612.397.23:612.82:578.085. 1

{EHRARTE DHEDE + 2 BB 3 A6

MLRFZEEMGREHELZHE (EE  RNZE

& % & iE S|
(BR424 118 2THZR)
Z1cDTHETS.

o i®

ERBRAIIUH LT 2 ERERO DRIEIfER I
MayerD (1886) ICXDTH#HE s, Wid, BER
EEROTTH, KEK S5 TTOIEHE, $78bb,
R, FR, Fovk VB, B, TEBICONT
KEBRDR & (LB IRED>THRERER ORI B 1|
MARb5T EERBD, C&ic, FREBEETERD
Na ESMREER DM, TARETIIBEL ERE
TX3LH|EL TS, Samson & Dahl?) (T, [RE
B 2 ~10F TOIERAEEE O FREREF %= BEMICHET L,
RERPE R SR R BT U Ciging 2 43, BrRicid
ZOERAMBITNC EERASHIT U /2. Holmquist &
Ingvard) i3, FBE, H 7V VE, A4 vERIRE
EREHLT, A4 VBB EEEAE5 L0
B, BV NVEREEREIINEENHT 5 LBRRT
5. Tz, Laboritd I X DTN X411tz 7-Hdro-
xybutyrate (OBA) HRKEINEIVER 2355 LA
ShricEhiz, EMEDOKATOEBNELEEED
2EE, THEROD L9, E(LFEMITIE GAB
A RBcEFELIMBIP D EBEINDVO, A4
BHIEA S KUMARB TOME I >0 THERSR
eh T35,

g, T o—HEDEMRNER O hRKIMKBIER I,
ZOBKEIENTED S, BRERICONT, &
QICHEHER & DBFRER INTHB DD, F
1o, FEREEMRIRIC 317 2 BaEE & ER s O
W 7 & DEFRMBBRE SN TN B0,

EHI, chooBRIEROKOMAEE RHick
KIFTEEFERZ L ORAHIC, KERMAER
POFHEINTO ENHEREZRNT, EFRBEKR Na
Hi, EHEM Na i, EH oV Na b XU
OBA % EHMOBHIKNICEREEAL, Ch 515
BRSO BTN OBRE L L URH, < LiclNmkE
BAEERR, BERE, IBENBICBIITTEY
M EOHEICENTEEREL, FTowR%

RBRARK

RHEETRER, ERENOBIRRICRE SN EYD
REGE DBREP BT TIEEERERT T 50
I LT3 open system DFRAA L4, £
DA BLCATLKEREEIC2NTIL, T TICH
LB XNTHNEDOTHERIE L, RERTIT
D1 DPDEEBBFRIC DN TR~ S,

1) ERBHMIT, 4KE 3.0kg FIEORBE K 2% B
WV, LABIZ L7282 T, d-tubocurarine (amelizol)
TEIILL, EHREBEATERTICTERET O,

2) BERAALMBEOMERIL, RLIKRD ENT
N3 H, ARIOEREERTIE, EROMEKERRRD,
TTICHRE Lcn 109, KBRZHEOR, v) Y
vz /)8B (UMP) 8 XU VYFY Y - =/ HER
(CMP) #8, W) Y vBIUYF T 0 LEKIC,
HERMORM B LXUBEICTEZEL 75T LDR
i 51D, UMP, CMP ZEEMREHE AT i<
% 4 DI this B A8 4mg/100mliT 78 3 & 5 ICiRIN L7z
HDERV. X5, AERTIE, oL
BROEHRAATLMY i, 5§ E 4% 100mg/100ml

1 ERAATLREOHRK

m % K & 400ml
)y v ¥ v 600m]
LEfaFsAt gy 60g

(D98 T75000+25000)
PH 7.83~T.4
~2 bty )Y HiE 28~30
BHEMEME 9% -
BXERSFR 9 ~12 Vol %
KA 2EHR 30~35 Vol %
7 v e =7 507.N./dl \°F
CMP 4 mg/dl
UMP 4 mg/dl
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KRB &Sicsyva—REmil.

3) AERICHERM U IEBRIE

KERGROBRIEE T, FOBMETRMEOER
& (CsH7-COOH), EEH® (C4Ho-COOH), EEA T
o VB (CsHy-COOH), %#jkY ~4T pHT7.4 IC
LI DL, NFERITEHRROKROBEEY
B TH3 OBA (— iR 4|3 7-Hydroxybutyrate-Na,
CHy (OH)-CH2-CH2-COO-Na) @ pH 7.4 @ 0.3 M
KB ERAY, #592HEANIIK, hoBRIERD
FrEEEATMKICEA LAR Ut b0 RO L
TS Ui,

4) ®&EHEk

T SEREROREHER, AEKRTHE, Ch
SERYDHEFIKN DKL XURBITT T 2 ER DR
i, ekl LR TAOIKEL TV A
FREEEZAV, ThabbL, ERKOKE M
T, ROKREEBUNRES O BLEE THEEMIC
LTINS, ERFENEIEEL T SRR
B30 ~60IC B INT, T HERIERDAER
ZEHVATIR 1 cc % 1 53 T % IKBETHRE
DHEFREERICEA LEERS Uk,

5) IEFEB XURIEERE

BHRIEROSHREIC X P ERNOMTE, BE
BHE, BHENE, ARENBROEDZ, RS
DFBRICRI L I Bk E TR0 B THITRIE
L, ZOREHEE B TS EICED>TBEEL
7z,

M$EE ; Nelson JV. 58 H.fb pk2D

B E ; Barker & Summerson %22

BR%E AL ¢ Natelson MBI H R S ER

B R E

Wic = v= Oxymeter
mFEEE  BARBHRERRES
6) Mnlace
YECERIT, FEMR A 0 OFEHEICIER 3 mm CEIE
SNIER A Y OB, SHB I N FEMNE %
AAOLRALE 0 8 RFMBET (EM-91D) i &k b,
RIS LTz,

EBRER

AR THA LI BEBREROBRERIIROML T
5. bbb, EERIZ 0.1, 0.2, 1.0m mole
%, EEERBLUEA 70 v#i30.1, 1.0m mole
%, ¥7z OBA {20.09m mole ZEBROWRELT
ZoAT. ThoEREROBREBDIECELT
i3, EEER, EEER, Eb 7o il Holmquist
& Ingvar®, BLIVRES!Y OEBR THO 6N
HIRNEARSE (1~4mM/kg) %, OBA i3,
HERICHNT, BRIRE, FIIREBHREER
B DIBLELHIRHNEARSE (500 ~ 1200
mg/kg%)) AREZWCUTHEEL, £DMHEIZ, B
BIREAZRESELE LT, ERER, ESER, E47
o /3% 4 0.1m mole i, OBA |3 0.09m mole
KR%T 3, &5, T HBRIEERO ERA %,
ZTOREBOEDNICLBERIC DN TRET 2 B
T, R, EEER, Eb 7o VBOZSHEIKON
Tit, 1.0 m mole DREIRGERE M TT O/ .
T SERIEREBRBIRNICEAT 2 ERIE, &5
CEAUEROBERMO MR, BREHEE, W
BEE ABRELEEITTIKEELLD FETH
EFL, ERELD, ThThOREEDOFEEL K

#£2 BRIBEBFEANZOERMOKEDCEE (m1/100g B&/453)
BSR \powm| m oA BOA #
0.1 3 85.0 + 8.83 100.0 + 2.83 15.0 + 4.34 %
I EE 0.2 85.3 + 4.16 103.3 + 4.24 18.0 =+ 2.00 X
1.0 88.0 + 8.72 94.7 + 9.86 6.7 + 1.16
s 0.1 3 97.3 =+ 5.03 110.7 4 4.62 13.3 & 8.05 X
1.0 96.0 100 4.0
EnTovE 0.1 3 82.7 + 5.89 89.3 + 6.43 6.7 + 1.16
1.0 3 96.7 4 5.57 98.3 + 7.63 1.7 4 1.53
OBA ’ 0.09 ] 5 103.0 + 5.83 113.6 + 5.94 10.6 + 1.52 3%
ES| S ‘ l 3 | 100.7 =+ 3.06 99.3 + 4.16 —1.3 + 1.58
¥ P<0.01, ¥ : P<0.05 T4



BARIEIRORE % 2 N BHIC 9 B 1ER

UREREERD, EARLEABRO L SDTY
EDEE, HEEHPEMIC Student t IKEDTZDEE
HERETL, 5T, EEAEIK 0.1~0.3ml 2B
AU AT 1 ml ZSREIRPY i< A U o R E
EHBU, choEREROERKOMETE, Bk
HRE, FBERE AEENRicxs 228
OEEEBIBRE UK.

1) K icxd 3 ER

#2113, T SERERAERKOEBIRNICE
BEEARS LS AOKMKEDERHERLIZED
Th5.

EERERD 0.1 BXLU 0.2m mole 5 # Ti,
L HIERRZNOKEOENMIGED 54, Ldd,
Z DOEIMBIIHEZNIC S 5 BUTORBKRETER
TH27. UL, AEHDL.0m mole DAERE
FITiE, 6.7ml/100g IX/45 & IREEDIBMOSEED S
1o, HEEMICRERHIEMEBLAE, L
LIS, EBERKEACKSMBHANED D
ERERLICOIEET 27250, CORBRSH
T, ERBRINOKEEMEREZETLL0Z
3. LdL, 20HhliE, KEHRS TIIED TS
35,

ZDIEEES 0.1 m mole 5HIC KT 5 N MFFE
OEHOZEBEZIMFERF 77—+ (K1) kd ok

X1

2

Nn-FH5HZ 0dnm mole‘
T T

I 40 CC/|003_H‘.';,//77

T
10 gec
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LT& 2D, EABKKRSOMIZELT, MOFHE
BEEIcEMLIELY, BEHEICETZPZ0EE
EEHT B &1L, BReAEPLIEBIOERE
7280, EMULIZLHTHL S 3 /RITHiP  FIHK
IKEARIOMPBRED LRVICR 3 DMBH o1,

PlEDC & HIEEEERIZ, 0.1m mole D/DEIRSE
BT, BAOGMOKEEMEREFL, £ [
EHMNLSHH LT LE I EBb RIS
WTH, 4B, BINMRLERT 3 BORRIELR
L7zDicsxt U, R34 1.0 m mole O KBIREET
i, XoT, MnKEEEMEMIZEEL, TOR
DEFMEDE LB b2k,

EEEEO 0.1m mole B5H T3, EBBDL
BES5H AR, A SERINDERD
EnsEA»ohic, i, TOHEMNERLEHRRD
SEBEREBHUL T, AEHD 1.0m mole
BERIZ 1 0ATH s, EREBOAERSH
LRI, PRYROKEEMERNIREL, €0
MR OB bR TP DO,

EH7a vERTiZ, 0.1m mole DHEHITEH, IE
BEBPEEEROLVEBIRER ERILY, FWLMNED
HREOHEMIA 5NT, WRAEOWRT, RER
MOMMBERIEMER IEETE D ENZ 50,
1 0 m mole DAREEH T, WP &0 Hhigic

EREAERSNE (0.1m mile/s) DRMMEDOEIL (F7—1)

#£3 EREBEATNZKOERMEENEROEE (ml/100g /4
= . . s 4
| B3R mom| w oA ow A % #
0.1 3 6.17 £ 1.913 | 7.00 + 2.116 | 0.83 * 0.252
E# 0.2 7.27 + 1.006 | 8.13 % 0.985 | 0.87 + 0.306
1.0 3 5.40 + 0.600 | 5.60 % 0.600 | 0.20 % 0.200
I 0.1 5.17 + 0.405 | 5.93 = 0.417 | 0.77 + 0.184
h 1.0 6.00 6.70 0.70
g 0.1 6.17 + 1.722 | 6.20 = 1.743 | 0.03 = 0.208
1.0 5.13 + 0.352 | 4.97 + 0.665 | —0.17 = 0.322
0BA 0.09 | 5 | 4.88 0998 | 4.68= 1.249 | -0.20 % 0.621
§ M | 8 | 5.00+0590 | 4600310 | 0.4 *0.200
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BOTH, LANMBEEHMERSH S ERVAL
V. UL, RREESD S E2EMITED SN
8ot

OBA @ 0.09m mole ¥5HICl3, #HEHZEMICS
BLTF OEBRE THEEIMMFERDOBNSED 51
7o, ZOEMRIZESTERD 0.1m mole £54ic
W UTEETH D8, iR oHkkkkiIH->
TE»rD.

2) WERREBE IS 51EA

%31, ThoERIsBEZERNOBEIRAI S
FEARE LB AORBENBRBOE TR L
LDTH5.

FEEERD 0.1 XY 0.2m mole DIFE5H T,
INERETHEE S 0.83m1/100g st/ 5 S RBEICHE NS
308, TOBEMBIIHAENICERTEL. UL,
SHRHIHL 0.4ml &P DERER L - Dlic i+ 3
25T, bIPICEBNERAZEET 2D LENZ S,
LipL, AEHD 1.0m mole KEHREHR TIT, b
THhIENT2ERRA LN LiFNZ, Z0EN
EiIBDT/NT, THREAZHICHERTEL, R
BlEDHBRICBNTS, FOERBEDOHHETS
HD TR,

EHEEROBRERTIE, ERBREIZIZEML 5
BA@DIY, Eh 7o ryBoREHTIE, 20
BT, ERREAIED Shishok,

OBA D 0.09m mole # 5 £ Zid, 0.2ml/100g
W/ oEhIhiCRD LI, #FORLEREL, IR
HEEMICEETI L, HRA LR EELLER
MED S5,

3) IEEEREICHT 5 1ER

BEx® E

]

F4ll, INSOERIEREERNOESIRAI
BREARE U EAONOEEREOEBH R L
7bDTH53.

TN oDERERIT, HWTFNLBREEBOEZDick
PHOTINOBERERELERICEMSE, 208N
RRMHENICERTH D/, T &, EBBO
0.1m mole #EH T3, 2OEMENE HE L,
U bHEETENIC 1 BUT OBBRRTHET, 0
ISFEB I 3 2 WINfERIL, ch SERIEROH
TRBHTHD/k, ChitRLT, OBA O 5
PITid, IROBEREDOHEING 0.86mg/100g IN/5
EREDERIERICH UCTIBETH 548, LbL, #f
M BLUTOERETERTHY, HERAT
0.9mg EBDOLTHBEDIHET NIT, i,
WIS OfERERICK U TIREEREE T3 dD L
WZ5,

4) RAREHB T ZER

#5103, S DIEMIEEREERMN ORBIRAIC
BHEEARE L BAOMOAREREOET 2R
L7cbDTH3,

ERRB®D 0.1 8L 1.0 m mole 5§ T3,
MOABBELESOTPIRBLTE4, 20HLE
RHESZNICERE T, $uBRlEoRIicT
HEBEOMEETHEL. L L, EBEBE D 0.2m
mole 5B T3 0.53mg/100g /45y, EHERR 0.1
m mole DFREHTIL 0.8Tmg LIREDR/L LW
S5NBH, ZORWORIIHEHENICEREINZN
V., LL, SBAITE 0.5Tmg LML T3 D
KHERUT, choDBaid, RoABEY 2R
IEBERBHLTPIBEIENZ D, EEEROD

#F4 BERIBBREANZKOERKEEREOER (mg/100g B%/4)
BER ” s . .
BSR mowm| = oA ow B A # %
0.1 3 6.00 + 0.800 | 9.70 + 0.987 | 3.70 - 0.418 ¥OX
EfE 0.2 5.27 + 0.503 | 6.87 + 0.760 | 1.60 + 0.520 X
1.0 6.17 + 0.472 | 7.30 + 0.458 | 1.13 + 0.252 3%
- . BT + . . -+ . b3
[ 0.1 3 6.40 & 0.458 | 7.57 + 0.451 | 1.17 + 0.353 X
1.0 1 4.00 6.00 2.00 X%
EaTevE 0.1 3 6.00 + 0.625 | 7.37 + 0.503 | 1.37 =+ 0.153 3%
1.0 3 6.30 + 0.500 | 7.47 + 0.416 | 1.17 + 0.153 X
OBA ‘ 0.09 5 5.52 + 0.545 ‘ 6.38 + 0.471 | 0.86 + 0.745 3
% m® l ] 3 | 6.50 + 0.854 ’ 5.60 + 1.039 |—0.9 -+ 0.436
MK 1 P<0.01, 3 : P<0.05 CHE
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F5 RBENSEREA GO BTN FLEE RO ZT) (mg/100g fix/53)

BS5R \mow| m oA ow B oA % %
0.1 3 4.33 + 0.643 | 4.13 + 0.702 | —0.20 + 0.400
ERE 0.2 3 4.53 + 0.612 | 4.00 + 0-529 | —0.53 + 0.315
1.0 3 4.07 - 0.315 | 3.87 + 0.231 | —0.20 = 0.400
EiEm 0.1 3 4.40 + 0.693 | 8.53 + 0.702 | —0.87 + 0.268

1.0 1 3.00 4.00 1.00

E#Fn vk 0.1 3 4.47 + 0702 | 3.97 + 0.568 | —0.50 + 0.173
1.0 3 3.73 + 0.757 | 4.07 + 0.432 0.83 + 0.503
OBA ] 0.0 5 ‘ 3.80 + 0.935 | 4.29 + 1.100 0.46 + 0.355
$ ® [ l 3 | 3.83 + 0.650 | 4.40 + 0.529 0.57 + 0.208

1.0 mmole, IEH 70 VEED 0.1 LT 1.0 m mole,
OBA @ 0.09 m mole ZHDHREFHTIT, AFichd
PITHEINT 2 EEAED SN B 45, JREE DL
KBOTHELOERERA SN0,

TIEbL, VTFHICLA, TN SDERIERRIZRE
WM OAEEHBICT L CEELSREAE5Z LN E
W25,

5) ERMKOMBICKHY 2 ER

CMP, UMP % &4 ATIM#E T BHmiiic IR L
TeHa ORI, (K2) 7 TiciRED® Licml,
(LS DS, ERET ORER & 2 MBID N B D
BUIRD, 2 v, EFREEE 1ML Eichieo
TREINE., FEL, 05 MENICIEE
LT3, 978bb, EREHREZI0~60312H,»
0T, EfCMEE AR LSS, ERREE, EE
B, EH7 o vyBO&42D0.1 XY 1.0m mole

X 2

DREFICONT, iz, OBA @ 0.09 m mole #
BHIC-0T, o S EEFRKOBHEIIRAICE
ALaMRE LR OB OEBEEHE L,
7, ERERO 0.1 m mole 5/ T3, (X3)
EABEIE30~40FP12IT, 30~40uV D4 ~54 47
VO OEBEBICGRELUTHRL, #hbr oL
T, 80~100pV ODHBHEEBEMD L1 ~244 v
DIWHEHAHONDE LI IKIED, FEABEIKLRE
i3, 1004V Ll EDEEN O T HICHOETINT 8
BABBICHEL, LCAECAICHER MR
T B2 vERLUIZ, TS DOREGERET, 308
BEHRL, PHTREICZDOHRERL, HERS
DML, ZhicEd7EoT, BY, DBEMD 0
ICHIT L, EABRIOBHICIE, EIRMERD, 512
BHEERNN 2 VICHHRICERT 2 O058b St
Z O, MR RMERELLUERDTH 5

CMP. UMP (&F4mg/dl) % & AT M HES M D R ik

R Nyt AN s o bt g ot s o A g Ayt

—_ |somv
1 gec

) TRy DR I " bt - v
e A A AP 9 R P

A - Fa . B A s R " f
\Mﬂ vhv| l‘l‘y"\ W,“(VJ ,,\'M* o '}‘J,,ﬁ'z",\ﬁ‘ﬂ 't,’ﬂv'/.*{"l‘,l.w f‘J\y‘ J"‘lﬁf. [5A] "!:""’\,“.'.l ] "',."-V\.\n IW\". o A’w ‘; '(‘.‘ &*""\M,‘l‘.’-"’fﬂf\"ﬂ".ﬂ‘\l \‘\\fmwm‘ﬁ

F I8
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M3  EREE (0.1m mole/5) RuEBEI X 2 MMMk DLk

LFMWWWMMMMMM

50 uV

R.F WMMwwMﬁmwwmMwWMWmemwwwmwwmmmewwwm4w

1 sec

¥ A GINRIE40304%)

NMWMMWWWWWWW
MWMMMMMWWWWWV\MW

7B (60m)

A gt i A ety i
) WWWWWWWMMN%WWMWWWWMW
. & C(30m#)
g W WA Ao Mt i
A oy A Ny ANt Aol

R4  EBE (1.0m mole/s) mEKEI X 5 HIRBMEDOZAL
1004V

1 Pttt A s A A

| Sec
FACEAMESA0B48)

2)MMNMMVWMWWMWﬁMMMWw%#ﬂﬂwhd%wwnmwumﬂkﬁWwﬂwwﬂmJMN/w
3)VMWMJmeMowWWJN B (60wis)

\”WN/W Wﬂv/\vm b “M’Y“ i Mf \ju ‘W-f\/\u\
Wi /s by

yC(%Wk)

LN LAY, BAMEICET 3 RBRED DOER
Z1c L5708, NEBEATOKECRDTS, 4k
EARIL D EOEONITEE AT 5 D2ED 5
N, 18k, KREEO MR &MLKE SR E#EIC
E LR EIIZIZRMNT, OB ORRM
1] & MMM R OEINH AL D BB % Bk U 72 e
EIFEZ—HK LT,

EFEEED 1.0 m mole 5.4 TiL, (M4) i
D, EABBSOBRIZE LT, EEESHRL LT,
WHpS 1 ~24 4 7 VOSBRI 6 FAHEL,

TEABRE260~808)Tid, JHPAE 2 IR IWERT)
R RKBREBICKOTLHD SN, Hk, 120Kk
SREDEFET 2008RBD SN, T DREALIL,
0.1m mole DEEFICHLTHL, LrdbzOH
bR, TTHMER SFED Shichs, TOWY
HIRIE X D 5o/, C OBOKITE DN
t¥, 0.1m mole H5HICH.LTIEET, €D Hkk
M HiE, <, BinL MR OEARD v vic
ROTh, ik, RECRBRENBET Z00AD
Y (Rl
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EHERD 0.1m mole #5M i3, (X5) I
ABBEHRI0~40RBELT, T, 1~2447
WOBBELD 5 D, FEROFERMEREREE &b
B LB, 60~800 T, % D8RR I
ELHEARL, WRNBIINGIETEALOBREHD S
BAHELNBEDICIED, PHT, 100BKIZEST,
CNLDORBIZI|RMERL, X SICER MR
BICERSTHE LAY, 1208%ICI1E, BIkize
CIBRL, (BIRMER &2PE MDA S O SRR E
BEPSI05/,98 YHHEL, ©PARMICEET
ZEAYS SN, COBOMMOEKEEDOERZ, E
BB 0.1 m mole DIFEH IZIZEMLL L 7 EHEHS
Ao,

EEEBRO 1.0 m mole 5 F T3, (M6) ik
ABBER40BRIC, HMPBUIRMERL, BWRMORR

RIS e A3 LB LR, 60BbiRIciE, MR
HMBBEILBH, 120BBICEDT, Bl idA0H
CIRMZRL CRERNEOREEEL, 20F %
EIETHCEEL, BERA IO—BIRESENLLT
ERERIET S ICE DL, COBROMMTEEIZRE
WhnL7hs, TOHERMEGEL, &3 0—RIRED
Bt & bic, HRBDLOEMMBED S,

ENFTovBO 0.1m mole REHTIR, (K17)
EABRBOMREL D, HEBICE Lo TERMD 6
WHHE L, 80M# S, HEERRDIEZRL, &
®MD 8 FAE F UAS BSRMGE X EM I BB
T35, 1208RICiE, CORBKITEREEREL,
HEERSDHEML, LPEEOEHS S Tws,
FEAFIOKE/KEBICR S M2/, C O, N
BI3EEICEMUY, £ORGEERED TE,D

R5  EEERE (0.1m mole/s) RMB/FIc L2 HMRMKOEL

\ Wit £ in " ! | . . ] 100M
) Ay Al b i WMMMMMW.Vwmwmﬂfwwm,* MV\_‘,,AM "

rA(iAmrmowm>

| sec

o AR A i o i,

& B (60#%)

S o

§FC(30#i%)

QMMWM

“Ww/“’&/W %WWW“ / MWW\MMMJ iy

X 6 EHHEEE (1.0m mole/5) R Sic X 3 ERMBE DL/

1) e

T A GEAMIS40B%

2) M M(W

" B(6Of# %)
3) /f’”“/‘v“wﬂﬁ

& C (12084%)

Y DR o

1sec

MWWLWWWV% b

'wVWAWMVWFWWM e T

4 JJ‘WMWWJ\/{\«WWM*WVWMW
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1247 Eh7uvE (0.1m mole/s) Rk 5w X 5 MRk D2t

o g Wwwwwwwwwwwwww
o by il atarsng A4

+ B(60W18)

S MWNWMWW’WWMM Wm

24 Smﬁﬁ JuvEg (1.0m moe/8y) RHBEIC X 2 WK DOZEL

i ;MWWMM I WW r”NWNu AWWWWMM mw/ \/1 i
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W s N Y mmww
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EANBA 50 MV
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HAF otk 304
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ERNEBR O FER 4 = MRS 2 B

7.

EA7a YO 1.0 m mole DIFEHTIL, (X 8)
EABRBSOMHEL D, #BIFENERL, Bk
b, PETRRAEER DGR ICE LD
THER T 225 1108#KICE, 20BRERBDL,
AR DS SICZD|RMERL, 140BHKITIE, £ <
SEHEMBEORHEER Lz, ¢ OBONMTEE,
BEAERET, REIF 3 DO—MIREBEL
THERERE LT B iIcE DTk,

OBA @ 0.09 m mole 54 Tid, (K 9) EARFT
DI, 20~30uV OERMEESHENT, T
RRICHRICR IR T 2 HEE/ 22 Y EE LT Tohs,
FABRB®RI0~40BEL D, SHECKREMLL, £h
ICEBEDSINE T 2 TR X IT0P8, BB 1~
244 7 VOERMEEBENBE LK, ZOBRER,
FEABREHR 120 BB L TdERL, TOM, Th
Bicxtd 2 RIMEBRD SNl hofcds, 5 FHBEK
b, B, BREIBLURYD, ZORMPPET
L, ZhiICESTEERSGMEZ, 104%kiclt, &
REicHd 2RI HBUHBRL, FHMICEET 3
BENASNSE LD ICIL B0, RSN ERIERA
it, BUBEARIOMBIKEICR SISO, €D
BoKmEEDEMNL, ERRD 0.1 m mole 15
PEHBLT, TOEMEEPPELOIN, 20
DROBHEMIIRE L, EREREIIZEUL @
Ev o,

z 2

FEVHRCTER LS, MERIRE, Hx
DEHOMICTZ B EHEERERND, BYUDOIERS
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s X UHHENEE LT T2 Id T n ik
LELBNG. SEOERTE, thdOERIER
DXHic, PRMEHEREET2 L4 8hIME
AR BEAICE, T EITINETICRE Sh R
FOEBALDDZELRERBSRNECA D, d
tubocurarine (amelizol) I & D JETL U 7= GERREETY
PEFEIES) AR L.

1) EREBoKmERICH T 2ERICDNT
AER TS LIBRIERODTIZ, FRER 0.1
m mole DSHHH bOKMTEEMIEA % R
L, DWT, EEFERED 0.1m mole, OBA d 0.09
m mole EFDIFTHDI-. ERE, EHEHE O
1.0m mole DREREH TS, BNEANL SN
3%, TOERAERDERSMAICKLTEL, ¢
L, EAFavBTiE, 0.1 BL U 1.0 m mole
OREH & b, ZOEMERREDTHEL, %,
Z OYROFHEER, RSBROEINEAERLAE
BROVBHREAESREL, DT, 0BA, EF
EBROLEREADIRTH D1, ZDMOBREMT
i3, WINSIEINIER MO DICBE S TEL.
C ONMEEEMORBE EHRRODRIFSH T
RELTHZ E, BEINLEHGBBITGELER
BRI, DEDOKMREE N EHEICE T
D, REHICERETELTLOBRACELT IR
BEEZBEDMBKEER UK LRI 20
DRBERT 2 00% 50, EEBRONLKERM
fERICHIZ D OEIZE LBt d 2 ¢ Esbho
7z,

IMFERERTII, HERBABRL LA,
EREREIC—EREINTH 30T, ERIEH

#6 ERBEOEFMMNME, A#s XMk s ERO LR

®ER o o, R & [ 3 ¥ ] M W
m mole B B BF & HER | BRER | HHE W BB &
0.1 +++ L N +++ N - S
Ef B 0.2 +++ L N ++ N _—— S
1.0 + S N + N -
EEER 0.1 +++ X N + N - *
1.0 + ] N + N ———
Es 7o v 0.1 + S N + N - L
1.0 N N + N _———
OBA 0.09 ++ L N + N —— L
+ R — WD, N : e/
L:RWw S tEN X HK
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I X ANIMFEEORINIE, T OIEYONIME % HEE
SR BEEOERC, BRI AE D Tl MERM
ZHWBTECEHOBW ZDEYICEO>TEILE
Z 1N O ERB O IRPFERMBINEIN TS
bDLEEZONS.

BARAEER I M i BHHIGRVER #3865 5 € &1, Holm-
quist & Ingvar® DM DEN(L & OBEEME P S A
TTRENH L. WS, 2517, ey —vER
BRI KIERREIERRD 5 < L&Y, COiF
EOhRKMEEROBFOMEEAR LTS, F
7z, BRI EZHBOM, ey —VvEEREESRIC
EMESURERNRS 5 C Eiz—RicmohTHS®
~3), DY L EREROHIKMEIER O #BED
HEMER, NnFicddT 3MEOEEDERDPSAT
b, BRERBOMMITER LF3464T, Wh
ICHEKRENSDONH B,

2) ERAERE DM ICHT 3 ERIC DN T

Zh S EBRIEROERKONE iICxd 2 fERIE,
Zh SEMHBEBHIRAICEA S NUIKICET 2 R,
IbH, EARBRKI~0PERIIELT, WTIhoD
BERICTHERLRECOBBENBED SN, <
ORFMEIRNEIZ, EH 7o VBRBRESEHT, L
P ZOMROFRME SHIICHBELTEN., 21
T, FEEE, OBA, FBEBOITH /. 2D
&3, ERIEROMEBIERY, RERICHH L T
89 3 & D Mayer) ® Samson & Dohl?) D #ic
—KT B, 51, FERTIE, T oERIER
OREEBOEZDIC X 2RMBEMEIBROERLED S
n, HER, NMENFDROBOERRICTS, X
BREFITRLEREMAIL TR DR IKEM
HEhEERUz, i, EAT o vE, EEER
DREZREH T, BREIEODHNTEHELEL, 13&
AEEABIORBKECRIE ST 2R 2L, %2
O—RHARE SBT3 250778 PR MEIE R 238 5
iz,

Holmquist & Ingvard 5{%, {EHISERONKDMEE
BEIERAZSTOSH, R & OBE THb TH
b ZRREREL TV, THbE, % 2iCERK
B-Na 5 (1M KIA#H, pPHT.4) D lecZHiEL:
B, REOSHEALT 2RI —%R LT, Mk
Bind 3 EEBRB UK. Sy — VB TREREEIK
Tid, BREDOHMBOBIZ, #iz, MOLKE&IZESL,
MERFEICM 2 &S, TDORT, BRIERD
RRIEIER L, ~Svey —VERRHREERE Dz &
BAMICHREEREIZL, OWhid, EFRERICHIL

L, WilEEEEERT 6D EWELTNE, EE
OLEBEERA S, Ch SERIERO PIRMHIfER &
I MFEsE o fEf & OB#EN T L TA 3D, N
W OHBAeD INBLL, A Tk EEnic10~20
HOREE O TEITLTED SN LM, EXR,
EFEMOLERSM & 0BA OREHITIZ, ZEH
7ok BIBMASA S, ZDRREH, BB E
LIEABIOMBKEICRDTS, LB LITS {5k
TEOMEON. CHICHLT, EA7 o vR, E
HFHBOKERSH T, MEBRE(LICONTE
Bt 2 EHERRMEERRA SN2 DIC b5
T, RinFEOEMEIEL, ZO}ROBHRERR
BHTERPO, Tibh, EHR, EHEERO
LEBREH & OBA HE5HITIE, KEOKRE/LDH
B &3S U CER KM OEINHED 51,
Holmquist & Ingvar® 508EC—HK T 5. Lbd
L, EREBOMMEEEMERL, HTLEZD
RIKIMEIER A &35 T 3 DT, EhSay
BOEEEROABIRERADL S, ThoDBER

BERIC & o TN AL 3 2 13 Ea i chig Asi
HEncBAkid, ROFEREBLIRBNICLT
b, ORI/ TIHDENZI LD,

F 1z, Svey —VERRREREDS, —RRICKEBD
Bt e MR EAET I €2 LBMO6NT
WBAT, TNOERIERIIRESDIEEARLT
WaA, UL, chooRniEBozEid, ki
—DDPRELTHBELLHRETHY, KOFHE
BEOEHOHRCONTIHAE S OALN, /v
Y —VERRBKEEIED F A RZ NV A ITICHEL
CREOREET T, 8OREEDESFUTICENT
HEROEAX 0 SNOKESBL LT, b
DD TRENMIZ, FLOEMRT~TREE
KEBOTALN, BROBLOELOORE—RORE
ERTH B EMBMEN TSN,

Mangold 5393 N9O #iC T, b b OERRKEZ
M D 8 Pk KOHEEB D INRTREIDIEN S, B
REFOMMEE, MRERFBRELRA~N, REHEE
IARETHDD, KOREOREEINERD:.
EBOEBERN, chEBEHLTWET LI, H
SRREDR & IEARAEER & DB RSB S h T 2 B,
IR ENC ETHD, UL, ThoERIE
B D B SRRERR & oD B 35 & OVt oD REAR 71 % REL A
EOhRMEHEROBFOREMEBRT 3 dic
b, COERIERMR UK, b hEMmnitEE
IMER ORFRHIREBLETHA D,
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3) IEHRNERRDINIHHC T B fERlIC DT

IERFHE R, ERER EFEMMbTHIICHE
MIEBEAZRLZZDICTES, Lbd, 201N
[3I0Z LT DGR THEREMICE BT,

Walkenstein (3%, [1-Cl4) H AU T (4-CH4)
b FofYiRERE Sy b icigE L, FRk COz AD
ELERIEL, BRE5BD /313 6 B LA ICHE X
N, BODI0~20%12, %Dk DISHRILIP THEM
INIDEREDI. CORERLD, i3, o+
SRR E a NI B e I T AT e FEOMBBEES
KU COs NDBRILDHE DL ML T &I, Krebs 44 7
NERTDOMETH BT EERTHOLHEEL T
3. Laborit 13%), 7, AMEIMN OBENED
BEFE2BIXTNIEATHLTH S,

DEOHERORED S, RPEBKAICADTR
LRI nscLZBSPTHEINED, F
ZOERICENTD, ThoERIFRIZKOBEN
BAEDLTHICENEEEh, TR EBEE52
BODIZLTHETFIR-BC EEFEBD, chicXU
T, wvey —vBROPKIEIRIL, —RRIiio
BENBEABETIRACEY, TIZ2—0, <
VEAE—N T oh, &I, ERERICE
TICER RIS BRI T 9 2 508, BRIERORL S L
LATHA.

HARBRERETE, NOKESOLTHIEML,
KOBEBBERESTNENPNTNSE®, Bk
fe®eds, WOMBEEZHMEE, BREWEBICERILE
Br5Z7, BRERICGEONME ¢ 2 vERTTE
ERE L TRREE, D&, INOPHEREICKHL
T, ThoERIERIL, WIh &EWHTIBMIEA
ZRUIz, &QIC, ERERO 0.1m mole H5HT
i3, 3.70mg/100g X/4r & ER/S MR Sh,
REHD 1.0 m mole HEHTIX, FIED/FEED
¥inT, MOPRKMEERERLIKEREFODN
MBHDOTH., OBA, EEER, EH7 0 VRO
W BB BE A fE AIZEEFER D 1.0 m mole
BERLERETH DK, BB, ThoDERIER
ENOABEHBICH L TRRERIEE L5,

ZDXHT, TN BIERERSPRIGIERES
TEDI IS, MOMBEE, FEEHICHL
TREAEENEEZT, EWHTNEEREOEMN
ERZERLICEE, BDUABAOERTH 5.
Herold {330, OBA #5.ic & D LOMENEEIC
ARG EETD, T ORYITLED R
HERILD, Krebs 44 70D 2 0¥F —{BHCHE

PBEETARNIESH LIBNTN S, Laboritid®),
OBA® {F-Ff % Embden-Meyerhof D fi#H1;AFE % Pentose
shunt DH~ “orient” B EiHBH EL, Th
HEKIPERICBFREL TR EFHH L TV 3.
Greigd®, Webbi® 53, —ERDMEFICK 5 HENR
e, BEBRIZETT 501, MOFESEES
&S, Dameshek 534D, E FT7 I 4 — v
i, PETRIINBLTHROBRENE B L OHEE
WA ERNS C EAR U, {tho chfRimiE] H3
OBEBRETEREET 5 LICHUTHROR
Biz—FT 548, BERICHLTRLTLEZST
W, Moy v a— 2@ UT, BRIERIN
PDIERT 20, B V2 —-XEZRAVT, £
@ metabolic patternd?) %,y —VERKEEF O
EBLNHTBCEREODT—RBIEIO2EDEDSS
THAH9,

& B3

Geiger & Magnes RIS i —IPkB % MNA 72 N
BisiEEC T, d-tubocurarine T JEEH{L L 7 SEIRREE %
a& W, ERER, TRbLERR, ETER,
EATov/EED Na 3§ (pH 7.4) DK 4 0.1 B
U 1.0 m mole %, 7-Hydroxybutyrate (OBA, pH
7.4) @ 0.09 m mole % & ATLIMH 1 cc % REFIMXK
OBERRAIIC 1 3R TEAL, Th OERIER
DR 5 I X A ERINOMITE, Rl X UhE
T AEBERI L, DE¥ORREZ .

1) MERMORMEL, 2flicsnT, EAFRS0
~AOP IR LS IMEL L, RO iR E R 0338
wohie, CORRIMEIER DL, EA7 0 v
BHM, DT, EHFER, OBA, ERMROINT
Hotz, ERiK, EATu R, EEEROD 1.0m
mole ¥ 5B TIZ, NI IZHB (b HE O TFEIL
L, EM#NIROPRNGIDRMNED N, E
FRER D212 5, EHEBOD 0.1m mole 5HT
12, @B OREEEIIE L, 30~600HHk: L TREK
IGEPHIEE T 2% R U 72, OBA #54|C
1, BRECOFREIZHIRAER D0, R
BT B &8, EARRISHRIC TEEDOBER
BRERD LN,

2) K&, <h SERIEERD 0.1 m mole #
S5RTiE, 2B T, MECKIELICENTHE
T 205D 5N, OBA @ 0.09 m mole £ 54
THRAUEmERLE, &K, FBRE® 0.1n
mole R EFIHRSBOEINERAERL, ZOHE
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B D ORI AL, RS R Ui AT
BKBIZCRSTYH, Z0OKMNEIBMBERET 5D
BERD SN,

T LT, SRS e 2R L 7cIE A
7o VvBRBIUVESESRD 1.0 m mole 54T,
ERLKMBEERNIIED Shito,

TRbL, HIRMHIER & NnEEEMER S
BT U HHEIB LR,

3) INEEREENILAIKBVLTED Sh, &
BB 0.1 m mole HEFTHRHEL L, hDER
ERTIRRA—RETH O/,

4) INBRERESEEBLUOHBELER, choD
EREROZEREHTIR, BEASEEHADS
nis»roi.
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Effects of Short Chain Fatty Acids on the Perfused Cat Brain

By

Masamiti SHUTARA

Department of Neuro-Psychiatry, Okayama University Medical School, Okayama, Japan
(Directer: Prof. Nikichi Okumura)

ABSTRACT

This study was aimed to elucidate the effects of short chain fatty acids such as N-sodium
butyric acid, N-sodium valeric acid, N sodium caproic acid and gamma-hydroxybutyrate (OBA),
on the cerebral blood flow, oxygen consumption, glucose uptake, lactic acid output and EEG
of the perfused brain. The brain perfusion was conducted by a modified method of Geiger and
Magnes with non-anesthetized cats made immobile with d-tubocurarine. During the brain
perfusion, 1 ml of artificial blood containing the aqueous solution (pH 7.4) of 0.1 or 1.0 m
mole each of N-sodium butyric acid, N-sodium valeric acid, N-sodium caproic acid, or 0.09 m
mole of OBA was injected intracarotidly. The results are briefly summarized as follows.

1) In the rapid administration of these short chain fatty acids EEG in all the cases
tended to show slow waves 30—40 seconds after the start of the injection, indicating a mark-
ed inhibitory effect on the EEG. As for the degree of this inhibition it was most marked
with N-caproic acid followel by N-valeric acid, OBA and N-butyric acid in that descending
order.

Among them, especially in the cases administered with 1.0 m mole of N-caproic acid and
N-valeric acid, there appeared slow wave followed by its flattening on EEG, indicating an
irreversible strong inhibitory effect on EEG, and also a marked inhibitory effect on the vital
signs of the cat.

In the cases given 0.1 m mole of N-butyric acid or N-valeric acid, slow wave on EEG
was transient, lasting cn for 20—30 seconds, which was reversible without flattening and
tended to recover rapidly. The teadency was especially marked with the administration of
0.1 m mole of N-butyric acid.

In the cases administered with 0.09 m mole of OBA, marked slow waves lasted for a
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long time, but 10 minutes after the commencement of the administration, the fast wave com-
ponent increased and there was observed a recovery of the response to sound stimuli.

2) In the cases administered with 0.1 m mole of N-butyric acid, N-valeric acid, N-caproic
acid and with 0.09 m mole of OBA, every case showed an increase in the cerebral blood flow
along with the appearance of slow wave on the EEG with the time difference of about 10
seconds. Especially marked was the accelerating effect ef N-butyric acid at the dose of 0.1
m mole on the cerebral blood flow, and it lasted for a fairly long time and this increased
blood flow persisted even when the slow wave had disappeared and the EEG had returned to
the normal level. On the contrary, in the cases administered with a high dose (1.0 m mole)
of N-caproic acid or N-valeric acid, the enhancing effect on the cerebral blood flow was ex-
tremely slight, indicating that the inhibitory effect of these short chain fatty acids on the
central nervous system does not necessarily coincide with their accelerating effect on the cere-
bral blood flow.

3) All these short chain fatty acids showed an accelerating effect on the glucose uptake
in the brain, and this effect was most marked in the case administered with 0.1 m mole of
N-butyric acid.

As for the other fatty acids they showed only 1/2—1/3 the accelerating effect of N-
butyric acid, of them OBA showing the lowest effect.

4) The rapid administration of these short chain fatty acids hardly has any effect on
the oxygen consumption and the lactic acid output in the perfused brain.

In other words, although these short chain fatty acids possess an inhibitory effect on
the EEG of the neocortex of the perfused cat brain, they act acceleratingly on the glucose
uptake. This fact seems to indicate that the mechanism of the inhibitory action on the cen-
tral nervous system by these short chain fatty acids differs from that of other hypnotics and
anesthetics.




