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EFEILBERETICEERFINA2EFRICHF
<> differential hypothermia (LI F D.H. X B&§) it
EV %, b FREEOBBRICHET 2L, MRS
BB 3 BB L RET #1474 v, microwave(2.45
GHz) Bt c+o4miBr»Bond 2 L, F1KR
EFBICBIT2MBENZERFIL, 23CHneHEA
BT TSREOMRICEL Tk, EERITTHS
ZEEREIRTRNI, ERL D AKIEKRET T
bhit, EBRRRECILINTE, EFRIFLY
b BB R £ DREICT 2 55 2 &2 (pro-
tective effect) #mbL T ), DH BB INK
#Kigic & 3 protective effect % EEBIT#IEFIZIC
TAZrickoC, EBERNATRIBRLZETY
»3Y, b BEESKBECDH LEBEETL I
4, EFERICIIBEZRIZZZVLENI DB, E
BROMBILE T SN L WEZATHHY, ZNDr-
otective effect #l| ) BANTZEERMTIE, ok
IREMIET DL LN T, 22T
ERTIE, MrzoR@EE BRLEKFL 288
ZOHEAHSE, =ANVX— L CLEY adeni-
ne nucleotides # ®& % AT, DH Ed R
UMLBRRIC b7 » TRERFSCRIEL, D.H. LEic
LN EFEBAZIT 5B RFEL VKL, DH
WEDRHOLTEEEE ZONEEHR+FLICL
BRURHE 2 BIR(HRE2T L 12,
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1. Differential hypothermia A& 5Kk U RE
R R

EgEr LT, MURROERE,» HEAL L
BAZEREABRES, KE 2.0+02kgF TLUHE
THBEL, ARLEMLERB2EI ke EHL
7. FVHILE L L CHERT o 0.1mg/kg % #%
51, #HWCHEEkY 7 3 > 28mg/kg, <> F oL S
—n25mg/kg TRREE L, KKHPIZBL T, BRIPR
TIRERBEZTEL L UEKIE: L, HEBE23TCIC
HERFL 2. BERMEICIZIEEIY— 3 27— (type
NPT, SHIBAURA ELECTRONICS Co. #!) #4#
HL7%Z., DH.A&EZAREMETICER 2T,
ZDELUSMNMIT L 2 THE Yy, microwave BEFEE,
ME-20 (O.G. GIKEN Co. ) %> T, BFZE%D
KA # BRI IE L, F 1R/ CR~Lm Mis%
AEL DD, EFRITLICICHFTTLIZ LIS
TiTh » 72, BRIIHIEEH Loem, il 54 1.0cm
NKREET, TONMZEIZES & D 0.3cm BT Lk
JicEM L, microwave BEI T > 7+ %# 5 cmfRET
o8, RREICF oS> LR L2, D.
HRABE#NFERIIREZELE 2 WE G ICiBAIC
TEFRICRL, ERNEVEICIEIBEYE 2 CHE
BOKIBE TR BT,

D.H. MBIE® B & ) HFRHREUZ, (DEH S8,
(2)D.H. L& 0 BB, ¥ % b5 ERIE23T HEEK
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BEX-7:K, (3IDH. AFE 365 H, @R 68
fE, (5)E108ERE, (6) D.H. L E#& T %1285 B
(FIREEMIZ2 & 5 ), (7) D.H. LB %368 H, &
THTITLWERHEST, FBPORREACE,

RBHREUZ RO AT% » 72, (1X6XT)RE TI FRER

iz, WREETIC & 5(2(3N4X5)BE Tl Z L2 LD FSRE
T, QB CREREMNEBT, thoBTi
DH. B R ZOxHE 2P0, FTEEFR
S BRELE, Zok, BICEBNMb L%
Wr I HFICERL, o ERKEAL L0 H Mm% &
T, ERRNBFREZET b2 72, K THE
WAL, LhIITEMTEY, $F% 22 T—
SUCHYIBA%E MR, EEZhEfnlgzHBEELT
MARRE A OOBR L 72, $RERL 7 BssHsicfHE L - i
PFRER(LREL), BELICINZHEKERE AN
T RUSKICEEA L, BIREEBLING, RBGEME
B BEEEL, BRLL. ILRBRBUCEL
TERRITERBIFRTICEZ,

EQORERMER, T44+H5H DH LESHHNS
LR, R R THLEFREOEMEERIC &
2EERBTHHn2 LT, DH. ABRICHT
HRmE L7,

2. HERMYE L AEFE

AR CIRIL 2B AT, R TIE,
glucose (Glu.), glucose-6-phosphate (G6P), fructose-
1, 6-diphosphate (FDP), dihydroxyacetone phos-
phate (DAP), pyruvate (Pyr.), lactate (Lact.) 6
&, xT#/)L¥—F Tt adenosine triphosphate (A-
TP), adenosine diphosphate (ADP), adenosine mo-
nophosphate (AMP) o) 3 7, 3t 9 ENRBWHIC
2nT, REGHNBREZERLL.

HEHERUZ, Ao L TERLEKERF T
Bl 2%, = TEEMED 6 % perchloric
acidZ2 AN THHALTHET 70 BEEDSFAH
— (10mt, BEFEEH) cBLEEL, KTk
KBTREZFHAL XL, KT, 2,000G, 104
DEE (ARBEEER, K803) 274w, 20k
EEAFNA VP 2IEREE LT, 5M potassi-
um carbonate THHIL, REZ¥RANEEN L%
2 TCInERKPICBHEL, 20 LELEXRAY
EL7z, ERAEBEBEZXRYICEN, oRFH (H
SE101ED) 2T -7, L BAEICHWE
%13 lactate dehydrogenase, pyruvate kinase, gly-
cerol-1-phosphate dehydrogenase, aldolase, triose
phosphate isomerase, phosphoglucose isomerase

£

(Sigma Co.), myokinase, glucose-6-phosphate de-
hydrogenase, hexokinase (Boeringer Co.) T# %,
PEL -EREL L TERNLNEHEML A,
(1) lactate, pyruvate ratio =L/P
(2) energy charge potential (ECP) = (ATP+0.5
ADP)/(ATP+ADP+AMP)®

® B B R

HBIC BT 2 SN OKBWEBREIZR L HM
CTHb, X, &2 L/P I, ECP2#EHLZY
DTHN, Rl b PHERVERRFEEL—BICL
TEEDHRILDHFERI TH D,

(1) EFER

Glu., 2.976+0.477 micromole/gram wet tissue (
LITBArI: wM/g b 885), ATP, 1.78940.278.M/
g LHROBEOY i LKETH Y, Lact. i3
6.9541+0.259:M/g r BETH - 72,

(2) D.H.jig 0 BRI H (154KIER)

FEiERIC L T, G6P, ATP, AMP |3 ¥
#RL, ToMnHMEIzE TETERZRL T
V5%, G6P30.021+0.004.M/g # 50.045+0.012
~ (P<0.01), DAP (z 0.140 + 0.032 M/g 7 &
0.099+0.011 ~ (P<0.05), ADP 3 0.251+ 0.021
uM/g 7 5 0.17310.053 ~ (P<0.05), ¢:#h¥*n
EEERY LEKBERANARBCELL T, &
BBCHLBHBKIBIC T D TICEL I 28
fid 5 2 BEfEI30G T - 72,

(3) D.H.&E 3REME

DH EBEH L MBAUTEEEZ® 45 LD Glu
NHAHT DH.fl ¢ 13 3.2569+0.189:M/g * B ETH
Hicx LT, WEHEITIE 1.552+0.394.M/g &1&
& (P<0.001) TH-7z, {KKIBE - BT TR
B, XEMAlE L2 FDP, DAP, ATP |3 t&hnftEm
#R”L, G6P, Lact, AMP T3 A BEME% AT
-

(4) D.H. & 6 B9 H

ZOFETIE D.H. ot FE @ Pyr. & ADP Ut or4
TOREHE»HIMEMERLTBY, iz AMP
(x4 B4 0.032+£0.004 .M/g i3+, D.H.ALFEH
0.060+ 0.006 M/g b ¥ 2FENEMBETHSH,. i
Pyr. 13314 F&4H 0.261+0.018,M/g =% L, D.H.BIT
0.222+0.015.M/g ¥ {&fE (P<0.05) TH - 7%,
Lact. fiiix D.H. 4L 3 B¥RIE L W LCAM LA L C
v 5 %* D.H. il ¢ 6.10040.607,.M/g & ¥4 > 5.828
+0.568:M/g & DEICEENZEIZ 2\,
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. DH. B2 L 2 RREFRONBEWHBENE

No. 1 2 3 4 5 Mean |[¥SD

Glu 2.642 3.693 2.816 3.386 3.345 2.976 | .477

IE |GeP .014- .022 .018 .026 .024 ,021] .004
FDP 200 .182 202 141 131 171 .030

% |DAP .187 167 .01 .16 131 140 .032
o Py 950 .230 .366 .082 .299 .065 | L024
& |Tact 6.644 7.296 6.731 7.216 6.885 6.954 | .259
g AP 1.693 2.078 1,294 1.984 1,804 1,789 .278
ADD 213 .270 .058 .260 .246 051 021
AP 028 _039 .043 032 037 .036] .005
G0 2.494 2.161 2777 .189 3.977 2.580 ] .415
D.~|GeP 048 .060 .055 ~030 .033 .045] .012
H. 1% |FDP 154 187 .096 114 .195 .149] .039
s % |\ DAP 077 .01 .108 .108 .101 .099] .011
ﬁp’f; PYR .187 .248 .293 221 922 .234] .035
0 & Tact 6.917 .600 7.245 5.519 7.460 6.748 | .680
% |ATD 2.507 1.851 1,780 1,896 1,447 1,900 .351
M |2op 175 175 156 .263 .06 173] 053
AMD , 043 -087 .093 .052 .064 .068] .019
Gly D:H.side | 3.323 2.093 3.107 3.339 3.531 3.250] .189
control | 1.592 1.534 1.130 1.246 2.260 1.552] .394

cop D-H.side [ .027 043 .030 .026 ,024 .030] .007
control 017 .028 .020 .022 .023 .022] .004

mop [D-H.side | .170 131 .222 .201 .182 .181] .031
Control 102 290 241 .163 .182 .200|_.028

oap ID-H.side | .125 .183 .117 .134 .184 .149| .029
control 220 .140 .151 .200 .213 .185] .033
D.H.side | .238 .195 .249 .135 .106 .185] .056

Py I ontrol 208 .168 .195 .189 .236 .199] 022
Laot |D-H.side | 4.414 4,422 5.355 4.368 4.175 4.547] .414
control | 5.075 5,050 4,038 4,047 6.250 4.892| .818

ump |D-H.side | 1,755 2.574 3.079 2.821 2.106 2.467] .479
control | 2.439 1.569 2.189 2.304 1.510 2.002] .386

aop |D-H.side | .143 .207 .237 .191 .142 .184] .037
control .100 .195 .147 .137 .156 .147] .031

op |D-H.side | .029 .043 .033 ,038 ,048 .038] .007
control 051 .055 .063 .043 .039 .050] 009

1y |D-H.side [ 2.633 4.504 3.850 3.581 2.924 3.498| .666
control | 2.184 3.600 3.590 2.373 1.708 2.693| 771

cop |D-H.side | .012 .014 .022 ,032 .020 ,020] .007
control LO11 .009 .016 .015 ,013 ,013| 003

mp |D-H.side | .208 .127 .113 .178 177 .161] .035
CONtTol .004 ~096 .100 .14 .145 .116] 024

oap |D-H:side | 125 .208 ,194 ,163 .122 .162] .035
control 162 .173 137 .196 .124 .158] .027
D.H.side | .247 .223 215 .201 224 .222] .015

Pyr oontrol 277 241 .285 .263 241 .261] .018
Lot |D-E.side | 6.159 6.258 4.937 6.478 6.666 6.100| .607
control | 6.568 4,897 5.646 6.231 5,800 5.828| .568

arp | D-H-S1G8 [ 2.004 2.456 2.109 1,604 1,781 1,991 .201
CONtTol | 1.720 2.021 1.874 1.595 1.671 1.802] .237

aop |D-H.side| .089 -058 02 .067 .069 .075] .013
control .083 .084 ,105 .094 .065 .086] .013

op |DH.side| 066 .069 .055 .054 .058 .060] 006
control .037 .029 .025 .032 .035 .032] .004

D.10| Glu |R:E.side] 2.357 2.696 1.654 1.361 2.426 2.095] 503
H-g control | 3.058 3,508 3.459 2.852 3.004 3.176] ,260]
| cep |DeH.side| .052 .058 .068 .081 .077 .067] _011]
%H control .014 .016 .012 .021 .015 ,016[ 003
mop | D-H.side| 217 .204 .208 127 .125 .176] 041
control .239 .196 .208 197 173 203|022
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p. |pap D.H.side| .084 .095 .092 .082. .074 .085] .007
. control .144 116 .126 .113 .123 1241 011
H. pyr |D.H.side .189 ,150 .153 .175 .170 .167| .014
0 control .204 102 .182 .209 .207 .199] ,010
% |Lact|D-H.side 8.068 8.478 7.200 8,444 7.310 7.900| .547
control | 5.516 5.933 6.900 6.425 6.567 6.268] .488

10 | arp [ D.H.side| 1.144 1.320 1.209 .945 1.077 1.139] -126
s control | 1.966 2.581 2.309 2.410 2.149 2,283 ,212
m |app [R-H.side] 234 .296 .236 .243 .220 .246| .026
control .220 .209 . 170 .210 .158 .193] .025

B |ap D.H.side | 053 .064 .056 .062 .063 .060| .004
control .054 .060 .054 .038 .043 .050 | .008

Glu |R-H.side | 1.512 2.044 1.690 1.436 2.247 1.786] .312
control 980 1.150 1.080 1,238 1.081 1.108] .085

D. cep (D-H.side .027 .031 .039 .038 .040 .035] .005
H. control .038 .022 .030 .037 .027 .031| .006
m |Fpp |D-H.side L1090 .099 .105 117 .098 .106] .007
control .145 127 .145 .207 .142 .153] .028

& |pap D.H.siclie 3’27 .igg .164 110 .108 .125] .023
contro . . ..106 .110 .117 116 .014

* pyr [D.H.side 141 .165 .206 .197 .178 .177 | .023
12 control . 301 068 273 .309 .297 .289| .016
Lact/D-H.side | 5.057 5.576 6.548 6.148 6.011 5.868] .511

B control 7.043 5.832 5.793 8.073 7.434 6.835] .897
arp |R-H.side [ 1.132 1,405 1.083 1,090 1.336 1.209] .135

5 control 1.353 1.713 1.100 1,108 1.489 1.353] .233
app |D-H.side 153 177 145 176 .168 .164] .013

B control 148 .125 111 144 .169 .139] 020
AP D.Ht.:si(ie .ggg .ggé .ggg .828 .050 .055] .006
contro. . . . . .048 .049| .017

Glu |R:-H.side [ 1.194 1.246 1.406 1.121 1.262 1.246] .094

D control 1.652 1.215 1.666 1.355 1.482 1.474] .173
cep | R-H.side .014 .016 .022 .016 .015 .017] .003

H. control .008 010 .009 .005 .007 .008] .001
w2 |gpp | D.H.side 174 .156 156 172 .165 .165] .008
control 162 .148 .169 .197 .170 .169| .016

& |pap D.H{:si(il‘e '82(2) .8458 '822 '8432 035 .035] .003
, contro . . . . .048 .048 ] .002
% Pyr D\H.si(;,e 221 .ggg ggg .296 .292 .290| .021
contro . . . .304 .281 .280| .013

36 I JD-H.side| 6.107 | 4.720 | 4.108 | 6.882 | 5.474 | 5.458] .08l
B control 5.959 4.822 5.694 6.772 5.822 5.814] .622
ap | D-H.side | 1.185 .974 1.154 1.084 1.090 1.097| .073

5 control 942 1.016 1.092 .918 .995 .993] .061
g |aDP D.H.side 140 .169 .157 .143 .156 .153] .010
control .076 081 090 .091 .087 .085| .006

avp | D-H.side 045 .050 .069 046 .051 ,052 | .009
control .040 .055 .047 .066 .050 .052} .009

+ SD: Standard Deviation Bify : micromole/gram wet tissue

(5) D.H. mE0RRIE uM/g ¥ BE(P<0.01)ic% > T2z, TR F—
Z T2 D. H. ER & x| TFDP, AMP F Tk ATP »BRfl o 2.283+0.212.M/g ic L

P oL REWEI FEEY 25N, Gluid 6’ D.H.f T 1.139+0.126:M/g & {& F (P<0.001)L T

B CoZlbr &L, $BMlo 3.176+£0.260M/g B9, ADP3sHlo) 0.193+0.025.M/g iz 3¢ L, D.

it L D.H.f1T2.095+£0.503:M/g £ {&(E(P<0.01)  H. 4T 0.246+0.026M/g & #/1(P<0.05) L < \»
2R L Tz, G6PI3xfE#0.0164+0.003 .M/g ic %,

#$L D.H. # 0.067 £0.011.M/g & #fi (P<0.001) (6) D.H. @120

T# ", Pyr.id D.H. i TI8AE(0.167+0.014 .M/ g, D.H. SWEM TN BH K L Glu., 1.786+0.3124
P<0.01) #;RL, Lact. iz D.H. il T 7.900+0.547 M/g & #1E(P<0.01)% %L, FDP i3 % %4 0.153
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+0.028 .M/g (P<0.05), Pyr. {241 0.289+0.016
«M/g, D.H.{0.177+0.023 ,M/g ( P <0.001) * %
NENLDH M TETLTw2, X, Glu, ATP,
ADP i3 mWfIZICIERERE S D LIKETH - 12,

(7) D.H. & i%368:R B

Glu. £/3, D.H. I, »R{AI#%C{EET, %ic D.H.
1246 £0.094 M /g L K<, SEH D1 4742
0173, M/g L HFE#Z (P<0.05) #% 5. G6P (i3t
HR480 T:0.008 + 0.001 .M /g, D.H. 4 0.017 +0.003 .M
/g L &fE (P<0.001) T&2%°, EFERICL,
HBANFEH»T L ABMEICH L 2DNETH B,
FDP |3i21ZW M CIEHEBRICEL T35, DAPI3
EFERICHL Cmf e LERICETLTEY, &
i D.H. i Tid{&fE (P<0.001) T& 3. Pyr. |31F%
ERLVESETHIVEEERALNLV, Lact.

A0, FEBHA0.08540.006 . M/g i ¥+ L ¢ D.H.
0.1534+0.010 .M/g T - 72. AMP ([ Tfl) CIE#IE
Rd D LEE (P<0.05) THo7,

(8) L/PLbonzsik (%2)

EHIRR26.4+2.9% & (EKIERF29.4£5.0 & %1
miEm %L, DH. BRI T2 3 B Tld269+
TTLERBREEFL T, Lk6erME, 1085ME T
BZNZEN, 276133, 475+50% Eric LA L,
AL I3 120 H33.341.7, 36E5RIH18.7126& T
42, HEECE DH E 6 BRI E TR
BNCTHES 4%, 1088 B TI330.8+4.7 LR %R
LCw7, DH. g #2128/ 5 T 23.5+19, 36
FEMIEH20.8+1.9: TH%RL, DH. U X 13 6 BRIHE
(P<0.05), 108$RIE (P<0.01), D.H. #1288 B
(P<0.001) TEEDEN H 12,

% 2 . Lactate/pyruvate ratio(L/P) & Energy Charge Potential(ECP)

DEFHEL
No. 1 2 3 4 5 Mean | SD
o |L/P 9.6 | 31.7 | 25.3 | 95.6 | 23.0 | 96.4] 2.9
ERE | gop 930 | .927 | .892 | .927 | .927 | .921( .014
L/D 37.0 | 26.6 | 24.7 | 25.0 | 33.6 | 29.4] 5.0
FCD 952 | .o17 | .916 | .9i7 | .930 | .926] .014
p/p|D:E.5ide [ 18.5 [ 22,7 | 2151 3.3 | 50.3 [ 26.917.7
D |3 control | 24.4 | 30.1 | 20.7 | 21.4 | 26.5 | 24.6] 3.4
: ocp |D-H.SIDE | 048 | 048 | 055 | 056 | .48 | 051] .004
H. control .| .961 | .916 | .943 | .955 | .931 | .941] .016
n 1/p|D:M.side [ 2.9 | 8.1 1 23.0 | 2.2 | 29.8 [ 57.6/3.3%
%z |o control | 23.7 | 20.3 | 19.8 | 23.7 | 24.1 | 22.3] 1.9
= ocp |D-H.side | 040 | 062 [ 055 | 040 | 052 | .053] .005
& control | .957 | .970 | .961 | .952 | .962 | .960] .006
R [/p|D:H.side [ 42.7 | 56.5 [ 47.1 [ 48.3 | "43.0 | 47.5]5.0 %
~ o control | 23.0 | 30.9 | 37.9 | 30.7 | 31.7 | 30.8]4.7
ocp | D:H.side | 881 | 874 | 884 | 853 | .873 | .873 | .OLIFH
control. .927 .942 .945 .946 .948 .942 | .008
1/p |D:E.side [ 35.9 | 33,8 |18 | 31.2 [ 33.8 | 33.3[1.7 %%
s 12 control | 23.4 | 21.8 | 21.2 | 26.1 | 95.0 | 93.5] 1.9
& ocp | D-H.side | (901 | 907 | 906 | 890 | .o14 | 004 | .008*
® control | .911 | .932 | .936 | .913 | .922 | .923 | .010
= Lp |D:E.side [ 19.0 16,3 " 16.1 | 23.3 | 18.7 | 18.7]2.6
B |ag control | 22.6 | 17.3 | 20.9 | 22.3 | 20.7 | 20.8 1.9
Gl ocp |D-H.side | 016 | 887 | 893 | 008 | .901 | .001].010
~ control | .926 | .017 | .925 | .896 | .917 | .916 | .01l
SD: Standard Deviation SHEBICR L, *: pd.05, **: DGO, *¥k: p(.OOl,
Ecp=—ATP+.5ADP
ATD+ADP+AMD

i D.H. i, st BRAIRICZIZ & b N vwde, TEEIER
kDL A184E (P<0.05) T4 3, ATP 4 D.H. fil,
RSt BAE T, EEEE 2 (P<0.01) 51,
ADP { EHiBE L V4 (P<0.001) LT3, &
%ic ADP i3 D.H. i & xtRFIAIc b2 (P<0.001)

(9) ECPm%fl (%k2)

EHER0.92110.0142% & B4KiIER (D.H. LE 0
Befl) 0.92610.014, D.H. /& 3 ¥4 B¢ D.H. )
0.951+0.004, *fFE#10.941+0.016, FIL < 6 BRI E
THLERO0.953+0.005, *FEAHI0.960 +0.006 & #XrEHY
2 kR L T2 %%, D.H. E1085R B CiaxHERHI0.942
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+0.008 izt L D.H. &ER0.873+0.011 & Zuic (&
T (P<0.001) LTw3, DHAE#I12BEMET
i+ 0.923+£0.010, D.H.{10.904+0.008 »D.H.
il &g (P<0.05) TH Y, 368sM#%Cid D.H.
0.901+0.010, *JB&4W 0.916+0.011 &7 D, W&

CERZ WY, EFERLD LEME(P<0.05)i25 5,

Lact PYT sx%

LENHERZHRLZLOXEL, M2THD,
M1z 8EBBTORMPYEBREZRELCHECRL
22T, VOAERERICERZERNBELZ LY,
@~@irEnFhoNBH* ERARICE>TH 5.

DT EFRFOKBHEBECKT 2 DH 4E
0 R (IEIKIRRE) D EMEBREOHEILERLL

R

Lact Pyr

F1. ERE L RANC§ 2 WHIBEL (AXER) )nAMIEEERR
(1) D.H. 0 hour(hypothermia) (2)D.H. 3 hours (3)D.H. 6 hours (4)D.H. 10 hours
(5)12hours after D.H. (6) 36 hours after D.H.

*: P<5 xx: P<.01 xxx: P<.001
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TEN, FRENFNCEREEL DT TH B,
MERE LAEAST CIIEMELRIT CTREREIIA

nTwicvs, (2)~6)bAHETH~ DHALE 3 KH
B, 68MHE, 1065/H, LEHI2MFMHE, 3685

BoxtBAIICH T2 DHAOYEBELERL T
w5, M2ik L/P ki, ECPoOZEL% 77 7Lz
YOTH), BH, K-£Hs DHMAOELE,
WA, MeEBRINBRANELERLLZLNT, 1]
¥REEZETORTRLTH S,

504
3s W‘:e
20

COH!!‘O

964
93

Control
901 / Lo H.side t

874
;j-—b H. Mi—:[

36 B¢

X 2 . Lactate/Pyruvate ratio (L/P) ¢ Energy
Charge Potential (ECP) » #8921k
*: P<.05 x% P<.01 »xx: P<.001

1 »

DHAETREFHVIEERRTICH ST, BE
BN A2 EFRICHEFT 2201013, BEZME
Lithiidi biensds, S1ETRITL 2w,
EFE L LT, BS Tl microwave BHA R
EHNTHELEZLN, X, BEECREL 25
FEEICH - T, EENEBEL L IEFERKOMIEILE
FoniewekZAhThHsd, b DHAES R
HCEBENCIERLBIRENEICTET,
EFRICHRTIRY), EREBYHEFEBALCE
AR BRI LW ERREB TS, 2722 h
513, D.H. & 5 R & BE I B E B I AT
LI 2&K2ERLTITULNIERERTH Y,
U LoREE THELP, TR nREENR
BRMHILLE» VABNEE THo7, S ENE
BEIoNbLnE2BLLRT~fTebhzb 0T
b5,

FTEFERNERP LA D L, HEROBESID
ickl, Glun{&T & Lact. o3¥m, ATPaET

o0 autolysis®) A7 2 513,

E

AR LNbH, EENDERIZVWTIL BRFETN
LOTHY, ERNVWABPERZTL > Tlwn
et ETIREBOMEL LBbh, BERL &4
TOERT, SHENFAY (3, EBRMMICIE
Pa0z, PaCO: mZE@hsai{, 736 ReHLIEIC
BInoWRELTCETCE), ZORETIIHRER
&ML DB %E, FCIFRIEIC X 5 hypoxia
DHBEITTVELDTHL) LBEL TS
Mk, —AI BRERHAABHIE] 2 5k L1919, £ E o
ERBRLIBOMRZLLLTEEZLNB DS,
AER L ZIFRERESRY S0, YORESE
BonlwRIic, REXGHEERIZL TR
THETH3, 252 Glu, ATP n{&TF, Lact. »
ERERTRRENH L LD E LTI, HEHRRE
H R B S WK
BEPICERAT 2 F CORRMILZ, FERTIIEWL
WTH D, autolysis M ANDE(LSINIG L33 5 8
wekBbha,

D.H. & 0 R E (BIKIERF) Tt G6P &
AMP o LA h%kBE T, DAP, ADPDETH AL
na, Zofmiz AMPoOERZERAT I, 1313
EEROBE D r—HLTEN, FDPUT®
EER AR HBRENBRTHERIZ, fructose-6-ph-
osphate (F6P) & FDP iz 8 { phosphofructoki-
nase (PFK) » BB TOEEERIS Hflagic &
ALTw3LnLEZ NIZBETE L, AMP iy
Mt bBECL>TELLLOPE, -5
N LZwat, AMP % hypoxia % % & Uiz B
THEVIREDLHY, ZoORRETY % BRERRE]
DRBIC & B 1RGP AR IR A 812 T o) B i 3
BOmA (#%ik) »*H Y, hypoxiaZev:, ischem-
arFLEL TV B EEMR & 5. 3 &I {RKIERIC
i3 TCA cycle T citrate NBF¥, o-ketoglutarate
DNERLBOHALNTHENY, TCA cycle T
MELEEY S vize, BKIETTLA 3 hypoxia
PHEETIE, ATPEE n7zHic, cytoplasm P
T adenylate kinase i- X 5 2 ADP—ATP+AMP
DRIEDTHEL, TRIED AMPA, BT EE
BicHIL T 2o bimniayvs, ATPRICKL
T ADPOBEMBETL TS ki, LioHmE2
HERERMT T30 Bbns., —% ATP
BNETHFALNLWZ i3, ATPoflEZNY
DIFENZ E 2 FbE TS, L/PHI329.4 B¢
T2 Tv5%, ECPI20.926 & WEikymEic R
T, AMPo¥b b 2icwl, ZRALF—
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FHOETIE, MBI ENETHLRR»EL TS
L1 B2 v pattern TH B,

DH ¥ 3 E T DH. 4 B HMOMIZEHR
B Q71T ) #ERINTVWBRTH L4, &28K
HBRICHB-HEMBICIIEBRICAZ LIS L.
ZZTETHREBEERARAORBICHT 2HE L AER
REPHBL AL, BfEZ COKEBELRBFORA
KRBMWENREHERICEL TE, 3 WOHE202D
MHBICTET, £hb TIIEKIBL2CHI#T, Glu,
G6P, Lact. » LHA—EHL TA LN T35, Pyr.
BAERRBERL L THL020E, LﬁJ:ﬁ- L
TR HELTWBELDEHDN, ATP T
AEETELNVERALETE LN HHY,
AMP LR N R EE T2 400 MMET 2 b
DY pH LI, KB ERBROBMASICEL T3
PE—E L HERIBOLN T WRKTHS, FE
NEBTIZ DH. BRI HZEILE L TE Glu o E
REBDLNATH- 72755, G6P, ATP, ADP |31
nfEmic » Y, FDP, DAP, Pyr., Lact, AMP |3 F
MEmIcH 2, TN EFERLLET S L Py,
Lact. i 4 ADP B 24'h ), Zoffliciz®d
BNEHNA LML\, ZOHEFIIHKRERIC L 510K
M=, RIS & 5 &5 RHNEEH Z DRI
B HIHTERELRKEIC L > T3 EEZ T,
Pyr., Lact., ADP @3 B#ETE, KB LR
#o Glu., G6P, Lact. »#&fm & v» - 72 4L 3 pattern
B -Twa e 6d, DH RER MRS
ILEE OLEEBEFORBREICIEV-RKETHRA T
3rBbnsd. T%bHbH DHAIHENOICERT
HoTYH, TORBEEIIIVC THRBERICZH S
ZEERLTVBRLNEEZLNS,

KicH BRI HET 2 & Glun EEHFEHME-T
VBA, AN L EENZHIC KL KEN
BE LD LML, GlunRABGAZSHERHIC 3
L2z 22 B, ATP, ADP N
B b AT, AHEEILE H->TB), HEAL
N LRBTHENKEICH S Z 2 HASEED, i
DHERBYEICEL wHENRESEALRT, R
HEAEZR ) I+ LB L EINTELEBbN
5.

DH.ME6rMEICKSE, Pyrid®-&TL,
Lact. ®ici3 3% GluniE BRIZMEFICITEZH
nNTwadtEzbnd, HbLRBNMETHHE%H
BAKiBRICA SN BHC, Glu NET, G6PORTHE,
FDP U T MRBWENIHED B> T L 5N

EThorH, roERIRALNT, 3RHEIEICFE
BERBHIRLE NAANIC R TEEZSKIT TR LE
bh, X ECPHELEL, L/Plicy ERIZALN
T, RSB +IciT bR T2 REBICH
brEZHLNS,

DH. MEI0BMB %5 & Glu s, G6P
niR, DAP, Pyr. migd, Lact. nEWH» AL,
BERTHORBICEAHHEL T5, Hypoxia %
ischemia NHEBRI3V X Glu. N{ET, G6Pa L
8, F6P mik, FDP @ LR, Pyr., Lact. D&
HAELNTWEY, SENERTIE FPZHIZEL
TELTINEIBARLD, —#kicid G6P & F6P
IFERERICH ), ZoOMTOBEERMIZILVEX
ZboNTwd, 22T F6P#RWTEBNDERK
R2A2TAH5% ¢ DHALEIERH R B RoRH
FHEl3 Pyr. w4 % BT i¥, hypoxia, ischemia
7 patterniC % > TWA I EHEE, X, ZoRH
pattern |3 edema N pattern®?~3 TH A1,
cell damage IC3@ L 2B T, EITTHITR
PCIIERA~LEOETH S, 29 LIEERD—
ENELISH L T, Lowry 5917 |3 hexokinase,
PFK, pyruvate kinase NERERAEZEFAL, i
LOERITEFEMIEE LT valve BRI T2 %< T,
INLBRNERT 3R#EOWEBES adenine
nucleotides N BEIC & » T, FNiEHELEEL
N, TNIRER: TROKETHE, WELiTEI
FLDBEITENZ L b, FLERIC & 2287
ERNXTD, 2 5IiC#H%iE glyceraldehyde phos-
phate dehydrogenase NE L BEEHR D H 5 WEe
BETRRL TS, FEOLENERERTY G6P
DIFBHEALNTEY, IZiid hexokinase 7 iF K
E#EDFHHZ 27T LNLEbN, X DAP»i
EDETH 6 AT FDP & 5 DAP A itLizal-
dolase N EERIGH, 65 1LISHHLIES L 5> T d &
Bbndicbhrdrb6d FDPOEE DL DI 1L
TWZ Ed 5 LT, hexokinase ) i FUiE & [E]EE
2, Zhe&®%T2 PFKOEETELH2 EBbH
nad, LyrL, ZNTLLuE GPoFErALN
5C ki, PFK B EoRBOWILC S
5T LEBRDYE, TOMEEEN ¥ 12312 G6P
(F6P) &t LT7—NEN3B L vis 2 BCREER
T2 e B3NS, /2, DAPBOIE T
& A3 glyceraldehyde phosphate dehydrogenase
TOREERIIE T LweBbhs, Pyr.oR
DAY TCA cycle DRIEIZBEL TV 3 &
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Ebhnsh, ATPEIIEA L, ADP, AMPEIL
BMLTEY, TAALX—HRICHL T, ZnEL
H+aThvikiRicd D, Zhd hypoxia, edema,
ischemia % T# & 715 cell damage /{4 pattern
THDH, FROBE? Tl Zniko Pa0; 121195
mmHg T# ) £ & 8% hypoxia (&4 6 Twicwn,
#R, DH. uEREBIcX5:, DHRER
Tl IFR B ERR{L AT E] & 11,  tissue hypoxia?
R pattern & % ), BYERDOTNHEL % 575,
PFK T & A »E < KA T T ANX—EED
TELVWKREBICH ), ZRUX—RBICHIELEL
Twa LBbhb, —iRKICEHEKIRICH 2354, Ml
MERIZIETOP% R L, Hégerdal 5 i & 1Ud, 22TC
DIEKBRN F IR EFBBFNHB%ICE TETL
TWaH, ZOBOBEMNBELEBNMETEZRL
TH Y, L AMicxt L Tid protective effect & %
NB3EENTW3E. L»L DHAETIRE&HK
#igic & 3 KB OMINEGLWPIcnZ, 0EEE
HOTLHIC & ZBFEOFEEDY L b4, DH
MEBAICZ ) LItz AN X—RBOMEHIEL T
ELnTHAH.

D.H. L& #1288/ B Tid AMP LA D LBIEY
BAXEFEERLVETLCE), ZhizORBRE
HELTWBDD, QZANX—ERITTHEL T
2ODHEILNIERTHS, ZNFA FDPoO
BETHALNEZ e bT UL, Pyr. AL E
Wi L BEEN, L&Y Pyr, Lact. nEMAH L
WZihh, FRELZANX—BEILENTY
3r8hh, TANVX—HREDOTTESrHLILETR
FTLNrEZLNE, MERMECZALY—ER
DPTREL THEH L) Sichsd, 2 iRk
BE TIIBBEIH Y, TOBENzHI, Pl
ZEENEEN-HIc Nat-Kt-ATPase & L TIHE
BNTWE, AT ELTED,

D.H.ALE %36 K5 Bic 5\ T L 128 RI 7% & A7
3t pattern TH B%%, ATPORAHHIML» T
5, L TAEXI12:M B 0RBFEIL, RER,
HERELEBTEN, 2% ELINBRITLR
WMECIIEFEEZT B2 EE2RLTWE, Zh
IMEARIRIORERE & v ) BRE DA RG22 £ L
7z, % bbb Mendler*¥ { B~ Tv24m<(, Na*
o transport I IREKRFES DN, (BREKIE TIIIEE
AW Napkedic#Eml, cold swelling #3%kL,
BARBICERL TEAMNARRICIFELEL CEAT
L LEZLNS, wWTHICLT) DH.ALEHI6

2 %

RRTE TR, R ORBIIEFRRECE CIREL
THELT, TANVX—HRBIELEZ EH->TW
pikEETHS, L»L L/PRIIELICEHRELTE
N, FRBIWHEOBENTEL LT, Lact. BN
&TF, Pyr.BotEgm, ECPoMmsAsLnsZ L,

—HEfEN L nit Lact. H EH, ECPOET»S
B EEINTHE N, SENFERIE, BE~ORH
patternTh ), RHTCREELT S L FHRINS,

R2icastm<, L/Pt, ECPaZE{TE D.H
MEIORRIE i3, L/PHZ LR LUBEROTES
RL, L&y ECPRRBIETLZALX—HREY
EEFENTWDEZLERLTVS, Z0ZE{LAD.
HAAE#IZACEL22H ), EBETHRAENLTS
BIEEBRbETNS,

BRI & D ARHPET UL, BEBEETICH-
TLHEKIZEHZINS (protective effect) & ¥
BUILLHETD & & - 72hf, $RCEERIC SR L AT
DIERIBRENICHHIC I1Z, HBHE L nHBEHH 540
~54) 4 ¥ §, & differential hypothermia ¥ \» 3 5
ERED, Jensen®S L e FKIBICHL THIBED
AETREIET, BAOMIEERL 254, Bt
BEEFCHKL CRRHBAG» LTFoNE EHREL
72z kicthE %, Popovic A L 7z differential
hypothermia Ti3 £ #{E@KiL, BATEERTHI,
Jensen & D EAKIR LI ORILE E LTV 555
LB CIIEEEENLEH 5, Popovic nfERL
RERTDH. V) BELFALCEL, S%¥0
Bz A< LT, DHAE L IFERFEER
iz & 3 protective effect # £tk —¥ (FEESH) T
EVBRC L L BB TE B, Z I T protective effe-
CtLEEIVIBE L > TET B LDTHBHH
ME: %5, ZOMBE~NNOBRUOREL XA DI,
Field 559 ¢, #H%I7 v FORUA 2BV, &
2OBET TRFANRELAEL, BEERTICON
T, BEMBELET T2 22 28E5L T3, £
N 1%, Rosomoff 538, Stone %57, Beringt®,
Cohen % 3%, Michenfelder 3%, Higerdal 4142
DE,EHIRE, TORKR2IBICHRERTIIEE
LEBFNERICITITIZERBEGRSSH), RELICH
BETIC2&, H5%NEBERMERENVBET»*HE LS
nTwa, 5|2 Michenfelder & DR T3 Glu
DERLINICRE-> WL ERL T 5, KL
BB L CHIBRIBCHAT 5 453959, WA RIIE
BRI R ER 7 A IBEABIE L ThE S &Y 342
LE3NTW3, BKEBPOBRRBWENBE TIF
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ATP, ADP, AMP&iz%&ftL v & 34, phos-
phocreatine M ¥ 87 | A % AL HED® L 10%
UROLREZALBRED b 5H, wFhicLTh
BERICE D 2 ANX—RTHEMIELTEY,
Z fLb* protective effect I D% B L VIR T
v, EEKEROMESEN Glu B3 THRETE
TLTENDOID L Glu BEMFETL TR
RN Glu idiFEL TEmEmEzRL Ty &
nrEH, BTE2RTZ &3, Glu DMEZNIRY AL
I, BARIBAHIHIEC 8 < D TR v L D HERIDS
ENTWEY, fhoiERPRERHWE T3 G6P
o LR, Hi3FEY & FDP, Pyr, Lact. »{&T
HHALN TS, 95 LE—EnEKREN{HD
W, 5, %) protective effect i3, DIEMRIRAE:
F—~ 70 b S RBERRE % AT ICHE) S 8, HERYK
WEERIBE TLEEMY L END, ORERINRE
DET (MROZANVX—LERNET) IckoT
ISV SN TOBREBRICNTHHE2 2 LB
ick 3k, Carlsson 5!V (2@l (w5, 40D
E£B T3, DH. AEIEMEE CI ALY -RH#
REAREDL, ZOBEZEDLYE, L LREKX
BREETLLEBEFICHEL T LW THEH, =
nANisIc # < MEDEBIETHEICE ) BiEED &
T2 LTH, RIHRICLFNERBTICEIT
5RO BTEY L BB THHICL T
4, protective effect #* 53§ & iz IEHIL,
tissue hypoxia /{3 pattern ichH b & 225, %
72, KRR Vx2 BiEEEIcHL <, DHRELME
L7zHEnEANERE'D T, DH.LEILRKH
B, %3 tissue hypoxia%z R~L Tk ", D.H.
ME DHEERRIC tissue hypoxia i & A D & E|
FELTYSTEEE2 IR L <3, DH.AEN
HIiESE S EIC tissue hypoxia 754 87% 53, D.H. &
BICLEE T 5B/, RBICESHERT 6 KRHE
P L10EHEE E COMORBMEL S, 72, KRE
#hiic D.H. & 217% v, BERRUVIALY—
FZORBWENESH LA SANERERTAS
BN, DH EIREE TALNIKBOBED
T LN THY, 108M0 DHRETLEE
i) 3 E8bnk, 27ZL2hi3, TCE
FEROLNARRMTHERERTH ), HENE
bR B - i, SRS EERA AR (3 ST
HET L%, BICHROBICH-> Twbizs, TNE
BERZ2ZNEILTEIOHILITICBITPZVWTH
59,

= E
RA*ERRBTCHLHEAKEL L, EFKN—
iz g 729, 2.45GHz ¢ microwave # BatL
CIE¥R (37 £1°C) Ic##F7 5 differential hy-
pothermia (D.H.) fL{E % 4T7% >, REREICBAA
B EREL, F0ELERETLL, REHIEF
Bk, DH.WmEO, 3, 6, 1065 B, RU108
Foy D.H.AVE#12, 36BFRIHE CTHRIL, BEREKIC
THR¥ER 6 #& (d-glucose, glucose-6-phosphate,
fructose-1, 6-diphosphate, dihydroxyacetone phos-
phate, pyruvate, lactate) & adenine nucleotide
3f (ATP, ADP, AMP), 9@ MWE~EE
BL7. F-RIEERY S lactate/pyruvatelt(L/
P it) & energy charge potential (ECP) # &1L
2. ®0fER, OE¥iREE® L/ P k3264, ECP
13 0921 ¢h-7. @D.H. & 6 BRI H F Tid,
D.H. 4 R T3 BREETIC S A mEEIC L,
MBIt EEZRL, 6RFMBoRENTHL/
P i3, 27.6, ECP30.953C&H »72. @ D.H. &
108509 B T2, glucose i3 KT L, G6PI3EBHICHY
mL<sN, L/PEEERL T, @RL 108
B Tz ATP 4>, ADP, AMP 7 inh<A &
., =i ECPIz 0873 1o F ML Tv72. GD.
H. QLiE % 3688 Ti2 L/ P 3187 X EEHBREL
DYEBCH2FTICEEL T, ECPI20.901 &
FLE TR EVHIEEERIGENEICE THEL Twi,
ZO#ERIE, DH M E6RKEBX CHOEEMT

ofREHE, MBALIREL I3 bnn, HiE
iThbn T, TNHI0EFEBICK % &, tiss-
ue hypoxia 4% #t pattern & %), RO TE
L, TEANXF—RBECOHELR LB %
FLTw3, L»L, DH R EWEMBOZNE
bz, REHEORBRE» LA T, TENLLNT
brrEZ LN, #B, KRB THOBERRUNT
ANX-RMPENIERD» LABR) Tk, EF
Bic 321085 o» D.H.AL & 13, EREMWITIZE
2T VWRbZ &R E N,

RE#MDICERA, WAMBEL2HEN, HMEE
b L BMERRAUIRICRE L 2T 2 BT T,
I, FAMRCHEY, HHSEHEILLLHEEOM
B IS Leb, FESuHE, REREBICREMBL T
T EFRLNOEEZFI2E B RN ES (B
484F, BA) o TRELL,
FRAHRIIEEL P AREMRE IR 2 ZiF 72
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Experimental study of safety limits in differential hypothermia
Part 2. Metabolic effects on normal rabbit brains
Komei IKEDA
Department of Neurological Surgery, Okayama University Medical School

(Director : Prof. A. Nishimoto)

Differential hypothermia (D.H.) treatment was performed on normal rabbit brains and
the associated changes in cerebral metabolism were observed in series. Under generalized body
hypothermia (rectal temperature; 23 °C), a portion of normal brain was maintained at normo-
thermia (37 = 1 °C) by heating with microwave irradiation (2.45GHz). Brain tissues were
sampled as follows; before treatment, at the beginning, 3, 6 and 10 hours later, and finally
12 and 36 hours after completion of the 10 hour-treatment. Five rabbits were studied in each
group to be 35 as a total sum. In each rabbit, two samples; one from the normothermic
portion and one from the hypothermic portion, were obtained. By using enzymatic analysis,
six glycolytic metabolites (glucose, glucose-6-phosphate, fructose-1,6-diphosphate, dihydroxy-
acetone phosphate, pyruvate, lactate) and three adenine nucleotides (ATP, ADP, AMP) were
investigated quantitatively. From these results, the ratio of lactate and pyruvate (L/P ratio)
and energy charge potential (ECP) were calculated.

Before the treatment, the L/P ratio was 26.4 and ECP was 0.921. Up to 6 hours after
the beginning, the metabolic status in the normothermic portion was relatively higher than
the hypothermic portion. Namely, L/P ratio and ECP in the normothermic portion reached
27.6 and 0.953 respectively. On the completion of the 10 hour-treatment, however, glucose
decreased considerably. While G6P increased markedly associated with a L/P ratio of 47.5.
Similarly ATP was decreased, while ADP and AMP were increased, therefore ECP decreased
to 0.873. These data indicated tissue hypoxia. On the other hand, 36 hours after the treat-
ment, the L/P ratio recovered completely to 18.7, ECP also recovered to 0.901.

These results indicated that metabolism in the normothermic portion was smooth up to
6 hours duration of treatment, although it was constantly higher than the hypothermic portion.
On the completion of the 10 hour-treatment, increase of glycolysis by tissue hypoxia and
failure of energy metabolism were observed. However, these changes were considered still
reversible because the results obtained after the treatment indicated reasonable recovery.
Therefore it was suggested that 10 hour-differential hypothermia treatment on the normal
rabbit brains was safe from a viewpoint of glycolytiec and energy metabolism.



