R=E

REN Y & UNVA RF BEGREICHS T 5

MR A RO A
ZHEZ, SEHE_L WM REE, FHHEH?
DEJIERFRFBUHARES: 2R
ZEICH W BT L ON
*C % (o ARPFFEICH O ONIoEEFH WS LTV A

TR OEGZE O BEASICITE A RiZ5 b
DHH Y, I MRI 2 & O H B 8 2 M i1
I EMN A HRETH - 7. MRIZET
EEEREWY, B OOVAS VL), @
RS AVWBRSIERE S 2L S48, £h
EGRILT A0, B, BRIEEOR SN
SWHFE S N TW R\ /2D, 3 A Ko
IR IO T Ak BT 5k & 0%
B 5. HE, FDAVL NRPBYCit, #H#LT
70 S D DIR IR IEIREI AT R 5k 9 2 [
ToHREREAREL TR, #HBEET O/
ERFEAOFMEEL T, 4k, ML
K TCRAELRVWHEEO—DTH 5.

ARFFEE, MRIZEOR &M HET 5T
EERHPE L TThbN/z. MRIEETHWS
NLEBEFEHS L LU0V AS VA WERE# T
WHNCPER L, EERRGSGHEA, SETRHIC
POV AS DA DI Z B 7 BRER T HETE A O M
HICEREE L SR DLTENTELEDENPER
NI AZENPENTHS.

] &

1. BTEHWESEL IOV AT VA HRBEREOE
B

SUFWERERZ TN TUFDO LBV ICHES
N, FRICHEON BRI —&FTh 5.

B L 7-B%813 OV A 7 — 1) T25# NMR 3
E (HA®REFH GX-270 FT-NMR) Th D,
W 6.3T (EFWY) ThHs. MRIEE
BOAVY VI a—kIC X AERIEEFIC b N
LSWVAS VAW EBET S0, 90 BN
VA& 180 UV AD U ZRFN B L 7.
6.3T DEHW BB L KFEDO S —E7 Rk
¥ (270 MHz) <90 EE /%)L A1% 375 us, 180
B/ SOL A0 750 us DSV AT VA RFEIC &
DEPANCERET S ENTE, 90 E/ LA
T4, 50ms BIC 180 /L ARRETE SN
D% 1950 ms D% BT 90 EE/ L AR
JERR DRI NS5OV AR ES Nz (Fig.
. 7k, SEHEEL-EHTHRIBYER, &
EFEWB B LU0V AT DT O 1 RERE

90" pulse 180" pulse 90° pulse 180" pulse

<>

<>
375 usec 750 e sec
<>

50msec

A

»
>

2000msec

Fig. 1. Pulse sequence (6.3T, 270 MHz)

* —rJ— K magnetic resonance imaging, mutagenicity, safety, bacteria, mutation
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ERCAPSTS

TOKREFTEDONT, BEICLAHHEL
E|HTEHEEZONT.
2. M OZEFR/ N2 — ORI

point mutation, frameshift type mutation,
SOS RIits, %% 332 — OERIERICEIL
f*ﬁ%ﬂni{i’ﬁ > 7.
1) point mutation, frameshift type mutation ®

W

point mutation & frameshift type mutation
OBHICHEAE L 7-f1EiE, AMESETHWS
1% Salmonella typhimurium ZEfkA -,

point mutation { Salmonella typhimurium
DEAFVV/AXDVTEL, MEETE AFY
VBRI A T OOBEEROBERITE A
FVVEBEFOREDOTALICTAEL 5 C & BT
IZhh-> TEBYEAF VUM OGS h
T VER D MBI AE U e\ BREFICRER S
1, Salmonella typhimurium 2 ¥ ¥k I 7 G 2
HEPEL L, ©AFVVIEKREHICEITZ L
L, HE, MHELERT AL L%,

frameshift type mutation (3 & {& F DNA ~
DRA7 VAT FOKRE, AN &0 BIZRES O
HAMDIZIADPE L AF VVERTELLS

#21% 35 (2001)

7o TWAERINZ—ThbH. {LFWELK
MR EOERFRFCLVERERS L EH
HOENTWAS.

point mutation O#EFIZI% Salmonella typhi-
murium TA7001-7006 {E&#k GREFR), frame-
shift type mutation O#EHT(E Salmonella ty-
phimurium TA98 ¥k (TA98 #k) % {HH L 7=.
BAEHRITIOEORAFET >EENTED,
R—=ry P EDBZA7VEFFIRTNL R
7eoT\Wh. EWOFEMIE Table 11T L 7.

% B o AMES # 5 1Z 13 Xenometrix ¢ #
AMAX manual system % H\7z. TDY AT
AFERTAEOBREIRERI RO T
<, FEMICHEEE W Tan=—%Y v b
FTHOTE L, BRFICEEI N/ H% 48
wells 7L — MZHBLL, ZD well DEFHZEAL
TEIRERRE RL 2 P 7> T 5.
2) SOS GO

KIGE O DNA ITBSHEALF B s & OZ%
RIFCHEEY G 25 &, MlagdEl, Jo
7y —vRal) v UEARRE, DNA BERE
R, RAREREOFENEL SH. ThHOB
%13 DNA OEE & WO BEaHERITH L T, &

Table 1. Genotype of Mixed Strain and TA98 Salmonella Typhimurium

Strain Mutation Type Target Cell wall* Repair**  pKM101***

Mixed strain

TA7001 his G1775  point mutation A: T>G:C rfa uvr B yes
TA7002 his G9138  point mutation T :A>A:T rfa uvr B yes
TA7003 his G9074  point mutation T :A>G:C rfa uvr B yes
TA7004 his G9133  point mutation G:C>A:T rfa uvr B yes
TA7005 his G9130  point mutation C:G>A:T rfa uvr B yes
TA7006 his G9070  point mutation C:G>G:C rfa uvr B yes
TA98 his D3052  frameshift GC rfa uvr B yes

* These mutations affect the lipopolysaccharide component of the cell envelop. These strains have increased
permeability for bulky molecules.
** Strains carrying the uvr B mutation are deficient in excision repair of bulky lesions as measured by their
lack of survival following UV 254 irradiation.
%k Plasmid pKM101 acts to increase the activity of the antibiotic ampicillin.

200141 A 16 HH 200143 H 13 AET
BIRIRE RS T078-8510 fJlITifgA s 2 4 1 TH 1-1 JWIIBERICE U RS FHEZ
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MRIEBIERES T2 B0 2 MIEAROH &

7w —WHIIC Ll L, DNA #1B18 4 2 BERF
ERL, RERLSGECEEL, 2HFTEH»
LEVOINEEEEEZONTVWS., b —
HMOBRIEISOSKILE L TERSINTWVD
7, B5I5EEFFHIIEHRL TSOS VF 4
Oy EMENTWA. SOS VF 2 0 D&
BFIEEE Lex AV TV vy —IC XD RIL
N T\ 525, DNABERI T TIER S
NAHEPEDNAIC LY RecA X vy 70
T 7 —EEEAEEILSI N, Chba Lex A
VTV =% 5 R4 % 721 SOS A THE
NRET 5.

SOS It #e th O BRI AV 72 B 1, SOS L
F2RBVDO—DTH 5 umuFNH D umu
CHEEFLEI IV F—AAXBVDO—DThHbH
lac Z' 38 fn T Z #5434 72 umu C'-lac Z'@h &8
EF %275 A3 F pSK1002 % Salmonella
typhimurium TA1535 {28 A L 72 E % W
7z. umu C'-lac Z'@h & &R F 13 umu X v
DT IE—Z TICHEI SN TWASDdIZ, SOS
RISHEL B EBHT 7 P X —EEELY D
OMAE X VN BEE NS, Lcihos T, 2
RIFBRER, HROBHZ 7 P v X —EiEkE
HIE S5 EI2 XD SOS KGO FH O A 4
BHET A EPTES. FEORBRIZIZEHA
PUATRIERTEL Y A5 v 7 F v P V7.

S HEHLAVATLARBLUF Y FOMELT

25tk

1) Xenometrix AMAX manual system (point
mutation, frameshift type mutation O H)

Batk, TASPRIIF AW MAEHA T 37°C,
12 R, BEEPREEL 1EICBEY D H’%%’ﬁl
1349 107 @ICER S 7z, 1 [mlD 5323 alEE7x
ﬁgtﬁﬁéhttﬂ%/y%aﬁﬁmfﬁﬁ
HPNCE T SN, EiR T CEE RS M
CICEEFHES R LU0 VAT A HICRE S
N5C EiTinbh. EERHIZ 15, 30, 45, 60 &
ThHHD, EERBILMIF CREZR OO
ICERTIC@E» N/, 2Dk, 904, 37CT
FEEERE#E XN, pH indicator (bromocresol

purple) %0z, 48 wells plate iZ 4 L 7=.
SBLE NIRRT 48 e, 3TCTHHERSR S
N, 2 Bk, B (Fo) b - 7o well
AV URIRERE AR L. ok, B
PERTHERE & U IR BB E L, BoMExT IR
L L TiZ 2-nitrofluorene (2-NF : 250 ng/ml)
Y 4-nitroquinoline N-oxide (4-NQO :62.5ng/
ml) {BEERE 7.
2) HARPUABIZERT Y A5 v 7 (SOS RIED
D
TA1535/pSK1002 i % 8 i (A K54 (TGA
i) PC37°C, SIGRIEERE L /. Wik
100 pl & SIS T CREFRBL I EET
W5+ /7 VAT VA MWICBRFE S NI BiERH
3% %, 104, 204, 30 53 CThb. ZOH,
90 4y, 37TCTHERIEL, R (0.22%X-
gal i) minz Hh, 604, 37°CTH
#FIN7z. 60 SRICKINEIERKR (SDS/DMSO
BEBK) Mz, BROREHEZRL 620
nm CHWHKEZBELLTZ 7 P v X —EiE
AR L7, R E L CRRERY
FEL, B SR & L Tl furylfuramide
(AF-2) 0.033 ug/ml % 10 ul (s AF-2 yps
0.00303 ug/ml) % i\ 7.

& R

HaHEMNTIZ 1T one-way analysis of variance
(ANOVA) #% i\ 7-. point mutation, frame-
shift type mutation, SOS JLDFEIIZ DOWT
{X Table 2, Table 3, Table 4, Table 5 IZ#5F-%
mL7z.

1. BEHW S B 1IC X 5 point mutation,
frameshift type mutation O# Hifk55H

BHEINIRAEKRS JUC TAS BRIZITMET
%E’Jﬁi‘f%% 3o ’C{E Eﬂ AL oz,
PEHETIREE LI W T N A EROENIZED BN
(P<0.001; ANOVA). EAFITVWIFND 6K
HRTHSH. FEROFEMIL Table 2 IZ/R L 72,

2. BERBWH B LUV AT VA HRA ZFE
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Table 2. Number of Revertant Mutation in Salmonella Typhimurium Exposed in 6.3T Magnetic Field

Exposure time Control

Tester strains
15 min 30 min 45 min 60 min negative positive

Mixed Strain 4 57,148  081+1.02 072+1.04 1.03+0.97 1.22+1.32 22.21+2.87*

(per/48 wells)
(n) (6) (6) (6) (6) (6) (6)
(per’/lgégvéells) 0.83+1.28 0.81+1.19 1.29+1.51 0.82+1.20 1.29+1.01 33.80+6.57*
(n) (6) (6) (6) (6) (6) (6)

P<0.001 ANOVA.

Table 3. Number of Revertant Mutation in Salmonella Typhimurium Exposed in 6.3T Magnetic Field and
Radiofrequency Radiation

Exposure time Control

Tester strains
15 min 30 min 45 min 60 min negative positive

Mixed Strain - 444053 1004071 1.33+1.87 0.78+0.97 0.89+0.90  16.67+6.47*

(per/48 wells)
(n) (9) 9 9 9 (18) 9
(per};ljggv%ells) 1.67+£2.12 1.11+£1.05 0.89+1.05 0.56+0.53 0.94+1.10 12.51+4.37*
(n) (6) (6) (6) (6) (6) (6)

P<0.001 ANOVA.

Table 4. Absorbance of Salmonella Typhimurium Solution Exposed in 6.3T Magnetic Field

Exposure time Control
Tester strains
10 min 20 min 30 min negative positive
TA1535/pKM1002 0.342+0.025 0.328£0.041 0.339+0.031 0.335+0.049 0.878+£0.068*
(n) (36) (36) (36) (18) (36)

P<0.001 ANOVA.

Table 5. Absorbance of Salmonella Typhimurium Solution Exposed in 6.3T Magnetic Field and Radiofrequency
Radiation

Exposure time Control

Tester strains
10 min 20 min 30 min negative positive

TA1535/pKM1002  0.359+0.037  0.338+0.038 0.352+0.027  0.355+0.021  0.859+0.012*
(n) (36) (36) (36) (18) (36)

P<0.001 ANOVA.

IZ 3317 % point mutation, frameshift type muta- BT IN/RE/MB LU TAS FRICIT#ET
tion O HIFEF FRAEET b - TRRERIAE L o 7.
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MRIEBIERES T2 B0 2 MIEAROH &

BRI S T W T h A EROENPED LN
(P<0.001; ANOVA). REMOEARITZEE
B, BMERRERL 9 Wk, JEREERET 18 Mk
Th5h. £z, TABKOEAKIIVIFNL 6
BIETh 5. FEROFEMIL Table 3 IR 7.
3. BEWMHSHE MBI S SOS RIGD#
SR

EE T S H BB OWOCE TR L TR
BE L IERERE & ORNTHETF IR BZEILIER T
Elah oo AF2 R L 7Gx AR & 1

BEPARDOLN (P<0.001; ANOVA).
BEAREUI BERE, B BT 36 #ufk, FE%
TR 18 BATH A, fEFROFEMIZ Table 4
IZRL 7.
4. BEBHSB KONV AS VA BRERE
1281 % SOS BRSO kG F

EBEWS S LU/ VAT VA HRE BERF
DOWIHNTBE L T B & IERERE & ORI
M FMWEEETEMCE a7z, AF2 %
AL BRI S EREDPRO LN
(P<0.001; ANOVA). EABIIEER, Bt
RREIL 36k, FFREMITI8HMATH
. #EROFEML Table 5 1R L 7.
5. fROE L

FET SR, SEBWBII VAT A
A BN 2 72 BR#5E N i, Salmonella typhimu-
rium TA7001-7006 & & Bk 12 4 1< point mu-
tation 13359 T £ J°, Salmonella typhimurium
TA98 ¥k iZ & frameshift type mutation |3 A &,
AL W EE 2 b/, E/z, Salmonella
typhimurium TA1535 / pSK1002 ¥k 1 5 1 %
SOS RIG b HFEICAEL v EHfEHI 7.

Z 3

AFIZ MRI 38 A S /- Did 1982 4E T,
20 AT VR A A oA, RS h S EE
TWWHR/ VAT VAW DREMEIT N E 2T
THENL I TWwr . MRIZEE O BIEIC
AFRFIADIER I L CoBEEFF#H s /e

FEThHH, MRIELEZH T HHBID 36% 13
IR 7 IS L CTn D L OWME LB 0, #
ERIEH, EEMERICBEL TR 2ITmRL
R TbWEBEETH 5.

MRI 45 DA RFE M E T ICERT 5
Wroeid, MRIBIZE M4 1970 4820 & BLAE
ICELHETTHhbNTED, negative data, posi-
tive data WINLFEHHENTWA. MRI T
SN &7 ABREES, SEFS, VA
U, ERES CTh B0, HxikiT
ZHFOBEABRBICOWTHRFAZ LTIk b
. BERFIEHAYHE T AREE A RS T 5
FHELTE, EFRRSGEMORE L LT, ¥
BEOBELV 7RI AERHEREO L
AV, ABRIVROHFWERD LAY, v avVs
™7 /NI wing spots Bk 7z & OWRED D 5.
BRI C S ICB LT A oRE L L T,
DNA & MEHDRAED, /NIVAT IV ED R
FZBR¥E TlT Sprague-Dawley rat 7= N TDRE
R reabsorption KL IHT AR D EF7S %38
DLEINTWAS. Fiz, TNHORERER
BE L 72 b DL, W TER T AR5 H M &
EHWS & O A G HE THROBER & BEA
B SN 59 & xh, BHENL MRIZEE 4
SHHICE WD LT, 1.5T @ MRI &
FTIEZT FUREEWERER EBIERP RS
NAHOLHESINTHSE. LAL, ThbH
positive data % {1 5 7= frb N /2B E
BRCld, BEMEAZEDO LN > 2D~
positive data ZE 5N/ HDICBHL Th, £D
ZERIEHORBBET IS ST,

COXRDeBEROFT, Foxl3Z R
CHWON S ZFA L, MRIAZESEMAE
NMR ##E CER L, SEFRSHEMRE, &
EFHWS B L O/VIVAT VARG R IME
ICEREEL SE L0 "7 720, wih
OB T4, MEIC point mutation, frameshift
type mutation, SOS JGNMIFETE R W EWD
FERIC 2 - 7o BERITITb N/ L Fx OR
ADFENE, FhE TOERIILMaEw L &
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DI EH A G L L T B DITK
L, BifieMErHW/-Csichsb. maT,
BRPD - 1o E I B RNCE RO A ERF
BLUOERNBR D> TWAzoIZ, TEHRA YV

FRDOPD EVOHERE L > TS, AL
NMR %@ 13 EE O MRI & & 875 0 o0
M 6.3T TH 52, MRI ZEE TIIREITA
DY 2 2N s 2o B N R 3 ot = R S - )
D, NMR #EEA W= LI L0 BHEEAIC
® LU CEBIY, 7SVAS VT HERERIE—IC
Tl EE2 NS, HAEOMBIZEAL T
I C&E T, MRI OERMEES AL
BEREAINT 572000 THY, EEO
MRI CiIAKFEOT B+ BRI % 4567
OPREBIZHEHIN TS, SEIOFERITHIC
ORI —ET RERO/ VAT DT HEHE
W TkH, BERENTIKFEOTD LV
FHoic kB aE2zrCns EE L LN, 90 &
F 180 AV VEFET C LT L THERK
HiF b o LRI 7.

FEREE AT IO RARERIC LD
ChHEVHNTWA., T b BRI
ICBRT2DIHLNATHD, BRFEWOHE
BN D DICER « etk SR I N T E 7.
Kb %BEOFTHL AN - 7- AMES
RS L umu AR (3B O Fe s R R R
EROLMREPE N E A LAVEN SR AT
H5bH. CNHOF A& AW TEBEEC R
ORI DK % 1T - 72385 Tld, AMES
Er AW EmErH 5. 0.3mT M, 60,
600, 6000 Hz B B fh, WiEH DR G BHE
FE2O CREREFHEIIRD TR\, —7,
0.2T %5, 60 Hz BRIk D 48 RER B FE Tl
azide-induced TA100 i3 FBEICER L U2 &
O R, 27 MHz & 2.45 GHz OB R 2
BCTHIABRCHEMLAR Lot LH 5.
L2L, WIFnho@mEd MRIZEEZR &L
TITbN/Izb D Tid\.

MEEICER AL SR Eh oo b VO RERD
AT AR U TR, ERFEER V&
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A Study of Bacterial Mutation in High Magnetic Field and
Radiofrequency Radiation
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Recent epidemiological studies have indicated that magnetic fields and radiofrequency (RF) radia-
tion have an adverse effect on the body. Several studies have investigated the possible adverse effects
of the electromagnetic fields used for magnetic resonance imaging (MRI) procedures and their effect
on pregnancy. The purpose of this study was to examine the safety of MRI by observing if bacterial
mutation occurred in the MRI environment.

We used a GX-270 FT-NMR unit (JEOL, Ltd) with a magnetic field strength of 6.3T. Salmonella
typhimurium tester strains used in AMES and umu-testing were exposed. The incidence of point mu-
tation, frameshift mutation, and SOS regulation was evaluated. TA98, mixed TA7001-7006, and
TA1535/pSK1002 strains were used to detect frameshift mutation, point mutation, and SOS regula-
tion respectively. Tester strains were exposed to the 6.3T magnetic field only and to the field with RF
radiation (90° and 180° refocusing pulse were repeated in the hydrogen Lamor frequency at 2 second
intervals). After each exposure, the rate of mutation was evaluated.

Rates of revertant mutation in mixed strains and TA98 were not observed after 15, 30, 45, and 60
minutes of exposure. SOS regulation was not observed after 10, 20, and 30 minutes of exposure.
Statistically significant incidence in the 6.3T magnetic field only and with RF radiation were not ob-
served. Therefore, it was concluded that bacterial mutations ; point mutation, frameshift mutation,
and SOS regulation are not increased by a 6.3T magnetic field alone or with a 6.3T magnetic field and
RF radiation.
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