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BO3EACTBHUE JIEKTPOMATHUTHOI'O IIOJISI HA OPTAHU3M:
INEPBUYHLIE 3®®EKTHI H IIOPOT'OBBIE HHTEHCUBHOCTH

IO. Aiteapc, B. Beauxc, I1. Tpembsikosc

JlaTemficku@ yaHBEpCHTET, PHra

Ha ocrose TeopetHuecKoro anamsa OHOJIOrHYECKOro BIHAHAA AEKTPOMATHATHLIX mosed (DMIT)
B HEHOHH3HpYyIomeR oGmacta cmexrpa (wactorapi mmamason (0-10"I'm) paspaGorama kiaccrduKamms
nepsraanbiXx ahpekropos IMII B KneTKax B CyOKICTOUHBIX CTPYKTypax. Ilpencrasnen amamms
NPOTHBOPEYHA B COBPEMEHHBIX KOHIENIHAX, KACAIOMHXCH ONpeNeNeHns MOPOTOBBIX 3HAYEHHA
maTeECHBEOCTH DMIT 11pH HX BO3IEACTBHY HA XKHBBIE CHCTEMBIL.

Knwuessie CnoBa: 3.1eKmpoMazHumHble NONR, NEPEUMHLIE 3¢hgpexmopul, nopozu 3¢ pexmusnocmu

COUPLING OF THE ELECTROMAGNETIC FIELDS
TO BIOLOGICAL SYSTEMS: PRIMARY EFFECTS AND THRESHOLDS

J. Aivars, V. Veliks, P Tretjakovs
University of Latvia, Riga

This article focuses on theoretical analysis concerning the biological effects of electromagnetic fields
(EMFs) in nonionizing portion of the electromagnetic spectrum (from static fields at 0 Hz to a frequency of
approximately 10" Hz). The classification of the primary molecular and subcellular effectors was made and
disputable questions concerning the definition and determination of EMFs threshold intensity are present.

Key words: electromagnetic fields, primary effectors, thresholds of reaction

SnekTpoMarsuTHEIE nous (IMII), mpoHH3EI-
BarOMNIAe Cpety OOHTAHMS JKHBBIX CYMECTB Ha 3eMie,
HMEIOT IBOSKOE MPOHCXOXKICHHE:

1) ecrecTBerHOE:

— T0JBT B HTYMEeHHs], IPHXOJSINEe H3 KOCMOCa;

— MargHTHOE TI0JIE 3eMIIH;

— 10T, TeHEePHpPYEMbIe XHBOI IpHPOIOH (opra-
HIT3MAMH, KJIETKAMH, MOJICKY/SIPHBIMH CTPYKTYPAMH);

2) HCKYCCTBEHHOC:

— TOKH, TIOJI H HATy"IeHHe, TeHePHPYEMBIE TeXHH-
4eCKHMH YCTPOHNCTBAMH, H3MOTOBIEHHBIMH
YEJIOBEKOM.

B pannoM HcclenoBaHHH AHAIM3HPYIOTCA 3h-
chexrsr jHmb Tex IMII, KoTophle SRIMOTCS HEHO-
HH3HPYIONTHAMH, T. €. EMEIOT YaCTOTY MEHBIIYIO IeM
yacTora HH(pakpacHsIX Jydei (<10 I'x):

— paguouactorasie nomst (10°-10" I);

— B TOM YHCJEEe, MEKPOBOJHOBBIE 11ovt (10°-10" I);

— 3KCTpeMalbHO HU3Ko4YacToTHBIE Toist (10'-
10° I'm);

— nocrosHubie SMIT.

OCHOBHBIM €CTECTBEHHBIM HCTOYHHKOM BCE-
00beMITIOMErO CTATHYECKOTO MATHATHOI'O TIOJI SIB-
nsieTcst MareHTHOE 1one 3emim (MII3; reoMarudr-
Hoe moue). Beprukamuas cocraisiiomas MII3
Hapbolice HHTCHCHBHA B OGNACTAX MarHHTHBIX
nomocos 3emm (orono 70 PT), ropu3oHTABHAS —
MaKCHMAIbHA B 9KBaTOpHAEHOM 30He (okomo 30 uT).
AxTaBHOCTE CONHIIA TAKKE TIOPOXKIAET MArHATHOS
1I0J1e, IOCTHralomee 3eMIH, OHAKO JaKe BO BpeMs
TaK Ha3bIBAEMBIX MATHHTHBIX Gyph HHTEHCHBHOCTh
atoro noms ne npepbmaer 0,5 uT. METeHCHBROCTH
CTaTHYECKOTO 2MEKTPHIECKOTO MOJI Y OBEPXHOCTH
3emim cocraisier okoio 100 B/m.

Correspondence to: J. Aivars, Department of Human and Animal Physiology, Faculty of Biology, University of Latvia,
4 Kronvalda Blvd, Riga, LV-1586 Latvia. E-mail: aivarsj@lanet.lv
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10. Afapc, B. Bemakc, I1. Tpetsskose

[lepeMeHHEIE TIONS €CTECTBEHHOIO TPOHCXOXK-
NEHHsA 3HAUATEHLHO clabee HCKYCCTBEHHBIX NOTIEH,
reHepHPYEMBIX TEXHHYECKHMH YCTPOHCTBAMH.
INocnerare MOTYT EMETh HCKITFOUHTE/BHO BBICOKYIO
HHTeHCHBHOCTh, HampraMep, B Tene yenoBexa, ocra-
HOBHBIIETOCs O] IWHAEH BHICOKOTO HATIPSLKEHH,
uHTeHCHBHOCTL IMIT Moxer noctarats 0,1 MT [6].

Il 3ammThl YesioBeKa H JKHBOH IIPHPOMLI OT
pospeicreast SMIT Bo MHOIHX cTpaHax paspabo-
TaHbl CTAHIAPTHI IIPEIEIbHbIX 3HAUEHHA HHTEHCHB-
HOcTel DMII pasmuuHoil wacToThl [4, 5, 29].
Co3nare/ 9TAX CTAHOAPTOB, KaK IPaBWIO, PYKO-
BOJICTBOBAJHCH NPENNOJIOXKEHHEM, YTO IOJ,
HHTEHCHBHOCTB KOTOPBIX HIDKE ONPEIEIEHHOIO MH-
HHMYMa, He OKAa3bIBAIOT KaKOTO-THOO OIIyTHMOI'O
BITHSTHES HA JKUBBIE OPraHH3MbI HTH KJIeTKH. TeM He
MEHEE, Mbl CIIE JAICKH OT YETKOTO IIPEICTABIECHUS
0 (pH3HYECKHX H GHOXMMHYECKHX MEXaHH3Max
B3apMorericTaa DMII ¢ XUBBIMH CTPYKTYpaMH; B
9TOM HAIPARTICHHH BeJlyTCs HHTCHCHBHBIE Pa3paGoTKH.

Lens 1aHHOTO AHAIATHYIECKOrO HCCAENOBAHMS —
BbIIBJIEHHE GHONOrHYEeCKUX 3¢hHEeKTOB | IPHHITH-
MHATLEBIX MeXarr3MoB DMIT ouens HH3KOH HHTEH-
CHBHOCTH, & TAK3KE OIIeHKa HAYYHOH (Te0peTHIeCKOl )
0GOCHOBAHHOCTH KOHIEIIHHE IIOPOra OTHOCHTEh-
HOM athpexTrBHOCTH BimstHus DMII B pa3nmIHbIX
YaCTOTHBIX JIHATIA30HAX H IIPH Pa3HYHBIX cllocobax
aMUIMKAHA HA OCHOBE NaHHBIX, NOIYYEHHBIX B
HOCTeIHAe TOfbl B 06NACTH (hH3HKH, 3IEKTPOTeX-
HUKH, GHOJIOTHA H MEAIHHBL.

B cnrcok JETepaTyphl BKIFOYEHb] AL HOBEH-
e MyOIHKAIHH, COIEPIKANIHE BECKHE apIYMEHThI
110 00CYKIAEMBIM BOIIPOCAM.

INEPBUYHLIE SPPEKTDI
BHOJIOTHYECKOI'O JENHCTBUA OMII

[Tpu anamuse saddexruproctn IMII BaxkHO
BBISBHTEL TIEPBHYHLIE TIPOTECCHl B3aHMONEHCTBHS
SMII ¢ xuBpME Opramu3Mami. [Toatomy meneco-
o6pa3HO BBECTH TaKOE IOHSTHE, KaK nepeutHblii
aghgpexmop.

[lepsuunwiii sgppexmop — monekyrspuas
cmpykmypa, npedcmagaswouas coboil 6uono-
2UMeCKU 3HAYUMBIL DYHKUUOHAIbHBIL 1€ MEHM,
komopas, abcopbupys IMII, mensem ceou napa-
Mempbl ulunu ceoticmea.

PasnooGpasue ¢pu3muecknx napamerpos IMII
IO3BOJIIET @ priori IPOrHO3HPOBATL HAIMYIHE B
JKHUBBIX KJIETKaX HECKONLKHX THIIOB MEpPBHYHBIX
achcpekTOopoB. JlaHHbNE Nepeyens cocrapien Ha
OCHOBE 9KCIIEPHMEHTATHHBIX paboT, TEOPETHYECKHX
paspaGorok ® 0630pos [2, 19, 21, 23, 31, 32].

ITepsaanble 3¢ heKTOPLI MATHHTHOTO MOJIS H
nepBHYHbIE NPOSIBIEHHsT:

— CBOOOJIHBIE paJHKaIbI — HX (DYHKITHOHATLHBIC
m3meneHns [8, 32);

— MarHeTHTBI — H3MEHEHHE HX IIPOCTPAHCTBEHHOR
opuenramuu [10, 13, 14];

— [MaMarHdTHBIE [IOMEHBI IIPOTEHHOB B OHOJIOIH-
JecKHX MeMOpaHax — HCKaKeHHs IIePeHoca BeecTB
yepe3 MeMOpausl [24, 25];

— MarEaTOCOMSBI — CMENICHAE HIIM POTAITHSA Mar-
HHTOCOM H, KaK CIeJICTBHE, 00pa3oBaHue B GHONO-
r'HyecKHx MeMOpanax nop uim Kananos [13];

— MarHHTOCEHCHTHBHBIC XAMHYECKHE PEaKITHd —
BO3HAKHOBEHHE OHOJIOIMYECKH aKTHBHBIX peareH-
108 [32];

— METAUIONPOTEH bl — HCKASKEHHsI HX CHeupH-
qecKHX pyBKImi [2].

Ilepeuynbie 3¢heKTOpEI 2JEKTPHIECKOTO
[0/ ¥ HePBHYHBIE NPOSIBICHHS:

— MOTEHIHAN-3ABHCHMBIE KAHAILI B KJIETOUHBIX
meMOpaHax — H3MEHCHHS MeMOpaHHOTO NOTEH-
IMana ¥ TpaHcMeMGpaHHoOro Nepenoca HoHoB [28];

— MOJIEKYISpPHBIE PENenTOphl CHIHAIOB B MEM-
GpaHax WJIH IMUTOIIA3ME KIETKH — H3MEHEHHS
YyBCTBHTEILHOCTH K TEM WM HHBIM cHrHanaM [18];

— arperarhbl JIAIHIHBLIX MOJIEKYII B GHoMeMOpaHax —
H3MEHEHHS IIPOHANAEMOCTH MeMOpaH JUIsl KHpPO-
PaCTBOPHMBIX BEIECTB;

— cbepMenTsbl, (PHKCHPOBAHHBIE B MeMOpaHax —
H3MEHEHHs KOH(OPMAIHH U (hepMeHTATHBHOH
aktaBHOCTH [12, 32];

— THAPOCHIbHBIE MOPBI (KAHANLI) — H3MCHCHHS
IIPOHHIIAEMOCTH GHOJIOIHIECKHX MeMOpaH;

— HOCHTEJIb 2JEKTPHUECKHX 3apSJIOB B MEXKIIe-
TOUHOI Cpelie — NepeMENICHAE HOCHTENEH 3apsIoB,
T. €. BOSHHKHOBEHHE JIOKAIBHBIX 9KCTPALELTIONSIp-
HBIX SJEKTPHYECKHX TOKOB;
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— HOHBI, alICOPOHPOBAHHBIC HA KIETOTHOH MEM-
Opane — M3MEHEHHsI MEMOPaHHOI'O MOTEHIHANIA H
anreswH KIeToK [22];

— MOJIEKYIsIpHbIe KoMIUIekesl [THK — MyTaren-
HbI opcpexr [11, 15];

— IIEeJIEBbIC MEXKKIIETOYHBIE COEUHEHHS — H3Me-
HEHHSI IIPOHATIAEMOCTH COBMEIIEHHBIX KaHaloB [16].

Hogefimue npencrapnenss B 007acTH KJIETOYHOR
(pH3HOJIOTHH K HEHPO(H3UOJIOTHH IO3BOJISIOT
BBISIBHTD €II€ Psil IEePBHUHBIX 3(P(HEKTOPOB H
MEePBHYHBIX MEXaHH3MOB Bo3feiicTeug IMII,
OIEHKA 3HAYMUMOCTH KOTOPBIX HyXKIaeTcsl, Ha Hall
B3IV, B HECKOJLKO Oosiee MOJpOOHbIX KOMMEH-
TAPHSIX.

B3aumoneiicrpue BHemtHux IMII ¢ anekTpu-
YeCKHMH H 3JIeKTPOMATHHTHBIMH SIBJIEHHSMH
HIOTeHHOro (6HOreHHOr0) NMPOHCXOXKIEHHS
(6HoreHHbIE IEKTPHYECKHE (heHOMEHBI):

— MeMOpaHHbIA OTeHIUA,

— rpajiyajbHble H3MEHEHAS] MEMOPaHHOTO [IOTEH-
Iuaa;

— AMITYITbCHBIE H3MEHEHHUsI MEMOPAHHOTO IIOTEH-
mrata (IOTCHIHAIB] [IEHCTBHA );

— MAPKYIBIPHBIE TPAHCMEMOPaHHbIE IEKTPHIESCKHE
TOKH, SIBJSIIOMHAECS OCHOBOH Oe3NEKPEMEHTHOTO
PpacIpocTpaneHHAs IOTEHIHAIOB NEACTBHA;

— HeYCTOMUMBBIE PA3HOCTH MEKTPUICCKHX TO-
TEHIHAJIOB, BO3HHKAIONHE MEXIY Y4acTKaMH
TKaHel (HampuMep, 2JIeKTPHYECKHE [HIONH B
MHOKApJIE H MO3re);

— KJIETOYHBIE TIOBEPXHOCTHBIE MOTEHITHANIBI;

— TpaHCMypaJbHblE Pa3HOCTH IIOTEHIMAJIOB
(koxa, CTCHKH COCYIIOB H T. IL. ).

B3aumonericreae OMII ¢ Mexanu3MaMH
3KCTPACHHANTHYECKHX MEKKIETOYHBIX KOMMY-
HHKau# [26, 33]:

— MEXKJIETOYHBIC KAJILIIAEBBIE BOJHEI;

— H3MEHEHUs] KOHIEHTPAIIMA HOHOB B MEXKKJIE-
TOYHOM Cpefe.

OTesbHOro YIOMHHAHHS 3aCIy>KHBAIOT MeXa-
HHU3MBI, B KOTOpbIX DMII BbICTYNaeT B poiM CBOE-
0o6pa3HOro JIOXKHOro curaaia. Peys uuet o6 ocoboM
BapHaHTe BMemaTeabcrBa OMII B MeXaHH3MBI
BOCIIPHATHA KJIETKOH Ccenu(hHYECKUX CHTHAJIOB.
MOKHO TIPEJICTABHTH CIEMYIONYIO MOCIeIOBATE b
HOCTb COOBITHA:

1) penentopHbI KOMIUIEKC B MEMOpaHe KIeTKH
HIH B sAApe, MpeqHa3HaYCHHbIA ST ONPEAEIEHHOrO
curHaia (Mepatopa, ropMoHa), morjomaer SMIT;

2) abcopOupOBaHHAS IOPIHS SHEPIHH BHI3BIBACT
KOH(DOPMAITMOHHBIE H3MEHEHHS B PELENTOpe aHa-
JIOTHYHBIE TEM, KOTOPBIE BO3HHKAIOT IIPH B3aAMO-
JCHCTBHH PELENTOPA C afleKBaTHHIM EMY CHIHAJIOM;

3) 3amyckaeTcst KacKaji BTOpHUHbIX (BHYTPHKIIE-
TOYHBIX) IOCPEHAKOB, UT0 HHAIMHPYET H3MEHEHHS]
(hyHKIIHMOHAILHOrO COCTOSIHHS KJIETKH, Xapakrep-
HbIE [UL1 THIIMYHOH OTBETHOH peakI|My Ha Clerucy-
YECKHH CHI'HAIL

B s1oMm cirygae DMIT Gyer mMHTHPOBATh A(PheKT
CHIrHaJIa aGCOJIOTHO APYroH MONabHOCTH [27].

ITOPOI'OBBIE SBHAYEHHA IIAPAMETPOB
OMII

KOHLEILHA ITOPOTA

JlanHast KOHIENIHS OCHOBBIBAETCS Ha IPENICTAB-
JIEHHAX, COITIACHO KOTOPBIM:

1) Tor wm mHOM hakrop (Hampumep, DMII) B
HEKOTOPOM [IHalla30HE CIaGhIX HHTEHCHBHOCTEH
ABIIETCS aOCOMOTHO HHIM(b(EPEeHTHBIM LI KIETKH,

2) EMeeTcs HEKOTOPbIA XAapaKTePHBIH IOPOro-
BBIH YPOBEHb HHTEHCHBHOCTH MHHHMAJILHO NOCTA-
TOYHOH U1 BbI30Ba OHOJIOIHYECKOro 3¢exTa;

3) Bce HaIMOPOroBhIE HHTEHCHBHOCTH, €CTECT-
BEHHO, TaKKe ABBIOTCS 9(D(HEeKTHBHLIMH.

Bonpoc o IpEMEHEMOCTH MpENCTAaBIEHHH O
[Oporax OTHOCHTEIBHO MEKTPUICCKHX A MarHUT-
HBIX BO3IEACTBHH aKTyalleH HMEHHO C TOYKH 3PEHIS
TEOPETHUECKOT0 OOOCHOBAHMSA CTAHAAPTOB GE3BPE]l-
HBIX YPOBHEH MHTEHCHBHOCTH BHEIHUX MTOJIEH.

I'MITOTE3A TEITJIOBOI'O IIYMA

Ora I'AnoTe3a OCHOBLIBAETCS HA CIENYIOMHX
mpencraBleHnsx: Bosneicrsue SMIT MoxeT craTh
OHOJIOTHYECKH 3HAYAMBIM TOJBKO B TOM Cilydae,
€ClId KOIMYECTBO IHEPI'HH, aGCcOopOHpOBaHHOE
npsMbIM 3(peKTOpOM (CM. BBIIIE) HPEBBIIIACT
KOJIMYECTBO TEIUIOBOXA SHEPIUH, AKKYMYIHPOBAHHOH
B MOJIEKYISIDHOH CTPYKType acthekropa, T. €.
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IIPEBBINAET N0 HHTEHCHBHOCTH YPOBEHL KHHETH-
YECKOR SHEPrHA Xa0THYECKOIO JBIKEHHA MOJIEKYII
H aTOMOB IIepBHYHOM 3(pHeKTOPHOR CTPYKTYPBL.

Hogefine nmpencraBieHuss 6HOHH(OpPMATHKH
TO3BOJIIOT BBIABHTE PAIl apTyMEHTOB, OrpaHHYH-
BAIOIHX IPUMEHEHAE KPATEPHSA TEMJIOBOO IMyMa B
Ka4ecTBe YHHBEPCAIBHOIO IPE/IEeIbHOr0 MEHHMyMA
IIPH OIpe/Ie/ieHHH NOPorosoi HaTeRCcHBHOCTH IMIT
JNIOCTATOYHOMH 1A BBI30BA GHONOrHYECKOro athdhexra.
ITOT KPHTEPHHA, HECOMHEHHO, MPHMEHHM B TeX
ciydastx, Korja adexr obbicHsieTcs Henocpec-
TBEHHO 3HEpreTHUeckuM BosfeficrsaeM DMIT Ha
GHONOTHYECKYIO CTPYKTYPY — MeMGpaHy KIETKH,
MoJekyny ¢epmenta u T. . OgHAKO BOCTIpHATHE
SMII B xavecrse HH(OPMATHBHLIX CHIHAJIOB TIOJI-
YHMHAETCH KaYECTBEHHO HHBIM 3aKOHOMEPHOCTSIM.
Peun mner o Tex ciydasix, KOria B KauecTBe IepBHY-
HOro aggekTopa BICTYNAET KaKOH-THOO 3/IEMEHT
Kackaja BHYTPHKJIETOUHBIX BTOPHYHBIX TOCPEIHH-
KOB (CM. BbIIe — IepedeHb NepBHIHbIX 3¢ cheKTo-
poB). OmHo¥ B3 (PYHKIHMI STHX KacKaJoB ABIHETCH,
Kak H3BECTHO, YCHIEHHE NIEPBHYHOIO CHIHAA CaMOH
knerTkoi. [Toka3aTensHbl, HAPUMEp, PE3yIbTaThl
HCCIeOBaHAR BOCIPHATHA CBEPXCHAOLIX AMEKTPO-
MarHHTHBIX JTy4ell HeHpoHaMH SIH(H3a, KOTOphIe
cofepKaT MEKPOKPHCTAIUIBI KATbIHs, 00afalonye
IILE309NeKTPHIECKHMH CBOHCTBaMH. BrisBicHa
CIIOCOGHOCTE STHX KJIETOK OCYIIECTBIATh HETep-
MallbHy10 HeHTHHKanmo MII B MEKpOBOIHO-
BOM JHanasone [3, 9].

METONOJIOTHYECKHE ACITEKTHI

CymecrByeT nesbii pajl 06beKTHBHBIX 00CTOS-
TEJBCTB, OCIOKHSIONHAX ONpe/le/leHHe TOPOroBbIX
3HAYeHHHA HHTeHCHBHOCTH DMII MHHEMAaIBHO
JIOCTATOMHBIX [ BBI30Ba GHONOrHYecKoro sexra:

— pasMYHas TyBCTBHTEILHOCTh NEPBHYHBIX 3ch-
chexTopos Kk IMIT;

— 3aBACHMOCTh (DH3HYECKOro Mexanm3mMa (|, TeM
cambM, aexTuBROCTH) Bo3geiicTeus DMII ot
3HAYEHHH €ro paszaHvHBLIX NapaMerpoB DMII
(wacroTa, CTPYKTypa IO, BpEMEHHBIE MOTYIISIIAH
napaMerpoB NOIT); PasTHuHbIe 3HAYCHHS Mapa-
METPOB ¥ pasHooOpa3Hble WX KOMOHHAIHH MOIyT
BBI3BIBATE KAYECTBEHHO PATHUHBIE 2(D(PEKTHI;

— KOMIUIEKCHBIA Xapakrep Boseficrsast SMIT va
OGuonorauecKuii 00bLEKT, BKIIOYAIOMHA KaK Tep-
MAJBHbIE, TAK H HETEIUIOBEIE MEXAHA3MBI,

— HAKOILICHHE [IEPBHIHBIX H BTOPHYHBIX a(hpek-
ToB DMII, BKIOYast MPOCTPaHCTBEHHYIO CYMMAIIHIO
H CyMMAIIHIO BO BpeMeHH;

— 3aBHCHMOCTS TTOPOroBoii HHTeHCHBHOCTH SMIT
OT (PYHKIHOHANBHOIO COCTOSHHA 3(h(HEeKTOPHBIX
KJIETOK; IIOKa3aHO, YTO KJIETKH B YCJIOBHAX CTpecca
foJiee YyBCTBHTEILHBI K BIHAHUIO paymaabrs DMIT
B CBf3H C HAKOIUIEHHEM B HHX OCOOBIX CTpecc-
nporennos [7, 30].

B TaGmne npeacrapieHa NOMbITKa KiacCH(HKa-
nu| 6ronorayeckux acpexros IMII, nmoguepkn-
BaloImas ux pasnoo0pasfe, KOTopoe caMo I1o cebe

Ta6muma/Table

Knaccudukanus 6nonorudecknx acgpexrop IMII

Classification of biological effects of EMFs

I. Hezameorumenvrsie s¢pghexmpt (06ycIoBIeHAbIE H3MEHEHAAME B CTPYKTYpe epBETHOrO addexropa):
— H3MEHEHHS, BbI3BAHHbIC HHTEHCH(PHKAIHEH TEIUIOBOTO JBHKEHAS (TepMabbli a¢hchekT);

— H3MeReHHs KOH(popManna 2thbcheKTOPHBIX MONEKY, TOJBHKHOCTA HOHOE, KOH(DAIYpalHA eKTPOHHBIX OPOHT

u T 1. [20];

— p3apMojicicTere BHemBHX DMIT ¢ 3BA0reHHbIMEA HOJIAMH.

11. 3anosdansie schgpexmvr:

— 00yCJIORIIEHHBIE HAKOIUICHAEM TepBRIHOrO a(hpeKTa;

— 06yCIOBICHEBIE MeJUHTEMbHOCTEIO TOPAXKEHHBIX GHONOrHIecKX ((PH3HONOrAYECKHX) IPOECCOB, HAPAMEP,
niecheKThI XpOMOCOM, POSIRIEHAS KOTOPhIX ONPENIENSIOTCs CeNA(HKOM B GHONOTHYECKO POIBIO Olpe/iele HHbIX

reHHbIX mpoaykTos [17].
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CYIECTBEHHO 3aTPYIHAET CO3laHHE (hH3HYECKH
KOPPEKTHOH JIe(PHHAIIHM H IIPAKTHYECKOE OIIpere-
TIeHHE OPOroB HHTeHCHBHOCTH DMIL

SAKITIOYEHHE

1. Crenucpura MOJIEKyIBIDHBIX CTPYKTYp, aGcop-
GHPYIOIIHX SHEPrAI0 HEHOHU3HPYIONIHX 3JIEKTPO-
MATHHTHBIX [OJIEHl W H3y9YEHHsI, 3aBACHT OT CIIeK-
TPAJBHOI'O cOCTaBa H HHTeHCHBHOCTH DMII,
YCJIOBHH 9KCIO3ANHH H (DyHKIMOHAIBHOTO COCTOS-
HHA KUBOH CTPYKTYPBI.

2. B npenenax naxe onaoi kietkn OMIT aGeop-
GupyeTcs HECKONBKAMH (MHOIHMH) NEPBHIHBIMA
appexTopaMH.

3. Tlepsuunbie MeXaHH3MbI Bo3fieficTBHA IMIT
TIOIPA3NEsTOTC HA TPH OCHOBHBIX THIIA: TEPMaTh-
HOE, HeTepMAallbHOE IHEPreTHYecKoe H HHgopMa-
THBHOE (CHI'HATBHOE ) BO3[EHCTBHE.

4, YyBCTBHTEILHOCTD JKMBBIX TKaHEH (KIETOK,
opraausmoB) Kk IMII u acdextasrocTs IMII
3aBHCST OT (DYHKIHOHATLHOI'O COCTOSTHHS GHOJIOH-
YeCKHX CTPYKTYp, abcopGupyromux IMIT.

5. TaTonoruyecKne H3MeHEHHS B KJIETKaX MOTYT
ObITh JOTNOMHATENLEBIM (hakTOpPOM (CBOSOGPAIHEIM
KO-CTPECCOPOM ), TIOBBIMAIONIEM JyBCTBUTEILHOCTD
KJIETKH H NOTCHIHHPYIOMHM 3(EKTHBHOCTD
SOMIT.
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CHANGES OF MONOAMINE CONCENTRATION IN RAT BRAIN
UNDER THE INFLUENCE OF A STATIC MAGNETIC FIELD
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Tha influence of a static magnatic field (SMF) on rat brain was parformed by two bitempaorafly
placed samarium=cobalt fused magnels 20:20x10 mm in siza. Tha SMF was sirictly symmatical
with magnatic induction ntansiyy 250 mT an the sufface of the magnats. Varying of magnatic
poles on both sides of the head changed the direction of the magnetic induction vactor. Tissue
samplas of different brain areas—fronial corfex, corpus siriatum, hypothalamus, hippocam-
plus—wara axamingd fo daferming the concentrations of the folowing neurotransmilfars: dopa-
ming {DA), 3 4-adihpdroxyphanylacelic acid (DOPAC), 3-meloxy-4-hydroxyphenylacetic acid
(HVA), noradranalin (NA), sercfonin (5-HT), and 5-hydroxyindolacealic acld (5-HIAA). The resulls
suggastad that the static magnatic fiafd had an influanca an brain monoaming matabolism; tha af-
factivenass of SMF application differed to various aneas of brain and depandad upon the direclion
of the magnatic field vaclor relative to the anafomic projaction of brain siuctunes.

Key words: raf brain, stafc magnatic fiald, monocaming concariration.

INTRODUCTION

It has already becn established that the functional state of
the centmal nervous system changes under the infleence of
magnetic fields, This effect has been demonstrated on hoth
systemic and cellular levels of the information processing in
the central nervous system {Young, 19649 Xononos, 14975
Monopoe ® lmono, 1979, Liberdy and Tenforde, |96,
Gustson e al., 1982; Gustsons, 1992; Ueno and Iwasaka,
1996). Most important, the selective effect of the two oppo-
site directions of static magnetic ficld has been previowsly
reponed by Gustsons and his collaborators. Their data show
that the magnetic field applications have pmolonging or in-
hibitory effects on brain functions, depending on the vector
direction {Gustsons er al, 1982; Gustsons, 1992; Veliks o
all., 2000 ) and possible effects of magnetic field on the com-
ponents of biochemical reaction pathways. This incledes
the enzyme and substrate conformation change in response
to the electrical charges on the aminoacids, and the changes
of environmental conditions due to magnetic ficld applica-
tion alter hinchemical reactions in the brain on both solvent
phase level as well as protcin-membrane complex level
(Schwartz, 197%9; Essterly, 1952).

Taking the above into account, the aim of this study was to
evaluate the influence of static magnetic field on rat hrain
maonoamine metabolism wsing bitemporally placed magnets
with field inten=ity 250 mT.

=

MATERIALS AND METHODS

Anmals, The acute experiments were carried owt on 30
male Wistar population ras with weight 300400 g
{Breeding House of the Latvian State Pharmacewtical Com-
pany “Grindex,” Latvia). Rats were taken directly from vi-
varia to the place of expenment; they were kept under stan-
dard conditions, and food {“Grindex,” Latvia) and water
was given ad [fhfuwm. Rats were anacsthetised by intra-
peritoneal {ip.) injection of wrethane (770 mg'kg (Shering-
Kahlbaum A. (), and ip. injection of ketamine (30 mekg)
mixed with xylasine (3.5 mgkg) (both DOPHARMA).

Thirty rats were divided imto six pans by five animals per
group:

1, without anacsthesia and static magnetic field (SMF) in-
fluence (CZ);

2, with anaesthesia, withowt SMF influence (C1);

3, with mnacsthesia, SMF vector: right side of the head—
south pole, left side of the head—North pole (r5-1M);

4, with anesthesia, SMF wvector: right side of the head—
north pole, left side of the head—South pole (rR-15);

5, with anesthesia, SMF wector: right side of the head—
south pole, left side of the head—South pole (rS5-15);
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6, with ancsthesia, SMF vector: right side of the head—
Morth pole, left side of the head—North pole (rN-1M).

Experiments were performed according to the guidelines of
the European Ethics Committee for Laboratory Animal Sci-
ence, with the experimental protocol approval by the Lat-
vian LAS Ethics Committee.

Monoamine determination. Concentrations of dopamine
(DAY, dd-dibydoxyphenylacetic  acid (DOPAC), 3
metoxy-4-hydrox yphenylacetic acid {HVA), nomdrenaline
MAY, S-hydroxytryptamine  or  serotin {3-HT)  and
S-hydmxyindolacetic acid (5-HIAA) were determined by
uwsing HPLC with clectmochemical detection by adapted
method from Alburges er all {1993),

Sample preparation. After a | 5-minute exposure under the
magnetic field, the rats were killed by decapitation. Afer
decapitation, the brains were rapidly removed and dissected
on an ice-cooled glass plate. Samples of different brain ar-
cas inchiding frontal cortex, striatum, hypothalames, and
hippocampus were isolated, and the tissues were then
placed in 1.5 ml Eppendort micro tubes, frozen on dry ioe,
weighed and stored at —75) “C until assay. Frozen brain
samples were homogenised in 1 ml of 003 N perchlonc
acid solution containing (by weight'volume) (0.064%
octanesulphonic acid ((35A), (L0605 heptanesulphonic acid
(H5A), 0.004% sodium cthylenediamine tetra acetic acid
{EDTA), (L0105 sodium metabizulphite and the whaole pro-
codure was camied ot on jce. The resulting homogenate
was then centrifuged with ventrifugation forces of 30,000 g
tor 20 min at 4 “C and the supematant was filtered wsing
0,45 mm (pore size) HY Millipore filters. The filtrale was
injected directly into the liguid chromatography equipment
{20 ml).

High performance liquid chromatography ( HPLC) anal-
ysis, Samples were injected by a Rheodyne 7125 manual
sample injection valve onto a 5 mm, QDS {octadecy] =il-
anel, 25 cm = d6h mm LD (inner diameter) | Beckman,
USA) reverse-phase cohummn. The mobile phase was 002 M
citratef (L01 M NaHZPOJ, (L1 mM EDTA, 3 mM (54, 3
mM HSA, (L6%: {v/v) o-phosphoric acid (83%), 35% {viv)
methanol, 7.5% (vwv) aceonitrile. pH was adjusted to 10
with diethyl amine. The detector was a Shimadzu
L-ECD-8A {electrochemical detector) {Japan) with glassy
carbon cell and electrode potential set at 73) mV, with re-
spect to Ag-Agl(l reference electmde. Mobile phase flow
rate was maintained at 1.1 ml/min using a Waters 510
HFLC pump {LUSA).

Enown standands were analysed in cach unknown sample
series, Sample values were calculated at peak heights of
kmoown standards, All values were in ngfkg of tissue.

Characteristies of a static magenetic feld, The SMF was
induced by samanuwm-cobalt fused magnets 20 = 20 = 10
mm in size for impact on the head. The impact of SMF on
rat brain was performed by two bitemporaly placed mag-
nets. Magnetic induction intensity on the surface of magnets
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was 250 mT (Weliks er ol 20000, Varation of magnetic
poles at both sides of the head changed the direction of
magnetic induction vector. Duration of the impact of SMF
on the bran was 15 minwtes,

Statistical analysis. Data are expressed as mean =500 Dit-
ferences among groups were analysed wsing the unpaired
Stdent t-test (P = (L035)

RESULTS

The results demonstrated that there were no statistical dit-
ferences between the two control groups: with narcosiz and
without narcosis. The control groups with narcosis had a
greater tendency for monoamine concentration.

Table 1 shows monoamine concentration changes in the
somamsensory areas of the right and left frontal cortex of
brain. The noradrenalin concentration increased in the left
fromtal cortex under two magnetic vector induction direc-
tions: rMd-15 and rM-1M.

When magnet induction vector direction in the right cortex
was M-15 and in the left contex—rMN-15, r5-15 and M-1N, a
statistically significant increase of serotomin (5-HT) concen-
tration was observed.

Interestingly enough, the ratics of 5-hydrox yindolacetic
acid/serotonin changed in both brain hemispheres under
similar magnetic induction vector directions: 5-1M and
rM-15. This is possible dee to changes MAO conformation
under the magnetic field.

In Table 2, monoamine changes in the hippocampus of at
brain are demonstrated. Moradrenalin concentration was un-
changed in the hippocampus.

The concentration of serotonin {3-HT) statistically de-
creased under the following magnet induction vector direc-
tions: in the nght hppocampus N-N; i the lett hippocam-
pus 5-N and N-N.

Similady, mtios of the S-hydrog yindolacetic acid'serotonin
changed in both brain hemispheres under magnetic induc-
tion vector direction of rM-IM. Thiz may be dwe to the acti-
vation of the serotonin degradation pathway which ook
place through MAC, in opposite to the somatosonsory ancas
of frontal cortex and hypothalamus.

Table 4 demonstrates changes of the monoamines at the mat
hypothalamus. Changes in N-N magnetic field application
resulied in a decrease of DOPAC concentration. Serotomin
{3HT) comcentration was increased under application of the
M-5 magnet induction vector direction. The mtio of
S-hydrox yindolacetic acid/moradrenaline decreased in the
M-5, 5-5, and M-M magnetic induction wector directions,

The serotonin concentration changes were maore sensitive to
the SMF, and we found that the MF changed the ratio of
S-hy drocyindolacetic acidinoradrenalin, but these changes
went in both directions—decrease in the spmatosensory ar-

)
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MONOAMINE CONCENTRATION (HANGES IN THE S0MATOSENSORY AREAS OF RIGHT AND LEFT FRONTAL CORTEX OF BRATN

Eight frontal cortex | NA 5HT
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b SE2S£ITRIR 10251 74330 58 IS5 (e l19.TT 03486
NN TS5 35412982 105 54528 24 346 6745745 0317
Leaft fooneal cortex NA 5HT SHIAA SHIAASHT
C1 jarast, wioinf) 545511501 SETATH95 5] IR0 T£I02.95 0393
C2 {ine, wioinf) SRO3%127.02 1056 8 T 00 265 ITI 3340095 035
r5-IN GRAETEDGT 2] 1275 6T ASE 2 2% ITEARTEIS 0257
-8 Tl 5489 95* 11368335703 IT9 56566 0357
515 GEEATE T30 1224674530 5 4% 42T D 11504 0349
NN TEO5: 145 16% 1246 170656 62 IR (5T R2 0307

Abbrevistions for group desi gnations and monoamines: C2, withost mesthesis ond SMF infleence; Cl, with anesthesia, withost SMF influence; S5-IN, the
orentadon of SMF in the op posite diredtion; rN-15, the north pole of the magretis on the rightside of e bead and de sosth pole is onthe keft side;  5-15,
the soath poles are located hitemporally; tN-IN, #e nomh poles ore Iocated bitemporal by; norsdsenalm (NA), serotomin (5-HT) and 5 & ydrovy ndoleatic acad
(5HIAA)

Valwes magked with * am significantly different from the contnal valaes C1 (P < (LOS, € test).

Table 2

MONOAMINE CHANGES AT THE RAT BRATN HIFPOCAMPLS

Reighit i mmocamoes MNA& 5HT S-HIAA SHIAAS-HT
C1 (amast, wiho inf) AL 3009 12 451 GTa57.0d AAE D50 9T 11034
2 (e, whoinf) GX2 B0 60 46 | Tad2 T2 SANATEE] 59 0 9ER
r5-IN GO0 T ] 14 AT 432 KT 80 S04 540 G2 1166
N-I8 GER 4T 34 A5 (5024 SROATHAS B9 1154
515 ATOLE T 13508 46T KT459 78 509 AT449 59 159
NN 42 (14099 405 K42 25" S2AATT] AR 1304
Lt b i cocm e NA 5HT S-HIAA S-HIAAS-HT
1 {amast who nf) AR TH1135T 4R fT471.55 491 5458 &2 1.0
C2 (mt, whoinf) 5% T 103 Th 447 §T4+52 54 454 5480 11 097
5N G2E 1 T+172 38 445 K435 16 S0 17406 T 1.145
rH-I5 A4 RT3 09 AAE WA A0 S2AITH5A 15 1.12%
515 684 5416823 A48 KT+ 88 FA4RTET4 16 1152
NN T 517330 402 KT454 1 8 SIAAT452 T 1276

For abbrevigtions see Tahle 1. Valwes maded with * are significonily different from: the contral vakees 1 (P < (L05, ¢ test).

cas of frontal cortex and hypothalamus, and increase in the
hippocampus. [t is possible in these cases that e magnetic
tield changed MAQ conformation or wtilized 5-HT or
S-HIAA from other cell structures.

DESCUSSI0N

The mechaisms underlying these and other SMF action
phenomenon at present are obscure, because biological ef-
fects of static magnetic fields are poordy understood at all
levels of organisabion—starting from the molecular level

e

and up to the whole organiam. [t is only possible to specu-
late wpon different mechanisms and o acknowledge the
therapeutic or harmtul effect cauwsed by short or long-term
cxposures to a static magnetic field,

It iz unlikely that such somatosensory evoked potential la-
tency prolongation was caused only by changes in conduc-
tion velocity in axons. Moreover, experiments on lobster gi-
ant nerve showed that SMF (B =12 T) did not change
membmane resting  potential level, membrane capacity,
axoplasmic and external medium resistance and average
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MONOAMINE CHANGES AT THE STRIATLM

Tahle 3

E. Striatam |

HNA DA DOPAC TP ACTIA WA 5HT SHIAA S HIAASHT

C1 {amast, wio f) ZEAIATL Q304 % T BT S0+ (e TITEI+ 45235+ SHOET+ 1260
o -l 1379032 TIO0R 14025 ERAZ 106,10

C2iing, whaf) AT B I0.504 e e E 0109 GTEET+ 544 50+ GIOT AT + L11&
15127 167504 15519 ZIRTE 18163 115.72

r5-IN I5LAT+ I0756.8 5 ESEAT+ Q080 TER 5k 55907+ G050+ 1iaz
11255 21574 147.0 14068 122 41 2498

N-I5 FIRASE 102 8 S SR AT + 00 BALET S G50+ L1&1
19723 B0 T RTT a4 13215 119,54

b el el 1107167+ IDEL S+ 0098 BT1 334 57435+ G642 50+ L9
13637 1E79.76 41605 17411 Q57T GRO1

M-I I51354 1511407+ 1119504 Q085 10150+ 54507+ GIALET + 164
LIRES 127049 HIE 59 57T GSRT 5022

L. Seistum | HNA DA DOPAC TP ACTA WA 5HT SHIAA S HIAASHT

C1 {amast_wio f) TE9 50+ G274 304 1007 &34 0109 BE533+ SE0S0+ Tl 1230
139 1430.52 31TE2 IHLTE LI I5E.

C2iint. whaf) 274354 IDITE 5+ I0&EL &34 0107 TTEIT+ 525 504+ G417+ 1225
1.4z o1l PEETT 16383 BOST T555

r5-IN 295k I044] 35+ e 0081 T35 SELER: G5k 1074
11660 1558 .93 el ZI0RS 118,20 SG6

N5 FIATL 10508 54 Gl G+ 0087 BAT AT+ GILAT + i (e 1109
1513 175411 14529 15089 EAGE EBSIZ

bl 2T 10464 84 ES A0+ 0081 ERIR 592 10+ G195 1047
12794 16656, T4 e N 31551 101&7 TZ4S

M-I 19485+ IEAT £tk QST AT 0l TRl G+ TG G160+ 10
IZ583 2R 16 11983 IMSE 472 W) TET4

For shibrey iafions see Table 1. DA, dopamine; DOPAC, 34-diydrophenybeetic acid. Valaes masked with # 2 significantly different fom the conmmal val

wes O (P < 005, ¢ es)

Tahle 4
MONOAMINES CHANGES AT THE HYPOTHALAMIS
Tyt ol s | N D DOPAC DO ACTIA 5.HT SHIAA S HIAAMSHT

Cl {aras, wio inf) 2658 33452956 409214778 41.47£1209 0.1al TTOAT4 140 86 S ER4R3 04 AT
C2 (mt, whoinf) FTI3_AT4557 41 IRA9T4H 025 40 924805 0106 TIR X062 5085040 1051 0708
5-IN A1 1T+465 86 46041410019 41 854801 0.l B3 5+ 15559 AR ST IT 0550
N-IS S HTRL IS 464101 49595 41 §7+15.5 0.0k a2y 1 T+R5.0* A58 172 asio*
515 R4 TiadR] 56 4R410412330 43 541557 0050 B IT+IER TS 4AS1R41 1705 0556
NN T A04ARR 14 3955340559 23500015 0082 BIT AT+I6R.TT 4009141 1601 0496

For abbrevigions see Tables | mnd 2. Values masied with * xre sigmficandy different from the contral valaes O (P < (L0, £ test)

maximemrrae of sodium and potassium conductance. Also,
nerve conduction velocity was not changed by impact with
SMF {Schwartz, 1978; 1979). However, contradictory find-
ings have also been reported by {Reno, 1969). Thus, we
consider that conduction velocity in axons may have some
cttect, but we rather helieve that mainly the strength and
functional state of the synaptic transmission had been intlue-
encad in the brain.

Another possible mechanism by which the influence of a
SMF is redlised on the nervous system may be associatoed
with the cell membrane lipid, phospholipids, and protein
macromalecular compound sensitivity to SMF {Colbec er
al, 19%6; Liburdy and Tenforde, 1986; Usno and [wasaka,
194961, The cell membrane is considercd as a hiological
structune that may be imfluenced by cloctromagnetic and

Froe. Ladvdan Acad, e, Fectlan B Yol &0 (IJ00EL Mo L

magnetic fields. The existence of a large potential gradient
due to asymmetrically charged macromolecules, cell sur-
tace change density and ion mohility, and intermctions with
structurad water are believed to render membranes sensitive
to electric and magnetic fields. Also, the behaviour of small
and mohile signal molecules could be strongly altered in the
SMF, thus causing changes in the physiological state of the
network of neurons. A good example could be signal mole-
cules N, ATP, or ADP, the diffusion of which in sur-
rounding tissue have a neummodulatory effect and proba-
bly could he altered by SMF. The movement of charged
particles in the blood circulatory system could be signifi-
cantly altered as well. Mostimportantly, the blood supply in
the brain is not symmetrical, and therefore, may explain
zome effect by the direction of SMF {Simon, 1992; Usmo
and |wasaka, 1996).

|
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Finally, the SMF action on the brain may be realised by
changing the intensity of reactions for synthesis and release
ot some neurctransmitters {Young, 1969, The molecules of
many enzymes have froe electrons, These electnons in mac-
mmaolecules circulate along their own orbit and are a deter-
mining factor for the activity of enzymes, When this elec-
tron changes its orbit or orbit energy levels, enzyme activity
changes as well. The orhit of these free dectrons could he
dltered in SMF. It has been unequivocally shown that ace-
tylchaolinesterase under infleence of SMF with induction
more than (.27 T is activated approximately up to 4%, and
a 1.7 T up to Z30% {Easterly, 1982},

Because of the shont time of influence {only 15 minwtes) we
chzerved small changes in monoamine concentrations.
Prohably, with an increase in time these changes may he
mare intensive. In our investigation the serotonin pathway
was atfected, which indicates the inhibitor effect of SMF in
short-term application.

The experimental results demonstrated that

1. In hypothalamus: {a) the concentration of DOPAC and
ratio DOPAC/DA decreased, when at both sides of the head
were north poles {rN-1M) or north pole at the nght side of
the head and south pole at the left side of head {IN-15); (b}
the concentration of 3-HT increased if the magnet poles lo-
cation was rM-15; {c) the ratio between HIAAS-HT de-
creasad in cases of magnet location fMN-15, ri-1M and also it
at both sides of the head were placed south poles {rS5-15).

2. In corpus striatum: {a) the concentration of DA and
DOPAC in right stiatum increased at magnet poles location
rH-1M; (h) the concentration of 5-HT in right striatum in-
creased when magnet pole locations was rN-15, r5-15 and
also if at the right side of head was the south pole and at the
left side the north pole {r5-1M).

3. Im hippocampus: (a) the concentration of 5-HT in both
right and left hippocampus decreased at magnet pole loca-
tion rM-IM; (b} the mtio of HIAAMS-HT increaszed at left
hippocampus at magnet pole location tH-1M.

4. In somatosensory area of the frontal conex: {a) the con-
centration of 5-HT in the rght cortex increased at magnet
pale location rN-15; (b) the concentration of 5-HT in the left
cortex increased in the following magnet pole loca-
tions—irS-1M, ri-1M and ris-15; {c) the ratio of HIAAS-HT
in both right and left cortex decreased at magnet pole loca-
tion rM-15, rS-1M; {d) the concentration of MA in left cortex
increased at magnet pole locations r-15, M-I,

The results allow to conclude that the nervous system reacts
differently depending on the direction of the magnetic in-
duction vector,
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MONOAMING KONCENTRACDAS [EMAINAS FUREU SMADZENES PEC [EDARBIBAS AR PASTAVIGD MAGNETISKO
LAUKLL

Pasifvigd mamdnadd lanks madilams faraniodEm saminia m kobals sakanadoms mapndios (2 2 2 = 1 om). MagaSiskas lauks bija
stmetrisks, un mapgnf ik mdokefja vektons Beloms vz pognto vismas Wja 250 mT. Madne magaftisko polo novietgumo shds poads
Furkss galva, pandkila magndlisks vellom onenficips Erags. lamelddi asdo persugl oo Sdem smadeeo apvidiem - fonlEls
panEas, corpus sinaien, hipotalime, hipokamps, e notelis 33do nelmaktive vielo koncenisde fja — doparina (DAY, 3 4-dihidmokad-
fenilzcemnkibes (DOPAC), 3-metoksi-4-hidroksifenlsce@makabes (HVA), norsdrenaling (MA), seroioming (5HN) un S-hidroksiindol-
ak3bes (5-HIAAL RerulEn rida ke pes@ivied meendliss ks iedabibs oz seodeendm imaks iansgs mooaning melsbolizms, un
lzuks jedarbiba ir stkarips no sradeego sirukifinn specifiskam fpainibdm  m regn@iks boks indukeljs vekiors virdena stfiecibd pret
katro ansiomisko strokidno.
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RABBIT BRAIN BIOELECTRICAL ACTIVITY: CHANGES UNDER
THE IMPACT OF A PERMANENT MAGNETIC FIELD APPLIED

LOCALLY ON AMYGDALOID NUCLEI

Pateris Gustsons, Juris Aivars, Viktors Veliks, and Zbignevs Marcinkevics

Faculty of Biology, University of Latvia, Kronvalda bulv. 4, Riga LV-1010, LATVIA

Communicated by Vija Klusa

The regulation mechanism of the activity of associative neuronal intercommunication links in neu-
ronal nets was studied under the influence of permanent magnetic fields (PMF). Our previous ex-
periments on animals and physiological observations on humans showed that if the head was
placed in a PMF, the changes of the functional state of the central nervous system depended on
the orientation of the brain in the PMF. This work attempted to arouse changes of bioelectrical ac-
tivity of brain by a PMF almost locally on the anterior region of the amygdaloid nuclei, separately
with the south pole and the north pole of magnet-electrode. For this purpose, a ferromagnetic
electrode was introduced in the amygdaloid nuclei. The study was carried out on 17 rabbits in
chronic experiments. Each animal remained fully awake and was placed in a special box. If the
south pole of the magnetic electrode was located in the amygdaloid nuclei, generalised hyper-
synhronous convulsive activity arose spontaneously 5-10 minutes after the beginning of elec-
trode magnetisation in all thalamic and cortical structures of brain. Vice versa, when the north
pole of the magnet was placed in amygdaloid nuclei, an asynchronous slow activity developed in
all neuronal structures with high amplitude potentials (>100 pV), similar to teta and delta waves in

man.

Key words: permanent magnetic field, amygdala, brain bioelectrical activity.

INTRODUCTION

An important problem in ncurophysiology and ncuro-
cybernctics is to determine the mechanism regulating the
distribution ol excitatory and inhibitory links in ncuronal
nets during information processing. It is known that the
clectrochemical field of the brain determines the distribu-
tion and level of excitatory and inhibitory processes in cere-
bral ncuronal structures. That was demonstrated by the for-
mation of dominant focus in cerebral cortex (PycuHOB M
Iycrcon, 1968; Pycuros, 1969) and in experiments with
spreading depression (Cyctcon, 1963; Mescherskii and
Gustson, 1964). These two processes were accompanied by
oscillations of dircct-current potential of the cerebral cortex.
It is known that all clectrochemical processes which are as-
sociated with ion curent flow generate their own magnetic
field (Gardner-Medwin et al., 1991). Magnetic field and ion
current are interconnected and are very sensitive to the in-
fluence of cxternal magnetic ficlds (Klitzing, 1991).

It has been demonstrated that the nature of the changes of
the nervous system activity under the influence of a perma-
nent magnctic field (PMF) depends on head orientation ac-
cording to the magnetic ficld induction vector direction
(I'ycrcon, 1987; Gustsons, 1992). This observation led to
ihe development of specialised cquipment for the study of

Proc. Latvian Acad. Sci., Section B, Vol. 54 (2000), No. 172,

the PMF effect (T'ycrcon u ap., 1981; Gustson et al., 1982;
Iyctcon u dymew, 1989; I'ycTcoH H ab., 1989). In all the
above studies, a PMF was applied to the whole brain. Under
such conditions, it was not possible to identify the tissue or
substance which is morc sensitive to PMF action. There-
fore, it was decided to apply a PMF almost locally to a
neuronal structure of rabbit brain. If the changes in brain
bioelectrical activity duc to a PMF on the whole head de-
pended on the magnetic field induction vector direction to
the sagital plane of the brain (yctcon, 1987: Gustsons,
1992), the nervous system also should react differently to
almost local impact with the PMF depending on which
magnctic pole (south or north) is uscd, and a shift of the
functional neuronal connections is expected. The nuclear
complex of amygdala participates in the gencration of
hypersynchronic ncuronal discharges of brain and stimu-
lates generalised epileptic scizurcs. Also, the amygdaloid
nuclei located in the rostral part of the brain stem are suit-
able neuronal structures for the study of the PMF influence
on the central nervous system, since the neuronal organisa-
tion and morphology of cerebral cortex and amygdaloid nu-
clei are similar (Braak and Braak, 1983; Millthouse and De
Olmos, 1983; McDonald, 1984; Carlsen and Heimer, 1988),
and since there are extensive widespread links between
amygdaloid nuclei ccrebral cortex and subcortical structures
of brain (Wolf and Butcher, 1982; Aggleton and Mishkin,
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1984: Krettck and Price, 1978; Porrino et al., 1981;
Sripanidkulchai et al., 1984; Carlsen et al., 1985).

MATERIALS AND METHODS

The studies were carried out on 17 chincihilla male rabbits
(mass 2.5-3.5 kg) in chronic experiments. The animals were
obtained from the Breeding Facility of the Medical Acad-
emy of Latvia. They were housed individually and fed a
standard diet. Water was supplied ad libitum. The tempera-
ture was maintained at 17-21 °C and relative humidity at
40-60 %. Operations on the head were conducted accord-
ing to the traditional methods of asepsis under nembutal an-
aesthesia (35-40 g per kg). After operation, a solution con-
taining 300,000 units of penicillin was injected into the
animal abdomina! cavity. Elcctrodes for recording were im-
planted in the brain at stercotaxic coordinates given in the
atlas of Fifkova and MarSala (1960). Points at which the
head was fixed in the stereotaxic apparatus were anaesthe-
tised by a solution of novocaine.

The electrodes for subcortical recordings were stainless
steel wires 50-70 p in diameter coated with Epoxilit. The
electrodes used for cortical recordings were silver wires
250 p in diameter and were led into the skull as far as the
lamina vitrea. In the area amygdalarum anterior (AAA), a
ferromagnetic electrode wire (diameter 220 p, length 45-50
mm, tip diamecter 50-70 p) was introduced. The magnetic
electrode wire was produced in the Institute of Physics of
the Russian Academy of Sciences in Moscow. After mag-
netisation, a 8=10 mT magnetic induction intensity was re-
corded on both tips of clectrode at 1.0-2.0 mm from its sur-
face. A magnetic induction of 8-10 mT is the threshold for
brain reaction to a magnelic ficld. Magnctic induction (B)
was measurcd with a universal teslometer (range 0.2 mT 1o
2 T). The maximal magnctic induction was recorded on
both tips of the magnet-clectrode. Along the length of the
electrode, the magnitude of magnetic induction was negli-
gible at a sub-threshold level. The clectrode was magnetised
by a permancnt magnel (samarium and cobalt alloy) with
magnetic induction intensity 0.27 T. It was possible to
change the magnetic poles (north to south or vice versa) on
both magnet-clectrode tips during an experiment. In some
experiments, to study local cffects on AAA with PMF
(south pole of magnet-clectrode), the whole brain simulta-
neously was placed in a diffusc magnctic field with mag-
netic induction intensity 56 mT at the middle of the brain.

The clectrodes were fixed to the skull with stiracryl. In all
cases, monopolar leads were used, and the indifferent elec-
trode was situated near the tuber occipitalis where the bone
is very porous and rich in fluid. Recording of brain bio-
electrical activity began on the fourth day after operation.
Electrodes located in brain and muscles were connected to
amplificrs and a computer for data processing. The observa-
tions of all experiments and animals were summed, and the
spectral functions of biopotential oscillation frequencies and
amplitudes were calculated. During the experimental proce-
dure, the animal was awake and its body was fixed in a spe-

26

cial box in a free manner. Under such conditions, the animal
was quiet and felt unrestrained. On average, five experi-
ments were carried out on each animal with a 2-3 day inter-
val. If inflammation of the head brain was observed, the ex-
periment series was interrupted.

After completion of the experiments, the animals were sac-
rificed by interavenous injection of nembutal 80 mg-kg'l;
and the brain, after fixation in 10 % formalin for twenty-
four hours, was cut with a freezing microtome. Localisa-
tions of subcortical electrodes were determined in sections
of the brain.

The mean data were processed by Fast Fourier Transforma-
tion (FFT) and Spectral Power Density. Statistical signifi-
cance of the effects was assessed by Student’s t-test criteria.
Changes were considered significant at the level P<0.05.

RESULTS

Initial brain background bioelectrical activity from cortical
and subcortical leads did not show any signs of irritation or
hypersynchronous potentials.

When the magnet-electrode was magnetised such that the
electrode tip in AAA was the south pole of the PMF
(B= 8-10 mT), then two forms of generalised hypersyn-
chronised activity were observed corresponding to magnet-
electrode tip localisation in AAA. In the recordings of bioe-
lectrical activity from each magnet-electrode, only one form
of generalised hypersynchronous potential was registered.
In the experiments on ten rabbits, 10 minutes after magneti-
sation of the electrode inserted in the antefior part of amyg-
dala, synchronised bioelectrical activity appeared as convul-
sive epileptic discharges, which were propagated directly to
the motor cortex bilaterally. Several seconds later, the con-
vulsive discharges were recorded in the nuclei ventralis pos-
terior lateralis (VPL) of the thalamic complex. All hyper-
synchronic discharges were succeeded by desynchronisation
of background activity for 5-10 seconds. During the hyper-
synchronic discharges, in some cases, moderate contrac-
tions of hind leg muscles were observed. In cxperiments on
the other seven rabbits, 10 minutes after magnetisation of
the electrode such that the south pole of the magnet-clec-
trode was in the AAA at the first generalised spindle activ-
ity, synchronous slow waves (1-2.5 Hz, 60-70 pV) and
sharp waves or spikes (see Figure 1B) developed. The bioe-
lectrical activity was disrupted by generalised desynchroni-
sation for 5 seconds. Five minutes later, the amplitudes of
spindles and slow waves increased. Random sequence
groups of generalised hypersynchronous wave discharges
(complex: spike and 3 Hz wave) werc superimposed (sc¢
Figure 1C) on this background of brain bioelectric activity.
That type of discharge is similar to the “petite male” activ-
ity of man.

When the whole brain was exposed to a homogeneous PMF
with an induction intensity of more than 56 mT at the mid-
dle of the brain, after three minutes the bioelectrical activ-
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Fig.1. Changes of rabbit brain bioelectrical activity under almost local exposure to a permanent magnetic field (PMF) south pole on AAA sinister. A, back-
ground activity; B, brain bioelectrical activity 6 to 7 minutes after beginning exposure to a PMF; C, brain bioelectrical activity 10 minutes after beginning ex-
posure to a PMF. At the end of demonstrated curves, generalised hypersynchronous discharges are observed as potential complex-—sharp waves and slow
waves at 3H frequency. Calibration: horizontal bar represents 1 s, vertical bar 100 mkV. AAA, area amygdalarum anterior; VPL, nucleus ventralis posterior
lateralis thalami; Cort Mot, motor cortex.
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ity changes which had arisen duc to local impact with the
south pole of PMF had disappeared.

In an other series of experiments, when the north pole of the
magnet-electrode was located in AAA, the brain bioelectri-
cal activity was characterised by the appearance of slow ac-
tivity, relatively high amplitude (up to 120 pV), and slow
waves with frequency 2-3 Hz. These waves appeared in a
random manner (sece Figurc 2B), and hypersynchronous
slow activity of the brain was not recorded. Diminution of
fast frequency band was obscrved.

The recording of brain bioclectrical activity was computer-
ised, shown in Figure 3. Figure 3A represents the distribu-
tion curves of background {requency—-amplitude of cortical
and subcortical potential oscillation. It is obvious that al-
most all of the frequency—amplitude curves showed a mini-
mal difference between the voltage values.

VPL sinister

Cort Mot sinister
*‘,\/\_/\"/‘ L\/\/",\‘/w\f‘

AAA sinister

Figure 3B represents distribution curves of frequency—am-
plitude of cortical and subcortical potentials oscillations
when AAA was affected locally by the south pole of the
PMF. This exposure caused an increase of all frequency os-
cillation amplitudes. Moreover, a fast frequency band wid-
ened till 16 Hz. All of the frequency-amplitude curves dem-
onstrate that changes of brain bioelectrical activity arc
generalised, because curves on figure 3B were calculated
from background generalised hypersynchronous brain activ-
1ty.

The pattern differed when the AAA was locally exposed o
the PMF by a magnet-electrode north pole (sce Figure 3C):
general augmentation of amplitudes of slow frequency
waves and general diminution of the high frequency band.

Data in Figure 4 show that changes in bioclectric potentials
(in per cent) of every frequency band formed from impact
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Fig. 2. Changes of rabbit brain bioclectrical activity under almost local exposure to a permanent magnetic field (PMF) north pole on AAA sinister. A, back-
ground activity; B, brain bioclectrical activity 6 to 7 minutes after beginning exposure to a PMF north pole. Calibration: horizontal bar represents 1 s, vertical
bar 100 mkV. AAA, area amygdalarum anterior; VPL, nucleus ventralis posterior lateralis thalami; Cort Mot, motor cortex.
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with the PMF south pole are diametrically different to
changes in bioelectrical activity of the north pole of the
magnet electrode in AAA. Therefore, the functional state
depends on the north or the south pole of the mag-
net-electrode placed in AAA.

During a single experiment on an animal, it was possible to
alter the brain bioelectrical activity by changing the mag-
netic electrode pole in AAA (south to north or vice versa).
The location of magnet-clectrode tip on the left or right
AAA was not the decisive factor for the determination of
the brain functional state.

DISCUSSION

Brain bioclectrical activity parameters under a PMF expo-
sure depended on the magnetic field pole on the electrode
tip located in AAA, showing that the organisation of links
in neuronal nets is influenced by the PMF, and that the na-
ture of changes particularly depends on the magnetic induc-
tion vector direction. The nature of changes in rabbit brain
bioelectrical activity under PMF exposure were due to a di-
rect brain reaction to the field, and were not caused by
stress or brain tissue damage, as the background activity in

Proc. Latvian Acad. Sci., Section B, Vol. 54 (2000), No. 122,
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Fig. 3. Amplitude (U)-frequency (f) distribution curves before and during
almost local exposure to a permanent magnetic field (PMF). Points on
these curves represent mean values of frequency amplitudes (mkV), and
vertical lines show average standard deviations. Activity changes due to a
PMF are significant (P<0.05). A, background amplitude~{requency distri-
bution curves of brain bioelectrical activity; B, amplitude—frequency distri-
bution curves of brain bioelectrical activity caused by local exposure of
AAA to the south pole of a magnet-electrode; C, amplitude~frequency dis-
tribution curves of brain bioelectrical activity caused by local exposure to a
north pole of a 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.

all experiments did not indicate irritation, spontaneous
arousal reactions and outbursts of hypersynchronous poten-
tials.

There are several explanations of the variable brain rc-
sponse to the PMF. It is known that a conductor, if it is
placed in a magnetic field, tends to change its position ac-
cording to magnetic induction vector direction and direction
of current flow in the conductor. In living tissues, ion cur-
rent flow functions as a conductor. Taking this into consid-
eration, it is possible to raise the following hypotheses.

1. The mechanism of PMF action on brain activity may be
explained by modulation of electronic gap junctional con-
ductance. In such a case, conductance in the electrotonic
gap will depend on the PMF induction vector orientation.
There is some experimental evidence that such an electro-
tonic coupling is found in the frontal region of brain stem
structures (Perez-Velazquez et al., 1994).

2. The mechanism of the PMF effect on brain may be due to
interactions with biomineralised iron corpuscles in brain
frontal structures (Kirschvink e al., 1985; Dobson and
Grassi, 1996). The presence of ferromagnetic material in
brain tissue also provides possible theoretical mechanisms
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for the interaction of the PMF with the central nervous sys-
tem depending on magnetic induction vector direction.

3. A more believable mechanism of PMF interaction with
the central nervous system relates to the brain direct poten-
tial and the sensitivity of ion current flow to magnetic
fields. The changes in EEG spectral and amplitude distribu-
tion caused by the PMF suggest that the fluxes of electric
charge are turned away from their former isotropic distribu-
tion due to Lorentz forces cxerted by the static magnetic
field (Klitzing, 1991). These changes in brain bioelectrical
activity are reflected by a deviation of ion current flow di-
rection and deviation of brain direct current potential mag-
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Fig. 4. Proportions (%) of AAA waves of different frequency at cortical
and subcortical leads during local exposure to permanent magnetic field.
AAA, area amygdalarum anterior; VPL, nucleus ventralis postetior
lateralis thalami; Cort Mot, motor cortex.

nitude from its initial parameters. The above changes in turn
have been observed to determine the distribution of excit-
atory and inhibitory states in brain neuronal nets (Pycutos
u Cycrtcon, 1968; Pycunos, 1969).
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TRUSA SMADZENU BIOELEKTRISKAS AKTIVITATES PARMAINAS, IEDARBOJOTIES LOKALI AR PASTAVIGU
MAGNETISKO LAUKU UZ AMIGDALARAIIEM KODOLIEM

Darba mérkis bija iegiit datus par neironu tikla asociativo saifu aktivitates regulacijas mehanismiem. P&tita pastaviga magnétiska lauka
(PML) iedarbiba uz galvas smadzeném. Miisu iepriek3€jie petijumi paridija, ka, ievietojot galvas smadzenes PML, centrilis nervu sistémas
funkcionala stavokla parmainas ir atkarigas no to orientacijas PML, ti., no magnétiskas indukcijas vektora virziena attieciba pret noteiktu
smadzepu daju. Smadzenu bioelektriskas aktivitates parmainas pétijam, iedarbojoties lokali uz amigdalaro kodolu kompleksu (AKK) ar
PML atseviski ar ziemelpolu vai dienvidpolu. To pandcam, ievadot AKK magnétu elektrodu, kura galos 1,5-2,0 mm radiusia PML indukcija
bija iedarbibas sliekipa limeni. Gtie dati hroniskos eksperimentos ar truliem paradija, ka smadzenu bioelektriskas aktivitates parmainas
PML iedarbibas rezultata ir atkarigas no ta, kads PML pols (ziemeju vai dienvidu) atrodas amigdala. Zieme]pola iedarbiba notiek visas
smadzenu bioelektriskds aktivitites svarstibu palénina§ands un léna lielas amplitidas asinhronu vijpu paradi¥anas. Dienvidpola iedarbiba
rada pretéja rukstura parmainas: parddas hipersinhrona, generalizéta aktivitate ar desinhronizacijas periodiem. Bioelektriska aktivitate
atgadina epileptisko aktivitati cilveka elektroencefalogramma.
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Short Communication

NEURONAL IMPULSE PROPAGATION VELOCITY IN RAT
BRAIN: CHANGES UNDER A PERMANENT MAGNETIC FIELD

Viktors Veliks, Péteris Gustsons, Gunita Praulite, Zbignevs Marcinkevics,

and Ingvars Birznieks

Faculty of Biology, University of Latvia, Kronvalda bulv. 4, Riga, LV-1010, LATVIA;

e-mail: vicwell@hotmail.com

Communicated by Vija Klusa

Exposure of rat (n=7) brain to a permanent magnetic field (PMF) was imposed by two
bitemporally placed magnets. The direction of the magnetic induction vector was altered by re-
placing the poles of the magnets at both sides of the head. Four different configurations of pole
pairs were tested: S-N, N-S, S-S and N-N (where S is south ana N is the north pole of the mag-
net). The preliminary studies demonstrated that the magnetic field prolonged the latency of the
peaks of somato-sensory- evoked potentials, reflecting a delay in the impulse propagation in the
central nervous system. This effect was pronounced when the north pole was on the right side
and the south pole on the left side of the head. In contrast, when the poles were both changed,
there was a tendency of impulse propagation acceleration, however, this effect did not reach the

statistically significant level. Prolongation of th
placed at both sides of the head. Our results in

e latencies was also seen when north poles were
dicate that, at the same magnetic field induction,

the direction of the magnetic induction vector has a significant effect on nervous system activity.

Key words: somato-sensory cortex, evoked potentials, permanent magnetic field.

During the past twenly ycars or more, it has been cstab-
lished that the physiological state of the central nervous sys-
tem can change under the influcnce of permanent magnelic
fields (PMF). Nevertheless, little is known about changes in
nervous impulse propagation velocity in the brain during
exposure to a permancnt magnetic ficld. The goal of this
work was to investigatc how a PMF influences impulsc
conduction velocity after exposure of the brain to a PMF.
Latencies of the somato-sensory-cvoked potentials were
chosen as simple indicator of impulse propagation vclocity
and the overall physiological statc of the central nervous
system.

Preliminary studies of PMF influence on impulse conduc-
tion velocity in brain were carried out on 7 male Wistar
population rats, weight 300-400g (Breeding House of the
Latvian State Pharmaccutical Company “Grindeks”, Riga,
Latvia), in the acute experiments. Rats were anacsthetised
with intraperitoncal (i, p.) injection  of urcthan (770
mg-kg") (Shering-Kahlbaum A.G.), and i. p. injection of
ketamine (30 mg'kg") mixed with xylasine (3.5 mg-kg")
(both DOPHARMA). After scalp removal, a cortical record-
ing clectrode was inserted through a drilled hole in the scalp
and placed on the somato-sensory 7onc. Somato-sensory
evoked potentials (SEP) were clicited by stimulation of rats
right hind leg toes with rectangular electrical current im-
pulses of 0.25 ms duration at suprathreshold amplitude.
Time between impulses was 2 s.

43

Experimental protocol was initiated at about 60 minutes af-
ter the last injection of anaesthetics. Experiments were per-
formed using the following scheme. A hundred cvoked po-
tentials were recorded before exposure to a PMF as a
background. Then, a magnetic ficld was applied for a 15-
minutes-long duration so that the south pole of the magnct
was located at the right side of the head, and the north pole
at the left side. Immediately after exposure to PMF, 100
evoked potentials were recorded in the absence of the mag-
netic field. Application of the next configuration of PMF
was resumed after 30 minutes. The same procedure was re-
peated when the north pole of the magnet was at the right
side and the south pole at the left side of the head. At the
cnd of the next pause (30 minutes after the removal of PMF),
cvoked potentials were recorded to compare their parame-
ters with the background level. Again, standard procedures
were repeated when the south poles were placed at both
sides of the head, and then, similarly, for both north poles.
After the experiment, rats were killed by decapitation.

Cortical activity was recorded by silver clectrodes. In all
cases. unipolar leads were used, and the reference clectrode
was placed cither on the neck or near the tuber occipitalis.
Data recordings were made by computerised data analyses
and an acquisition system SC/ZOOM (Dept of Physiology.
Umea University, Sweden). Statistical significance of the
effccts was assessed by Student’s t-test. Changes were con-
sidered significant at the level P<0.05.
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