
uzkrasanos (Gutzeit, 2001; Sun et al., 2001).

EML iedarbibas mehanismu daudzveidiba (skat. mehanismu tabulu) un iesp&jamais
kompleksais raksturs pasi par sevi ierobezo intensitates sliekSna defin€Sanas un praktiskas
noteikSanas iespé&jas.

Tabula 6-1. EML biologisko efektu klasifikacija
Table 6-1. Classification of biological effects EMFs

I talitgjs efekts ar a) siltumkustibas paatrinasanas izraisitas izmainas
sekojosam iesp&jamam | (termalais efekts);
izmainam primara

efektora struktira: b) efektoro molekulu konformacijas, jonu kustiguma,

elektronu orbitu konfiguracijas, metalu atomu valences un
tml. izmainas (netermals efekts) (Mileva et al., 2003);

c) aplicéta EML mijiedarbiba ar endogéniem EML.

II velins efekts a) sakara ar apliceta lauka primara efekta uzkrasanos;

b) sakara ar skarto biologisko (fiziologisko) procesu 1énu
dinamiku; piem., hromosomu defekti, kuru izpausme
pilniba atkariga no attiecigo génu produktu specifikas un
biologiskas nozimes (Mashevich et al., 2003).

Magnetorecepcija ir evoliicija senakais un ar1 dzivnieku pasaulé visizplatitakais
sensorikas veids, kura fizikalais pamats ir biog€no magnetitu esamiba ka prokariotu ta eukariotu
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Stnas. Analogiska magnetosomu struktiira un organizacija sastopama bakterijas, vienstinos un
mugurkaulnieku $iinas (Kirschvink et al., 1987, 2001).

Prokarioti un vienSini izmanto So sensoriku, lai var@tu veidot telpiski organizétu
uzvedibu, atSkirigu no siltumkustibas (Brauna kustibas) uzspiestas haotiskas “vibrésanas”.
Noskaidrots, ka $adiem mérkiem kalpo geomagnétiska lauka ietekme uz biomagnetitu molekulu
(vai molekulu kediSu) orientaciju, kas energétiski ir aptuveni 10 reizes intensivaka ka
siltumkustibas intensitate.

Turpreti, specializétajas Siinas (neironos) ar magnetitu ieslégumiem situacija, iesp&jams,
ir citada, ja pemam veéra modernas neirozinatnes vienu no pamatatzinam, kuras biitiba ir
neironalo manu sp&ja identificét informativus signalus, kuru intensitate ir zemaka par termalo
troksni.

ApstiprinoSs piemérs — elektromagnétiska starojuma uztvere epifizes neironos, kuras
pamata ir kalcija mikrokristalu pjezoelektriskas Ipasibas. ST fenomena biologiskais efekts ir
mikrovilpu diapazona starojuma netermala identifikacija, izmantojot So informaciju organisma
neiroendokrinas regulacijas (melatonina produkcijas) mehanismos (Kirschvink, 1996; Baconnier
et al., 2002).

Secinajumi

Dzivos audos un molekularos veidojumos, kuri atrodas magnétiska lauka ietekm€ un/vai
absorbé nejonizgjosu elektromagnétisko starojumu veidojas norises, kuru specifika atkariga no
EML spektrala rakstura, intensitates un ekspozicijas apstakliem, ka art dzivas struktiiras ($tinu)
funkcionala stavokla.

ML absorbgjosSas struktiiras, ka likums, veic art primara efektora funkciju, aizsakot
biologisko atbildes reakciju. Magnétiska lauka ietekm&m raksturiga loti liela primaro (tie$o)
efektoru struktiiru daudzveidiba pat vienlaicigi un vienas §tinas robezas.

EML un PML primarie iedarbibas mehanismi klasificEjami tris kvalitativi atSkirigas
grupas ar atSkirigiem sliekSna intensitates parametriem:

1) termala iedarbiba;
2) netermala energétiska iedarbiba;
3) informativa (signala tipa) iedarbiba.

Defingjot EML iedarbibas sliekSpa (minimali pietiekoSo) intensitati, molekularais
(termala trok$na) kritérijs japiemeéro individuali katram EML komponentam un katram primaras
reakcijas komponentam atseviski.

Dzivo audu ($tinu, organismu) jutiba pret magnétisko lauku, lauku iedarbibas sliek$ni un
efektivitate atkarigi no absorb&joso biologisko struktiiru funkcionala stavokla.

Patologiski izmainita vai nomakta $tnu funkcionala aktivitate kalpo ka papildus stresa
faktors (savdabigs ko-stresors), kas paaugstina Stinu jiitibu (pazemina sliekSnus) un potencé
magnétiska lauka iedarbibas efektivitati.

7. Materiali un metodes

Izmantotie dzivnieki

Elektrofiziologiskos un etologiskos eksperimentos tika izmantoti “Wistar” populacijas
zurku teévini (Rattus norvegicus); to svars 250 — 400 g. Dzivnieki tika nemti no Rigas Stradina
Universitates vivarija. Dzivnieki tika tur@ti saskana ar normativajos aktos par laboratorijas
dzivnieku turéSanu izvirzitajam prasibam (Guide for the Care and Use of Laboratory Animals,
1996; Van Dongen et al., 1990; Hukmnac et al., 2001): dabiska apgaismojuma apstaklos, pie
temperatiiras 20+2°C, ne vairak ka pieci viena biiri, biira izmérs ir 57x36x20 cm.

Dzivnieku uzvedibas izpétes eksperimentos tika izmantoti nelinijas lauku pelu
(Lasiopodomys brandtii) 90 lidz 120 dienu veci tevini. Dzivnieki tika turéti plastikata biiros
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nemainiga temperatiira (20+2° C); diennakts ciklu veidoja 14 stundu ilgs gaismas periods un 10
stundu ilgs tumsas periods.

Viena elektrofiziologijas eksperimentu sérijam tika veikta ar 17 Singillas trusu
(Oryctolagus cuniculus) teviniem; to svars bija 2,5-3,5 kg. Arl Sie dzivnieki tika nemti no
Latvijas Rigas Stradina Universitates vivarija un turéti individuali dabiska apgaismojuma
apstaklos 17-21 °c temperatiira. Udens un stsndarta bariba visiem dzivniekiem bija pieejama ad
libitum.

Pielietota anestézija

Zurku izsaukto potencialu registracijas un monoaminu noteikSanas eksperimentos
dzivniekus anestezgja ar uretanu 770 mg*kg’ (Simon, 1992). Pirms operacijas analgézijai
izmantoja ar1 ketaminu (Ketamine; ALFASAN WOERDEN Holland) 30mg"‘kg’1 kombinacija ar
ksilazinu (Xylazine; INTERCHEMIE Holand) 3,5mg*kg™" intraperitonali.

EKG registracijas eksperimentos dzivnieki tika anestezéti ar ksilazinu (60mg*kg’) un
ketaminu (7mg*kg") intraperitoneali (Stamenovi&, Maji¢, 1975).

Hroniskajos eksperimentos trufu anestézijai izmantoja nembutdlu (35- 40 mkg*kg™); péc
operacijas dzivnieku védera dobuma tika injecéts penicilina skidums (300000 vienibas).

Elektrodu implantacijas operacija izmantoja viet€jo anestéziju ar novokainu.

Eitanazija
Dzivnieki péc eksperimentiem tika eitanazeti ar narkotiskiem lidzekliem letala koncentracija
(Guide for the Care and Use of Laboratory Animals, 1996).

Magnétu un to radita pastaviga magnétiska lauka raksturojums

Eksperimentos tika izmantoti samarija un kobalta sakaus€juma magnéti; to izméri
20x20x10 mm, inducéta magnétiska lauka intensitate Imm attaluma no virsmas 250 mT.
Magnétiskais lauks starpmagnétu telpa bija simetrisks, ta intensitates dekrements attélots 8-1.
attela; merijjumi tika veikti ar universalo teslametru ®4354/1, TOCT 5.1977-73.

B (mTI)

250 110 66 33 23 16 14 13

Attels 7-1. Magnétiskas indukcijas vektora (B) virziens un ta intensitate (mT) starp
magnétu pretgjas zimes poliem; attéloti intensitates vektori viena starpmagnétu telpas
kvadranta, ik p&c lcm.

Figure 7-1. Intensity (mT) and directions of magnetic induction vectors (B) between
opposite magnetic poles (in one quadrant; distance between measurements 1cm).

Eksperimentos izmantota aparatura

Eksperimenti ar lauku pelém, apala atklata lauka biira diametrs bija 1 m; ta centra atradas
baribas konteiners (ta diametrs 7 cm), kura eksperimenta laika tika ievietota bariba. 70 cm virs
biira centra tika novietota 100W lampa atklata lauka apgaismosanai. Biira grida tika sadalita
kvadratveida laukumos (izméri 20x20 cm). Viena biira mala atradas neliela (15x15x10 cm)
organiska stikla majina, kura dzivnieku ievietoja, uzsakot atklata lauka eksperimentu.
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Eksperimenti ar zurkam, apala atklata lauka biira diametrs bija 0,78 m. Ta grida tika izurbti
12 caurumi (katra diametrs 2 cm), kas izvietoti divos koncentriskos aplos — viena Cetri, bet otra
astoni.

Trusu elektroencefalogrammas un zurku elektrogrammas registracijai izmantoja biosignalu
pastiprinataju (Biophysical amplifier model RB — 5, NIHON KOHDEN). No ta signals aiziet uz
datoru, kurd tiek pierakstits. Sim nolikam tika izmantota pierakstu un analizes programma
SC/ZOOM, kas izstradata Umea universitaté. Pirms eksperimenta sakuma aparats tika kalibréts
ar 1 mV signalu.

KairinoSais signals tika padots no elektrostimulatora (9CJI-2, CCCP).

Statistiskos aprékinos izmantotas sekojoSas analizes metodes: Stjudenta t-tests, korelacijas
analize, faktoru analize, Furjé transformacijas analize. Datu ieguvei un apstradei izmantoja
sekojoSas datorprogrammas: SC/Zoom, Smart, Statistica (StatSoft Inc., 2002), MS Excel.

Katra pétijuma metodikas 1ss raksturojums un eksperimenta protokols aprakstiti pirms katras
rezultatu sadalas.

8. Rezultati

8.1. vilPML ietekme uz monoaminu koncentraciju Zurkas galvas
smadzenés

Eksperimenta rezultati ir publicéti: V. Veliks, P. Gustsons, G. Praulite, J. Aivars, 1.
Birznieks, S. Svirskis. Changes of monoamine concentration in rat brain under the influence of a
static magnetic field. Proceedings of the Latvian Academy of Sciences, Section B, 2006, 60,1:
28-33.

Eksperimentu planojums

Tika noteiktas sekojoSu monoaminu koncentracijas (ng*kg’l): dopamins (dopamine) (DA),
dihidroksifenilacétata skabe (3,4-dihydroxyphenylacetic acid) (DOPAC), hidroksifeniletikskabe
(3-metoxy-4-hydroxyphenylacetic acid) (HVA), noradrenalins (noradrenaline) (NA), 5-
hidroksitriptamins  (5-hydroxytryptamine) (5-HT) un  5-hidroksiindoletikskabes  (5-
hydroxyindolacetic acid) (5-HIAA). Sim nolikam izmantoja augstas izskirtsp&jas $kiduma
hromotografiju, adaptetu pec (Alburges et.al. 1993).

30 zurkas tika sadalitas 6 grupas, pa piecam zurkam katra; katru grupu raksturoja sekojosas
1ezimes:

1. grupa: bez anestézijas un bez vilPML aplikacijas — kontrole 2 — K2; 2. grupa: ar anestéziju,
bez vilPML aplikacijas — kontrole 1 — K1; 3. grupa: ar anestéziju un vitlPML aplikaciju — 1S-kN;
4. grupa: ar anestéziju un vilPML aplikaciju — IN-kS; 5. grupa: ar anestéziju un viiPML
aplikaciju — IN-kN; 6. grupa: ar anest€ziju un vilPML aplikaciju — 1S-kS.

P&c 15 minisu ilgas vilPML aplikacijas Zurkas tika dekapit€tas un iznemti smadzenu paraugi

no Cetriem smadzenu apvidiem: pieres dalas garoza, gala smadzenu svitrotais kermenis (corpus
striatum), hipotalams un jiiras zirgs (hippocampus).

Monoaminu koncentracijas izmainas

Abu kontroles grupu (K1 un K2) dzivnieku smadzenu paraugu biokimisko analizu rezultati
bija praktiski identiski — bez statistiski nozimigam atskiritbam.

Garozas somatosensoras zonas
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Bitiskas, statistiski ticamas (p<0,05) izmainas smadzenu garozas somatosensorajas zonas
magnétiska lauka ietekmé tika noverotas sekojosos gadijumos:

noradrenalina koncentracija pieauga kreisaja puslodg, ja vilPML tika aplic@ts virzienos 1S-kN
un IN-kN: 714,50+£89,95 ng*kg' un 739,50+145,16 ng*kg', kamér kontroles grupas Kl
dzivniekiem tipiska koncentracija bija - 545,5£115,01 ng*kg™;

5-hidroksiindoletikskabes/serotonina koncentraciju attieciba samazinajas abas puslodes, ja
vilPML tika aplicéts virzienos IN-kS un IS-kN: laba puslodé kontroles grupa (K1) koncentraciju
attieciba 0,411, kamér IN-kS grupa 0,32 un 1S-kN grupa 0,35; kreisaja puslodg attiecigi K1 grupa
0,39, IN-kS grupa 0,29 un 1S-kN grupa 0,34;

serotonina koncentracijas picaugumu viilPML ietekm& novéroja abas smadzenu puslodes:
labaja puslodé, ja vilPML tika aplicéts virziena IS-kN: kontroles grupa (K1) serotonina
koncentracija bija 948,16+215,84 ng*kg™, bet péc lauka aplikacijas 1S-kN grupa picauga lidz
vidgji 1166,0+£150,05 ng*kg™; kreisaja puslodé serotonina koncentracijas picaugumu novéroja
trijas eksperimenta grupas: K1 grupa koncentracijas vidgjais lielums bija 967,67+493,51 ng*kg ",
bet IN-kS grupa 1275,67+456,22 ng*kg™', 1S-kS grupa 1224,67+530,34 ng*kg™"' un IN-kN grupa
1246,17+656,62 ng*kg ™.

Juras zirgs (hipokamps)
Hipokampa audos viiPML ietekmé tika noveérotas tikai serotonina koncentracijas un 5-
hidroksiindoletikskabes/serotonina koncentraciju attiecibas biitiskas izmainas:

serotonina koncentracijas statistiski ticamu samazinasanos vilPML ietekmé& noveéroja abas
puslodés; labaja puslodé efektiva bija lauka aplikacija virziena IN-kN: kontroles grupas
dzivniekiem K1 serotonina koncentracija bija vidgji 451,67+37,04 ng*kg", bet IN-kN grupai
403,83+42,25 ng*kg™; kreisaja puslodé serotonina koncentraciju, zemaku ka kontroles grupa
481,67+21,33 ng*kg ' novéroja divas eksperimenta grupas — IN-kS (443,83+35,16 ng*kg™) un
IN-KN (402,67+54,18 ng*kg™);

5-hidroksiindoletikskabes/serotonina koncentracijas attiecibas pieaugumu viilPML ietekmé
abas puslod@s izraisija lauka aplikacija virziena IN-kN: labas puses hipokampa kontroles grupa
K1 attieciba bija videji 1,034 bet IN-kN grupa 1,31; kreisa puslodé attiecigi K1 grupa 1,02, bet
IN-kN grupa 1,28. Saja gadijuma 3kiet tika aktivéta serotonina noardisanas cauri MAO, atikiriba
no somatosensoras garozas un hipotalama.

Svitrainais kermenis

Statistiski ticamas vilPML ietekmes paradijas tikai labas smadzenu puslodes striatum audos.
Lauka orientacija virziena IN-kN izraisija dopamina koncentracijas pieaugumu (K1 grupa videja
koncentracija 9394,33+1379,032 ng*kg', IN-kN grupa 13114,17+1270,49 ng*kg"'), DOPAC
koncentracijas pieaugumu (K1 grupa 847,5+77,08 ng*kg ™', IN-kN grupa 1119,5+208,59 ng*kg™)
un NVA koncentracijas pieaugumu (K1 grupa 717,83+£140,23 ng*kg', IN-kN grupa
1013,04257,97 ng*kg'); péc lauka aplikdcijas virziena 1S-kS tika novérots serotonina
koncentracijas pieaugums no vidgji 452,33+ 88,42 ng*kg™ (K1 grupa) lidz 574,33+ 95,77 ng*kg’
' (1S-kS grupa).
Hipotalams

ArT hipotalama audos vilPML ietekme uz vairaku monoaminu koncentraciju bija atkariga
no aplicéta lauka vektora orientacijas.

DOPAC vidgjo koncentraciju samazinaSanu izraisija vilPML aplikacija virziena IN-kN:
kontroles grupas dzivniekiem K1- 41,47+12,09 ng*kg™ pret IN-kN 32,35+11,13 ng*kg™;

serotonina koncentracijas pieaugums tika novérots I1S-kN grupa 923,17+85,0ng*kg”,

salidzinot ar 770,67+140,86 ng*kg™ kontroles grupas dzivniekiem;

5- hidroksiindoletikskabes/serotonina attiecibu samazinasanas tika noverota IS-kN, 1S-kS un
IN-kN grupas: abu vielu attiecibas vid€jais lielums $ajas eksperimenta grupas bija attiecigi 0,51,
0,56 un 0,49, kamer kontroles grupa vidgji 0,68.
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Kopsavilkums

Rezultatu analize lauj secinat, ka vilPML 1slaiciga aplikacija narkotiz&tas zurkas smadzenés
izraisa izmainas signalmolekulu metabolisma, pie kam viilPML efektivitati raksturo 1) regionala
un biokimisko substratu jutibas neviendabiba un 2) asimetriskums attieciba pret smadzenu
puslodém.

vilPML ietekme izraisija dazadu aminu metabolitu koncentraciju atskirigas izmainas
pétitajos smadzenu apvidos. So datu izvértéjumu attieciba jaatzist, ka dazadu metabolisma celu
jutibu pret vilPML apgriitina dazadu “metabolisma celu” 1patsvara atskiribas dazadu smadzenu
apvidu intaktos audos (atbilstosi katra smadzenu apvida funkcionalajam 1patnibam). Parliecinosa
informacija glistama vien, salidzinot dazadas orientacijas lauka izraisitos efektus simetriskos
smadzenu apvidos.

Abu puslozu identiskas strukttiras viilPML izraisija lidziga rakstura izmainas signalvielu
metabolisma, resp., vilPML ietekmes “virziens” (signalvielas koncentracijas paaugstinaSanas vai
pazeminaSanas vilPML ietekmé€) izradijas identisks. PML efektu asimetrija izpaudas vien abu
pusloZzu viennosaukuma struktiiru atSkiriga jutiba pret noteiktas orientacijas lauka iedarbibu;
spilgts piemérs — kateholaminu metabolisma izteikta jutiba pret vienadpola viiPML ietekmi
svitraina kermena audos labaja puslodg, bet nejiitiba — kreisaja puslodeé.

Salidzinot dazadas orientacijas vilPML efektus, bija vérojama lauka efektivitates atkariba no
indukcijas vektora virziena attieciba pret smadzenu anatomiskajam struktiram. Ar relativi
paaugstinatu jitibu izc€las magnétiskais lauks, kuru generé vienadpolu magnéti, it ipasi — ja abas
galvas pus€s novietots magnétu Ziemelpols.

8.2. Trusu smadzenu bioelektriska aktivitate

Eksperimenta rezultati ir publicéti: P.Gustsons, J.Aivars, V.Veliks, Z.Marcinkevics.
Rabbit brain bioelectrical activity: Changes by impact with permanent magnetic field locally on
amygdaloid nuclei. Proceedings of the Latvian Academy of Sciences, Section B, 2000, 54, 1/2:
25-31.

Eksperimentu planojums

Sajos eksperimentos PML tika aplicéts pa3as smadzenés smadzenu ierobeZota kreisa
mandelveida kermena audu apjoma ar magnetizeta elektroda palidzibu.

Magnétiska lauka radiSanai un elektrogrammu pierakstam no abu puslozu mandelveida
kermenu prieksejam dalam (AAA — no anglu val. Area Amygdalarum Anterior) izmantoja
specialus feromagnétiskos elektrodus (diametrs 220 um, garums 45-50 mm, smailes diametrs 50-
70 um). So elektrodu magnetizaciju izraisija ar islaicigu (Iidz 10 s) argjo PML (0,27 T);
magnetizétie elektrodi inducgja smadzenés vieteju noturigu magnétisko lauku ar intensitati (B) 8
— 10 mT. Mainot aréja magnétiska lauka polus, tika mainita inducéta PML polaritate. ST lauka
ietekmes partraukSanai izmantoja 1slaicigu pret€jas polaritates lauku.

Elektrogrammu pierakstu veikSanai no ventrala-pakalgja-laterala talama kodola (VPL) tika
izmantots neriis€joSa t€rauda elektrods 50-70 um diametra, kas tika parklats ar izolgjoSu
poliméru.

Elektrogrammu pierakstu veikSanai no garozas izmantoja 2 sudraba elektrodus 250 pm
diametra, tie tika iedzivinati galvaskausa kaula virs kustibu garozas, bet indiferentais elektrods -
virs pakausa daivas.

Pierakstus veica 4 dienas péc elektrodu iedzivinaSanas operacijas. Ar katru dzivnieku tika
veikti vid€ji pieci pieraksti ar 2-3 dienu intervalu. Eksperimenta laika trusi bija nomoda, un tie
tika ievietoti kaste, lai ierobezotu dzivnieka kustibu aktivitati. Sakot eksperimentu, tika
pierakstita fona aktivitate, tad, sakot no inducéta lokala PML iedarbibas tresas minttes
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pierakstija elektrogrammas. ledzivinata magnetizéta elektroda polaritate katram dzivniekam
katra eksperimenta tika izv€l€ta péc nejausibas principa.

Eksperimenta shéma:

Elektrokortikogramu (abpusgji), elektroamigdalogrammu (abpus€ji) un elektrotalamogrammu
fona pieraksts;

feromagnétiska elektroda magnetiz€sana, ta lai kreisaja mandelveida kodola rajona izveidotos
Dienvidu vai Ziemelu pols;

lokala magnétiska lauka 10 mintiSu iedarbiba un elektrogrammu pieraksts, turpinoties lokala
magnétiska lauka iedarbibai;

iedarbiba ar argjo difuizu PML 5 mintites;

elektrogrammu pieraksts 5 minttes.

Elektrogrammu izmainas

Fona pierakstiem gan no kortikaliem, gan no subkortikaliem elektrodiem bija raksturiga
tipiska asinhrona aktivitate, netika konstatétas hipersinhronas aktivitates un kairinajuma pazimes.

Dienvidu pola aplikacija

Kad kreisas puses mandelveida kerment ievietotais elektrods tika magnetizéts ka Dienvidu
pols (B= 8-10mT), mandelveida kermenu elektrogrammas paradijas posmi ar hipersinhroniz&tu
aktivitati.

10 trusiem 10 minttes pec elektroda magnetizacijas abu puslozu kustibu garozas novéroja
islaicigu sinhronizétu bioelektrisko aktivitati, kas atgadina konvulsivo epileptisko izladi. Saja
laika daziem trusiem noverojam ari pakalkaju muskulu kontrakcijas. Ar dazu sekunzu aizkavi

konvulsiva epileptiska izlade tika registréta ari talama kodolos. Péc 5-10 sekundém visas
hipersinhronas izlades izzuda.

7 truSiem péc 10 mindsu ilgas lidziga rakstura magnétiska lauka iedarbibas sakuma visas
elektrogrammas paradijas sinhronizeti 1enie vilpi (1-2,5Hz, 60-70uV), uz kuru fona veidojas
neregulari asie vilni (piki). Turpmak aptuveni pe€c mintSu laika léno vilpu un aso piku amplitiida
pieauga. Kad visas smadzenes tika paklautas homogénam PML (ar&jais magnéta Dienvidu pols
versts pret smadzeném, magnétiska vektora indukcija smadzenu dzilakajas strukttras B= 56mT),
péc trim minitém elektrogrammas noveroja visu izraisito efektu izzuSanu. Aptuveni 3 mintsu
laika péc smadzenés inducéta lokala PML ietekmes partraukSanas pamazam izzuda arT §1 lauka
izraisitas izmainas smadzenu elektrogrammas.

Ziemelu pola aplikacija

Kad mandelveida kermeni ievietotais elektrods tika magnetizéts ka Ziemelu pols (B= 8-
10mT), visas elektrogrammas p&c aptuveni 6 miniit€m paradijas 1€nie vilni (2-3Hz) ar relativi
loti augstu amplitiidu (Iidz pat 120uV); ilustracijai skat. att€lu 8-1. Arf Sie vilni paradijas nejausa
seciba, bet hipersinhrona smadzenu aktivitate netika fiks€ta. Nov€rojam atro vilni
samazinasanos.
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Attels 8-1. Smadzenu elektrogarmmu frekvencu-amplitiides sakaribas. A. Fona aktivitate.
B. Smadzenu bioelektriska aktivitate, ja kreisas puslodes AAA tika paklauts PML
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dienvidu pola aplikacijai. C. Smadzenu bioelektriska aktivitate, ja kreisas puslodes AAA
tika paklauts PML ziemelu pola aplikacijai. * statistisku ticamas atskiribas, salidzinot ar
fona lielumiem (p<0,05). (AAA — area amygdalarum anterior, VPL — nuclei ventralis,
posterior, lateralis thalami, Cort Mot - garozas kustibu zona)

Figure 8-1. Amplitude- frequency distribution curves before and during almost local
exposure to PMF. Points on these curves represents mean values of frequency amplitudes
(mkV) and vertical lines show average standard deviations. Activity changes due to SMF
are significant (p<0,05). A. Background amplitude- frequency distribution curves of brain
bioelectrical activity; B. Amplitude- frequency distribution curves of brain bioelectrical
activity caused by local exposure of AAA to south pole of magnet-electrode; C.
Amplitude- frequency distribution curves of brain bioelectrical activity caused by local
exposure to north pole of magnet-electrode on AAA. * The changes were statistically
significant (p<0,05) compared with background activity. (AAA — area amygdalarum
anterior, VPL — nucleus ventralis posterior lateralis thalami, Cort Mot — motor cortex)

Kopsavilkums

PML ietekmé izmainas trusa smadzenu dazadu apvidu bioelektriska aktivitate, pie kam
butiski atskirigi, atkariba no PML vektora virziena (8-1. att.). Ja AAA rajona aplicets Dienvidu
pols, tad spektrogrammas mande]veida kermenu elektrogrammas dominé svarstibas frekvencu
diapazona 11-18 Hz, ka ar1 paradijas posmi ar hipersinhroniz&tu aktivitati un dalai dzivnieku
noveroja Tslaicigu sinhroniz€tu bioelektrisko aktivitati, kas atgadina konvulsivo epileptisko
izladi. Ja AAA aplicéts Ziemelu pols, tad spektrogrammas dominé svarstibas frekvencu
diapazona 1-3 Hz, bet hipersinhrona smadzenu aktivitate netika fikseta.

8.3. Zurku somatosensoras garozas izsauktie potenciali

Eksperimenta rezultati ir publicéti: V.Veliks, P.Gustsons, G. Praulite, Z.Marcinkevics,
[.Birznieks. Neuronal impulse propogation velocity in rat brain: Changes under the influence of
permanent magnetic field. Proceedings of the Latvian Academy of Sciences, Section B, 2000,
54, 1/2 : 48-50.

Eksperimentu planojums

Lai izraisttu somatosensoros izsauktos potencialus (IP), narkotizétam dzivniekam veica labas
pakalgjas ekstremitates pédas adas elektrisku virssliekSpa stipruma kairinajumu (ritmiski
lidzstravas taisnstlira impulsi: impulsa ilgums 0,25ms, stiprums nol Iidz 2V, starp impulsu
intervals 2s). IP registréja ar virsmas elektrodiem no pretgjas (kreisas) smadzenu puslodes.

vilPML tika apliceéts, ievietojot dzivnieka galvu starp pastaviga magneta poliem.
Eksperimenta shéma:

1. etaps

Registré 100 fona izsauktos potencialus
(IP).

15 miniites aplicé magnétisko lauku — 1S-
kN.

Registré 100 IP.

15 mindisu pauze, lai tiktu kompensé&ta
magnétu iedarbiba.

15 minites aplic€ magnétisko lauku— IN-
kS.

Registre 100 IP.

30 mindsu pause.

2. etaps

Registré 100 fona IP.

15 minttes apliceé magnétisko lauku — 1S-
kS.

Registre 100 IP.

15 mintiSu pause.

15 mindites aplic€ magnétisko lauku — IN-
kN.

Registre 100 IP.
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Magnétiska lauka iedarbibas laika registréjosie elektrodi tika iznemti no magnétu starppolu
telpas, lai tie neizkroplotu magnétiska lauka homogenitati.
Kopa tika izmantoti 7 dzivnieki.

Somatosensoro izsaukto potencialu izmainas

Izsaukto potencialu latento periodu izmainas dazadpolu magnétiska lauka ietekmé (indukcijas
vektora virziens 1S-kN vai IN-kS).

Pie vektoru virziena 1S-kN novéroja latenta perioda statistiski nebuitisku samazinaSanos —
vidgji par 3,2% (p> 0,05).

Pretgja vektoru virziena gadijuma IN-kS noveroja latenta perioda statistiski ticamu
palielinasanos — par 6,3% (p<0,05) (8-2.att.)
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Attels 8-2. Izsaukto potencialu latentais periods (laiks, s) tilit péc dazada virziena
magnétiska lauka ietekmes. Apzim&umi: LS-KN- laba puslode(l)- dienvidu pols(S), kreisa
puslode(k)- ziemelu pols(N); IN-kS- laba puslode(l)- ziemelu pols(N), kreisa puslode(k)-
dienvidu pols(S); y ass — latentais periods (laiks, s)

Figure 8-2. Changes of latency periods in case of different magnetic pole’s aplications.
Legends: IS-kN- the South pole of the magnet is on the right side of the head and the
North pole is on the left side; IN-kS - the orientation of SMF in the opposite direction; y
ass — time of latency period (s).

Izsaukto potencialu latento periodu izmainas vienadpolu magnétiska lauka ietekmé (indukcijas
vektora virziens 1S-kS vai IN-kN).

Pie virziena laba puslode 1S-kS novéroja statistiski nebiitisku latenta perioda palielinasanos —
vidgji par 8,2% (p>0,05)

Pie virziena laba puslode IN-kN (1) nov@roja latenta perioda statistiski ticamu latenta perioda
palielinasanos — par 16,8% (p<0,01)(8-3. att.)
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Attels 8-3. Latento periodu izmainas vienadu polu gadijuma. Apzim&umi: IS-kS- laba
puslode(l)- dienvidu pols(S), kreisa puslode(k)- dienvidu pols(S); IN-kN- laba puslode(l)-
ziemelu pols(N), kreisa puslode(k)- ziemelu pols(N); y ass — latentais periods (laiks, s)
Figure 8-3. Changes of latency periods in case of simillar magnetic pole’s aplications.
Legends: 1S-kS - the South poles are located bitemporally; IN-kN - the North poles are
located bitemporally; y ass — time of latency period (s).

Kopsavilkums

vilPML (neatkarigi no lauka polaritates) sp&j izraisit somatosensoro izsaukto potencialu
latento periodu izmainas, ka likums — latenta perioda pagarinasanos. Tacu lauka ietekmes
efektivitate ir atkariga no lauka orientacijas pret smadzeném.

8.4. vilPML ietekme uz zurkas smadzenu kardiovaskulara
centra funkciju

Eksperimenta rezultati ir publicéti: V. Veliks, E. Ceihnere, 1. Svikis, J. Aivars. Static
magnetic field influence on rat brain function detected by heart rate monitoring.
Bioelectromagnetics. 2004, 25:211-215.

Eksperimentu planojums

Narkotizétam dzivnieckam tika registréta elektrokardiogrammas (EKG) fona aktivitate (2.
standartnovadijums) 5 miniites.

Uz 15 miniitém tika aplicets magn&tiskais lauks un p&c tam veica EKG pierakstus (5 miniites) ik
péc 15 miniitém. Kontroles grupas dzivniekiem viilPML netika aplicéts.

Sekojosas dzivnieku grupas tika izveidotas: 1. grupa- kontroles grupa bez vitPML aplikacijas; 2.
grupa — vilPML aplikacija virziena IS-kN; 3. grupa — IN-kS; 4. grupa — IN-kN; 5. grupa — IS-kS.

R-R intervalu izmainas vilPML ietekmé

Vidgjais ciklu garums dazados eksperimenta etapos tika salidzinoSi izveértéts katram
dzivniekam, lai iedalitu dzivniekus grupas atkariba no vitlPML-izraisitas reakcijas tipa: grupa,
kuras dzivniekiem radas ,,bradikardija” cikla frekvence samazinas, grupa ,tahikardija” pieaug
vai paliek nemainiga pie statistiska sliekSpa p<0,05.

Kontroles grupas anestez&to dzivnieku 1-1,5 stundu noveérojumi paradija, ka visa laika
perioda dzivnieku grupas kopgja statistiski videja sirdsdarbibas frekvence (SF) ilgstosi
saglabajas noturiga; nelielas svarstibas bija statistiski nenozimigas, neparsniedzot + 2 % no R —
R vidgjas vertibas.

Art katra dzivnieka sirdsdarbibas frekvences svarstibas ilgstosa laika perioda kaut ar1 tika
noverotas, tomér bija statistiski nenozimigas. Kontroles grupas dzivniekiem, salidzinot katra
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individuala dzivnieka vidéjo SF pirma pieraksta piecas mintit€s un piecu minusu pieraksta péc 15
minttém (péc vilPML aplikacijas imitacijas) 4 dzivniekiem novéroja sirdsdarbibas nelielu
paatrinasanos, pieciem — nelielu paléninasanos.

Eksperimentalajas dzivnieku grupas rezultati paradija sekojoSo: vienas un tas paSas
orientacijas vilPML dalai dzivnieku izraisija sirdsdarbibas paléninasanos (bradikardiju), dalai —
paatrinasanos (tahikardiju), dalai (7 dzivnieki) — neietekm€ja vid€jo frekvenci. Lidz ar to katras
eksperimentalas grupas statistiskie vidgjie raditaji lauka ietekmé ticami neatskiras (8-1. tabula).
Vienlaikus, Sie rezultati norada uz dzivnieku individuali atSkirigu (gan kvantitativi, gan
kvalitativi) jutibu pret vilPML.

Tabula 8-1. Sirdsdarbibas vidgjais cikla ilgums (R-R intervals) kontroles un eksperimenta
grupu dzivniekiem

Table 8-1. Statistically average values of the duration of the cardiac cycle (R-R interval) in
the kontrole and treatment groups

Grupas R-R intervalu vértibas pirms | R-R intervala vértibas péc vilPML
vilPML aplikacijas (vid€jaistSN) aplikacijas (vidgjais£SN)
Kontrole 0,232+0,025 s 0,231+0,027 s
IN-kS 0,245+0,028 s 0,247+0,039 s
IS-kN 0,236+0,019 s 0,248+0,024 s
1S-kS 0,242+0,017 s 0,253+0,025 s
IN-kN 0,264+0,057 s 0,263+0,066 s

Apzim&jumi: IN-kS — pie labas puslodes ziemelu pols, pie kreisas puslodes dienvidu pols; 1S-kN
- pie labas puslodes dienvidu pols, pie kreisas puslodes ziemelu pols; 1S-kS — pie abam puslodém dienvidu
poli; IN-kN - pie abam puslodém ziemelu poli

Legends: IN-kS - the North pole of the magnet is on the right side of the head and the South pole
is on the left side; IS-kN - the orientation of SMF in the opposite direction; IS-kS - the South poles are
located bitemporally; IN-kN - the North poles are located bitemporally.

Katra no eksperimentalajam grupam tomér skaita zina vairakums dzivnieku uz viiPML
aplikaciju (neatkarigi no vektora virziena) reaggja ar sirdsdarbibas paléninasanos (skat. tabula 8-
2). Kopuma $adu dzivnieku bija 24 no 35, un bradikardijas relativa amplitiida bija aptuveni 7-
9,5%. Visefektivaka (izraisija statistiski ticamu ritma paléninasanos) izradijas vilPML aplikacija
divos virzienos: IN-kS, 1S-kN (skat. tabula 8-3).

Tabula 8-2. Dzivnieku sadalijums eksperimentu grupas un PML izraisitas individualas
sirdsdarbibas izmainas
Table 8-2. Experimental groups and the different patterns of response to SMF

Grupas Dzivnieku skaits|  Dzivnieku sadalijums péc sirds ritmu izmanas
grupas vilPML iedarbibas rezultata
bradikardija tahikardija nav izmainas
Kontrole 9 5 4 0
IN-kS 10 6 1 3
I1S-kN 8 6 0 2
1S-kS 9 8 1 0
IN-kN 8 4 2 2

Apzim&jumi: IN-kS — pie labas puslodes ziemelu pols, pie kreisas puslodes dienvidu pols; 1S-kN
- pie labas puslodes dienvidu pols, pie kreisas puslodes ziemelu pols; IS-kS — pie abam puslodém dienvidu
poli; IN-kN - pie abam puslodém ziemelu poli

Legends: IN-kS - the North pole of the magnet is on the right side of the head and the South pole
is on the left side; IS-kN - the orientation of SMF in the opposite direction; 1S-kS - the South poles are
located bitemporally; IN-kN - the North poles are located bitemporally.
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Sirdsdarbibas paatrinasanos vilPML ietekmé, neatkarigi no vitlPML virziena, novéroja tikai 4
dzivniekiem, vidgji par 12,7£10,6%. Visiem Siem Cetriem dzivniekiem kopiga raksturiga iezime
bija ta, ka pirms vilPML aplikacijas tiem netika noverota sinusa aritmija.

Tabula 8-3. vilPML izraisitas bradikardijas relativa amplitiida
Table 8-3. Relative amplitudes of bradycardia evoked by SMF

Grupas Relativas amplitudas (vid€jais=SN)
bradikardijas gadijuma (%)
Kontrole 2,9+ 2.4
IN-kS 9,5+ 2,9*
IS-kN 7,0+ 2,8*
1S-kS 6,2+ 5,0
IN-kN 7,5+ 5,1

Apzim&jumi: IN-kS — pie labas puslodes ziemelu pols, pie kreisas puslodes dienvidu pols; 1S-kN
- pie labas puslodes dienvidu pols, pie kreisas puslodes ziemelu pols; 1S-kS — pie abam puslodém dienvidu
poli; IN-kN - pie abam puslodém ziemelu poli. (*) statistiski ticamas atskiribas (p<0.05, t-tests )

Legends: IN-kS - the North pole of the magnet is on the right side of the head and the South pole
is on the left side; IS-kN - the orientation of SMF in the opposite direction; IS-kS - the South poles are
located bitemporally; IN-kN - the North poles are located bitemporally. Values marked with an asterisk (*)
are significantly different from paired control values (p<0.05, t-test).

Spektrala blivuma izmainas vilPML ietekme

R-R intervalu 5 mintisu ilgu fona pierakstu (vairak ka 1000 secigi intervali) spektrala analize
lielakai dalai dzivnieku (34 no 44) uzradija izteikti augstu spektralo blivumu pie frekvences, kas
ekvivalenta 4 — 6 sirdsdarbibas cikliem (skat. ilustraciju 8-4.att€la). Eksperimentalajas grupas
vilPML ietekmé §1 spektrala blivuma neviendabiba izzuda visiem dzivniekiem neatkarigi no
lauka orientacijas. Kontroles grupas dzivniekiem $ada domingjosa frekvence bija vérojama gan
pirmaja pieraksta, gan arl saglabajas visos turpmakajos. Dzivniekiem ar viendabigu spektralo
blivumu pirms lauka aplikacijas (10 dzivnieki) viIPML iedarbiba neizraisija butiskas
spektrogrammas izmainas. Uzmanibu piesaista fakts, ka starp Siem 10 dzivniekiem bija visi 4
dzivnieki, kuri uz vilPML reaggja ar sirdsdarbibas noturigu paatrinasanos (skat. 8-2 tabula).
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Attels 8-4. Kardiospektrogramma kontroles grupas dzivniekam; a — eksperimenta sakuma;
b - péc 15 min. Ordinata — spektralais blivums (rel. vien), abscisa — frekvence, kas
aprékinata ka viena vilna ciklu skaita apgrieztais lielums.

Figure 8-4. Example of cardiospectrograms (control group); a — in first minutes of
experiment, b — 15 minutes later. Frequency — inverse of wavelength which is expressed
as a number of cardiac cycles per wave.
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Attels 8-5. Kardiospektrogramma eksperimentalas grupas dzivniekam; a — eksperimenta
sakuma; b - péc PML aplikacijas. Ordinata — spektralais blivums (rel. vien), abscisa —
frekvence, kas aprékinata ka viena vilna ciklu skaita apgrieztais lielums.

Figure 8-5. Example of cardiospectrograms (experimental group); a — in first minutes of
experiment, b — after PML application. Frequency — inverse of wavelength which is
expressed as a number of cardiac cycles per wave

Kopsavilkums

Apkopojot So eksperimentu rezultatus, varam secinat, ka
1) eksperimenta aplicetais vid&jas intensitates PML spgj izraisit tulit€jas izmainas Zurku
smadzenu sirdsdarbibas regulacijas centru darbiba;

2) izraisito efektu raksturs (sirdsdarbibas pal€ninasanas/paatrinasanas, sinusa aritmijas
1zzu$ana/saglabasanas) nav viennozimigi saistits ar aplicéta lauka vektora virzienu attieciba pret
smadzeném; jaatzim€, ka hipotalama un stumbra lokalizétie sirdsdarbibas vadibas centri
uzskatami par nepara veidojumiem, atskiriba no kustibu vadibas un uzvedibas vadibas centriem,
kuru viTPML ietekm&jamiba aprakstita citas sadalas;

3) dzivnieku jitiba pret vitPML var biit individuali loti atSkiriga.

Rezultatu analize paradija vél kadu vitPML ietekmes uz smadzeném ipatnibu. Proti, vilPML
ietekmé samazinajas ketamina 7 mg*kg™' un ksilazina 60 mg*kg™ izraisitas narkozes ilgums; par
to liecina vidgja narkozes ilguma (pie vienas un tas paSas narkotisko Iidzeklu devas) atSkiribas
kontroles un eksperimentalajas grupas: 60 — 90 min un 45 — 60 min attiecigi. Sis novérojums,
miusuprat, var kalpot ka vél viens netieSs noradijums uz vilPML spg&ju ietekmét metabolisko
procesu (enzimu) aktivitati organisma.

8.5. Strupastu uzvedibas izmainas viiPML ietekmé

Eksperimenta rezultati ir noblicéti: T.Zorenko, V.Veliks. Biological effect of static magnetic
fields on exploratory activity in Brandt’s vole (Lasiopodomys Brandii). Baltic J. Lab. Anim. Sci.
2003, 13, 3: 133-139.

Eksperimentu planojums
Eksperiments tika veikts tris dzivnieku grupas.

Pirma grupa — 10 dzivnieki. Pirmaja diena tika veikta atverta lauka uzvedibas kontrole. P&c 2
dienam eksperimentalas grupas dzivniekiem aplicgja vilPML un visiem dzivniekiem atkartoti
veica atveérta lauka uzvedibas kontroli.
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Otra grupa — 10 dzivnieki. Pirmaja diena aplicgja vilPML un tika veikta atveérta lauka
uzvedibas kontrole. Pec 2 dienam visiem dzivniekiem atkartoti veica atverta lauka uzvedibas
kontroli.

TreSa grupa - kontroles grupas, 16 dzivnieki, eksperimenta protokols bija analogisks
pirmajam, tikai bez vilPML aplikacijas.

Katram dzivniekam magnétisko lauku aplic€ja viena noteikta virziena pret kermeni; virzienu
sadaltfjums katra eksperimenta bija sekojoss:

pirmaja grupa — 4 dzivniekiem abpus kermenim Dienvidpols; 2 — abpus kermenim
Ziemelpols, 4 — kreisaja pusé Dienvidpols un labaja pus€ Ziemelpols;

otraja grupa — 2 dzivniekiem abpus kermenim Dienvidpols; 6 — abpus kermenim Ziemelpols;
2 - kreisaja pusé Dienvidpols un labaja pusé Ziemelpols.

Eksperimenta gaita tika uzskaititas sekojosas aktivitates: pirma iznaciena laiks no organiska
stikla majingas; interese par majinu (atgrieSanas skaits majina; uzkapSanas skaits uz majinas);
ikminiites lokomotora aktivitate; kop€ja lokomotora aktivitate; pirma piegajiena laiks pie
baribas; piegajienu skaits pie baribas; kasiSanas laiks, mazgasanas (grooming) skaits; pacelSanas
pakalkajas vertikala staja, atbalstoties pret sienam, skaits; pacelSanas pakalkajas vertikala staja,
bet neatbalstoties, skaits; Skavu skaits; rakSanas skaits; bez parvietoSanas pavaditais laiks.
Eksperimentam beidzoties, tika uzskaitits ekskrementu skaits un urina esamiba. Lai apzimétu
dzivnieka aktivitati, tika ieviests kop&jais aktivitates indekss (integréts raditajs no augstak minéto
parametru kopas), kas lava dzivnieku uzvedibu novertet ka 0- pasiva, 1- aktiva, 2- loti aktiva
(Zorenko et al., 1989).

VilPML aplikacijas ietekme uz uzvedibu

Starp kontroles grupas un vilPML aplikacijai paklauto dzivnieku uzvedibu (1. grupas un 2.
grupas dzivnieku uzvediba péc vilPML aplikacijas) tika noverotas butiskas atSkiribas.

Pirmais, ko var atzZimét ir krasa motoras aktivitates samazinasanas vilPML ietekm€ gan visas
piecas noverojuma miniiteés, gan katra atseviSska miniité. Kontroles grupa atstaja biira majinu
uzreiz, kad vinus ievietoja atvérta lauka, taja pat laika vitlPML iedarbibai paklautie dzivnieki
majina pavadija vairak laika, vai uzturgjas nekustigi pie atverta lauka sienas. Kop€ja lokomotora
aktivitate samazinajas kopuma par 31,3%, jeb no 132+10,84 uz 90,70+9,16 Skérsotiem
kvadratiem (p<0,001); secigi pa miniitem samazinasanas bija attiecigi par 32,6%, 33%, 14,7%,
45,4% un 26,2%. Tas savukart korelé ar vélaku pirmo iznacienu no majinas — péc 8§,40+2,15 s
(kontroles grupa — vidgji péc 3,3+1,12 s), ar bez parvietoSanas un kasiSanas laiku pieaugumu,
attiecigi 36,9+10,35s pret 2,20+1,51 (p<0,001) un 1145,02 s pret 6,8+1,83 s (p<0,05). Sada
gausa uzvediba nav raksturiga §is sugas dzivniekiem.

vilPML ietekmé samazinajas ari izpétes aktivitate, par ko var spriest péc sekojoSiem
parametriem: kopuma samazinajas vertikala aktivitate (p<0,05; kaut ari statistiski nebiitiski
pieauga vertikalas stajas ar atbalstu skaits), interese par majinu (p<0,05), ka ar1 laiks, ko
strupaste pavadija majina, vai uz majinas jumta (nav statistiski ticams rezultats), toties daudzkart
palielinajas pirma piegajiena laiks pie baribas (p<0,01; pie kam 36,4% no aplikacijai paklautiem
dzivniekiem to izdarija tikai p&c 2. novéroSanas miniites un 3 dzivnieki vispar netuvojas atklata
lauka centram). Kopigais aktivitate€s indekss vilPML iedarbiba samazinajas lidz vidgji 0,6,
salidzinot ar 1,4 kontroles grupai.

Pec vilPML iedarbibas strupastes 1&ni parvietojas gar atvérta lauka sienam, loti biezi un
ilgstosi apstajoties (no 20 Iidz pat 200 s), kas nav raksturigi Sai sugai. vilPML iedarbiba
statistiski ticami iespaidoja arT dzivnieku bez parvietoSanas pavadito laiku (p<0,001), palielinot
to Iidz pat 15 reizem, salidzinot ar kontroles grupu. Vegetativas reakcijas (defekacija un
urinacija) bija izteiktakas kontroles grupas dzivniekiem.
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ViIPML aplikacijas rezultati vairakkart veiktos atklata lauka testos

Ja viTPML tiek aplicéts pirmaja eksperimenta reiz€ (2. gr. dzivnieki), bet péc divam dienam
otrreiz testé So dzivnieku uzvedibu (bez vilPML aplikacijas), tad dzivnieku lokomotora aktivitate
abos testos bitiski neatSkiras, tomér péc vilPML ietekmes laiks 1idz momentam, kad dzivnieks
pirmoreiz Skérso centru ir ticami garaks (121,11£34,08s pret 50,7+15,29s; p<0,05); ar1 izp&tes
aktivitates indekss samazinas no 0,33+0,16 Iidz 1,4+0,22 (p<0,05).

Ja vilPML tika aplic@ts otraja eksperimenta sérija (1. gr. dzivnieki), arT tad PML ietekme
izradijas lidziga. Proti, vilPML ietekm& samazinajas gan dzivnieka lokomotora aktivitate no
133,5£15,18 lidz 89,56+14,1 (p<0,05), gan izpetes aktivitates indekss no 1,33+0,16 Ilidz
0,67+0,15 (p<0,05).

VvilPML ietekmes uz dzivnieku uzvedibu atkariba no lauka vektora virziena

Metodisku 1patnibu dél vilPML ietekme uz strupastu uzvedibu tika testéta, aplic€jot vilPML
tris atSkirigos lauka orientacijas variantos. Apkopojot So triju eksperimenta modifikaciju
rezultatus, tika konstatéts sekojosais:

1. ja magnétiskais lauks aplicéts ta, ka Ziemelpols ir kermena kreisaja pus€ un Dienvidpols ir
labaja, tad tas izraisa izteiktu (p<0,05) dzivnieka aktivitates samazinaSanos: pagarinas centra
Skérsosanas laiks (no 52,82+31,13s uz 149,29+109,29s), piecaug latentais laiks lidz bridim, kad
dzivnieks atstaj majinu (aptuveni Cetras reizes) un bez parvietoSanas pavaditais laiks (no vidéji
2,19+6,05s lidz 49,29+40,46s), samazinas interese par centra novietotu baribu, resp., piegajienu
skaits pie baribas (4,57+3,78 pret 8,56+3,01), samazinas pirmaja mintté Skérsoto kvadratu skaits
(no 37,19+11,53 Iidz 25,28+11,88), krasi samazinas vertikalas aktivitates kop€jas izpausmes no
17,87+4,63 bez viilPML iedarbibas lidz 10,57+3,15 reiz€m, un izpétes aktivitates indekss (no
1,37+0,5 uz 0,14+0,38).

2. ja magnétiskais lauks aplicéts ta, ka Ziemelpols ir kermena abas pusés, tad tas ar1 izraisa
dzivnieka aktivitates samazinasanos, bet ta ir mazak izteikta;

3. samazinas kop¢ja (5 miniites) kustibu aktivitate (no 132+43,34 Skérsotiem kvadratiem lidz
90,71425,68), pieaug bez parvietoSanas pavaditais laiks (Iidz pat 33,14s). Var atzimét, ka Sada
vektora virziena viIPML aplikacijas rezultata dzivnieks samazinaja ari sevis uzkopSanu
(grooming) no 1,31+1,19 reizém lidz 0,28+0,49 un krasi samazinajas ar1 vertikalas aktivitates
bez atbalsta skaits no 8,19+6,89 reizém Iidz 1,86+2,19;

4. ja magnétiskais lauks aplicéts ta, ka Dienvidpols ir kermena abas pusées, tad lauka efekts ir
lidzigs; Sada virziena aplikacija visspeécigak nomac motoro aktivitati - piecas minttes Skérsoto
kvadratu skaits klist vidgji 84,37+59,79, pirma iznaciena laiks no organiska stikla majinas
pieaug no dazam sekundém lidz 150 — 200 s un samazinas pirmaja un otraja miniité Skérsoto
kvadratu skaits (no 37,19+11,53 Iidz 20,75+17,71 un 29,5+11,77 1idz 17,25+13,21 attiecigi).

Kopsavilkums

- vilPML 1slaiciga (15 min) aplikacija izraisa uzvedibas aktivitates samazinasanos, neatkarigi
no vilPML vektora virziena,

- vilPML vektora orientacija pret dzivnieka kermeni (smadzen€m) ietekme uzvedibas
gausinasanas kvalitativas izpausmes.

9. Diskusija un pétijumu rezultatu kopsavilkums

Misu eksperimentos iegltie dati par biogéno aminu un to metabolitu summaram
koncentracijam zurkas smadzenu audos atbilst citu laboratoriju datiem (Narita et al, 2002; Lowry
et al., 2001) un apstiprina jau iegtitos novérojumus par atSkiribam starp dazadiem apvidiem un
atSkirtbam starp abu puslozu identiskiem apvidiem. Ta, p&tfjuma ar zurkam, paradits dopamina
koncentracijas parsvars intaktiem dzivniekiem kreisas puslodes svitraina kermena audos (Glick,
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Ross, 1981), kas apstiprinajas ari misu pétijumos: 10178+928 ng*kg™ kreisaja puslodé pret
8810+928 ng*kg™' labaja.

Literatiira nav datu par PML ietekmi uz biologisko aminu metabolismu smadzenu audos.
Pieejami vairaku laboratoriju pétijumu apraksti par ekstrémi zemas frekvences (<300 Hz)
magnétisku lauku iedarbibu (WHO, 2006), tacu datu salidzinaSanu apgriitina atSkiribas
izmantoto lauku intensitatés un aplikaciju Ipatnibas. Piemé&ram, eksperimentos ar zurkam
noskaidrojas, ka ekstrémi zemas zemfrekvences lauks (1,8-3,8 mT, stundas ilga aplikacija 14
dienas) paaugstina DA un 5-HT sint€zi zurku pieres daivas garoza, bet samazina kop€jo
serotonina koncentraciju svitrainaja kerment, ietekmé arT monoaminergisko sist€ému reaktivitati
(Sieron et al., 2004)

Serotonina sistéma izradijas jutiga arl miisu eksperimentos, aplicgjot Zurkas smadzeném
vilPML. Par serotonina metabolisma jutibu pret viilPML liecina serotonina koncentracijas
pieaugums somatosensora garoza, hipotalama svitrainaja kermeni, samazinasanas jlras zirga
audos un hidroksiindoletikskabes/ serotonina attiecibas samazinaSanas somatosensora garoza,
hipotalama, bet palielinaSanas hipokampa.

Novéroto PML efektu skaidrojums, iesp€jams, vismaz dal&ji saistams ar biokimiku atzinu, ka
PML izmaina MAO konformaciju un aktivitati, uz ko netieSi norada PML ietekme uz dazadiem
enzimiem (Young, 1969). 20mkT PML ietekm& novérots ari kalmodulin-atkariga ciklisko
nukleotidu fosfodiestérazes aktivitates pieaugums (Liboff et al., 2003).

Misu pétijums parliecino$i demonstré vilPML vektora orientacijas attieciba pret smadzenu
struktiram nozimi. Izteiktakas 5-HT, 5-HIAA/5-HT (hipokampa un hipotalama), DA, DOPAC
(striatuma un hipotalama) izmainas izraisija vilPML, ja tas aplic€ts ar indukcijas orientaciju IN-
kN. Savukart, 5-HT koncentracijas izteikts pieaugums somatosensora garoza un hipotalama
vilPML ietekmé veidojas, ja tika aplicéts lauks ar indukcijas virzienu 1S-kS. Sie novérojumi
norada uz vairaku smadzenu apvidu 1pasu jutibu pret vienadpolu vilPML aplikaciju abpus galvai.
Diemzel, vienadnosukuma polu aplikacijas biofizikalie aspekti nav izzinati, tap€c arl miisu
eksperimentos novéroto efektu fiziologiskajam skaidrojumam ir nepiecie$ami talakie p&tijumi.
Lidzigi, 5-HT koncentracijas pieaugums PML ietekmé (intensitate 50 mkT) tika noverots Zurku
epifize, un autori (Reiter, Richardson, 1992) izvirzija pienémumu, ka magnétiskais lauks izraisa
enzima N-acetiltransferazes inhibiciju, ka rezultata pieaug ari 5-HIAA koncentracija un
samazinas melatonina produkcija epifize.

Misu veiktajos eksperimentos noskaidrojas, ka vilPML (neatkarigi no lauka polaritates) spgj
1zraisit somatosensoro izsaukto potencialu latento periodu izmainas, ka likums — latenta perioda
pagarinasanos. Tacu lauka ietekmes efektivitate ir atkariga no lauka orientacijas pret
smadzeném. Lidzigi noveérojumi ir aprakstiti citu autoru pétfjumos, pieméram, ir paradits, ka
zemas intensitates (34mT) PML ar neilgu aplikacijas laiku (20 miniites) izraisa nervu impulsa
izplatiSanas atruma samazinasanos: dati iegiiti eksperimentos ar vardes giizas nervu - muskulu
preparatu (OBUnHHUKOB, 1994).

vilPML vektora orientacijas pret smadzeném nozimes izvertéSanai tika veltiti petijumi sadala
par vilPML ietekmi uz zurkas autonomo funkciju vadibas mehanismiem. Sirds ritma vadibas
simpatiskie un parasimpatiskie centri veido nepara daudzkomponentu struktiiru galvas smadzenu
hipotalama un stumbra dalas. vilPML tika aplicéts, novietojot magnétus abpus dzivnieka galvai;
lidz ar to, homogena lauka ietekmes zona ietilpa visas galvas smadzenes, bet lauka periferija,
iesp&jams, aptvera ari muguras smadzenu un simpatiska stumbra augSdalu.

Lielakai dalai (81%) dzivnieku ilgstosa EKG pieraksta labi saskatami cikla ilguma vilni ar
tadu vilpa garumu, pie kura katra vilni ietilpst aptuveni Cetri secigi cikli. To izcelsme

skaidrojama ar elpoSanas centra ietekmi uz sirdsdarbibas centru un izpauzas ka respiratora sinusa
aritmija (RSA).

Miusu eksperimentu rezultati parada, ka lielai dalai, bet ne visiem dzivniekiem, bija
veérojama izteikta RSA, tatad salidzino$i augsta parasimpatiskas aktivitates dominante
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hipotalama un medullas struktiiras. Toties vilPML (neatkarigi no ta orientacijas pret dzivnieka
galvu) So parasimpatisko dominanti nomaca. Miisu eksperimenti paradija ar1 to, ka dzivnieka
reakcijai uz vitlPML ir izteikti individualas atSkiribas; viens no to c€loniem varétu but atskirigas
simpatisko un parasimpatisko mehanismu aktivitates. Zimigi, ka dzivniekiem, kuriem fona
apstaklos nebija veérojama izteikta sinusa aritmija (bija salidzino$i augsta simpatiska aktivitate),
vilPML aplikacija izraisija noturigu sirdsdarbibas frekvences pazeminasanos.

Eksperimenti paradija, ka vilPML ietekme uz eksperimenta dzivniekiem visspilgtak izpaudas
divos fenomenos - sirdsdarbibas paléninasanas un elpoSanas aritmijas izzuSana. Ka hipotézi var
izvirzit piepémumu, ka vilPML neatkarigi ietekmé divas atSkirigas autonomas nervu sistémas
struktiiras: pirmkart, nomac hipotalama sirdsdarbibas paatrinoSo centru un, otrkart, nomac
stumbra neironus, kas reciproki saista elpoSanas centru un sirds ritma neiralas vadibas centru.
Rezultati Jauj secinat, ka vilPML efektivitate ir atkariga no abu So centru toniskas aktivitates
limena. To pierada noveérojums, ka visiem cetriem dzivniekiem ar salidzino$i zemu stumbra
parasimpatisko centru jatibu (pirms viilPML ietekmes nebija v€rojama elpoSanas aritmija)
vilPML aplikacija izraisija sirds darbibas ritma paatrinasanos, nevis paléninasanos.

Fiziologisko funkciju autonomas vadibas centru jutiba pret PML pieradijusies vairaku autoru
pétijumos. Pieméram, truSiem tika noverota $o dzivnieku izteikta jutiba pret geomagnétiska
lauka izmainam, kas izpaudas gan sirdsdarbibas frekvences, gan arteriala spiediena, gan citos
autonomos vadibas mehanismos. P&tijjumu autori nonaca pie secindjuma, ka Zemes magnétiska
lauka dabiskas nelielas svarstibas spgj ietekmet gan smadzenu stumbra, gan augstakos sirds un
asinsvadu regulacijas centrus (Gmitrov, Gmitrova, 2004). Lidzigi secinijumi izriet ari no
pétijumiem par geomagnétiskas vétras ietekmi uz cilvéka asinsrites regulacijas mehanismiem
(Dmitrova et al., 2004). Dati par PML (un ar1 elektromagnétisko lauku) ietekmi tieSi uz
sirdsdarbibas centralas vadibas mehanismiem ir pretrunigi un griiti salidzindmi. P&tijumos ar
cilvekiem dazi autori apstiprina mainigd lauka (60Hz) ietekmi uz sirdsdarbibas frekvenci
(Griefahn et al., 2001; Sastre et al., 1998), citi Sadus efektus neapstiprina (Graham et al., 2000;
Okano, Ohkubo, 2005).

Mingétie rezultati kopuma lauj izvirzit piep€émumu, ka PML ietekmes uz autonomo funkciju
vadibu var bitiski atSkirties dazados lauka intensitates diapazonos, ka ar1 biit atkarigas no
dzivnieka sugas un lauka aplikacijas Ipatnibam.

Jautdjums par smadzenu psihosomatisko funkciju vadibas struktiru jutibu pret argjo
magnetisko lauku ietekmém uzskatams par aktualu sakara ar tehnisku iericu, kas generé
elektromagnétisku lauku, izplatibu. Lidz ar to, ar katru gadu palielinas pétijumu skaits par
dazadas frekvences un intensitates elektromagnétisko lauku biologiskiem efektiem, tacu lielakai
dalai So pétijumu ir lietiSka rakstura mérki — pamatot darba droSibas krit€rijus, stradajot ar SIm
iericem (Wilen et al., 2004; Kheifets et al., 2006). Praktiski iztriikst neirofiziologiska vai
etologiska rakstura pétijumi par PML iesp&jamo ietekmju fiziologiskajiem mehanismiem. Lidz
ar to, apgrutinats ir misu petjjumos par PML ietekmi uz dzivnieku instinktivu uzvedibu iegiito
rezultatu salidzinoSs izvertejums.

legiitie rezultati liecina, ka vairuma gadijumu vilPML ietekmei ir uzvedibas aktivitati
mazinoSs raksturs. Bez tam, noskaidrojas, ka dazadiem lauka vektoru virzieniem ir atSkiriga
efektivitate. Visefektivakie izradijas viennosaukuma polu lauki NN un SS, pie kam visjutigakie
uzvedibas parametri ir summara lokomotora aktivitate un emocionalas uzvedibas parametri
(kasi8anas, urinacijas un defekacijas skaits laika vieniba). Toties pretpolu viiPML aplikacija
vairak iespaidoja izp&tes stadiju (centra Sk&rsosanas skaits, vertikala aktivitate, majinu izp&te,
ostisana).

Literattra aprakstitos pétijumos par zemfrekvences (<300Hz) elektromagnétiska lauka
iedarbibu uz pelém tika noverots, ka, [idzigi ka miisu eksperimentos, lauka ietekm& samazinajas

izp&tes aktivitates laiks un vertikala aktivitate, picauga miega pavaditais laiks (Del Seppia et al.,
2003).

No veikto eksperimentu metodologijas viedokla par batisku, misuprat, uzskatams
individualo rezultatu neviendabigums (variabilitate). Tas netieSi norada uz to, ka PML raksturo
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vairaki neatkarigi parametri (stiprums, virziens, aplikacijas ilgums), kuri katrs par sevi var biit
biologiski nozimigi un ar savu specifisku ietekmi. Sis ietekmes, visdrizak, nav viennozimigas,
bet gan atkarigas no individa Ipatnibam un biologiskas struktiiras (smadzenu kopuma, atsevisku
centru, sinapSu) funkcionala stavokla vilPML aplikacijas laika.

legiitie rezultati kopuma lauj izvirzit hipotézi, ka vilPML indukcijas vektora virzienam
attieciba pret organisma anatomiskam struktiram izteiktaka loma ir tajos gadijumos, ja lauka
ietekmei ir paklautas para struktiiras (piem&ram, galvas smadzenu garozas lielas puslodes,
vidussmadzenu struktiiras), kamer nepara struktiiru gadijuma (pieméram, hipotalams un stumbra
kardio-vaskularas vadibas centri) vilPML orientacijas loma ir mazak nozimiga.
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10. Secinajumi

Maksligs vid€jas intensitates Tslaicigi aplic€ts pastavigais magnétiskais lauks (vilPML;
intensitate 250 mT, aplikacijas ilgums 15 miniites), kas aplic€ts laboratorijas dzivnieka
kermenim vai galvai, izraisa plaSa spektra tulit€jas funkcionalas izmainas visa organisma,
t.sk., ietekm& monoaminu koncentraciju smadzenes, smadzenu vadibas un psihiskas
funkcijas, vegetativo funkciju regulacijas mehanismus un dzivnieku uzvedibu.

Bitisks vilPML parametrs, no kura atkariga gan lauka efektivitate, gan fiziologiskas
reakcijas kvalitativas izpausmes, ir magnétiska lauka vektora orientacija pret dzivnieka
kermena un smadzenu anatomiskam struktiiram. Pirmo reizi izdevies paradit smadzenu audu
1pasu jiitibu pret PML viennosaukuma polu aplikaciju abpus galvai.

Viena no izpausmém viilPML ietekmei uz smadzen€m ir psihosomatisko procesu kavéSana,
par ko liecina somatosensoro izsaukto potencialu latento periodu pagarinasanas,
elektrokortikogrammas zemas frekvences vilnu amplitiidas palielinasanas, instinktivo
uzvedibas reakciju kaveésana.

PML 1slaiciga (15 miniites) iedarbiba uz narkotiz&to zurku galvas smadzeném ietekmé sirds
darbibas autonomas regulacijas augstakos centrus, mainot simpatisko un parasimpatisko
ietekmju lidzsvaru.

PML 1slaiciga (15 miniites) iedarbiba uz narkotizeto Zurku galvas smadzeném izraisa
statistiski ticamas monoaminu koncentracijas izmainas smadzenu audos, kas ir atSkirigas
dazados smadzenu apvidos (pieres dalas garoza, svitrainais kermenis, hipotalams un
hipokamps) un atkarigas no lauka vektora orientacijas pret smadzeném. Paaugstinata
bioktmisko procesu jiitiba tika konstateta viennosaukuma polu magnétu aplikaciju
gadijumos.

Akiitos un hroniskos eksperimentos ar zurkam un truSiem, kuros tika vertéti somatosensoras
vadibas funkcionalie parametri (izsaukto potencialu latentais periods, elektrokortikogrammu
domingjosas frekvences un vilnpu amplitiidas), iegiitie rezultati norada vienas noteiktas
vektoru orientacijas (abpus smadzeném Ziemelu pols — eksperimentos ar zurkam, vai trusa
smadzenu garoza iedzivinatais elektrods, kas magnetiz€ts ka Ziemelu pols) selektivi augsto
efektivitati, salidzinot ar citam lauka orientacijam.
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Used abbreviations
MF — magnetic field,

SMF - static magnetic field,

misSML — mean intensity short-time applied static magnetic field,

EMF - electromagnetic field.

Abbreviations for magnetic fields (misSML, orientation) orientations around animals head:

rN-IN - the North pole of the magnet is on the right side of the head and the South pole is on
the left side;

rS-IN - the South pole of the magnet is on the right side of the head and the North pole is on
the left side;

rS-IS - the South poles are located bitemporally;
rN-IN - the North poles are located bitemporally
Abbreviations for experimental animals groups:

k-f— control group, around head placed ,,fictive magnets” — same dimensional as magnets
paper box;

k-c— control group, animals was placed in the tube without any other influences;
k-nav— control group, animals placed in open field without influences;

rote —animal group, who rotated around it’s horizontal axis, when the SMF was applied,
therefore it unable to fix the SMF field orientation

Abbreviations for behaviour parameters and its values:

gr(x) — number of grooming (count) , gr(s) — grooming time (s),

scr(x) — numbers of scratching (count), scr(s) scratching time (s)

hole — number of animal explored holes at the floor (count),

vert — number of vertical activity (count),

re. time— rest time (s), animal moved slower than 0,5 cm/s or without movement;
mov. sl.— move slowly, time period (s), when animal moved slow 0,5 -3,7 cm/s.
mov. f.. — move fast, time period (s), when animal moved faster then 3,7 cm/s

v. max— maximal velocity (cm/s), during observation time;

v. mean— mean velocity (cm/s), at the observation time;

dist. — distance (cm) that animal went at the observation time;

n. ent. — number of entries in open field zones.
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Influence of short-term static magnetic field on laboratory animal
physiological function depending on direction of magnetic induction vector

1 Importance of study

The research of SMF possible influences on live organisms is significant in various
aspects.

First of all, general biological interest is about the natural origin SMF, meaning, the Earth
magnetic field interaction with the live nature — plants, microorganisms, animals and humans. In
this direction the research of magnetic field as a special orientation signal reception and usage
mechanisms is significant.

Secondly, a continuous interest is caused by the research of artificially induced weak
SMF influence on human (animal) body, as in medicine and therapy influence of such fields is
used quite widely, although the obtained medical effect lacks a correct scientific justification.

Thirdly, gradually researches where SMF is used as a mean for finding out biophysical
regularities on molecular and submolecular level develop and confirm their efficiency.

In each of these directions in the last decade significant findings have been made
allowing to set principally new work hypothesis for the further research. For example,
researches, which aim was to identify the SMF antihypertensive effect mechanisms, not only
specified the concepts of SMF influence on formation of vasodilatation signal molecules (NO) in
the vascular wall and conductivity of calcium canals in smooth muscles tissue, but also allowed
to justify the original hypothesis about the possible SMF modulation mechanism in animal
organism, in which the heart rate frequency serves as the modulating factor (Okano, Ohkubo,
2005).

In the field of clinical physiology in the last decade the transition from accumulation of
magnetotherapy empirical results to research of SMF influence mechanisms has been marked.
The most significant results have been obtained in the researches on SMF stimulating influence
on bone regeneration, angiogenesis, microcirculation (Basford, 2001), ability to decrease the
pain sensitivity caused by nociceptive signals (Segal et al., 2001).

In the field of magnetoreception the physical nature of intracellular magnet-sensitive
molecular formations has been identified, and the concepts of neurophysiologists continue to
improve on those brain activity particularities of the vertebrates, on which the control of
magnetoreceptive orientation reactions is based (Cain et al., 2005).

In the field of case studies where also the doctoral thesis is included, it can be
characterised as a transition to more profound research of SMF neurophysiologic effects.

The set of gathered phenomenological facts raises the experimental test of several
significant assumptions as topical.

Human (animal) brain is sensitive to SMF of weak intensity; a telling example for this is
the objectively definable changes of brain activity during the geomagnetic activity changes,
when the fluctuations of field intensity are measured in the picotesl range (McLean et al., 2001).

The SMF influence on the organism causes an instant — temporal and reflexive — counter
action of the organism (cells, biological process) which disclosures (in case the field influence is
sustained or recurrent) can accumulate and make consistent morphofunctional changes.

The results of experiments on laboratory animals demonstrate the versatility of
disclosures of SMF temporal influence on the brain. It has been showed that the application of
50-minute-long 30 mT intensity SMF causes destructive changes in several brain areas of
guinea-pigs — hypothalamus, cortex of hemispheres, cerebellum (Bregadze, 1988). Also in a
rabbit’s brain a weak (20 — 30 mT) and temporal (3 min) SMF influence can cause neuroglia
structural changes which continue still for several days after the SMF application (Xomomos,
1982).
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In the interaction between constant magnetic field and live organism the magnetic field
involves as a multiparametric factor, meaning, that not only the field intensity and application
duration (also periodicity) are significant but also the field frequency (if in the biological
structure the endogenous transition of external constant magnetic field to variable has occurred)
and field orientation against the biological substratum.

2 Hypothesis

Magnetic field vector orientation to animal body and brain anatomical structures is ine if the
SMF parameters affecting field efficiency as well as physiological response qualitative
manifestation.

3 Work’s aim and tasks
Aim:

to determine the effectiveness of temporary (till 15 min) influences of medium intensity (till
250 mT) SMF on laboratory animal (rabbits, mice, and rats) brain and whole organism.

Tasks
are to identfy

e changes in monoamines concentration in rat’s brain tissues under the influence of
medium intensity temporal static magnetic field (misSMF) depending on field vector
orientation against brain;

e misSMF induction vector orientation influence on laboratory animal (rabbits and rats)
brain hemispheres bioelectrical activity;

e misSMF influence on central nervous system heart operation control centre depending
from induction vector orientation in relation to animal’s head anatomical structures;

e misSMF vector orientation influence on laboratory animal instinctive behaviour by using
open field and motor asymmetry determination methods.

4 Novelty

Quintessential misSMF parameter on which depend field efficiency as well as physiological
reaction qualitative utterance is magnetic field vector orientation against animal body and brain
anatomical structures.

For the first time it was possible to prove brain tissue particular sensitivity to misSMF, if on
both sides of laboratory animal’s head are placed one denomination pole magnets.

5 Authors contribution, publications and approbation

Author unaffiliated accomplishes and manages all experiments, except electrophysiological
experiment with rabbits (experiment head Dr. med. P.Gustsons) and monoamines concentration
determination in isolated brain tissues (experiment head Dr. biol. S. Svirskis). Author
unaffiliated accomplishes statistics of result processing and attained results interpretation.

In experiments and data processing collaborates with students, codifying their achievement
in bachelor and master degrees works.

The results have been partly presented at four international conferences:
Latvian Physiological Society conference “Mechanisms of physiological adaptation”
Riga. 20.11.1998.
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- V.Veliks, Z.Marcinkevics, P.Gustsons, [.Birznieks. Influence of permanent magnetic field on
impulse propagation in central nervous system. Abstr. Scient.Conf. Physiol. ”"Mechanisms of
physiological adaptation™. 1998, p.42
- P.Gustsons, V.Veliks, Z.Marcinkevics. I.Birznieks. Role of permanent magnetic field in the
electrophysiological mechanism of epileptic model. Abstr. Scient.Conf. Physiol. ”"Mechanisms
of physiological adaptation”. 1998, p.42

Europe Physiological Society 2. congress. Prague. Czech Republic. 29.06. - 04.07.
1999.
- V.Veliks, J.Aivars, P.Gustsons, G. Praulite. INFLUENCE OF A PERMANENT MAGNETIC
FIELD ON MONOAMINE CONCENTRATION IN RAT BRAIN. Physiological research
Suppl.1., Vol. 48,1999, Prague p.3.

Weak ang hyperweak fields and radiations in biology and medicine. 2 International
Congress. Sankt-Peterburg. 2000.
- V.Veliks. Influence of permanent magnetic field on frog heart.

Physiologists XXXIV. International congress. Chritscharch. New Zealand. 26. -
31.07. 2001.
- V.Veliks, J.Aivars, P.Gustsons, I.Detlavs, I.Birznieks, T.Zorenko. Influence of the Permanent
Magnetic Field on the Central Nervous System (Animal Experiments and Clinical Observations).
Christchurch, 2001, on CD.

The data obtained in this study resulted in six scientific publications:

- P.Gustsons, J.Aivars, V.Veliks, Z.Marcinkevics. Rabbit brain bioelectrical activity: Changes by
impact with permanent magnetic field locally on amygdaloid nuclei. Proceedings of the Latvian
Academy of Sciences, Section B. 2000, 54 (1/2): 25-31.

- V.Veliks, P.Gustsons, G. Praulite, Z.Marcinkevics, I.Birznieks. Neuronal impulse propogation
velocity in rat brain: Changes under the influence of permanent magnetic field. Proceedings of
the Latvian Academy of Sciences, Section B. 2000, 54 (1/2): 48-50.

- T.Zorenko, V.Veliks. Biological effect of static magnetic fields on exploratory activity in
Brandt’s vole (Lasiopodomys Brandii). Baltic J. Lab. Anim. Sci. 2003, 13, 3: 133-139.

- J. Aivars, V. Veliks, P. Tretjakovs. Coupling of the electromagnetic fields to biological
systems: primary effects and tresholds. Baltic J. Lab. Anim. Sci. 2003, 13, 4: 217-222.

- V. Veliks, E. Ceihnere, 1. Svikis, J. Aivars. Static magnetic field influence on rat brain function
detected by heart rate monitoring. Bioelectromagnetics. 2004, 25:211-215.

- V. Veliks, P. Gustsons, G. Praulite, J. Aivars, L. Birznieks, S. Svirskis. Changes of monoamine
concentration in rat brain under the influence of a static magnetic field. Proceedings of the
Latvian Academy of Sciences, Section B. 2006, 60 (1): 28-33.

6 Literature review

Published: J. Aivars, V. Veliks, P. Tretjakovs. Coupling of the electromagnetic fields to
biological systems: primary effects and thresholds. Baltic J. Lab. Anim. Sci. 2003, 13, (4): 217-
222.

EMF efficacy mechanisms

In order to analyze mechanisms it is necessary to ascertain primary mechanism in EMF
interaction with alive figuration (organism, cell). Possible primary analyse term definition is as
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follows: primary (direct) effector is molecular structure or field, which absorbs EMF energy
and in result changes its structure, parameters and/or functions.

Basic types of primary effectors

Diversity of SMF and EMF physical parameters allows already a priori to prognose that
in animals’ cells multiple types of primary effectors exist. In development of such kind direct
effectors enumeration was used both in the experiment materials and several authors theoretical
nature presumptive publications (Weaver, Austumian, 1995; Papatheofanis, 1987; Muchsam,
Pilla, 1999).

Magnetic and electric field primary effectors and caused perturbations:

Free radical — its function changes (Weaver et al., 2000);
. magnetite — its dimensional orientation changes (Kirschvink et al., 2001; Lohman, Johnses,
2000);

3. membrane protein diamagnetic domain— transmembranal transmitting changes in cells
(Rosen, 1993; 2003);

4. magnetosome — its rotation or dimensional offset and (as result) — pore or channel new sets in
biological membrane (Lohman, Johnses, 2000);

5. magnetic sensitive chemical reaction — biologically active reagent pullulating (Weaver et al.,
2000);

6. free radicals — changes in process dynamics dependant on them (Jajte et al., 2002);

7. metal proteins — changes in their specific function (Ali et al, 2003);

8. potential-depending channels in cell membrane— membrane potential an ion transmembranal
flow changes (Sonnier, Marino, 2001; Aldinucci et al., 2003);

9. cell membrane or cytoplasm receptor-cells — their sensitivity changes (Massot et al., 2000);

10. lipid aggregates in membranes — membrane penetrability changes for lipophilic materials;

11. integral membrane enzymes — molecule conformation and changes of their enzymatic
activity (Weaver et al., 2000; Liboff et al., 2003);

12. membrane hydrophilic pore or channels — membrane throughput changes;

13. extracellular electrical particles — charged particles (ions, polar molecules) spatial
localization changes and as a result extra cellular electrical current flow;

14. ions absorption on the cell membrane — changes on transmembranal ions transport and cell
adhesion properties changes (Panagopoulos et al., 2002);

15. DNA molecular complexes — mutagenic effects (Lai, Singh, 1996; Malayapa et al., 1998);

16. gap junction — changes of the flow throughput channels (Marino et al., 2003).

N —

SMF and EMF reception additional mechanisms

a) Outer EMF interaction with endogenous (biogenic) origin electric and electromagnetic
phenomena; these are:

1) Cell membrane potential;

2) membrane potential gradual, extinction oscillations;

3) membrane potential impulse kind oscillations (incl. function potentials);

4) transmembrane circular blasts, which are action potential non decrement diffusion main
mechanism;

5) electrical potentials differences between different tissues regions, which are in different
functional situations (for example., heart electrical dipoles, brain electrical dipoles);

6) cell surface potential.
b) EMEF interruption in cells’ extrasynaptical communications;

In these processes several mechanisms and its parameters are substantial (Sanderson, 1996; Zoli

et al., 1999), for example:

1) Intercellular calcium waves;
2) cell interstice space as communication channel capacity;
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3) free ion concentration in cell interstice space.

¢) EML interference in cells non-synoptical communications;
These are so called cells communications in which gaseous signals are used — NO, CO etc.,
which transmission has no barriers (communication channel — non limited), and for their
reception special receptors and secondary intermediaries are not necessary because signals by
themselves link with aim molecules.

d) EMEF influence on signal reception and transduction in the cell;

In these processes depending on signal modality a range of chemical combinations took part
which may serve as EMF primary effectors (proteins, receptors and ferments — these chemical
combination divisions are already mentioned before, in the part about primary effectors). As
functional base types it is possible to mention the following ones:

1) receptors:

ionotropic - for example: N-cholinreceptor, histamine receptors, glycine and glutamate

receptor:
a) receptor proteins create by themselves calcium or potassium ion channels;
b) receptors influence already existing channel spread with G-protein intermediate.

Metabotropic - for example: M-cholinreceptor, adrenoreceptor, peptide receptors; these
receptors have enzymatic compounds.

2) G-protein — protein with whose intermediary receptor affect ion channels or catalytically
enzymes that format intercellular intermediaries. G-proteins can be in form of heterotrimmer as
well as in monomer form.

3) Metabotropic receptor enzymes — induce secondary messengers:
a) enzymes, activated by G-protein: adenylatecyclase, guanylcyclase, phospholipases C, A,, D;

b) tyrosine kinase — insulin, growing hormone and in other hormone receptors kinase, are
active without interaction with G-protein.

4) Intracellular signals (secondary intermediates, messengers): Ca®" ions, cCAMP, cGMP,
IP;, DAG, eicosanoids (prostaglandine, leukotrienes, thromboxanes), NO and others.

5) Protein kinases (PK) — enzymes, activity can be regulated by specific events (e.g. DNA
damage), as well as numerous chemical signals, including cAMP/cGMP, they phosphorylate
depending proteins:

a) serine/threonine protein kinases phosphorylate the OH group of serine or threonine;

b) tyrosine-specific protein kinases phosphorylate tyrosine amino acid residues.

6) Ubiquitin- proteasome system is responsible for intracellular protein degradation; it is the
primary mechanism for degrading intracellular unwanted and “old” proteins.

These connection complexes forms unified signal transductions cascades in cells. If any
of cascade members absorbs EMF (serves as primary effector) then non direct effect will appear
as cells’ informative fault in reaction to the signal to which detection serves specific reception-
transduction cascade.

SMF and EMF as guile informative signal

This phenomenon is a special form of above described mechanism when EMF interrupts
in process of signal reception:

7. EMF absorbs receptor-protein complex in cell membrane, which is specific for any signal
(endogen or exogen) perception;

8. Absorbed energy causes receptor molecule conformation changes similar to those, which
evoke by specific signal;

9. Secondary intermediary cascade starts functioning and in cell begin to initiate such
functional changes which are characteristic as a reply to specific signals.

Respectively, in this case EMF influence imitates some other modality factor influence.

(Sonnier, Marino, 2001).
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Minimal intensity threshold of SMF and EML

EMF intensity threshold empirical determination persecutes a range of objective
circumstances:

Various primary effectors different sensitivity in connection with EMF;

EMF influences physical mechanisms (at the same time efficiency) dependence on EMF
parameter (frequency, field structure, etc.) values, different parameter values and combinations
may cause effects that are qualitatively different;

EMF efficacy mechanisms complex nature, including both thermal and non-thermal
(without heat effect) components;

EMF primary and secondary effects accumulation and possible summing in time and also
spatial summing;

EMF effect threshold intensity dependence on effectors cell functional condition; cells
affected by stress usually are more exposed to EMF influence due to the specific stress protein
accumulation (Gutzeit, 2001; Sun et al., 2001).

EMF efficacy mechanisms multiplicity (see table of mechanisms) and possible complex
nature by themselves restrict intensity threshold definition and chances of pragmatically
definition.

Table 6-1. Classification of biological effects EMF’s

I immediate effect with  a) changes caused by heat movement acceleration (thermal
subsequent possible effect);
changes in primary

b) effector molecules conformation; ion mobility,
effector structure:

configuration of electron orbit, metal atom valence and other
changes (non —thermal effect) (Mileva et al., 2003);

c) applied EMF interaction with endogenous EMF.

II belated effect a) apropos of applied field primary effect accumulation;

b) apropos of slow dynamic of affected biological
(physiological) processes, for example, defects in
chromosomes whose utterance are completely depending on
correspondent gene particularity and biological importance
(Mashevich et al., 2003).

Magnetic reception is know as the most common and ancient sensory type in evolution
and animal world, which physical base is biogenic magnetite’s existence in both prokaryote and
eukaryote cells. Analogical magnetosome structure and organisation can be met in bacterium,
protista and vertebrates’ cells. (Kirschvink et al., 1987, 2001).

Prokaryote and protista explores this sensority to create spatial tended behaviour,
different from chaotic heat movements (Braun movements). Geomagnetic fields energetically are
10 times stronger than induced heat movements and they do not interact with biomagnetite by
changing orientation.

From other side in neurons magnetite molecules are sensors for informative signal
detecting that are much weaker than thermal noise. As example epiphyses neurons can detect
electromagnetic radiations for neuroendocrine system regulations mechanism (melatonin
production) (Kirschvink, 1996; Baconnier et al., 2002).

Conclusions

In live tissues and molecular figurations, which are under influence of magnetic field
and/or absorb non-ionic electromagnetic irradiance, appear processes which specifically depend
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on EMF spectral nature, intensity and obstacles of exposition as well as live structures (cells)
functional condition.

MF absorber structures mostly perform also as primary effector functions starting
reaction of biological reply. Magnetic field influence can be characterized by a large variety of
primary (direct) effector structures at the same time and within one cell.

EMF and SMF efficacy primary mechanisms can be classified in three qualitatively
different groups with different thresholds intensity parameters:

1) Thermal efficacy;
2) Non-thermal efficacy;
3) Informative efficacy (signal type).

Defining EMF efficacy threshold intensity (minimally enough), molecular (thermal
noise) factor should be adjusted separately to each of EMF component and to each component of
primary reaction.

Live tissues (cell organisms) sensitivity to magnetic field, field efficacy thresholds and
effectiveness depend on functional condition of absorber biological structures.

Pathologically changed or oppressed cells activity serves as additional factor of stress
(idiomatic co-stress) it increases cell sensitivity (decreases thresholds) and potentate magnetic
field efficacy effectiveness.

7 Materials and methods

Used animals

In electrophysiological and ethological experiments “Wistar” population rat males
(Rattus norvegicus) were used; their weight 250 — 400 g. Animals were taken from vivarium of
Latvia Riga Stradinsh University. Animals were held in accordance to postulated requirements of
care of laboratory animals (Guide for the Care and Use of Laboratory Animals, 1996; Van
Dongen et al., 1990; Huknac et al., 2001) in conditions of natural lighting, at temperature 2012
°C, not more than five in one cage, size of each cage was 57x36x20 cm. Water and special
nutrition was available to animals ad libitum.

In experiments of exploration of animal behaviour outbreed field mouse (Lasiopodomys
brandtii) males in age between 90 and 120 days were used. Animals were held in plastic cages at
constant temperature 20+2° C, with 14 hours light/10 hours darkness day cycle.

One chain of Electrophysiological experiments was accomplished with 17 Chinchilla
rabbit (Oryctolagus cuniculus) males; their weight was 2,5-3,5 kg. These animals also came
from Latvia Riga Stradinsh University vivarium and held individually, at temperature 17-21 in
conditions of natural lighting.

Used anaesthesia

In experiments with rats for registration of evoked potentials and in monoamine detection
experiments animals were anaesthetised with urethane 770mg*kg” (Simon, 1992), before the
operation for analgesia also were used ketamine (ALFASAN WOERDEN HOLLAND)
30mg*kg" in combination with xylazine (INTERCHEMIE Holand) 3,5mg*kg™ intraperitoneal.

In experiments of cardiograms registration animals were anaesthetised with xylazine
(60mg*kg™") and ketamine (7mg*kg™) intraperitoneal (Stamenovi¢, Maji&, 1975).

In chronical experiments for rabbits anaesthesia was used Nembutal (35 - 40 mkg*kg™), as
well after the operation in animal abdominal cavity penicillin solution (300000 units) was
injected.

During the operation of electrode implantation local intensity anaesthesia with Novocain
was used.
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Euthanasia

After experiments rats were submitted to euthanasia by using opiate in non-physiologic
concentration. (Guide for the Care and Use of Laboratory Animals, 1996).

Magnets and their caused static magnetic fields characterisation

In experiments samarium and cobalt alloy magnets were used; their size was 20x20x10 mm,
intensity of induced magnetic field at a distance of 1 mm from surface is 250 mT (figure 7-1).
Magnetic field in space between magnets were symmetric, its intensity decrement is shown in
figure 7-1; measurements were accomplished with universal teslametrs ®4354/1, TOCT 5.1977-
73.

Devices used in experiments

Round outer field hutch diameter was 1 m; in its centre nourishment container (diameter 7
cm) was placed, where during the experiments nourishment was put. 70 cm over hutch’ centre a
100W lamp was placed to light the outer field. Hutch was divided into square areas (size 20x20
cm). On one side of hutch there was a small size (15x15x10 cm) Plexiglas box in which animal
was put in before starting outer field experiment. Experiments with rats

Round outer field hutch diameter was 0,78 m. In its floor 12 holes (each one diameter 2 cm)
were broached, which were situated in two concentric circles — four holes in one, but eight in the
other one.

For rabbits electroencephalogram and rats electrogram registration experiments amplifier
(Biophysical amplifier model RB — 5, NIHON KOHDEN) was used. Before starting the
experiment machine was calibrated with 1 mV signal.

Irritating signals were passed from electrostimulator (9CJI-2, CCCP).

Afterwards signals were passed to computer where they were recorded. For this purpose
records and analyses programme SC/ZO0OM was used, developed in the Umea University.

In statistical calculus the following analytical methods were used: Student t-test, correlations
analyses, factors analyses, Fourier transformations analyses. For data obtaining and processing
the following computer programs were used: SC/Zoom, Smart, Statistica (StatSoft Inc., 2002),
MS Excel.

Each research method short characterization and experiment protocol is described before
every part of the results.

8 Results

8.1 MisSMF influence on monoamine concentration in rat’s
cerebrum (rat’s brain)

The results of experiments are published in: V. Veliks, P. Gustsons, G. Praulite, J. Aivars, 1.
Birznieks, S. Svirskis. Changes of monoamine concentration in rat brain under the influence of a
static magnetic field. Proceedings of the Latvian Academy of Sciences, Section B. 2006, 60, 1:
28-33.

Instructions of plan in detecting monoamine concentration

The following concentrations of monoamine was divided: dopamine (DA), 3.4-
dihydroxyphenylacetic acid (DOPAC), 3-metoxy-4-hydroxyphenylacetic acid (HVA),
noradrenaline (NA), 5-hydroxytryptamine (5-HT) and 5-hydroxyindolacetic acid (5-HIAA) were
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determined by using HPLC with electrochemical detection by adapted method from Alburges et
al. 1993.

The scheme of experiment:

30 rats were divided in 6 groups — five rats in each group; each group was characterized by
the following features:

1** group: without anaesthesia and without misSMF application — control 2 — K2;
2" group: with anaesthesia and without misSMF application — control 1 — K1;
31 group: with anaesthesia and with misSMF application— rS-IN;

4™ group: with anaesthesia and with misSMF application — rN-1S;

5t group: with anaesthesia and with misSMF application — rN-IN;

6" group: with anaesthesia and with misSMF application— rS-IS.

After 15 minutes of misSMF application rats were decapitated and the brain samples were
taken from four brain areas: frontal cortex, striatum (corpus striatum), hypothalamus and
hippocampus.

Changes in monoamine concentration

In both control groups (K1 and K2) animal brain sample results in biochemical analyses were
almost identical - without statistically important changes.

Somatosensory areas of cortex
Relevant, statistically believable (p<0,05) changes in somatosensory areas of cortex under
the influence of magnetic field were detected during the following cases:

noradrenalin concentration increased in left brain cortex, if misSMF application was in
directions rS-IN and rN-IN: 714,50+89,95 ng*kg’l and 739,50+145,16 ng*kg'], while in control
group K1 typical concentration was — 545,5£115,01 ng*kg’l;

5-hidroxyindolacetic acid/serotonin concentration relation in both poles/hemisphere of brain
decreased if misSMF was applied in both directions rN-IN and rS-IN: in right cortex for control
group (K1) relation of concentration 0,411, while in group rN-IN — 0,32 and in group rS-IN —
0,35; in left cortex/hemisphere accordingly in group K1 - 0,39, in group rN-IN — 0,29 and in
group rS-IN — 0,34;

serotonin concentration increase under misSMF influence was detected in both brain
hemispheres: in right cortex if misSMF was applied in direction rS-IN: in control group (K1)
serotonin concentration was 948,16+215,84 ng*kg’, but after magnetic field application in
group rS-IN concentration increased on average until 1166,0+£150,05 ng*kg'; left cortex
serotonin concentration increase was detected in three experimental groups: in group K1 average
quantity of increase of concentration was 967,67+493,51 ng*kg', but in group rN-IN
1275,67+456,22 ng*kg', in group rS-1S 1224,67+530,34 ng*kg' and in group rN-IN
1246,17+656,62 ng*kg .

Hippocampus
In hippocampus tissues under influence of misSMF significant changes were observed only
for serotonin and 5-hidroxyindolacetic acid/serotonin concentration relation:

serotonin concentration statistically believable decrease under application of misSMF was
observed in both hemispheres: in right hemisphere application of field in direction rN-IN was
effective: for animals in control group (K1) serotonin concentration was on average
451,67+37,04 ng*kg, but in group rN-IN 403,83+42.25 ng*kg™'; in left hemisphere serotonin
concentration lower than in control group (481,67+21,33 ng*kg"') was observed in two
experimental groups — rN-IN (443,83+35,16 ng*kg™) and rN-IN (402,67+54,18 ng*kg™);
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5-hidroxyindolacetic acid/serotonin concentration relation increase under influence of
misSMF in both hemispheres were evoked by field application in direction rN-IN: in right side
hippocampus for control group (K1) relation was on average 1,036, but in group rN-IN — 1,3; in
left hemisphere accordingly in group K1 — 1,02, at the same time in group rN-IN — 1,28. This
situation may be due to the activation of serotonin degradation pathway that took place through
MAQO, in opposite to somatosensory areas of frontal cortex and hypothalamus.

Striatum

Statistically believable misSMF influences occurred only in the right side brain hemisphere
striatum tissues. Orientation of field in direction rN-IN evoked dopamine concentration increase
(in group KI average concentration 9394,33+1379,032 ng*kg', in group rN-IN
13114,17+1270,49 ng*kg™), increase in DOPAC concentration (in group K1 847,5+77,08
ng*kg™, in group rN-IN 1119,5+208,59ng*kg™") and increase in NVA concentration (in group
K1 717,83+£140,23 ng*kg™, in group rN-IN 1013,0+257,97 ng*kg™); after application of field
direction rS-IS serotonin concentration increase were observed from average 452,33+ 88,42
ng*kg" (in group K1) till 574,33+ 95,77 ng*kg™ (in group rS-1S).

Hypothalamus
In tissues of hypothalamus misSMF influence on several monoamine concentration depended
on orientation of applied magnetic field vector.

average DOPAC concentration decrease caused misSMF application in direction rN-IN:
control group animals K1 —41,47+12,09 ng*kg™" against rN-IN — 32,35+11,13 ng*kg™;

serotonin concentration increase was observed in group rS-IN — 923,17+850ng*kg”,
compared to 770,67+140,86 ng*kg™ for control group animals;

5-hidroxyindolacetic acid/serotonin relations decreases were observed in groups rS-IN, rS-1S
and rN-IN: both substances relations average amplitudes were accordingly 0,51, 0,56 and 0,49,
while in control group on average 0,68.

Summary

The analyses of results allows us to conclude that misSMF temporary application on
narcotized rat’s brain causes changes in signal molecule metabolism, at the same time misSMF
activity is characterised 1) regional and biochemical substrates sensitivity heterogeneous and 2)
asymmetric apropos of brain hemispheres.

MisSMF influence evoked different amine metabolite concentration various changes in
explored brain regions. It has to be admitted that the evaluation of these data concerning the
sensitivity of different metabolism orientations to misSMF is made more difficult by the
differences in proportion of different “metabolism orientations” in the intact tissues of different
brain regions (accordingly to each brain region functional particularities). Convincing
information can be achieved only by comparison with different orientation fields caused effects
in symmetric brain regions.

In both hemispheres identical structures misSMF evoked similar character changes in signal
molecule metabolism, e.g., misSMF influence “direction” (signal substance concentration
increase or decrease under influence of misSMF) come out to be identical. The asymmetric
effects of SMF appeared only in different sensitiveness in one name structures of both
hemispheres against influence of determined direction field, shining example — marked
sensitivity of catecholamine metabolism to the influence of monopolar misSMF in corpus
striatum tissues in the right hemisphere, but insensitiveness — in the left hemisphere.

In comparison with different orientation misSMF caused effects it was observed that
efficiency of field depended on induction vector directions according against brain anatomical
structures. With relative elevated sensitiveness derived magnetic field, which was generated by
one-pole magnets, especially — if on both sides of head North pole of magnets are placed.
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8.2 Rabbit brain bioelectrical activity

The results of experiments are published in P.Gustsons, J.Aivars, V.Veliks, Z.Marcinkevics.
Rabbit brain bioelectrical activity: Changes by impact with permanent magnetic field locally on
amygdaloid nuclei. Proceedings of the Latvian Academy of Sciences, Section B. 2000, 54, 1/2 :
25-31.

Instructions of methodology in rabbit electrogram tracing

In these experiments misSMF was applied in to the amygdale regions with magnetic
electrode.

For creating the magnetic field and electrogram recording from the anterior parts of
amygdala of both hemispheres (AAA — Area Amygdalarum Anterior) special ferromagnetic
electrodes were used (diameter 220 um, length 45-50 mm, tip diameter 50-70 pm). The
magnetisation of these electrodes was created with a short (until 10 s) outer SMF (0,27 T); the
magnetised electrodes induced in the brain local steady magnetic field with intensity (B) 8 — 10
mT. By changing the poles of the outer magnetic field also the polarity of the induced SMF was
changed. For the interruption of the influence of this field a short-term opposite polarity field
was used.

For recording electrograms in nuclei ventralis posterior lateralis (VPL) of thalamic complex
a stainless steel electrode 50-70 pm in diameter was used which was coated with isolating
polymer.

For recording electrograms from the cortex 2 silver electrodes 250 pm in diameter were
used, they were implanted in the skull bone above motor cortex but the indifferent electrode —
above tuber occipitalis.

Recordings were made 4 days after the electrode implantation operation. There were on
average five experiments carried out with each animal with an interval of 2-3 days. During the
experiment rabbits were awake and they were placed in a box to limit the movement activities of
the animals. Before starting the experiment the background activity was recorded, then starting
with the third minute of induced local SMF influence electrograms were recorded. The polarity
of the implanted magnetised electrode for each animal in each experiment was chosen by
random choice.

Scheme of the experiment:

1. background recordings of electrocorticograms (bitemporally), electroamygdalograms
(bitemporally) and electrothalamograms;

2. magnetisation of ferromagnetic electrode so that in the left amygdala nuclei region south or
north pole would be created;

3. 10-minute exposition of local magnetic field and recordings of electrograms during the
exposition of local magnetic field;

4. exposure with outer diffuse SMF for 5 minutes;

5. recording of electrograms for 5 minutes.

Electrogram changes

For background recording both from cortical and subcortical electrodes a typical
asynchronous activity was characteristic, hypersynchronous activities and irritation potentials
were not identified.

South pole application
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When the implanted electrode in the left side AAA was magnetised as the South pole (B= 8-
10mT) in AAA electrograms segments with hypersynchronous activity were observed.

For 10 rabbits 10 minutes after electrode magnetisation in the motor cortex bitemporally
short-term synchronised bioelectric activity appeared as convulsive epileptic discharge. During
this time for some rabbits moderate contractions of hind leg muscles were observed. Several
seconds later the convulsive epileptic discharge was registered also in the nuclei of thalamic
complex. After 5-10 seconds all hypersynchronic discharges disappeared.

For 7 rabbits 10 minutes after exposure of magnetic field of a similar character in all
electrograms developed synchronous slow waves (1-2,5Hz, 60-70uV) on which background
sharp waves (spikes) developed. Further on approximately five minutes later the amplitude of
slow waves and spindles increased. When the whole brain was exposed to homogeneous SMF
(the outer South pole magnet directed towards the brain, magnetic vector induction in brain
deepest structures B=56mT) after three minutes the disappearance of all caused effects was
observed in electrograms. Approximately three minutes after the exposure interruption of local
SMF induced in the brain gradually disappeared also the changes in the brain electrograms
caused by this field.

North pole application

When inside the amygdala placed electrode was magnetised as North pole (B= 8-10mT), in
all electrograms after approximately 6 minutes appeared slow waves (2-3Hz) with relatively high
amplitude (until 120uV); see Figure 8-1. Also these waves appeared in random sequence, but
hypersynchronic brain activity was not recorded. The decrease of sharp waves was observed.

Summary

Under the influence of SMF there are changes in bioelectrical activity of rat’s brain different
areas, showing that changes are directly depending on the magnetic induction vector direction
(Figure 8-1). If the south pole is located in the AAA area then in electrograms of amygdala
dominate fluctuations with frequency 11-18 Hz, as well as segments of hypersynchronised
bioelectrical activity appeared and for part of the animals short-term synchronised bioelectrical
activity was observed as convulsive epileptic discharge. If north pole is applied to AAA then
fluctuations with frequency 1-3 Hz dominate, but hypersynchronised brain activity was not
reported.

8.3 Evoked potentials of rat somatosensory cortex

The results of the experiment have been published: V.Veliks, P.Gustsons, G. Praulite,
Z MarcinkevicCs, [.Birznieks. Neuronal impulse propagation velocity in rat brain: Changes under
the influence of permanent magnetic field. Proceedings of the Latvian Academy of Sciences,
Section B. 2000, 54, 1/2: 48-50.

Planning of experiments

In order to cause somatosensory evoked potentials (EP) for anaesthetized animals stimulation
of right hind leg fingers with electrical current impulses at supra-threshold amplitude was
performed (rhythmical rectangular electrical current impulses: impulse duration from 1 to 2V,
time between impulses 2 s). EP were registered with surface electrodes from the opposite (left)
side hemisphere.

misSMF was applied by inserting the head of the animal between permanent magnet poles.

Scheme of the experiment:
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Stage 1 Stage 2
Record 100 background evoked potentials Record 100 background potentials EP,
(EP), Apply magnetic field — IS-kN for 15 Apply magnetic field - IS-kS for 15

minutes, Record 100 EP, minutes,

15 minute pause for compensating magnet Record 100 EP,

influence, 15 minute pause,

Apply magnetic field - IN-kS for 15 Apply magnetic field - IN-kN for 15
minutes, minutes,

Record 100 EP, Record 100 EP.

30 minute pause.

During the exposure of the magnetic field the registering electrodes were taken out of the
magnet inter-pole area so that they would not disfigure the homogeneity of magnetic field. 7
animals were used in total.

Changes of somatosensory evoked potentials

The changes of latent period of evoked potentials within the exposure of multipolar magnetic
field (induction vector direction IS-kN or IN-kS).

At vector direction 1S-kN statistically insignificant decrease of latent period was observed —
on average for 3,2% (p> 0,05).

In case of the opposite vector direction IN-kS statistically believable increase of latent period
was observed — for 6,3% (p<0,05) (Figure 8-2).

The changes of latent period of evoked potentials within the exposure of monopolar magnetic
field (induction vector direction 1S-kS or IN-kN).

At direction of right hemisphere 1S-kS statistically insignificant increase of latent period was
observed — on average for 8,2% (p>0,05).

At direction of right hemisphere IN-kN (1) statistically believable increase of latent period
was observed — for 16,8% (p<0,01) (Figure 8-3).

Summary

misSMF (independently of field polarity) can cause changes of latent period of
somatosensory evoked potentials, as a rule — the prolongation of the latent period. However the
efficiency of field exposure depends on field orientation towards the brain.

8.4 Changes of rats cardiovascular centre functions under the
influence of misSMF

Experiment data are published: V. Veliks, E. Ceihnere, 1. Svikis, J. Aivars: Static magnetic field
influence on rat brain function detected by heart rate monitoring. Bioelectromagnetics. 2004,
25:211-215.

Planning of experiments

Electrocardiograms (ECG) were recorded from the limb lead II: the 1st recording - 5 minutes
long immediately before SMF exposure, the 2nd recording - 5 minutes long immediately after
exposure. Duration of all R-R intervals in both recordings was measured and obtained data were
used for spectral analysis and calculation of mean duration of cardiac cycle (mean heart rate).
Following groups are observed: 1.group — control without applications; 2.group — misSMF
application IS- 1S-kN; 3. group — IN-kS; 4. group — IN-kN; 5. group — IS-kS.
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Changes of R-R intervals under misSMF application

The experimental animals demonstrated different sensitivity and different reactivity to SMF
exposure arranged in our experiments. SMF application on rat’s head evoked changes in heart
rate of 28 rats; average value of heart rate of another 7 animals didn’t change (Table 8-1).

The response of the greatest part (approximately 86 %) of these 28 SMF-sensitive rats was
bradycardia. The relative amplitude of evoked deceleration of heart rate was on the average 7 - 9
% from the heart rate value before the SMF application (Table 8-2). More effectively
deceleration of heart rate was observed in cases of two misSMF applications: IN-kS, IS-kN
(Table 8-3). The reaction of 4 rats was an increase of heart rate - on the average by 12.7 £ 10.6
%.

Spectral density changes under misSMF application

The spectral analysis of R-R sequences (one 5 min long ECG recording includes more than
1000 consecutive R-R intervals) showed certain dominant frequencies (Figure 8-4) in 25
spectrograms recorded before SMF application. The largest maximum of spectral density in all
spectrograms corresponded to the wavelength which includes 4 - 6 cardiac cycles. That peak of
spectral density disappeared under the influence of SMF (Figure 8-5).

Summary

- Application of misSMF causes instant changes in the functionality of the cardiovascular centre.
- One interpretation of the current data is that direction of misSMF vector relative to the
anatomical projection of brain structures which realise autonomic control of heart rate does not
be of great importance, because hypothalamus and stem cardiovascular control centre are
asymmetrical structures.

- Animals sensitivity to misSMF was individually different.

8.5 Changes of vole behaviour under the influence of misSMF

Experiment data are published: T.Zorenko, V.Veliks. Biological effects of static magnetic fields
on exploratory activity in Brandt's Vole (Lasiopodomys Brandtii). Baltic J.Lab.Anim.Sci., 2003,
13, 3:133-139.

Methodical guidelines for experiment on vole behaviour

Experiments have been done with three animal groups.

First group — 10 experiment group animals. On the first experimental day control trials of
open-field test were performed. After two days animals were applied to misPMF influence and
again open-field test was performed.

Second group — 10 experiment group animals. On the first experimental day animals had
exposure from misPMF and open-field test was performed. After two days animals did the
control open-field test.

Experimental protocol for control (third) group animals (16) was analogical to the first group
but without misPMF application.

For each animal misPMF was applied once with unique misPMF configuration across body
and configuration distribution in this experiment has followed:

First group — 4 animals with South pole application, 2 — with North pole around body, 4 —
left side South pole, right side North pole.
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Second group — 2 animals with South pole application, 6 — with North pole around body, 2 —
left side South pole, right side North pole.

Following behaviour activities were measured: latency to leave the box; locomotor
activity, i.e., the number of squares traversed during each minute and in total 5 minutes; the time
of the first coming to the food container in the center of the open field or center-crossing time
and the number of comings; the number and time of auto grooming (all preening, scratching,
licking or biting) recorded for each animal; the time of immobility for each animal in the box or
outside it. Each stopping in the box and climbing upon it, urination, defecation and eating were
counted too.

In addition, total exploratory activity (EA) of each experimental animal was evaluated,
taking into consideration such patterns of open field exploration as walking, scratching the floor
or walls with the forepaws, stopping and sniffing in the box and climbing upon it and exploration
of objects. Total exploratory activity was measured in points: the most active animals scored 2,
mid active — 1 and the passive ones — 0 points (Zorenko et al., 1989).

misSMF application influence on behaviour

Between control group voles and experimental groups (first and second group) behaviour
significant differences were observed.

Control animals, unlike the experimental ones, usually left the box immediately after the
beginning of the test. The experimental voles became immobilized either in the box (and hence
the latency increases), or near the wall (immobility duration increases up to 100-200 s).
Locomotor activity is suppressed, too, and this suppression is observed during each minute of the
test: the analysis of variance revealed highly significant differences between the two groups with
respect to the total number of entered squares. During the first minute the locomotor activity
decreased to 32.6%, during the second and the third minute to 33% and 14.7% (the differences
are not statistically significant), during the fourth and the fifth minute to 45.4% and 26.2%,
respectively. Total locomotor activity was below 31.3%.

Our experiments revealed that the locomotor activity of animals exposed to misPMF was
significantly lower than that of control animals (p<0.001). The voles moved slower along the
walls of the experimental box, with frequent stopping for 20-200 s, which is not usual for this
species, so immobility of exposed animals showed statistically more often than in control voles
(p<0.001). Sometimes immobility increased 15-fold or even to a greater extent, compared to that
of control animals.

Experimental animals crossed the center of the field 22 times later, compared to that of
control animals (p< 0.001), 36,4% of them approached the food container located in the center of
the field for the first time only after 2 min, three voles never approached it within 5 min
observation.

The number of animals coming to the food container was also smaller in the experimental
group than in the control one (p< 0.05). The animals exposed to misPMF entered the box and
climbed on its roof less frequently (p< 0.05).

Vertical activity in the open field, i.e., standings on hind paws with or without support on the
walls and box, is common for voles. Exposed animals demonstrated this type of activity not so
often as the control ones (p<0.001). Vegetative reactions in the form of defecations were more
frequent in control animals: accordingly, 3.31 (+1.36) and 0.5 £0.23 (p<0.05). The number of
urinations was higher too, however the differences are not statistically significant (accordingly,
0.5+0.13 and 0.9+£0.27).

The total index of exploratory activity expressed in points was lower in exposed animals
(p<0.001). For instance, the EA of experimental voles was 0.59+0.13, as opposed to 1.38 +0.13
in control voles.
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Results of misSMF application in reiterated open field experiments

If SMF was applied prior to the first experiment, the locomotor activity of animals in the
second experiment failed to show statistically significant variations, at the same time the animals
crossed the centre of the field (121,11+34,08s to 50,7£15,29s; p<0,05) and their exploratory
activity increased sharply (p<0.05) from 0.33+0.16 to 1.4+0.22.

If the magnet was applied prior to the second experiment, the locomotor activity from
133,5+15,18 to 89,56+14,1 (p<0,05) in control and exploratory activity diminished appreciably
(1.33+0.16 and 0.67+0.15, p<0.05), the time of centre crossing remaining the same.

The behavior of animals in two successive experiments without exposure to SMF was
almost unchanged, the most significant difference being recorded in centre-crossing time
68+19.7 and 27.2+5.92 sec, respectively).

misSMF influences on animal behaviour depending on field vector direction

Methodologically because of voles size only three misPMF configurations were tested.
Comparing this application the following was observed:

The overall locomotor activity of voles was diminished, the most noticeable inhibition of
activity being caused by SS orientation of magnetic field (the average value 84.38, compared to
132.0 without magnet). The inhibition of locomotor activity was especially marked during the
first and the fourth minute of the experiment. In addition, in the first minute strong influence of
SS vector (average value 20.75, without magnet 37,19), in the fourth - NN vector (average value
12.29, without magnet 24.75) was noted. A smaller number of grooming, urinations and
defecations was recorded in response to SS and NN orientation with the same indexes.

NS orientation of the magnetic field most intensively affected the first center-crossing
time and the total number of center-crossings; the first coming to the food container increased
from 91.97 to 149.29 s, the number of center-crossings being decreased from 6.57 to 4.57, while
the NS vector reduced the total number of standings and standings without support onto the walls
of the open field.

The effect of SMF on the total immobility index of animals was extremely manifest, the
average value in the experimental group being 24 s, compared to 49.3 s in the case of NS
orientation, which is 25 times in excess of the control value. The total immobility of animal
safter exposure to SMF was increased to 33.1 sec (NN orientation) and 37.5 sec (SS orientation),
respectively.

Different SMF orientation also affects such indexes as the number and duration of
autogroomings, the number of climbings onto the box roof, diggings and general exploratory
activity. NN vector decreased the number and duration of grooming for animals. Inhibition of the
overall level of exploratory activity was noted in the case of NS orientation.

If the magnetic field is applied so that the north pole is on the left side of the body and the
south pole on the right side then it causes a pronounced (p<0,05) decrease of animal activity:
center-crossing time is extended (149,29+109,29s against 52,82+31,13s), latent period during
which the animal leaves its box increases (approximately in 4 times at exposure cases), also the
immobility time increases (approximately in 20 times 49,29+40,46s against 2,19+6,05s), interest
about the food placed in the center decreases, resp., number of approaches to food container
(4,57£3,78 against 8,56£3,01), the number of crossed squares during the first minute decreases
(from 37,19+11,53 to 25,28+11,88), the total expressions of vertical activity sharply decrease
from 17,87+4,63 without misSMF application until 10,57+3,15 times, and exploratory activity
index (from 1,37+0,5 to 0,14+0,38).

If the magnetic field is applied so that the north pole is placed bitemporally then it also
causes the decrease of animal behaviour but it is less pronounced;

The total (5 minutes) movement activity decreases (from 132+43.34 crossed squares to
90,71+£25,68), rest time increases (even until 33,14s). It can be noted that in the result of misSMF
application of this vector direction the animals decreased also the number of grooming from
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1,31£1,19 to 0,28+0,49 times and also the number of vertical activity without support sharply
decreased from 8,19+6,89 times to 1,86+2,19;

If the magnetic field is applied so that the south pole is placed bitemporally then the
influence of the field is similar; the application of this direction most heavily oppresses the motor
activity — the number of crossed squares during five minutes becomes on average 84,37+59,79
times, the time of the first moving from the Plexiglas box increases till 213,43 s and decreases
the number of crossed squares during the first and second minute from 37,19+11,53 to
20,75+17,71 and 29,5+11,77 to 17,25+13,21 respectively.

Summary

- misPMF (15 min long) application provokes decrease of behaviour activity,
independently from misPMF vector orientation,

- misPMF vector orientation around animal body (brain) specifically have effects to
decreasing of qualitative behaviour activity reveals.

9 Discussion and summary of research results

The obtained data of our experiments on the total concentrations of biogenic amines and their
metabolites in rat brain tissue coincide with data of other laboratories (Narita et al, 2002; Lowry
et al., 2001) and approve already gained observations about differences among different areas
and differences between identical areas of both hemispheres. This way in the research with rats’
dopamine concentration dominance is showed for intact animals in the hippocampus tissue of
left hemisphere (Glick, Ross, 1981), which was approved also in our research: 10178+928 ng/kg
in the left hemisphere against 8810+928 ng/kg in the right.

In the literature there is no data about SMF influence on biological amine metabolism in
brain tissue. Research descriptions of several laboratories are available on influence of extremely
low-frequency (<300 Hz) magnetic fields (WHO, 2006), however data comparison is difficult
due to differences in the used field intensities and application distinctions. For example, in the
experiments with rats it was stated that extremely low frequency field (1,8-3,8 mT, one hour
long application for 14 days) increases DA and 5-HT syntheses in rat's frontal cortex but
decreases the total serotonin concentration in corpus striatum, influences also reactivity of
monoaminergic systems (Sieron et al., 2004).

Serotonin system turned out to be sensitive also in our experiments, applying misSMF to rat
brain. Serotonin metabolism sensitivity against misSMF is identified by increase of serotonin
concentration in the somatosensory cortex, corpus striatum of hypothalamus, decrease in
hippocampus tissue and decrease of hydroxyndoleatic acid/ serotonin proportion in
somatosensory cortex, hypothalamus but increase in hippocampus.

The explanation of observed SMF effects possibly at least partly is connected with
biochemists’ conclusion that SMF changes MAO conformation and activity on which SMF
influence on different enzymes implies (Young, 1969). Under 20mkT SMF influence also the
increase of calmodulin-dependent cyclist nucleotide phosphodiesterase activity is observed
(Liboff et al., 2003).

Our research persuasively demonstrates the significance of misSMF vector orientation
according to brain structures. More explicit 5-HT, 5-HIAA/5-HT (in hippocampus and
hypothalamus), DA, DOPAC (striatum and hypothalamus) changes were caused by misSMF if it
is applied with induction orientation rN-IN.

Whereas, more explicit 5-HT concentration increase in the somatosensory cortex and
hypothalamus under misSMF influence developed if a field with induction direction rS-IS was
applied. The results of these observations indicate specific sensitivity of several brain areas
against bitemporal misSMF application on both sides of the head. Unfortunately biophysical
aspects of this application have not been researched, thus also the physiological explanation of
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the observed effects during our research needs further research. Similarly the increase of 5-HT
concentration under the SMF influence (intensity 50 mkT) was observed in the rat epiphysis, and
the authors (Reiter, Richardson, 1992) raise an assumption that the magnetic field causes the
inhibition of enzyme N-acetyltransferase, as the result of which also the concentration of 5-
HIAA increases and the melatonin production in the epiphysis decreases.

In the performed experiments we found out that misSMF (irrespective of field polarity) can
evoke the changes of the latent period of somatosensory caused potentials, as a rule — extension
of latent period. But the efficiency of field influence is dependant on the field orientation against
the brain. Similar observations are described also in other authors’ researches, for example, it is
stated that low intensity (34mT) SMF with short application time (20 minutes) evokes decrease
of nerve impulse speed, the data are acquired from frog’s nerve-muscle prepared specimen (hip
nerve). SMF depending on its intensity and sustained application causes polyphase changes of
impulse direction speed (OBunHHUKOB, 1994).

The assessment of the possible importance of misSMF vector orientation against brain was
described in the research chapter on misSMF influence on rat’s autonomic functions control
mechanisms. The sympathetic and parasympathetic centers of heart rhythm control make the
asymmetrical multicomponent structure in the brain hypothalamus and stem (medulla) parts.
misSMF was applied by locating magnets bitemporally around the animal’s head; thus the whole
brain was within the zone of homogeneous field influence but the field periphery possibly
comprised also the higher part of spinal cord and sympathetic stem (medulla).

For most of the animals (81%) in the long-term ECG records fluctuations in cardiac cycle
length can be well observed with a wavelength corresponding to approximately four consecutive
cardiac cycles per one wave. Their origin can be explained by influence of the respiratory center
on heart rate center that shows as respiratory sinus arrhythmia (RSA).

The results of our experiments revealed that most of the animals but not all of them had a
pronounced RSA, consequently comparatively high dominance of parasympathetic activity in
hypothalamus and medulla structures. However, misSMF (irrespective of its orientation to an
animal's head) suppressed this parasympathetic dominance. Our experiments also demonstrated
that the reaction of animals on misSMF has pronounced individual differences where one of the
reasons could be differing activities of sympathetic and parasympathetic mechanisms.
Significantly, that for the animals which in the background conditions did not have pronounced
sinus arrhythmia (had comparatively high sympathetic activity) the misSMF application evoked
consistent deceleration of heart rate frequency.

Our experiments demonstrated that misSMF influence on the experimental animals included
two obvious phenomena — deceleration of heart rate and disappearance of respiratory arrhythmia.
Hypothesis can be set that misSMF independently influences two different structures of
autonomic nervous system: firstly, inhibits the cardioaccelerating center of the hypothalamus and
secondly, inhibits neurons in medulla which reciprocally connect the respiration centre and the
neural control center of the heart rhythm. It can be concluded from the results that misSMF
efficiency depends on the level of tonic activity of both centers. This assumption is confirmed by
the observation that for all four animals having relatively low initial excitability of medullar
parasympathetic centers (respiratory arrhythmia was absent prior to misSMF exposure) the
misSMF application evoked acceleration instead of deceleration of the heart rate.

The sensitivity of autonomous control centre of physiological functions against SMF has
been proved in research of several authors. For example, in the research with rabbits an explicit
animals' sensitivity to the changes of geomagnetic field was observed, which showed as heart
rate frequencies, both in arterial tension, and autonomous control mechanisms. The authors of
the research made a conclusion that natural slight vibrations of the Earth magnetic field can
influence both the brain stem and upper cardiovascular control centers (Gmitrov, Gmitrova,
2004). Similar conclusions are derived from researches on geomagnetic storm influence on
human blood circulation regulation mechanisms (Dmitrova et.al 2004). The data on SMF (and
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also electromagnetic field) influence directly on the heart rate central control mechanisms are
contradictory and difficult to compare. In the researches with humans some authors confirm the
influence of the intermittent field (60Hz) on heart rate frequency (Griefahn et al., 2001; Sastre et
al., 1998), others do not approve these effects (Graham et al., 2000; Okano, Ohkubo, 2005).

The mentioned results in general allow to make an assumption that the SMF influences on
autonomous function control can significantly differ in various field intensity range, as well can
be dependent on the particularities of animal species and field application.

The issue on sensitivity of the brain psychosomatic function control structures against the
external magnetic field influences is considered as topical due to extension of technical devices
generating electromagnetic field. Thus with every year the number of researches increases on the
biological effects of magnetic fields of various frequencies and intensities, however, most of
these researches have aims of constructive character — to justify the labour safety criteria for
working with these devices (Wilen et al., 2004; Kheifets et al., 2006). There is a practical
shortage of researches of neurophysiologic or ethologic character on physiological mechanisms
of SMF possible influences. Thus the comparative evaluation of the obtained results of our
research on SMF influence on animal instinctive behaviour is encumbered.

The experimental results indicate that in most cases the misSMF influence has behavioural
activity decreasing character. Besides it was discovered that different field vector directions have
different efficiency. The most efficient were identical pole fields NN and SS, besides the most
sensitive behaviour parameters are the total locomotor activity and parameters of emotional
behaviour (number of scratching, urination and defecation per time unit). While opposite pole
misSMF application influenced more the exploring phase (number of center crossings, vertical
activity, home exploration, snuffing).

In the researches described in the literature on low frequency (<300Hz) electromagnetic field
influence on mice it was observed that, similarly to our experiments, under the influence of the
field time spent for exploration activities and vertical activity decreased, but the rest time
increased (Del Seppia et.al., 2003).

From the methodological point of view of the performed experiments, to our mind, the
heterogeneity (variability) of individual results is considered significant. It indirectly implies that
SMF is characterized by several independent parameters (strength, direction, duration of
exposure) which can be biologically important by themselves and with their own particular
influence. These influences are not unambiguous but dependent on functional condition of
particularities of the individual and biological structures (whole brain, separate centers, synapse)
during misSMF application.

The obtained findings allow to set a hypothesis that misSMF induction vector direction
against anatomical structures of a body has more pronounced role in those cases when
symmetrical structures (for example, cerebral hemispheres, midbrain structures) are exposed to
the field influence, while in the cases of asymmetrical structures (for example, hypothalamus and
stem cardiovascular control centers) misSMF orientation is less significant.
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10 Conclusions

Artificial medium intensity short-term static magnetic field (misSMF; intensity 250
mT, application time 15 minutes) applied onto the body or head of a laboratory animal
evokes instant functional changes of wide spectrum in the whole organism, int.al.,
influences monoamine concentration in the brain, brain control and mental functions,
regulation mechanisms of vegetative functions and animal behaviour.

Significant misSMF parameter on which both field efficiency and qualitative
expressions of physiological reactions depend is magnetic field vector orientation
against animal body and brain anatomical structures. For the first time is has been
possible to show the specific sensitivity of brain tissue against SMF same polarity
bitemporal application.

One of the expressions of misSMF influence on the brain is the retardation of
psychosomatic processes, testified by the extension of the latent periods of
somatosensory potentials, increase of low frequency wave range of electrocorticograms,
slowing down of instinctive behaviour reactions.

Short-term SMF exposure (15 minutes) on the brain of anaesthetized rats influences
the higher centers of heart rate autonomic regulation by changing the equilibrium of
sympathetic and parasympathetic influences.

Short-term SMF exposure (15 minutes) on the brain of anaesthetized rats evokes
statistically credible changes of monoamine concentrations in brain tissue which differ
in various brain areas (frontal cortex, corpus striatum, hypothalamus and hippocampus)
and depend on the field vector orientation against the brain. Increased sensitivity to
biochemical processes was stated in the cases of the same polarity magnet applications.

The obtained results from the acute and chronic experiments with rats and rabbits,
in which functional parameters of somatosensor control (caused potential latent period,
dominating frequencies and wave range of electrocorticogrammes) were evaluated,
indicate selectively high efficiency of one particular vector orientation (bitemporally
located North pole — in the experiments with rats; or implemented electrode in a rabbit’s
cortex magnetized as the North pole) comparing to other field orientations.
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