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Biomagnetic Effects Stimulated by High Magnetic Fields
--Magnetic Field Environment and in vifro Experiments under High Magnetic Fields—

Sotosht YAMADA*' Andrew NAFALSKI*? and Hiroshi YAMAMOTO™?

Electromagnetic devices such as superconducting magnets, magnetically levitated vehicles and magnetic
resonance imaging (MRI) create high magnetic fields within theirr immediate vicinity. This has generated
some concerns over the effects that these ficlds may have on the outside environment and in particular on
living organisms. 50/60 Hz magnetic fields are of special concern because living organisms are exposed Lo
them on our environment. The measurement of low frequency magnetic field on our environment s important
Lo find out a possible relationship between magnetic field and health hazards. The low frequency magnetic
fleld measurements in urban locations are presented. We mvestigated the influence of a strong 60 Hz AC
magnetic field of about 1.0 T on organtsms. The high AC magnetic {leld is generated by using a multilayer
eddy-current type AC magnetic generator developed in our laboratory. In this paper, the generation of heat
shock protein by magnetic stimulus 1s discussed in nematode, and in vitro experiments were performed with

biochemical reactions, enzyme and DNA synthesis.
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Table 1 Relationship between magnetic flux
density, distance, and electric source.

(a} Toroidal current source
f3 o073
example - transformer, motor, house electric

cquipments
(b} Line current source
{300y =

example | transmission line, distribution hne

(¢) Surface current source
Bocy e

example © electric  blanket, electric road

heater
() Line current source {unbalanced)
ooy

example . unbalanced

over -head wire {trolley)

—_— — ——r

transmission  line,

where f3, magmitude of magnetic flux density ,

y. distance.
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(bh) Technical officer.
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(a) H{[’A/I NIRC guidelines.

Limils of exposure to 60 Hz magnetic

n ) Magnetic flux denmty
CX POSUre
: (rms) (xT)
Occupational :
Whole working day 500
Short term 5000
For limbs 25000
General public :
Up to fZ-fl hours per 100
day -
Few hours per day 1000

(b) ACGIH gudelines.

Magnetic flux densily
(rms) (1)

———— L A ol

Exposure

Occupational exposure
should not exceed 1000
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Fig. 11 Generation of heat shock protein.

(a) 37°C heat stress (120 min).
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Fig. 13 Generation of heat shock protein by coupled heat and magnetic ficld stress
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—ﬁﬁﬁﬁﬂ:ﬁ¢ D AT —
ﬂ.iizt&wfﬁﬁﬂ“ LAGTERIG O 1 28 LT, BEEWMER G

WX A A HLE A D E’-.l:j‘i”f T TTRRET L o, BEF LD
AR E D ;}fﬂrf]ﬁ N & at i RiconwtT, 5%y o7—+

h=0.8Tp, 40 min, T =25°C).

eI le B AT, AFY 7 —Xi 70 bbb B 5h
TR e s o8, JALE T O RS ORI R AL &

T b R OERC DWW T, B=6.0T OAE—gg it
W BWTIRTEORINMSH 7 5L O, B1.0T
DY) -—-R TP R ok hro 3T 58 D0 H
LI B HESAT T OB AR T VLR,

B ¥ 5 — L r o (e D 448, Felt) &
R E G DALY 7 THD, Ffuldiy24 11T
(0. 090% D84 Eiv, 17 hé’wn.m AL, M Ml
Wi, SN < AT4E T 5 AT TR IS £ - Tl
VEs¥ae 0, ARl BbK, ¢ b ARMEKR TR EMEANE W
(AN TCAHSE MR 2k E B3 T 5,

FERERITO W HID, BREZGOLITOERAIT Y 7 —
YA IERT T A L wAf B AL AE O 2 f e n BEIR AT YT o
ffic g L, Z oy % Table 31289, &EE‘MJ EH
MR OFERO ML, 57— ¥ ORI IE
Wizsb, Fig. M ISR £ D pIGFER & 10 571, EZLtl

Table 3 Measurement condition for catalase

activity.

Sample Blank
H mM Na - K plm%phate buffer |
20 ul

(pH 7.0)
catalase (3.2 u/ml) 40) ul 40 pel
- (200C, sampling 0, 1, 3, 5, 10 min)
I N 11C] 12 gl 12 41

Total 72 pl 72yl

ot —— — e ey — .
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1 catalase | trol 04 TOfti% 1 = L, BILL T&b L, Fig.

T ¥ sampling 15 7, B & & & BB L ACRD T HE S L TOEIE A

. H I . | ‘ amin K3 T B3, exposed DD control W iE~T 4%

LY " o | w g, aHER e L D 4 Y D — i ESTHY S Ty

e 6 S AR AUz, 25 45, 2 B ORI A D BRI &
] s H :::”"JT* w Omn rotze 240, ;}Jllﬂfﬁh O TR TAHE DS 1964 i
st rggetion _ - {w 5rmin THY, IR,
' ___HH'_'““;“*- i o O 44, ?‘E-%‘i BB BTy Ny —ETER IR
. Magreticfield | Q 10min (EcoR1D) 10 b2 75 A 3 1 DNA OYIN 54 2 3
l B0Hz,1.21,.80°C: J' e At L 2 250 L~ 0 OBEACC AT 5 ZEAL R RR 8 2 2
Catalase assay 2
(OD420nm}) 6. DNA SBOERICRITTR
time{min} —DNA B IZX T 2 38T —
Fig. 14 LExperimental process for catalase activ- A S ILAN 72 DNA SR s un T, )40
ity. A A 2 B RERT O LTS L 7o, FEBR O R

i1, Fig. 83 kO 0HomrU®Y 7= (A) DA

I8 300~400 Hadbdize » 7o A THNC GRS s BT O

0 20°C, WML B =12 Tp (R iaid L /e, DNA #HiL, ChasE DNA & U THIKERMED D,
¥4, YT —+¥ 3.20/ml) LA R GOm m) DNA OMEITER S EHGC i H ALY AR L Dk, 7
e WA W AT VT G R S - 60 Hz, e 15 =0. AXYEA T LA S R VEEO—FTT 3 >
[p O AR 60 A3WEN Y 4, £ ORI 3N < U LTI O dTTP A bich, 27z, dT TP BEn
Wb, &8 1o 10 4R (B=1.2 Tp) Aok DNA (SIS L - TIUDAAE N e s 2

AEASL Jo, MIGORFIZE LA L /202 0, 1, 3, 5, YO S BRERE T E B,
045¥icH > 7)) 70T, HCl TRIBZ 1Tz, e TN OSAE A ATTP I KZFD NI o0 #
GJ;;:UF‘}LIJ 7> ,;HP%{L;}U; P A0 L& 420 nm W TE 4 3 Tdh A H TFEE L Th AT DNA S 21T - 724,
ETAHI BN LT, A7 7 —¥OlEE L, DNA A 7 4 L Z 2 T L, DNA WCHUD A i
FIEGEE R A Fig. 15 W4, LERIE 3 [Ty, A & s trgr e dATTP B Wil T, £ DOk, Wy »rF L —

SRR T, i, eMEALARHEOROGKEIE I 1 gy TGS AR O S il T 5 C

12—~——7T ~ 1T * T T T 1) - Template(300~ 400mer)
! s " xp<0.01. | <
| AAAAA —————-AAAAAAAAAAAAAA
1 " , = @ 3%3 . -
; Exposed (A @ @ TTTTTT
0.8 \ / - EH@) ® © © o
| o Primer(12~ 18mer})
0.6 - :
i jl'l-dTrTP Q f( Klenow
\ Incubate at 37C
0.4 |
contro! (O)) - AAAAA -----”"-AA]A'AA'AlAAHfultxA;r |
. ] ) : . ! I
0-2 | & @) TTTTTTT TTTTTT
N T N T ® ©f [K'fﬂf:ﬂl
0 2 4 6 B 10 %j election
Time  [min] @ O . Polymerize
Fig. 15 Effect of catalase activity under mag- Fig. 16 Principle of the speed of DNA synthesis
netic felds. measurement.
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Table 4 Concentration of sample for DNA syn-

the*ﬂ% -
lngl LdlLHt [Final concentration
T emplat& I}T‘IITILI (Lic. ) 100G pM
KIPO, 67 MM
Me(Cl, 6.7 MM
2-mercaptoethanol 1.0 mM
dATP A0 1M
dCTP 40 M
dG TP 40 M
A-dTTPHdTTP 440 M
Klenow 0. 15U
(M= maol/7)
o
" Mixture
r / ﬂ ,_.H'\ . Klenow
[ Preincubation ] [ Preincubation ]

p—

w i v s \'/
e G

-

Ominv Expose Omin\v) Control
g L AC({b0Hz) ) f l Incubate |
Magnetic at 3/°C
bf field 1T o0 \') 1,5.15min
incubate
at 37°C
Y 1,5,1 Smll“'l / L"a._ . __',J
| Y. ..
Y v
L[ 10%TCA |} 1O%TLA
Fig. 17 Experimental process for DNA synthe-
SIS,
Yok, Yoo dTTE A DNA KR D AR
oA ENTE D,

ISR THE DNA 7y EERE s & U C klenow & Hl v /oy
klenow & 14, Wl W AadE 4 5 4 IEIO 7 4 4 3
EX 7L A Y R o g, B 2 e i
HdTTE 22O L DNABIAME L Twnd vl g
DTH 5,

AL, NGO FEHE DS Table 4 (o< U 72 K D k4R
L7oe & 2CH, DNA ORBRENE D 4RO T A 4 21
RA VA F P R, TR S D@L T
B2, it klenow AF A A YRR 7 A S KDY
O EPN N ARB  CEER S L 2 T 4,

GEEROWIFE A Fig, 17 1958, B, klenow PAZRO44
A RS U e A (mixture) &9 5, Z 4L,

WIS O T

[ <1 thmunt/min]

3 [+ T r T ] 7T 7 T T T

L — - Expose(B=1T , f=60Hz)

. - -&- - Control P ]
2
1

-} Al ]

D ;l'Z—li | L | 1 1 | | | | d | | |

§; 5 10 15

Time [min]

Iigr. 18

S18.

Influcnces on the speed of DNA synthe-

rﬁbuj %ok DEF D O MGk > TL &
A TH DL, SO mixture A LU0, 37C THA
W P L A1 D . e, klenow Z UL, 52 GAEHY
N U AR & BERL R VR BEC 37T C TR L o8

S Ed A, COE FALFANE B=1.0T,, /=060
Hz & L, BOGHFIE 148, 547, BX LG4 & L THE
bR a1 r-> 7o,

R MR AR 18, sl i s 3 10900 TCA (trt-
GhURFR TR IV E
&, Thik, T -*“E*“;%*LGJ AN AT 4 Y I,
SUTCAW LU DNAKIRD AT - omir s
dTTP Z3uwii L, @ik v F v —va ¥ Tl
ey > b L, s iu7: DNA i 3 & JifR
A

Fig. 18 (U8R 4 7R3 Wl it &t 7o, 3
e gk o F v — A YDA MRk
SCEY, Bt s vk DNA SR S e b
WD JOETRNE, 6 I DFEER ST TR E H T B o)
— R E AR LT WwE, B=1.07T,,

klenow

chloroacetic acid) &t

T, a7 —N

60 Uz OS5 il R A U 8 & 7 9 Th by

by 5, Wi E A ERE L D L8
Hind, SO LG, JOREO AL L D DNA
SIS I Bt 2 Lt sl RO E T Tz,

+ 7z, Fig. 18 330 THEI AR 0 DAt DNA G5
W38 - T X Ty LDy, Rk G ey B ali A
dTTP A3 DNA 7yl T &, IR
I dTTP Oilsds M5 TL L7128 “(*a#f){ag

T DNA LT, DNA SR L~ -3

-416-



(LI4%, Andrew NAFAISKI,

FEZC o DN BT & A~ o SRR TO DNA I
WSS RRAY 2 viE L I F N A N AP AR B A SR RS A A B 1
His i -7z,

7. ¥ & &

MBS BT, How
IR AT 208, SO N T JJITt-‘E?L}Lﬂ T DA
B=02uTPRAPTHYD, #ER-EHO 24 BFRIETHIC 50 T
LGRS B=0.2 ¢ T ThH -7, T O,
LD ~fADHT AT T4 maLTH /600 TH A,
LinLgdss, A4 F I 4 il ol R4 4
O TRV OT, YEENT P SOl 2BHT2 2 E i
TEv, LT, BPER, s L 2%
R A o i WA TaH Y, Rl s
m3ﬁfm@f%w#v<g

DD RGO BT, ARRIA G (=60
[iz, B=0.5-1.2 T) M4, BACERUER, 726 TR DNA
ST I3 2 AR 0T n vivo (EIR LV ALY B0 i
vitro (GABTS) TOFERD S L 7o,

FERFE R L, -HOFEERIC B W Th TR
DYFH EE LN LR BEONRTWwS, ULirl, 26
OVEIE R U CA RN 8 2 Baoni) 4e L ~Ub, Jlikd O
Rt AT 2 5 2 282 Tl 2 v,

e td, b UBRIE A D BARAD5EERH 5 &0 4
N, T ED L D HRE L DL RIREIC LI, G
Elk 2 AR AT Z ONIGREZIHG I L 2w,

R O ERADIERNL, IET1OEREA S 0 B ES 0
JeHIA S Fhg L TR 2D 2 0305 5
# £ X @k

1) T. PERRY ; Today’s view of magnetic fields, IEEE
Spectrum, 31 (12), 14-23 (1994)

2) BURf— A T R A T e T N e & AR S AT
ANONGH, BRFED~ 7 2 7 1 v 7 AR EEH,
MAG-92-90 (1992),

K. Bessto, S YaMaba, T KUNITANI, T,
NAKANURA, T. Y. TANIMOTO, S.
HARADA, H. YAMAMOTO and R. HOSONO ; Biolog-

FASITIGUICHT,

ical responses mr Cuenoriiebditis clegans to high
magnetic lields, Ixperientia, 51, 284- 288 (1995) .
1) A51T 4, dYbAE, A er, Bilsr—x, ATk

6)

=]
T

8)

9)

12)

14)

15)

-417-

A 1

K RS RO FEA - 1T
W, HIARALEM 258, 2(3), 40 43 (19)4).
AR, FSTT 15 SRR R, (LI Ak, (A T,
LT S ORI I 561 | R N VA 119 5 T R e
LD AEINAEF M~ D328, iR a3 aiC,
116, 187-192 (1996).

S, YAMADA, M. KAwAasAKL Y. GUNJL S, ITArRADA
H. YaMamorTo ; Effect of low frequency
magnetic ficlds on DNA synthesis, {FFE
on Magnetics, MAG-32, 5115-5117 (1996).

- EIS Ry -
J-..-"'{i{.i i“u J

and

Trans.

Ba] 508, &30 PE, (Glsfy, iy dr, kgf
A, A i 32 2wy FEMIC IR A i
BB ¥, WA T~ 747 4 v 7 AW e F,

MAG-96-139, 67-72 (1996) .

National Institute of Environmental Health Sci-
ences and U.S. Department of Energy ; Questions
E.M.F. (1995).

A. NAFALSKL, N. ROy and S. YAMADA ; Measure-

and Answers about

ment of magnetic ficld in urban enviroment, Proc.
of Australian Umversily Power Electronics Con-
ference, 247-252 (1996) .

ANBFRE R B, elegans & Flb - P15 o FELE,
g, 51 (9), 570-576 (1981).
W I, Wiren ; How cells respond to stress,

Scientific American, May, 34-41 (1993).

E.G. STRINGIHAM, D.K. DIXON, D. JONES and E.P.
M. CANDIDO | Temporal and spatial expression
patterns of the small heal shock (hspl6) genes in
transgenic Caenaorhabdilis elegans, Molecuiar Birol-

ogy of the Cell, 3, 221-233 (1992).

5] ﬁtjﬁ LS, LA, FEIET, B
Ky AHEFEER R E A TSR OB AAO R,

Ok ?"ﬁ“w’/ AT 4y 7 AR ER, MAG-94-52,
131-137 (1994).

W. HABRERDITZI. . Enzyme actwvity 1 high mag-
netic field, Naiture, 213, 72-73 (1969).

5. UeNo and K. HaraDA  BExperimental diffi-
culties in observing the effects of magnetic fields
(FEE
Trans. on Magnelics, MAG-22, 868-873 (1986).

on bio-logical and chemical processes,



