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HIRT v P O~ A 7 n KRBT HEMAR S L O
R Y E ORIL

SRAFEEREMER—RE (ET 1 ARPEEED)
o oF & %

BRI RREE L OBRBATCN LERGBRO LEVXIAZ AN Z 235N 5. KRR OHIREER 4 #55
THZEREME L. BER23CT, BIES v } (ERI~IIE) HHVIIAK T » Mo LERE 2450MHz, B
10mW/em? TS~ 1 7 rE2 2 HBEH L, ZORORER (colonic temperature, To) DELERE L7z, ¥z, =A 27 m
BRHIC & HATEERE, &, Rk, BERTHC BT S Fo2 s v (dopamine, DA) REE R I I VYR b=V
(cholecystokinin, CCK), ¥ = b & & % v (somatostatin, SS), = o — 7 F v v (neurotensin, NT), =A%z + r v KEH &
v v (corticotropin-releasing hormone, CRH) DERE (LA Lz, 0O~ A 2 rERHIC X DIFIES » +, K5 v
PEBED TaBEBCER L., LaL, =14 2 rERBP, TRES 9 1D T 2L 5 v P I HEREHOFEERED -
T, A 7 rERBCIOVERT o +, AkS5 o b & LTHERE, M4, Btk T DA RERVEECITHE L. ATEE
HETRERS v t © DA REERIIALZ » M LBEBLCKE o7, @IEF » +, kT P Edx1 7 rBEREC LD
stz CCK BEFARICEA Lic. TOBEIERC X VEBECEEIhL. fIHERE, 4, Bk, BETHO
EDFIT BT HEHFIC L H SS, NT, CRH BERFBREL Lo, UEOZTEL, v1 7 ek X 2 RAAMCH
L, @RS v } TRERGRO LR FEMHEIZ LS Z AR S Al BIRIC L ) RAATRO BERI MG S h 5 PRE

F& LTrhR—AlRIERE DA MEROERITE L ISR H1T 5 CCK VAL DETRHERI L.

Key words thermoregulation, heat, microwave, neuropeptide, pregnancy
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AR CEBAM B LIEIREY O T h L ET/ o, BEW
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Abbreviations : BEP, p-endorphin; CCK, cholecystokinin; CRH, corticotropin-releasing hormone ; DA,
dopamine; ECD, electric chemical detection ; HPLC, high performance liquid chromatography; HVA,
homovanillic acid ; NT, neurotensin ; RIA, radioimmunoassay ; SS, somatostatin ; T., colonic temperature
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IR A £ 2T 5 B CRTR PR ST 38\ C AR TR TR
REIEET AL ENB W OhDOMREE - ANWEOSHE
BiLEHET L. ¥, BIERKIIOH = FLr 7 4 v
{B-endorphin, SEP) 2\ L, EIRICHES A b L ARKAT S
ETHBHBERSDZTY, FIT, Y4 7 v BRI Mt
BEP BEOE{LLRE L

MERELVHE

. REHZ

Wistar 525 ¥ b (Std: Wistar/ST ; SLC, &) 2 FH\ 7.
7 v MRBEEIR23E 2°C, HMEERL 50%, HREEIL2 | 126
M, BREE - BATTRAELLE &8, +V=v2 2 BER
BEMF; ) =V ZVRERTE, B, 3~4W%2 1HELT
HEHEZ » PR BEEFAT L, SPERBEREASN, BTFORAIH
THMERIERS » P EBIR LA, ZOBREEL BB & LIER
9~I11HDEEFEI2EEERC AV, ¥, BEFAE LIEWE
BONL Ty PI2TEENEREE Lz, TR, 5o FeEE
BEENE LRI SWER, AK5» P2 FhFREESD
DIFRDT, =1 7 elfeBETs~1 7 e BRERE, B
HLUVIERERL L.

FRERCEA LT v METNTERAEEETHR B 5
BEREVE D R o 7.

1. £BF*%

1. =14 7 nfi 28

<A 7 nBEORBECIE SR bry IMB3 (EE~ 2% b m
v, BR) X h AEK 2450MHz QBB ¥ RAET 5 ME
B PR LI B RBA~ A 2 o e B ERA L.
<4 7 eERBONELILDS v VBT 7V AMOERO AL
F—WAR, AFVVABDT 7Y r— 2 —HIEB W, <1
2 PR HFBEYMEHT 7V v—2~2 =S 7 g
ZANF—BRUETEIH TS BB LTT SV r—2 -
CEDh, BT SV r—5—RTO~1 7 s FBHA NS
—EhBESSBEORERREE (25 —) THEEL:.
TV =2 —HNTO=A 7 nBIRNTBEARIE(LTAZ &
KLY =3 —FEAKESERTHZ LT 50T
7Y — & =PI 300ml DKE VR Y 3 v T A BOK
BrAMELTREL, =2 V¥ —BELT(LI DRk s L5
CEE L. <1 27 2 OEEIR 1I0mW/ em*e L, Zh3=iE
23+ 2°C, BE 50—60% DRBRBFEIC RV TOSMRFE L.
EKRFTNTDOF o PEK, AROVTRIBRE R,
7.

2. fEBBIR (colonic temperature, Te) DRIE
BHRBROBEELTT v 1D TadWELE. =41 70l
BEENB L VORBPISSBRY— i A&~ e~ PT (&
ZEBF,BKR) X5y FOILFIA S Sem AL, FOEER
EL. TaHEDHE, =4 7 vli0 S v —F~DEE Y ET
B, A 7 e ERE YRR L.

3. WO & 58l b O BRI REEEDE O RIE

1) B & 58l

A EORZIERERE, ML, Rk, 8K TR

FETTY, BEBORMMH ESEIUTORETT . T

bbb, ERATHRICEDCKMEALTEMYRIHL, XETE
2 Imm DOFEMEIA 2 ER L, Marley 5V D ¥ U TR
BHRER Uie. RUSHER EIZRTHHESLSN» S 2mm OFK TA

il

REBRCRA, BHMEREBEY L B ERERER LS iz
o, BRTHIABESERETORKTROTE 2 fER L
7. MABIERT CHR 2mm O v 79 b HOs v Hu
TAVYFT o b Ui, BHERIIKS Lz 0.IN BeEE 1ml fhvig
FHEEHRL, 100MoXBE 28, BEOHHE (4T,
3.000rpm, 2043) #f7\, LELEHEEBR L. BLHET
BoNEIEREQORNETH L.

2) WM Fot 3 v (dopamine, DA), R EA = ) vEp
(homovanillic acid, HVA) OlgE

DA B8X U HVA DB EERKB I =~ 257, -
(high performance liquid chromatography, HPLC)—EX %k
Hi (electric chemical detection, ECD) %2 ®# H\ 72, F4hb
B, DA & HAV ORIREEL LTD 2 KBILXv L7 3
Y, pAKBRL7 = = =T v b VBRI T RS S W
Bl, 7vRA—=34}F CGH0 (FAk/, BE)IKXb DA
%, *ANy 7 -z~ (BRI¥E, 701X ) HVA 24
B, BB L., ZhH%ARE dmm, B X 25cm O H 5 4
Yanapac ODS-T (Yanako, ) ##% L7 HPLC £ L-2000
(BIABIERT, 7#) & ECD 3% VMD 101E (MIABYERT) 28
ZEDL®THE LA, DA HVA O Fh Fh o AR RITY
95%, ¥ 5% TH -1z,

3) =a—mF vy (neurotensin, NT), Y= F R &+ v
(somatostatin, SS), = L v & } % = (cholecystokinin, CCK)
DRE

NT, SS, CCK DI iL 2 FitAEHEERIC & BERE R EAE
BERE o7 Aral 5P OB Ul kv o, ME&Y 8
BRI RS Lo R R e M R AR L, &7
FAFENTHUE B LI LE 2R REI L~ A
Zr7V—MCAR, 4CTIRREEER. ¥ HERIE
EMATC2BRRIG e, <177 v— P ePlL, &
U LR L EBAROBREEYNET 22D o
T==ATT I vEEU) VEBREREY~ 172 S L— 1T
FR TONEEIGE T 492nm OBENERRE L. BEXE
DHEWIZ~ S 7 8 7L — P REH MTP22 (225, BE) %
EALK.

4) MR v 3 b e e U R L% v (corticotropin-
releasing hormone, CRH) DO #llE

AR AR A R B B R PR I TR TR L e iR B e fE R
ML, Moldow HI X 5 ZH GBI LI 2K HAFENE
(radioimmunoassay, RIA) &* % fi\ 7z, 7c3s, CRH #ifico
WTIiZE R e ¥ ¥ CRH (Bachem, Torrance, USA) & 4 MiE7
NTIVERIVELTATFAL FTREEIR, ThET O 2N
VEEEDERY Y FEAICES L, CRH flmixER L.
ZD N-tyroCRH #7w 353 vTETa— FEL, B& lom,
£ 50cm DA A, 7 7F o 7R G-50 (Pharmacia LKB
Biotechnology INC., Uppsala, Sweden) THHL L 7-.

5) BEBRFEHORE

Ao DA, HVA, NT, SS, CCK, CRH 1f8#~FDEH
Img HIEDDOEFRCIVFMLE., 2 v s OERR,
Lowry ¥ DJFHICHE » 7. BE#EL LT IN NaOH KB LI
EMETNT S R HGT.

3. EBMmORERE M BEP DRl

1) BRI DA

EBRRTHREEDCMELT, B%Mm% EDTA 50mM AD
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DRIMEERR L, JO5 8 (3,000rpm, 204) L THln#Es 58
#%, MmA BEP DHlEE T—80ETHRAELIC.

2) BEP OfllE

BEP ¥, Yoshimi 5@ RIA &P Lic->CHIELK. &
B BEP W & b v FuRELUTIER L BEP fitkk £/
L, B BEP 124K et BEP #27r 35 3 vTHIZ X »E#H
L, #542mr<1 2757, —THEE LKL, RIA AR
(2 05% b FIET AT T v, 500KIU/ml k5 m -,
05% 2hF =& —%w&EAN 00M V vEEEK
(PHTA) ZHEALE. ThET28EHA vF—v 3 v,
50mg Z V7 A THEELTRIE L.

M. #EtE

F - ZIETRNCEE+ DD T EREETRLE. Ta®
T EENE — S8 ¥ (repeated measures of ANO-
VA)ZAWTEREL, RFA MRy 27 AP ELT Y297 4D
SEHEEY Ao, DA, HVA, NT, SS, CCK, CRH, AEP &
EOEFERS IO~ 7 rERBC L OBE(LIIBEIVELOH A=
TRES B4 (two factor factorial ANOVA) I X h BE
L, HRCHHEFEDVT, RArHw ZFALELT
Vw74 OBBHEEYAGE., TRNTOETAETEEK
IR 5% THEREED D L L.

159 S

[. Y4 70RRBICLD Ta OF1E
RO AN X —CBEHR LICRETIREES » F AT
Fy b D TaRERRN -7 (K1, 2). ¥, 05HOLH
O], MHDO Ta XEBRE(E LI -7 (®1). 05Mo~
A7aBRBCINS v 1O T REBIE(L L., HES »
b, KTy v D Talk~1 7 v BRBHAK, ThEhiss
BEHBLIVRERTRITHERES » 1D Tu LW EER
Bhrole, BRI A 7 cBERBPO TELCAB LR
AL (K2). =1 7 RBEABEED ErORBER TR
T, BIRS » PO T XK S y FOFTHICELEBICEL,
NHMD~1 7 e WRBRTERCIZERED TaDE2.6CIC
Bl

427
401
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Fig.1. Changes in colonic temperature (T..) in the virgin
and pregnant rats without microwave radiation. (O, virgin
rats; A\, pregnant rats. Values are X +SEM (n=6).

I. 74 70ERBICLIRAMZEEDE SO BEP ©

pald

1. B DA & HVA 0%t

M3WEES » b EALTT o PO 7 rEREERB LU
REBFONEERE, W48, RBikis, BIRTHO 4 WA s
TAEMERE Img 720D DA L HVA BE®R3T. DA
VAR EDTMIC B VW THIERS XU~ 1 7 n B BBOFE
BT 1. HVA v_ARRIRWThOBAI BT
EROBE L ot L L, HEERE, 8L Rk
T4 7 ERECI ) HVA BEXEBZEL L. §1HE
ERELNEETIERS v b, AKF o b Ed v 7 nfER
Bz X b HVA LA ERBICH I L2, Rk CikiEiR
9 D HVA LRADZHBEEIC LR L7,

K4 BHBES Img B=bd DA & HVA 0&EEOK
(HVA/DA It) %7, MEERE CIRMERBS IO~ 7 n i
2T HVA/DA e FEBLBHRELR L. =1 7 rBREET
X DIEIR, 5y FEREE S HVA/DA KA ERIZ ER L
B, ERET » D HVA/DA it ~4 7 n BB BREOZALL
79 F®D HVA/DA LLE D EEBERE» 7. H&BD HVA/
DA HIZEIRS v b, AL Ty P EL~A 7 kRBTINE
BIENL, RUETIIEIRS v b D4 HVA/DA EAFEEK
& L. &K% X URMETIE HVA/DA Hics3 2 IER
DERILEE I h -1, BRTHRTIXER, ~1 7 nBER
L HVA/DA HicBE Lich o,

2. BP3 NT, SS, CCK, CRH DIt

5, 6, 7, 8IMEIRS v PEMLKT » D<A 2 nER
BRBS JOERBROMBERE, M, Rkt ERTH
R AREMER lmg H7-H O NT, SS, CCK, CRH 2+ *
nERRT.

MERERBEO NT BERFERLIO~1 7 e BER2B I Y
BExnhherotc (B5). BT~ 7 n HERIC X D IER
Gy b, Mty P NTBENEEICHEAL L, FER
£% NT v_ANDEB T -7z, RHkiED NT B 2ITR

Teol °O)

0 15 30 4 8 75 50
Time (min)

Fig.2. Changes in colonic temperature (T.) in the virgin
and pregnant rats during the 90-min microwave radiation.
@, virgin rats; A, pregnant rats. Values are X +SEM
(n=6). % p<0.05 between the virgin and pregnant rats,
% p<0.05 vs. corresponding values without microwave
radiation in each group.
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BIOYA 7 n B RBIZ L W BB Ih btz BERTBTR
FERT v PONT Vi~ A 2 e BBICE ) LR 2ERE
o e NEEIREL TR e 7.
PISRERE, (48, Rbkis, BEKRTERO SS BEZTER
IV~ 7 e BRBC I VEEI R - (K6).
AHEREERRTHDO CCK BERFEFBC L »Th<( 2
PEBBIC I > THEELRE(Z er o7 (RT7). D

Tl

CCK BEREIHES v b, KT v b Eb~1 7 nBRBEI ;
DREBRES L. ¥, EIRZHEHD CCK BETEER
BRETR LI, <1 7 n i BER, ERBRL LTRSSy b o
CCK vA_MIEZ T v MCH LB LA ED 57258, # R b
Ry 7FA N TREFLEZIRETE b ol (R 7 2R
BERF, FRERETHhLh p>0.10, p>0.08). BkfED CCK @
BERERCE DB IR, ~1 7 n KRBT L VAR
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Fig. 3. Dopamine (DA) and homovanillic acid (HVA) concentrations in the frontal cortex (A, E), nucleus accumbens (B, F),
amygdala (C, G) and hypothalamus (D, H) in the virgin and pregnant rats without or with microwave radiation. [J, virgin
rats; B, pregnant rats. (—), without microwave radiation; (+), with microwave radiation. Values are X +SEM (n=6).
% p<0.05 vs. corresponding values without microwave radiation.

0 58TA >k 0.287B L 0.367C *  0.247D
420.48" 0.21 0.27+ 0.184
i Y
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oL L HR | BN 0 "
-) +) (-) (+) =) (+) (=) (+)

Microwave radiation

Fig.4. Homovanillic acid (HVA): dopamine (DA) ratio (HVA/DA ratio) in the frontal cortex (A), nucleus accumbens (B),
amygdala (C) and hypothalamus (D) in the virgin and pregnant rats without or with microwave radiation. [J, virgin rats; &,
pregnant rats. (—), without microwave radiation; (+), with microwave radiation. Values are X +SEM (n=6). 3k p<0.05
between the virgin and pregnant rats, % p<0.05 vs. corresponding values without microwave radiation.
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Fig.5. Neurotensin (NT) concentrations in the frontal cortex (A), nucleus accumbens (B), amygdala (C) and hypothalamus (D) in
the virgin and pregnant rats without or with microwave radiation. [, virgin rats; B, pregnant rats. (—), without microwave
radiation; (4), with microwave radiation. Values are X+SEM (n=6). % p<0.05 vs. corresponding values without microwave

radiation.
__4.07A 5.57B 4.51C 60.0¢D
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Fig. 6. Somatostatin (SS) concentrations in the frontal cortex (A), nucleus accumbens (B), amygdala (C) and hypothalamus (D) in
the virgin and pregnant rats without or with microwave radiation. [, virgin rats; B, pregnant rats. (—), without microwave
radiation ; (+), with microwave radiation. Values are X +SEM (n=6).
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(=) =) () =) (+) =) (#)

Microwave radiation

(+)

Fig. 7. Cholecystokinin (CCK) concentrations in the frontal cortex (A), nucleus accumbens (B), amygdala (C) and hypothalamus
(D) in the virgin and pregnant rats without or with microwave radiation. [, virgin rats; B, pregnant rats. (—), without
microwave radiation ; (+), with microwave radiation. Values are X +SEM (n=6). ¥ p<0.05 vs. corresponding values without
microwave radiation.
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Fig.8. Corticotropin-releasing hormone (CRH) concentrations in the frontal cortex (A), nucleus accumbens (B), amygdala (C) and
hypothalamus (D) in the virgin and pregnant rats without or with microwave radiation. (O, virgin rats; B, pregnant rats. (—),
without microwave radiation ; (+), with microwave radiation. Values are X +SEM (n=6). % p<0.05 vs. corresponding values

without microwave radiation.

BEP (pg/ml)

-) (+)

Microwave radiation

Fig.9. Plasma beta-endorphin (BEP) concentrations in the
virgin and pregnant rats without or with microwave
radiation. [T, virgin rats; M, pregnant rats. (—), without
microwave radiation; (<), with microwave radiation.
Values are X +SEM (n=6).

Lz, L, =4 7 o BB I A ERRAITERES » +
TOLRBRLEI NIz,

WIEEERE, 4, Rokido CRH BERERS L O<1
7 eBRBC LY BEIRh -z (K8). #EKTFTH D CRH
BEERC L DL L oTedd, =4 7 rEBEBI X 0
Bow b, M5y P ELERRED Lz, '

3. 1k BEP 0%tk

B OWIEIRS » P LT v b DA 7 n ERBEB IV

FRBRFOERMO FEP BEX/RT. M+ FEP BEIIEEC
IO EEEEYT o, HES v+ BEP BEIZ~
17 eBERBCI) ERTAHEARD - ANEL D ERKREL
ZTOELIXEFETIRRD 7.

% =

BES 2,450MHz, BE 10mW/cm?, 0o ~4 7 n ER
ISy r ORBGBEREELERLE. LiL, TF
Fy P ORBBRII~S 2 ERBFLALS » b X HHEE
, P17 v BRBATHROBERGBREROEIZ2 CL Lkl
o, ARFRTIHERS v P EAZT v P OBERIZIE—FHIR
TED, T4 7 B L 2RBPRV AR TR D LI2EL
bLhigws, LizdisT, ZhORERIIEERES Y FTik~v1 708
BRBC L HEBARFCERGRO LA R MEIZhD
ERTRET 5.

ORI SHATR LEZE IS, Wilson 5V I2IEE
Sy b EFIERT v 236, 40, UCOBEBECRERELFOD
T OELXBELTVWS, WTFROBEECENTL 5 v b
1 2B E—E ORISR L </ (hyperthermic plateau) %
Eotedy, HIRS v PO T VULIRIEIEIRS » MiCE< 1~
2CENP Tz, BREBIBEEELHEAIRELICLDHE
S b ORIEERIC NG, A5V IRERAKER X hEVEE
BHEALLOBEENMBELS, ZhIERL, =4 7l
IHBBESHRIFBAEMBC L 5L BRI TCOEENEHA
HTHs, BY, BHOERAMRCIZBEAATOERK LY
KESRID™. flk, BBEES » + TRER»HLOEE
HIREBAR TS U CHFRBERBMRIG R RES R, B
HEOEAMNFEIZ B2, BERO AT 5 HEATMGK
I L, BHGERI D ERTAEEDLRDZY. LAL,
CRBM TRIEARTEHIC b~ 7 n BRER S L 2 EES
BRI D, FheRT b EBRIC LY ZOBEREE EAENA
flghs. —F, BIRS » r 2 ERBECREBETS L, TOR
EBEAIEERS v P X D REETTHREN H . FiR
B REMAIE O R LD CTRENB W FIRREHES
HTHLHEREND.
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EARER, 70 P ISBOWEL WL . ThedREC
BHTH. TOR/E, BEERBKBEI EML, BHEREDO L
Bl bhs. BEERYBRELLERES v F TR, 2828
CEAEREED LABREIIFIERS » P EEMNRL, BIE
v b TERBHEO LR NI I D OB BB GO
AHECEFTHETI2RENDB". v F CREZEROLA
BRI IABICEE A S WM I N2, EEEIMNBRCHW I
WZEBRINTVBY, BE, XFRTL~1 2 n i BT
X AEHGR EARCEES BRI LA R E o, &
Bz, 5y PRBERRINTE HERRAITENT LIS
Lizhio T, AFRTEET v + DEREE LRI IE S his
D1E McMurray BP0 7RET 5 X 5w IEAR B Bk B RS A0 TT
ELREREEE IR,

IEIRRRIC R BA TN & R EBE O _EFHHIE S 5 R
FREZELATVRL. <47 nERB L 2ERGE LR
BT KMEE, Rtkths X OB RSH RO H B EETHD
PMRIEBI A TUET B 2 E AR IR TV BY, i b0 BT
¥ DA BRERIBHABLELE A OA F LA L HRBELX
hB LI, ¥R ORIFEERE, e, BikiEc
REREETD. FZTERE TR~ 7 e HRHEC & 2 H1HE
BB, {4, Rbkthis JORK TR % DA RO
BOBLyBE L. BIRERE, fE%, B Tii~r2
rEBBIC LD DA BERE(Ler - cdy, RBEHTHD
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Abstract

It has been shown that pregnant animals maintain a lower level of controlled hyperthermia during heat exposure than
nonpregnant animals. The present study was performed to assess the central mechanism. Pregnant rats (9 to 11 days
gestation) or virgin rats were exposed to microwave (2,450 MHz, 10 mW/cm?) for 90 min at an ambient temperature of 23 C.
Their colonic temperature (Teol) was measured before and during microwave radiation. Dopamine (DA) turnover rate and
concentrations of cholecystokinin (CCK), somatostatin (SS), neurotensin (NT) and corticotropin-releasing hormone (CRH)
were measured in the frontal cortex, nucleus accumbens, amygdala and hypothalamus after microwave exposure. The 90-
min microwave exposure significantly increased Teol of the pregnant and virgin rats. However, Teol of the pregnant rats was
consistently and significantly lower than that of the virgin rats during microwave exposure. Microwave radiation
significantly increased DA turnover rate in the frontal cortex, nucleus accumbens and amygdala in the pregnant and virgin
rats. In the frontal cortex, DA turnover rate was significantly greater in the pregnant rats than in the virgin rats. CCK levels
in the nucleus accumbens were significantly depressed by microwave radiation both in the pregnant and virgin rats. There
was a significant influence of pregnancy on CCK concentration in the nucleus. Pregnancy had no significant effect on
concentrations in S, NT and CRH in the four regions of the brain. The present study confirms that the rise in body core
temperature during microwave exposure is suppressed in the pregnant rats. It is presumed that an activation of the central
dopaminergic system projecting to the frontal cortex and/or a reduction of CCK concentration in the nucleus accumbens may,
at least in part, contribute to attenuating heat stress-induced hyperthermia during pregnancy.



