The Effects of Microwave Exposure on the
Occurence of Cell Injury
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<4 7 o EREIC L AHIAREEE Y T Ao, BEK 2450MHz <4 7 riEy, BER23E2CO&HETT
o75~280g DA A X —RHET » FEEEBHL, UTFOHHC O ERAH LA,

¥, EREEBRDLD, <4 7 r ERHOTERCRETHEYRE L. PHYERA~ 1 7 o BERAEREC TR
MES, 10, 15mW/cm % 1 B & 51 REME 10mW/cm*Ic DTt 2, 3RMICT= 4 7 ritk 25 R L, BHHTR L
CEACEREYREL, FROEFGECTHBORENERT/Rs%. v/ 7 n BRHKTEROERRIZNRACHE
L, BEIC, LavdBERES ASMTBC O TLER L. ¥, BHETEAOIFMIAKREE (FR) cow T RAROR
BChote. B, BHRTHEOERR L FROFHEDZZ, BEBRECHMCHECEIOERNELR L. BRERTER
F 324 AF T, R § VERA S BB N 5 AT § 7 — ¥ (glutamic oxaloacetic transaminase, GOT),
FARIVEBEALE VBT S VAT § + — ¥ (glutamic pyruvic transaminase, GPT), FLF i K % B% £ (lactate
dehydrogenase, LDH), = V v =25 5 —+ (cholinesterase, ChE), 7 /4 # Y 7 3 A7 7 % — & (alkaline phosphatase, ALP),
20w A (K), vy s (Ca) #RE LK. 1 RERBHEZ T2, GOT, GPT, LDH, ChE, ALP, K, Ca DWFhit&\Td
AL HIBE S OBMCASE RS S - . REUABHE T, FRECKHL, 15mW/om® BiIZ s\ T D& GOT, GPT,
LDH cH &% LR (P <0.05) ##%, ChE THELED (P <0.05) ¥ Hdfc. KHMECRT 5 REES L 2085HE b T
12 15mW/em® Bz 8\ T D4 #E I, GOT, GPT wTHE LR (P <0.05) %, ChE wTHELEAD (P <0.01) #RD
7. ¥, 10mW/em?, 1, 2, 3BGRIRHEHUKEMEKECOEBE, GOT, GPT, ALP, LDH 2@ LicL 25, BERBRICOW
TO&H, WThOBLMBREICH LEERER (P<0.01~0.05) 2, &HL5 | BHEBHEO LM 2, REHBEHMCLL
BB O FHET R - 12,

K RO RESE b2 BE T2 dic, BHEHBE 15mW/em? O~ A 27 v, | BB T 2408 FrE D ~~ +
Fy)v—xd O VR, SARG, FEHREELTTRV, XESIOCEFERECTRE L. GOT & XU GPT 23fkic
100U 37t o b S EEATRESR b 5 % 3000 7o FHELA T 12, FFRRBS OB L0 BB M N S 5 L, RO IR/ P ORI o k3R &
5 o, NERLFFARO 7Y 2 — ¥ VBN oMY, FARROBERHECHEREEDILA L&D . GOT I ¥
GPT A1z 400U AiTg o @ EERTEESE E R 2 BB T, ARk OB, #EMO HBRCBESEGOHE, RFEHO
7Y -y vENOEBREY, BREREHOKA YRS, BREENCIFMRANEEOEBE DK, BMEK /M
MOHE, Bre<FvORE, FHRKI P v FIT7TOREEORE—{kL 7 ) AT OBEEXRD.

<A 7 A ERHEOMPI L OFRME T Y v -2 7 L F FRECIISTHEYBET A o, RERE 15mW/
em* DA 7 e | S SREEBICEROET ., &R IFRRRO 8 Rk L TEEEERRE S L, Saky =<
VST 4 =T, MR IO e B vy, FvE Y, RBOWERITR -k, FEERBICOWTE, &6
CEMSER ] g1 05 ATP, ADP, AMP G4 BE Uiz, 15mW/em' | EBAHA T EH TSR Sl LT, lirhic
DL, bRFFVFY, Ry vF Y, REECERER LR (P<0.01) x@&o. FfrbTr, efxyvr s ERER
i, BB (P <0.01) BB, F4vaid, AEAELERDEI -k, R, HEfS ATP 35 ExRY
(P<0.01) %, AMP 13 & E7cin (P <0.05) %##dtc. ADP BREERE(LERomh-fe. FEBHFR7F=v 2 1t
FEBIP= R AF-FREIL, HCHBELRED (P <0.01) x@RdI. LEDRERI Y, <1 7 n BRI L 2MhREO L
RE—EOR + L ARIETIRIES, D ATP 235 ADP, AMP #@& T e Re9 vy, 45y, RIS 5 REH
BATL, ERamAtREO ERCHEY LT WA BRI L. £70, MMREOFTR L ) FROERESSBESh, 77 =
R7 LA F PRBOTHI DI, SV Fvisv - CROEUBRECEEN YT 7 v BRHOFAIRER S LT
WHRIRE I hic.

Key words microwave, cell injury, xanthine oxidase, rat

Abbreviations: ACGIH, American Conference Governmental Industrial Hygienists; ALP, alkaline
Phosphatase; ChE, cholinesterase; GOT, glutamic oxaloacetic transaminase; GPT, glutamic pyruvic
transaminase; HE, hematoxylin eosin; HPLC, high performance liquid chromatography; LDH, lactate
dehydrogenase ; TCA, trichloric acid ; g, HFEREEEE
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2 — VEREET, MEERAEINR & 0214 — SEHENC T~ VR
MEFs -, MEEELOEE, nEssL, 7123 vE
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Fig.1. Block diagram of microwave device. This device is composed of magnetron of 2450 MHz, isolator, coupler and
applicator. Magnetron supplies microwave energy, isolator prevents the instability of power, coupler measures the energy
amount and applicator is the box on which the shelf a rat in a holder is put.
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# —+4 (alkaline phosphatase, ALP) % thfadk, 9V v 4 (K) %
@iy, Ay s (Ca), =) v=AF 5 —+ (cholinestera-
se, ChE) # HEBE THIE Lic, X, mBHFEECR—-27
AIAFE—FF 4 FEAY—F A -2 —®FEAL, FEOER
ErRIELL.

2) =4 7 e RENC X B HEROMIBENE

1) EA—%HRBNT 2450MHz O~ 1 7 n k%, BHHW®
1mW/em?, 1K/, NEERBRFA~ 1 7 e BREERICT
SHBEHE L. BHEHKTURBRCR v I 2 - LKET, Eb
o, FEE MO - B TEMERER O EBIELRF
BEOREE UTHE Uk, XEERSHEARRNE, 10%+
A=V VYRTREEE, ~ T+ F>v ) vt v
(hematoxylin-eosin stain, HE 3+8), :@¥KFEM > » 78I X 5 ¢
A, AR L AERRELTR -, BTEREEER
BEHNZ, 2.5 72— TATFe N 0.1% A=Y — &
BEW PHT.4) £ 2%A4 A v A8 (REEK pHT7.4) T4C
TEhFh30, 600HMEEL, =& /7 —ARFIBAK, =8
SI2TRE L. BkHL, BFEEHEE CEEMSRI500—-20000%F
THRE L.

2. <4 7 e BEOMmT R L OFEREHTY v -2 2
V¥ FRECRIETHE

BHEE 15mW/cm* D < 1 7 w3 | Keffe SRAEE, W
B~V v CTa—F 4 VI LicF . —J I TRMOE T, [
BrEo LmESRER, BREQ®T 5 A0 2MBERE L i
Z7T, 3000g 107 FHEOSHMEL, L2 0.45um 7 4 45—
(Steradisc 25, Kurabo, ) H# L, BEEHh /o< 275

7 4 — (high performance liquid chromatography, HPLC) D%
BHE L. 7, SOBESCHEBEL, FEZ&O—S % 9k
L, FSRCCRIE, WSROI L. sussskhiz
RFHIRFE R M U, RSB & Lis. B3k ASmic
BL, BRIL LB 2MBESEBRY N, X ERL
3000g &= C1OD RO MR, X 0.45um 7 4 V2 -1
L, HPLC #B\ice By v v, ¥4 v v, RBUED
BEE L, eRFH vy, 29 vFyv, REBOSICIT,

Ry T, A5 h, F4522-1, FhFh, LC5A (&S, X
#8), EICOPAK MA-50DS (== 4 = &, E#), esaMODEL 5100A
(ESAH, B 2&R 1 R4 L 0FERLE. ALS™o
FEREL, eRF9 vV, 29 vV IELE 250nm T,
RERIE KR 290nm THIE LY. F+— P Lo — 2R &
DEAGCRER | gl 505 eREyvry, $Hvry, |
BeRvEE LY. IRoERFARRSOEEYEL, &
HLIT5% MY 2 v aEefg (trichloric acid, TCA) (FId, *
B iz, EbIC@BHR L. The 4 CT04-HME LEo
B 156008 2T, 5 0MHEELL, FOEHIZ0.5MD b ¥ —
n—=F7FNTIvEX)EELL, 1, 2—rVzem Y
IAFrer=R Y (X ¥ANLCRETHLBRL, BO
15600g 2T, 54 MBHELL, F0 LS HPLC 27
TF=VR IV F FRIEDRE & L.

TCA HiEHF D7 F= v 27 LA+ VDAL, #v 7,
AT A, T4T 2R, ThEh, HLC-803D (HEY — &,
R 5), Partisild SAX (Whatman #:, Maidstone, 2 [F),
UV-8model 2 (I — ) ¥R 2WCRTEMFC I D FER LK

Table 1. Assay condition of HPLC to measure hypoxanthine (HYP),
xanthine (XAN) and uric acid (UA) in plasma and liver

Flow pump
Column

Column temperature
Ultraviolet absorption detector
Detector condition

Mobile phase

Flow rate

LC—5A (Shimadzu)
EICOMPAK MA —50DS column
size 4.6mmeX150mm (Acom)

254+1T (Ambient)

esa: MODEL 5100A (ESA)
HYP, XAN; 250nm, UA: 290nm
0.2M KH.PO./H,PO,, pH2.0
HYP, XAN, UA: 1.0ml/min

Table 2. Assay condition of HPLC to measure adeninenucleotides in

the liver
Flow pump HLC—803D (Toyo soda)
Column Partisil5 SAX

Column temperature
Ultraviolet absorption detector
Detector condition

Mobile phase

Flow rate

4.5mme X 150mm (Whatman)
25+17C (Ambient)
UV —8model I (Toyo soda)
270nm
win  0.01M KH,PO,/H,PO,,
pH4.0
linear gradient

"7 0.4M KHPO/HPO,,
0.4M H:PO‘ pH3.25

60min

1.0ml/min
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Fig.2. Changes in rat rectal temperature and rat liver
temperature after whole-body microwave exposure for 1
hr. The ambient temperature is 23+2°C. Rats are
weighing 275—280 g. Each value represents the meant
S.D.. Control rats were restricted in their motion without
any other treatments.@ , rat rectal temperature (each
group is composed of 20 rats); O, rat liver temperature
(each group is composed of 10 rats). *¥*pP<0.01 vs.
control, 24P <0.01 vs. control

em? T4240.00+0.39°C, 15mW/cm?® Ti242.10£0.38C L &R
HEERL L, SRR LEBC LR L. ¥, =4 o0
PRAHR T EHROFEPEARE (FR) INRIFC337.801
0.21CT# - oy, 5mW/cm? BEHETI39.73£0.62¢C,
10mW/cm? T1240.3040.43C, 15mW/cm’® Ti242.28+0.36
CLABMBERE, IBHCELAERCEALL. ¥, ~
A7 EBRHRTEROBEBRE O THEL RO FHEDCE
12, RBET0.63CTH - fett, 5mW/em® BEH TI20.61T,
10mW/cm? Ti20.26°C, 15mW/cm® TiX0.18°C & WA DR
Rl (K2).

1. %44 0Es5RHAICS 3 MEENES S TRREZHEL

1. =4 7 nFEOBHME L TBR~OFE L O

M4 GOT %, <4 7=l | BHEIBHER TIX, MRET
79.5+3.8U T, 5mW/cm® BHFE T 71.6+£8.4U, 10mW/
em? TTA.7+4.2U, 15mW/cm? ©86.3+9.3U &, £FEL AR
L oOMcAEEZIREDEr o, LU 1 KeIRH 24K R
D GOT 12, WBEET7.04£5.4U @t L, 5mW/em® BT
70.7+4.1U, 10mW/cm? ¢ 73.845.5U, 15mW/cm® T 268.8
+80.2U0 & 15mW/cm’ BHEFCBWTOLREREL LAZRD
Fo. Eio, HBMECRT > RHEEE L USBEOLE TR
15mW/cm’ BEBIC B W TOAERERRD I (H3).

M4 GPT 12, <4 7 =3 | BRREIRHEK X, YRET

400

300F

200t

100

Control 5 10

Power density (mW/cm?2)

Fig.3. Plasma level of glutamic oxaloacetic transaminase
(GOT) of rats weighing 275—280 g after whole-body
microwave exposure for 1 hr at 2342T. Each value
represents the mean=£S.D.. Control rats were restricted in
their motion without any other treatments. [J, soor
after 1-hr microwave exposure (each group is composed of
10 rats); 74, 24 hr after lhr's microwave exposure (each
group is composed of 10 rats). *P<0.05, significance of
difference between 2 groups.
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28.9+1.3U, 5mW/cm® & BT 22.3+3.1U, 10mW/cm?
799.2+2.8U, 15mW/cm® ©29.045.5U &\ h & s e fiE &
HEEYRDIeh oo, BE2ARFMER T, SR T26.8:
1.6U, 5mW/cm? BERET 26.322.7U, 10mW/cm® T 28.9+
3.1U, 15mW/cm? “C 267.3+66.2U & 15mW/cm® BSEIC B
WTDREEL FEYRHI. i, RRECKST 5 REEE
L 2ARSE O LBE G2 15mW/em? BREIFEIC B\ TOLEBE
@D (K 4).

mif ALP ik, ~1 7 n K | BEEBHEE T2, SBEET
575.3+19.1U/1, 5mW/cm® B # T 577.1+45.8U/I,
10mW/cm? C 593.04:34.2U/1, 15mW/cm? "© 620.8+£49.2U/
| L WTROBIZBOCTHER I LRIZADIh 7. BE24
BRI EETIE, RRBET567.3110.3U/1, 5mW/cm? R B
7588.9+51.1U/1, 10mW/cm?® © 596.6+37.6U/1, 15mW/
em® T 612.8450.4U/1 LvFhoBics T HEER LR
Abieh o7,

mig LDH 1%, =4 7 v | BFREIBHEE T2, SBRET
275.4+16.5U, 5mW/cm?® P& # T 280.8+£32.9U, 10mW/
em? T 289.44:25.8U, 15mW/cm? ©321.3+80.9U LfhiH
Bt ERZED I o, REUBHMEBETIE, SBET
282.1+16.7U, 5mW/cm® BRETHECI 279.0+20.7U, 10mW/
em® TiE 294.4+21.3U, 15mW/em? T 462.5+53.9U &,
15mW/em® BEFICBSWTORAERE R ERA R D . LaL

4001
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GPT (U)
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Control 5 10
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Fig.4. Plasma level of glutamic pyruvic transaminase
(GPT) of rats weighing 275—280 g after whole-body
microwave exposure for 1 hr at 23+2C. Each value
represents the mean+S.D.. Control rats were restricted in
their motion without any other treatments. [, soon
after 1-hr microwave exposure (each group is composed of
10 rats); 7, 24 hr after 1hr's microwave exposure (each
group is composed of 10 rats). *P<0.05, significance of
the difference between 2 groups.

LDH (U)

FRATERE L 24N MEH & OMCHEE B2 -1 (]
5).

M ChE X, <4 7 =3 1 BRBHES T, SBRET
72.0+£4.9U/1, 5mW/cm® BEEET 71.4£7.4U/1, 10mW/
cm® T 68.9£8.0U/1, 15mW/em? T 65.248.0U/1 £\ Fh b
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Fig.5. Plasma level of lactate dehydrogenase (LDH) of rats
weighing 275—280 g after whole-body microwave exposure
for 1 hr at 23+2C. Each value represents the meant
S.D.. Control group means rats restricted motion without
any other treatments. [, soon after 1-hr microwave
exposure (each group is composed of 10 rats); ¥, 24 hr
after lhr's microwave exposure (each group is composed
of 10 rats). *P<0.05, significance of the difference
between 2 groups.
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Fig.6. Plasma level of cholinesterase (ChE) of rats weigh-
ing 275—280 g after whole-body microwave exposure for 1
hr at 23£2C. Each value represents the mean+S.D..
Control rats were restricted in their motion without any
other treatments. [J, soon after 1-hr microwave
exposure (each group is composed of 10 rats); 7, 24 hr
after lhr's microwave exposure (each group is composed
of 10 rats). *P<0.01, significance of the difference
between 2 groups.
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BERELRRD LR T, BE2ARGEESEE T, SR
T 75.0+6.18U/1, 5mW/cm? BE#EC 73.1+£3.9U/1, 10mW/
cm? T 64.9+5.2U0/1, 15mW/cm? ¢ 35.9+4.6U/1 & 10mW/
em® BHEEE 15mW/em! BEBC W TERELEALZZDC.
X, BEEHE - BHARMER - T2 15mW/em® BEFFIC
BWCDREELESXEDI (M6). M Caid, =127 =
W1 BEREEETIE, IEHET4.58+£0.07mEq/l, 5mW/
cm? B BET 4.51+0.07mEq/l, 10mW/cm?® T 4.41%0.21
mEq/l, 15mW/cm?® T 4.45+0.20mEq/l &V FhoFE kL
THEERLTLRRAD bhloh -, REUBFMEHFICE VT
b, WRET4.6140.13mEq/l, 5SmW/cm®* BT 4.59%
0.16mEq/!, 10mW/cm? ¢ 4.55+0.10mEq/l, 15mW/cm? T
4.5740.10mEq/l &£ WFh b FEREIE DL -7,

MEEKE, =4 27 = 1 BEEBHES CIL, HBREFT3.67L
0.08mEq/l, 5mW/cm® BHHBET 3.71+£0.06mEq/1, 10mW/
cm? € 3.5940.18mEq/], 15mW/cm? T 3.62+0.08mEq/] &
WTROBIE R TS HBELELIERD I - o, BE24RR]
BRCR LT, SBET3.7310.08mEaq/l, 5mW/cm® fREt
B¢ 3.86+0.13mEq/l, 10mW/cm? T 3.68+0.09mEq/],
15mW/cm? € 3.67+0.06mEq/l &\WFh b FELELIED
Mo,

2. <A 7 nEORERH L FBER~OHE

10mW/cm? DEBEW BT, BIBETIZ, W O R AR
EEWTHNBECH LARR LR L2, 1 RERHBEOT
BEZIEMBHBEOFHEL D XE 0 -7, i GOT,
GPT, ALP, LDH TiZ, \Fh &R RHIBE & N BE L o
CAEBRELZRD e -T2 (F3).

3. 15mW/em? <4 7 =¥ | BEIREHE T 246 % o fFg
BoOHRENEL

m# GOT, GPT #% 100U itk & REED ERLADRS ,
M FE# O HE $efa T, FOBIRR O/ EROSERORE
3o, ROBIRABOFEROBLCZRERYRD
(K 7). m#E GOT, GPT #% 400U R L BED LR Rbd 1
5 o MEF#EEO HE R, I HEFMBEROKE, Fak
HOBEIROER LI, SEMREOHECREISIEGEL Tk
(K 8). NAREI BT, BT, SABUEERNYS
LRI R B LT B 0w L, AR i e R
FHRER LT » P T, ADNEALE» LFREFTHTTCOR
fila T AEUENOE LWEARED I (R9). BERmE
FFBERAR LR LIS » P DORARETIE, RIFLEOFAkK
BT AR ABEEN OZEARA D, FV Y VBEICE
WD BRI A A B BN > F T A MRNEE SR, §

Table 3. Changes of rectal temperature, glutamic oxaloacetic transaminase (GOT),

glutamic pyruvic transaminase (GPT),

alkaline phosphatase (ALP) and lactate

dehydrogenase (LDH) 24 hr after 10mW/cm® microwave exposure for 1, 2 and 3 hr

Control 1hr 2 hr 3 hr
Rectal temperature (C)  37.2% 0.23 40.0+ 0.39** 39.6+ 0.93* 39.84+ 0.59**
GOT (U) 77.0£ 5.4 73.8% 5.5 56.0% 4.6 80.0% 6.6
GPT (U) 26.8+ 1.6 28.9% 3.1 24.7+ 4.5 25.5%+ 2.6
ALP (U/1) 567.3+10.3  596.6+37.6 456.3x114 594.54106
LDH (U) 282.1+16.7  294.4%21.3 277.0+10.6 273.8+20.7

Each value represents the mean+S.D.. The ambient temperature is 23+2C and rats are
weighing 275—280 g. Control and 1 hr's groups are composed of 10 rats each other. 2
and 3 hr's groups are composed of 5 rats respectively. * P<0.05 vs. control, ** P<0.01

vs. control

Fig.7. The histological findings of the liver of microwave-
exposed rat of mild elevation of hepatic enzymes. Dilatat-
jon and congestion of central vein were observed. Central
sinusoids were also dilated with erythrocytes. Hapatocytes
increased in size and vacuolar degeneration of them was
observed. (Hematoxylin-Eosin stain X40)

Fig.8. The histological findings of the liver of microwave-
exposed rat of marked elevation of hepatic enzymes.
Remarkable dilatation of sinusoids was observed. Coagula-
tion necrosis of hepatocytes with inflammatory cell
infiltration was observed especially a round central veins.
(Hematoxylin-Eosin stain X 20)
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Fig.9. The histological findings of the liver of microwave-
exposed rat of mild elevation of hepatic enzymes. Centr-
olobular hepatocytes lost PAS positive granules. (PAS
stain X 10)

Fig.10. An electron micrograph of hepatocytes demonstrati-
ng large electron dense free areas (arrows) in the
cytoplasm, where glycogen droplets were supposed to be
off. X 1800

f‘@%wl,«k
; e

¥

Figll. An electron micrograph of hepatocytes demonstrati-

ng .1arge and small mitochondria. The crista of mitocho-
ndrla. was destroyed and the granules of high electron
density (arrows) were observed in mitochondria. X 9000

BHa Tk, PEEONEES » T2, FRMOBREH
ORERBEDOANEZRD:. BEOHESES » F OFRLE
TH, BEBHEOWE, BHEEORL 2R D, ETFERER
BT, vEEcmEFEERA LR LSy FTIRZY a—4
VENOHE, FHRORL, BIROIEESS -mE28D, &
BEWmEEERA LR LT v F O PR NS E O
DO, FRREEOME & BBRRCHEMROHR, e
~FVOBE, FlilRA P av FY 7oREIDORE—LR
7 ) AT OEEYED I (K10, 11).

M. Y4V 0REFBF/ICLZ T ~RILFF ERBOD

Z1t

1. 15mW/em® D=4 7 n @l 1 BRBEHR T EH O, i
7 ) vREBho oW

M e R v F i, SBFET0.38£0.10me/dl it L,
AR TIZ1.58+0.52mg/dl L BB LRA RS, MFFv
vF L, BT 1.1520.59meg/dl I L, BEEETIE
6.13+£2.35mg/dl L BB LR R, WHRENY, SRR
T0.98+0.3lmg/dl et L, BERTI0.6611.41mg/dl &4
Bl LR 2R% i (K12).

HE&F e Re v v 43, SHRBET0.0028+0.0017 2 mol/
g dry weight Wb L, BSEE T2 0.005540.0019 mol/g dry
weight L HRL ERA2Bo0. KRS F v v+ i, SRE
T 0.0132£0.0034 # mol/g dry weight W3t L, REEET0.028
+0.020 £ mol/g dry weight & BEARF(LITRD e -7, T
AR RERL, WEBET0.10+0.029# mol/g dry weight w3t
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Fig.12. Plasma level of hypoxanthine (HYP), xanthine
(XAN) and uric acid (UA) of rats weighing 275-280 g.
Each value represents the mean+S.D.. F,soon after 15
mW/cm? microwave exposure for 1 hr on the entire body
at 23+2C. (each group is composed of 15 rats); [], soon
after 1 hr's restriction of motion without treatment
(namely control group, each group is composed of 10
rats). **P<0.01 vs. control
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L, BEHETO0.19+0.048 2 mol/g dry weight & HEE 7%
iz (K13).

2. 15mW/em® =4 7 eif%d | RREIRAHK T EE O FER
HN7F=vX 7 Lis FRECOWT

s ATP i, BB o 1.87+£0.17« mol/g dry
weight 12t L, BEBETIZ0.48+0.13 2 mol/g dry weight &
BELBLEFAD. FFEf+ ADP ik, WRED 0.57£0.17
#mol/g dry weight L, BEHETIZ0.59+£0.19 2 mol/g
dry weight & BERLTLIZEDIeh 7. FEBSH AMP 12,
WBEED 0.50+£0.13 £ mol/g dry weight W& L, B TIT
0.66+0.21 £ mol/g dry weight £ HEx LR ¥ D . FER
T F =R 7 VASF RiL, WD 2.9420.30 2 mol/g
dry weight W L, RSB TIX 1.73£0.39 2 mol/g dry
weight & HREIcHA %R (K4, FEBF =R F-FR
R, WBED0.7310.04cx L, BEBTIX0.456+0.03LF
BB RD 1z (K15).

0.3

|
|

Uric acid

Fig.13. Contents of hypoxanthine (HYP), xanthine (XAN)
and uric acid (UA) in the liver of rats weighing 275-280 g.
Each value represents the mean+S.D.. @,soon after 15
mW/cm?® microwave exposure for 1 hr on the entire body
at 234+2%C. (each group is composed of 15 rats); [ ], soon
after 1 hr's restriction of motion without treatment
(namely control group, each group is composed of 10
rats). *P<0.05 vs. control, *P<0.01 vs. control
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EEOERIL, HIEENC—ECHRHER TSI, 20
Ewies 2 CIEHTHTHA. ARROhAEM EH#E
BAHROBE, LCEBIX5RBEETDZ LEBDIN, fig
DRECEITHBIAX TTFERREREI LT 5. BEE M4k
T LIRS 22 Z LXBPFAIhTERR, BTt
hRBREGHAEN TS, T0—22BBRRICIT 5 B
EYThH. BEREOETIZECD, BB FESE
BEhLWEETHo. L LEHRASEECEGC L0
BEE I MBCZ L BTG L, BREmOES L
I 1960ERATIIT SR OEA T2 b, TBISERE LTA SRR
BERBACHETIND L 51D, K20EHDLTH
9. B, RFERERETIZ, BRELBERC X 2 hEs
BH0, BRECHF TR~ 7 el RbEELFRERLT
WBY,

<A 7 rFEIEDY, WE Imm~1m, EAREHK 300~30000MH;
DBEHMETHY, BRERKBPO V- X ~DOKEFEHY—
DO, AE~OFENEEIND L5tk W,
<A 7 e, B - -EERLV -4 - DA LT EREE,
EIEREGRE, WAERE, BEEEE, &R, KM, &, 52§
MR LOBRBBIOBRELLE LFIBRALIAY - TW5., ¥
o, REABFVV/COEROER, —BRRETLHELLO
Ci-TECED, ARARCHEREC BT 2RERFO—
DELTEETHD. TOFFEERIZETCERO—K%E

N [**
3.0 1

o

-

Contents of ATP, ADP, AMP and TAR (pmols/g dry weight)

0 ATP ADP AMP TAN

Fig.14. Contents of adenosine triphosphate (ATP), adenosi
ne diphosphate (ADP), adenosine monophosphate (AMP),
total adenine nucleotides (TAN) in the liver of rats
weighing 275-280 g. [Each value represents the meanE
SD.. Bsoon after 15 mW/cm? microwave exposure for |
hr on the entire body at 2322°C. (each group is compo
sed of 15 rats); [], soon after 1 hr’s restriction of motio'n
_without treatment (namely control group, each group &
composed of 10 rats). *P<0.05 vs. control, **P<0.01 vs
control .




<4 7 nHERBOMEEER T 5 299

+, BPETIEREOEECE U TV 5. KEBH S B LS
# &£ % (American Conference Governmental Industrial
Hygienists, ACGIH) DFFAZHETIZ, 10mW/em® X o\
iy —BEICD > TIL2ERERE—H 8Kz T, 10~
osmW/em? TIZ, 2HIRFERNIT 8 RERS @ F 604 D % BRsfd
EoX 100 TR, 2omW/em® ¥ x 258, BiE
REERITVETR S TD. ABNDOEEHHECL DD,
300MHz 7> 5 3GHz DREBRRO~1 7 m JWTH 2 1%,
300MHz AT CHHAMBR - =) v= AT 5 — 28K - HLE
- HER - ERR~ORENERIHTHD. AME~DOEE
BEHECREDHNAZD, KEBHOBALET TkisvhtE
HhTVWBH, REFEUTOLERMICLZBECOVT
i, RELERVFETB, ZDRRO—DE LTUL, =
1y nEOEGEEYRETHRDD, =X AF-BR—ED
&HT, <4 7 nEXRREMCRE T 2EEBS Lo o ER
BFohs. FMEHL X, <1 7 o EREMEDOERNTTED
WHEAEBEYHE LY, SERIOEBYHAVC~1 7 2l
OHEBEHH L. TORERER, B—le~A 7 n WERSA
DFEEL, RETHETAAD <A 7 s =¥ — & BE
THIENTELERENHAROEKETSH L. ~41 7 nf=*
AF—FIZEEE 2450MHz O = 7% b v v ZME3 (HZ, ®
B A ZER, 7Rt rvhbD=f 7 e R ¥ —

1.0
T
Q
w0
[§+]
L
0
> 0.5F -
o ‘
(V)]
C
L
0.1F
Z

Control  15mW/cm2

Fig-lﬁ. Changes of energy charge (EC) in the liver of rats
weighing 275-280 g.  Each value represents the meant
SD.. P, soon after 15 mW/cm? microwave exposure for
1 hr on the entire body at 23+2°C. (group is composed
Of' 15 rats); [, soon after 1 hr's restriction of motion
without treatment (namely control group, group is
composed of 10 rats). **P<0.01 vs. control

B7 7Y r—xakbh, 7Yy — 2 ANELMIBREICR
HIh3. B 77y - 2NOPEMNBERT <1 20
BEBERAEO TS AF» 7O LI B S5 A5y 28OS
BYWREER AL - ARTEL . ¥, 77V ¥ — 23R
HINP2BRAEH— LR I5CEBHEOR 2 5 - 0BRTT
B5. AEBCRRBEBORNAIEAAS A £y 7E2TML
T, 1~100mW/cm? <A 7 rifi=3 ¥ —BE Y BT
WETED. o, 2450MHz D= 7% b v vA R LD,
BRELHATWDIEF LV PEBWTZOREEABVWLRT
WANLTHY, ¥, BEBARTOA 7 I L 52HER
BRI O RFIRABREC ZOREENAGLRT WAL

LTHH, ZO~A 7o FRABBEYFRALT, 59 PR
HEfTe 5L, TORHBELYRETHDIL, £<1 7
2R L EERECOWTOREYEBEC L. £E,
20mW/cm® LA EDOBETIRIFCRNZFICHE K TS LHBEL
T b7, SEIIBHEEY 5mW/em? » 5ih%D, ACGIH
DEEMETHS 10mW/em?, LT 15mW/cm? D =B E L
oo ¥, BEO R, REROETRS v MEEOHMCHE L
AERBMAEETSAELTED, KBRELT, BERT I
Ty MFEX-BRTAIEHNEETHD, SENIRERE23L
2°C, thE% 275~280g & L. Galvin 512, EBEOLHE
ERIDVBHBED </ 7 n BEAKRE T, MK, £b¥
MELERDT, BBBEE~1 7 r B IBFEDFEDIEE
ELTW3. BHEROEBRY CICFERIIRHEAEOHMNE
HWERL, 4EAFLLESy P OREEBEZ, 15mW/
em?, | BREIRHEDOBEDI2 8CTH -1z, —F, WThOR
HBEE BT HATHOERRIZBCTU LETHofcE 5]
03B 0P, 15mW/em?, 1 KBRS, ECHERO KRB (F
hBaLEXbhic. ¥, FREZWTFROBHBMEK BT
LHEBRLVEL, SRETIRTOEIR0.63CTH-7h, B
SHRENRL 2D, BEREVAERDICHCLDOEIRE T
5. Fletcher 522, HEOWE HBEZRILBH, T b &
BTSRRI AR MBEOERE L HFROBGBYBE LT
WA, BIBEG LR L D0.8CTEL, EBEA41.5CK
E3C EEDOZR03CETHAS LTH HSEOFRIC—H L
Th5b.

MEEEOMIOIEL LTT Y v R 7 LiF FREDEE
BREENTH DY, TOhTh, ThEREEYHEE 3%
BB —BERCHIEIh TS, S0, <1 7k’
MM E L &R T 2 DY L L LTRD BT ok,
<A 7 nEREN, FRATALHEINRTVWAIREY I, ¥ 0
FroRHESRTHAHEIES LT B00, BELTWAE
Lich EDRZ, el 0BERb > TW 500 RET5%
1, =M1 7 rERLDHBEED—2D 2 H =X A% HMB LT
BETHAEELLILTHA. Fi, HEw <1 7ulict
ZRMBSFRELTV, TONEER IUERER RT3
BFRHUREBEINY, FEBOWREL LTLHRARED
HiebF, =4 7 e RFTREIEVIRIEL Tlebh 5 &%
xbh, FE~NOHELFMCHRET 20BN DS L Bbh
5.

AETIE, <1 7 e L AEFEREBOEFLE L
T, T OHEE L FEREOBGRATIE S, Michael 52
Z XY, BERoBzmAo GOT, GPT, LDH @ LR %%
L, ZhbiBuc X 2EEFER L EBBRROME OEENRE R
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RizELTWh. o, B TR ER Lz 0BREOR
ExERIRHE I AHFBRHATEAEE T, BREKFPOIL
BE, $&, [REE, ALP, GOT, LDH 0—@¥ 0 L R4 Bl LR
BRTCWB EipREGIL, Boddie 522 Reed 5Vt L h
W, ROFELENTHZ L0 & 0 BRI AR R, 43C
CRNCIEEREEYRYET% GOT, ALP, LDH © Z8ix
FREREBILE LTS, w4 7 n RO Ly @& L
#= Lu 5%, =4 7 e ERHc b, GOT, GPT RAEK L
F U723, ALP, LDH A%<, GOT, GPT wBIL T LBH
HH X0 bR 2AEREDO T VBB K EN & LTED,
Z 2 Hubbard 5P X AEEHRET VT » MZBWT, BB
BOAUREEIC GOT, GPT D ¥ — 27 #3bic &3 5 RIc—
HTALOTHA. 4, BEHRE 15mW/ em® iiivT D&
GOT, GPT, LDH @ R &, GOT, GPT TR EE

LB BB LA LcER L omE c—5 L, ALP,
K, Ca TIE({Lex BB 7. ¥z ACGIH OHARMBEE L
TEELTWA 1I0mW/em? KT, 1Eo&ebd, B
HEEME SHMIECER LTHETLERDIed - LD,
Kitsovskaya®™ @ 3000MHz @~ 4 7 a iz B\ T, 10mW/
cm?, —BEREE216 A BB A S MERNELE RO Teh » i fl
Rie—%T5. BERCELT, 10mW/cm!? OBER BT
X, 1RO 28, 3REBHINCI LS ES
B o e DIZBHRHOER LT RTFAMM L, BRADK
B L5 EOATGN T bh Bt ELXLDBILNTE
5. L L=k A¥F—BIRRBH, 7.5GHz O~ A 7 n§
0.6mW/cm?, 3 KRR, HHE60HBE 1T, MEFEHEL>
DTS LT ie A, 13 L OVKSER OB, SEEM
BOWA, B, M, S, BEOEEOWA O UERE
BOHEMYED, BHRAERLILVWEELLRBELNLD
BEC BT 2R BOBENREIR TV 5.

GOT, GPT i, MZOEAAGHEI LD, FMlEEER L O
BROIREL LTHWSLATWS ., - TSEOMED LF
1, FRREELY ERTH0THHN, IOLKFBOBRA
BlBEx KB3 % ChE D42, FFREBGE (& v 07 GHEE)
BEOETFTHEHELT5. LDH, ALP B8 L T2 & ~ FFimfag
= kI OMEHHEEY R L, LDH © 15mW/cm? i st)
HEBNLERE ALP OBFETIRAEVWHERELEKERLD, <
A7 nERFHREEOLL LT, BH 3 - WEELIEST
EMADBEELLRD. Lo LI LDH s R VE
QEEMIZT A VA A RRIE LBRETHBHEND D

BRI 3T A FFEOABRENE LI, 2GR CEAREY
BICLIET L WS - h T Wb . ABORSHR Tk, NERLE
DIFIFREESE, BRR OEIRDIRERS™S™, HMltoz=iat,
[FififE =« 7 = &Y Q%L L CSEIRRBEMIRD R i E
Th, MBS L, FRIRBEOBE, SIRPI RO
LT~ 1 7 = &) O FELABE I LTV 5HY.
5y MBI A REAERETIRY, EROEAPLS - mE LTH
Mlaoz=lbARE I h, AT ko, BEHL
RO LRHE, A PEECINREOHRE, KEXMERN
22t LCIET 5 - BABE SR TV 5. =4 7 e BRBELT
1, ERFHARA~NOBHOLMREIRTRIY, TOELRHR
VNt OZE Y, RO (L, BEHtEROMEE LT
ZrTFVORRRETHD. SERD - EERFEN TR
D5 b, NERLROEIRZ, FFEY, BRESEY, mifbRE

FEY ORI LIELIERD bh, FEOBEILOEM I+
CHRBERTORW D, FAOBAEX LIl k28
LR R S L A FRNEENEE —Re 2y
bhTuwsd. BREETITELREORERE LTO FARIRE
LR, BROEORRY, niEd, FOEEROBESE
DETERL, ThOEERIEE LTNERLE DM
BRI TEEL DA TS, BEIRORIOHAELNE iz
BREW L VDR TWSS, Z0ZRRERLSERD bhks
BT RO—2TH B, TORBMEHEIILING, EREky
BThBEEZLR TS, BEXERELRZ L2 L2y
bRTWBY, Fio, PERLEFBROINECRMERDO KL
Fdleh, ZThITMED > ~#Erm L, HRLEI B khm
R AVNERLE DM & b & EREh, NNERLE
DOFFfEETETO L WERRRBCHELFCeD. <A
& TRDI/NERLED 7Y 2 — 5 VEROMET, Abho
FETZY 2 — 7 v lEBe 2% 2 n W IREBIC it ot b E
B, Braver 592, BHREREBOFECIZARE 7Y o-
FURBELTWCEYHL»CLTE D, — Bk
PME~EMFRIRRBIC 70 B L ANBHTE Fh T 5 IF KRR
DAARRIC e b, SRR E VIR 2 ) = - ¥ ViR
BEHEBHENTVS. GHETIREROEBRERBIR: 5%
NMEINTEHM, B ~1 7 nBTREIIFEORTS
T+, BERO> ~MEbiebl, TRNLEREREYER
e, BINERLEDOZ Y a - VBN OELERLE
LBBTES. BEEOKET T, BREERER I UCHOHY
Ba R+ A Mt Em L, FE~OmEIZm+5 L8
HXIRTWBO, SRS CBEEE FOBEMLTIRLL
TTHRNEDOELT, ThIZEBREREBERIRTHILDTH
5.
RERICOWTIIHIRA P LA L Y, MAhREBED FHOR
G RBESEOBEMBRE IR TV, Fh, w1 7Rl
BRENC L > CHMRRBER LR TAEEPATE Y, L0
BRI DOWCEAED R P LVARGED—2THHDN, Fhid
fifameE B S LT WA OMIEREREGCHTTH D, K0T
FzvRy vt F FREDELEANA Z Lk hSEREL
fo. REET ) vIRBORKREY L LTEEBTERSLD
2, FORBILY R—A—5— Y v ATP OFFETI7 +
A7+ URVIALERT 3 A7 =4 P EREREOMBA TS, &
AKRVEYFTIvhbA vy —1 =) VEBIERER, 1/
vv—1 =0 vEhbA vy, eREHUFY, FHVTFY
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RBOWESLETH D™,
pEEOMAOIREL e 7Y v R 7 LA F FOELD %
<4 7 nERHEBCRAEL, TOBRELTBIERS L O
AHOTLITBHARMBCEE L. 4@, fuh7e b0 fF
o RPFFVF Y, FYvF v, RENCEREC LS
PRLEER LD, FE#ihoe R vy, 29vry,
BROSHOEIPMFDOREICKELFELTVBEELD
ha. <47 rERBENC LD, RO ATP BERRY
L AMP XL, Z0HEIx ATP 75 ADP # T
AMP CEBRIhDRIGHBEZ W E LR LT3 A,
ADP A BH L BEBE L TERETRD b o Z L1,
ADP 226 AMP ~BE#Eh 3 DMREL ADP AEE L s
holbDEELBRD. TLT ATP DA 455 AMP L
B, eRFVUFY, FHUFY, REBBOBMCBIT Ui L
ibhd. B7F=vR 27 vdF§ (TAN) OFERE 7
FovR 7 VA F FOSBRMEEShAZ R EHRL, =%
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THHRWEE T TECARIR TS, L LI E
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BEMEBTHM L, STeAFrFrsy, v vay, BB
NERBENBRIEE SN XL B L ORI, EUBRLEEL
BOssvsyse Ve yr— oL ERREY EET 55
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b, BEAEILIADeh 1.

4. HMZEO LANRELE LV EMEED 15mW/em? 1K %
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L.

6. BEHRE 15mW/cm® 12T | BB EH O+ &
REVvF VB LUORBIIHBRCE LEBFCER Lich, +
BV FVIIEERELERED I 5. FFEBKRF O ATP 115
BHECLLLEEREL Y, AMP REELENE RS LR,
ADP BEEBRELZRDIEhr o, Ei, M7 F=v I v
FF PRk F - FRBINBIC L LERSE ¥ 2D
1.

BlbEX b, =4 7 n@RENC X 0 7D ATP » 5 ADP,
AMP ZETe REy vy, $9 vy, RBICESRIEH
ETL, OFRRBO FRCHFELTVWAERRE I, ¥



302 =

7o, HEGEORE I b RO EBRRKENRREh, 7T =
VR UAF FREBOAEI SIS vFvdF v —ER
DIEMBREOEEN <1 7 o FREBOMAREE X 52 ER
EECRS LT WA Z LR TR,

R HICEES, RGBS 2EE L REEE Y £ LB
MERMRCREEr A BEYRLET. SLCKBEEEYBOE LR
RIS, BEAYEEREEEUEFEHR—PHEE, BIV
HABTHBEXES ¥ LEBHER RN REREERS v 2 -l
RIS, RS FESHEEEFEE TR RHHOBYRELE
7.
fo¥s, RBRYTOEEO—IRTHIAE A KEEFEELIPEREBIBS
£ (1991, FHB) TR THRELL.

X L7

1) McLaughlin, J. T.: Tissue destruction and death from
microwave radiation (Radar), Calif. Med., 86, 336-339 (1957).
2) ME R, A2 RE B, AI @, #0%—, #
alEm, FiH %R, A I BMRRA <1 7 e BRER
BEOBSR. ERME, 47, 8-11 (1976).

3) HERBR—:HET» M IBTy  MBRBECEHRE.
Ak, 38, T48-757 (1983).

4) Kampa, I. S. & Frascella, D. W.: Blood uric acid
level during hyperthermic stress. Life Sci, 20, 1373-1376
(1977).

5) Freeman, B. A. & Crapo, J. D.: Biology of disease;
free radicals and tissue injury. Lab. Invest., 47, 412-426
(1982).

6) Halliwell, B. & Gutteridge J. M. C.: Free radicals in
biology and medicine. Oxford Univ. Press, 1985.

7) Ames, B. N., Cathcart, R., Schwiers, E. & Hochstein.
P.: Uric acid provides an antioxidant defense in humans
against oxidant- and radical-caused aging and cancer: a
hypothesis. Proc. Natl. Acad. Sci. USA, 78, 6858-6862 (1981).
8) Nanji, A. A. & French, S. W.: Correlations between
deviations from expected cirrhosis mortality and serum uric
acid and dietary protein intake. J. Stud. Alcohol, 47, 253-255
(1986).

9) AWEA, EWEE, HARXK : HPLC-ECD BRI & 51
EREEONEOCERS. KE, 12, 9-15 (1988).

10) AlRSE, THEE, AFRK: P RBOWED XY
EIRTHONOIEH. KER, 9, 69-77 (1985).

1) XEE4S: EHBEELORA. AERAKEIE, 6, 3543
(1986).

12) Hahn, G. M.: Hyperthermia and Cancer, Ist ed.
pl01-115, Plenum Press, New York, 1982.

13) Herman, T. S., Zukoski, C. F., Anderson, R. M.,
Hutter, J. J., Brit, C. D., Malone, J. M., Larson, D. F.,
Dean, J. C. & Roth, H. B.: Whole-body hyperthermia and
chemotherapy for treatment of patients with advanced,
refractory malignancies. Cancer Treat. Rep., 66, 259-265
(1982). .

14) Guy, A. W. & Chou, C. K.: Physical aspects of
localized heating by radiowaves and microwaves. /n F. K.

Storm & G. K. Hall (eds.), Hyperthermia in Cancer Therapy,
Ist ed. p72-85 Medical publishers, Boston, 1983.

15) Foster, K. R. & Guy, A. W.: The microwave
problem. Sci. Am., 255, 28-38 (1986).

16) LB &, EEME, REEE, BARAR, REFELY,
MME—, MR B, ZEF—: M7 rERBIO V¥
O ANGEE. AEED®, 21, 163-190 (1972).

17) Ortner, M. JI., Galvin, M. J. & McRee, D. I.:

Studies on acute in vivo exposure of rats to 2450-MH:
microwave radiation 1. Mast cells and basophils. Radiat.
Res., 86, 580-588 (1981).

18) Raymond, U., Noell, K. T., Worde, B. T., Fishburn,
R. I. & Miller, T. S.: Microwave-induced local hyperther-
mia in combination with radiotherapy of human malignant
tumor. Cancer, 45, 638-646 (1980).

19) Luk, K. H., Purser, P. R., Castro, J. R., Meyer, T.
S. & Phillips, T. L.: Clinical experiences with local
microwave hyperthermia. Int. J. Radiat. Oncol. Biol. Phys.,
7, 615-619 (1981).

20) ®=F B: <A 7 o HEOME— TR B RICEI T 55
g2, AMHEL, 42, 640-647 (1987).

21) Galvin, M. J., Optner, M. J. & McRee, D. I.:

Studies on acute in vivo exposure of rats to 2450-MH:z
microwave radiation II. Biochemical and hematologic effects.
Radiat. Res., 90, 558-563 (1982).

22) Fletcher, A. M., Cetas, T. C., Dewhirst, M. W. &
Wilson, S. E.: Liver temperatures in rats subjected to
whole-body hyperthermia: evidence for congestion and
lymphocyte damage. Natl. Cancer Inst. Monogr., 61, 231-233
(1982).

23) Nishida, T., Koseki, M., Kamiike, W., Nakahara,
M., Nakao, K., Kawashima, Y., Hashimoto, T. & Tagawa,
K.: Levels of purine compounds in a perfusate as a
biochemical marker of ischemic injury of cold-preserved
liver. Transplantation, 44, 16-21 (1987).

24) HZEER—, EDESR, AE R, #AEM: <178
LEBBOS, Mo rF ATy, TEVE, RBBL
VT s VA vaBLETEE. BHEE, 45 904908
(1990).

25) Hafstrom, L. O., Hugander, A., Jonsson, P. E.,
Bolmsjo, M., Persson, B. & Stenram, U.: Effects of
Local Microwave Hyperthermia on Liver Tumors.: An
Experimental Study in Rats. Biomedical Thermology, Ist ed.
p97-102, Alan R. Liss Inc,, Nevs; York, 97-102, 1982.

26) Michael, K., Harold, S. & Geoffrey, K.: Liver
damage in heatstroke. Am. ]. Med., 49, 192-202 (1970).

27) Skibba, J. L. & Collins, F. G.: Effect of temperature
on biochemical functions in thg isolated perfused rat liver. J.
Surg. Res., 24, 435-44]1 (1978).

28) Skibba, J. L., Quebbeman, E. J., Kalbfleisch, J. H.
Sonsalla, J. C. & Petroff, R. J.: Alterations in biochemic-
al functions during hyperthermic isolation-perfusion of the
human liver. J. Surg. Res., 41, 432-438 (1986).

29) - Boddie, A. W., Booker, L., Mullins, J. D., Buckley,




A 7 e ERBOMRBEN BT 5B 303

C. J. & Mcbride, C. M.: Hepatic hyperthermia by total
isolation and regional perfusion in vivo. J. Surg. Res., 26,

447-457 (1979).

30) Reed, W. A., Manning, R. T. & Hopkins, L. T.:

Effects of hypoxia and hyperthermia on hepatic tissue of the
dog. Am. J. Physiol, 206, 1304-1308 (1964).

31) Lu, S. T., Michaelson, S. M. & Pettit, S.: Increased
serum enzyme activity in microwave-exposed rats. Radiat.
Res., 96, 152-159 (1983).

32) Hubbard, R. W., Criss, R. E. L., Elliott, L. P.,
Kelly, C., Matthew, W. T., Bowers, W. D., Leav, 1. &
Mager, M.: Diagnostic significance of selected serum
enzyme in a rat heatstroke model. J. Appl. Physiol.:
Respirat. Environ. Exercise physiol., 46, 334-339 (1979).

33) Kitsovskaya, I. A.: The effect of centimeters waves
of different intensities on the blood and hemopoietic organs
of white rats. Gig. Tr. Prof. Zabol., 8, 14-18 (1964).

34) Ray, S. & Behari, J.: Physiological changes in rats
after exposure to low levels of microwaves. Radiat. Res.,

123, 199-202 (1990).

35) Bianchi, L., Ohacker, H. & Zimmerli-Ning, M.:

Liver damage in heatstroke and its regression. Hum.
Pathol,, 3, 237-248 (1972).

36) Vesica, F. G. & Peck, O. C.: Liver disease from heat
stroke. Gastroenterology, 43, 340-343 (1962).

37) Shapiro, Y. & Cristal, N.: Hyperthermia and heat
stroke effects on acid-base balance blood electrolytes and
hepatorenal function. /n J. R. S. Hales & D. A. B. Richards
(eds.), Heat Stress: Physical Exertion and Environment, Ist
ed. p289-296, Elsevier Science Publishers B. V. (Biomedical
Division), London, 1987.

38) Kew, M. C., Minick, 0. T., Bahu, R. M., Stein, R.
J. & Kent, G.: Ultrastructual changes in the liver in
heatstroke. Am. J. Pathol., 90, 609-618 (1978).

39) Collins, F, G., Mitros, F, A. & Skibba, J, L.: Effect
of palmitate on hepatic biosynthetic functions at hyperther-
mic temperature. Metabolism, 29, 524-531 (1980).

40) Wills, E. J., Findlay, J. M. & Mcmanus, J. P. S.:

Effects of hyperthermia therapy on the liver. J. Clin.
Pathol,, 29, 1-10 (1976).

41) Dwivedi, R. S., Dwivedi, U. & Chiang, B.: Low
intensity microwave radiation effects on the ultrastructure of
Chang liver cells. Exp. Cell Res., 180, 253-265 (1989).

42) Mori, W., Aoki, N. & Shiga, J.: Acute hepatic cell
necrosis experimentally produced by viral agents in rabbits.
Am. ]. Pathol., 103, 31-38 (1981).

8 hEBX, Tk, BIIEx: FEOM/IMEE - BEE
BYLRAMMESE L OBHE. FFHEOES, 6, 1, 1980.

44) Slater, T, F.: The role of lipid peroxidation in liver
injury. D. Keppler (ed.), Pathogenesis and Mechanism of
Liver Cell Necrosis, 1st ed. p209, Univ. Park Press, Baltimo-
re, 1975,

) BH 9 FMROCBREEOBEREICOWT. FE.

22, 1645-1653 (1981).

46) Brauer, R. W., Balam, R. W., Bond, H. E., Carroll,
H. W., Grisham, J. W. & Pessotti, R. L.: Reversible and
irreversible changes in liver at temperature approaching
critical upper level. Feb. Proc., 22, 724-728 (1963).

47) Frankel, H. M., Ellis, J. P. & Cain, S. M. : Develop-
ment of tissue hypoxia during progressive hyperthermia in
dogs. Am. J. Physiol.,, 205, 733-737 (1963).

48) Frascella, D. & Frankel, H. M.: Liver pyridine
nucleotides, lactate, and pyruvate in hyperthermic rats. Am.
]. Physiol, 217, 207-209 (1963).

49) Wike-Hooley, J. L., Faithfull, N. S., Zee, J. & Ber-
g, A. P.: Liver damage and extraction of indocyanine green
under whole body hyperthermia. Eur. ]J. Appl. Physiol.,, 51,
269-279 (1983).

50) Lees, D. E., Kim, Y. D., Dubois, M., BuLL, J. M.,
Smith, R., Schuette, W. H. & Macnamara, T. E.:
Internal organ hypoxia during hyperthermic cancer therapy in
humans. Natl. Cancer Inst. Monoger., 61, 399-400 (1982).

51) Burger, F. J. & Fuhrman, F. A.: Evidence of injury
to tissues after hyperthermia. Am. J. Physiol., 206, 1062-1064
(1964).

52) Waeg, G., Burman, P., Groth, T., Loof, L., Niklasson,
F. & Verdier, C. H.: Models of purine metabolism as a
means to assess liver function. Scand. J. Clin. Lab. Invest.,
44 (suppl. 171), 211-223 (1984).

53) Parks, D. A. & Granger, D. N.: Xanthine oxidase:
biochemistry, distribution and physiology. Acta Physiol.
Scand. [Suppl], 548, 87-99 (1986).

54) Pritchard, J. B., Chavez-Peon, F. & Berlin, R. D.:
Purines : supply by liver to tissues. Am. J. Physiol.,, 219,
1263-1268 (1970).

55) Hernandez-Munoz, R., Glender, W., Diaz-Munoz,
M., Suarez, J., Lozano, J. & Sanchez, V. C.: Alterations
of ATP levels and of energy parameters in the blood of
alcoholic and nonalcoholic patients with liver damage.
Alcohol Clin. Exp. Res., 15, 500-503 (1991).

56) Iriyama, K., Iwamoto, T., Yoshiura, M., Nitta, K.
& Ueda, N.: Liquid chromatographic determination of uric
acid in hepatoma. Jikeikai Med. J., 32, 673-679 (1985).

57) Atkinson, D. E.: The energy charge of the adenylate
pool as a regulatory parameter. Interaction with feedback
modifiers. Biochemistry, 7, 4030-4034 (1968).

58) Wynants, J. & Belle, H. V.: Single-run high-perfor-
mance liquid chromatography of nucleotides, nucleosides, and
major purine bases and its application to different tissue
extracts. Anal. Biochem., 144, 258-266 (1985).

59) Roy, R. S. & McCord, J. M.: Superoxide and
ischemia : conversion of xanthine dehydrogenase to xanthine
oxidase. /n R. A. Greenwald & G. Cohen (eds.), Oxy
Radicals and Their Scavenger System, Volume 1 : Cellular
and Molecular .Aspects, Ist ed. pl45-153, Elsevier Science
Publishing Co., Inc., New York, 1983.



i}
53

304

The Effects of Microwave Exposure on the Occurence of Cell Injury Junko Tomimatsu, School of Medicine,
Kanazawa University, Kanazawa 920 —J. Juzen Med Soc., 101, 291 —304 (1992)

Key words microwave, cell injury, xanthine oxidase, rat
Abstract

The purpose of this study was to evaluate the effects of whole-body microwave exposure on cell injury. Rats were
exposed to microwaves with a frequency of 2450 MHz at power densities of 5 and 15 mW/cm? for 1 hour and 10 mW/cm? for
1,2 and 3 hours. Rectal and liver temperature after each microwave exposure significantly increased as microwave intensity
increased. At a power density of 10 mW/cm?, rectal temperature significantly increased as the duration of the exposure
extended. 24 hours after microwave exposure, glutamic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase
(GPT) and lactate dehydrogenase (LDH) increased and cholinesterase (ChE) decreased significantly. But soon after exposure
there were no differences. A significant difference was observed in GOT, GPT and ChE levels between the group measured
soon after and that measured 24 hours after microwave exposure, but only at the power density of 15 mW/cm?. The histolog-
ical changes in the liver 24 hours after microwave exposure for 1 hour at a power density of 15 mW/cm? were vacuolar
degeneration of hepatocytes, along with dilatation and congestion of the central veins and central sinusoids, destruction of the
collagen fiber network and a decrease in glycogen granules of hepatocytes in the central lobular region in the group with a
mild increase of hepatic enzymes. In the group with a marked increase of hepatic enzymes, destruction of hepatic cord,
inflammatory cells, coagulation necrosis, rupture and decrease in collagen fiber, and a substantial decrease in glycogen gran-
ules in all areas were observed. Electron microscopic examination revealed destruction of membranes of intracellular
organelles, histiocytes and inflammatory cells, destruction of nuclear chromatin, non-uniform size of mitochondria and
destruction of cristae. Soon after microwave exposure for 1 hour at the power density of 15 mW/cm?, plasma levels of
hypoxanthine (HYP), xanthine (XAN) and uric acid (UA) and tissue levels of HYP and UA increased significantly. The tis-
sue level of adenosine triphosphate (ATP) decreased significantly and that of adenosine monophosphate (AMP) increased
significantly. Results showed that the increase in UA after microwave exposure is not a type of stress response but is due to
the progressive response from ATP to ADP, AMP, HYP, XAN and UA. The histological changes suggest circulatory failure
of the liver, inducing a decline in ATP synthesis and activation of the xanthine oxidase system, which result in the production
of superoxide anion. It seems likely that the latter is associated with cell injury of hepatocytes after microwave exposure.




