7 v F e

®OR

EME:E, 32(4) : 301~311, 1984

N oK &SR

2T

AR T S

Brain Aldehyde Dehydrogenases

Eiko SHIOHARA
Department of Pharmacology, Shinshu University School of Medicine

Key words : aldehyde dehydrogenases, acetaldehyde, alcohol preference
FAFe VKERSE, 7T b TATE F, 73— gk

= VS b

s S hie=& 2 — A (EtOH) 12F00%
P ek s s, EtOH Bk Bttt fT
L, & 1881 BtOH—7 & s 747k ¥F(AcH)
THY, HF2ELT & P 7 ATF e F—E~ O
{bChH B KEMIFIs TR Eh 525,
g sln b AcH Boil/10fo AcH 2
M ils b a2, AcH i EtOH ikl <, IE
IR IRIISERIRIE R b - T b BiEd BV kg
¥ BtOH MAROPRIEACE: EtOH of_HYy
AcH OfEE R ATREENRE Z bh T\ %, HC
FETH NAD —RFE7 A+ 7 e VRSB (Al
dehyde : NAD oxidoreductase, EC 1. 2. 1. 3,
ALDH) 1 AcH ofpbis XO#{k7 3 v (sero-
tonin, dopamine sk ¥ norepinephrine) i3fed
7AFe FORRbZ 535 L Pmbh TR DD,
AcH 2o bltk7 3 vk 7 4 F e FOE bR
T 5 b, EtOH oiRfEH® 5 bic
it AcH 7 3 YREPWCRITTHEC X2 00H
A5 LT BN, AcH OfFEEE4EMAT 3 vl
koTAT e FORKERE, LOfE, g S
Bk shift F2AHEESE D, FlobkT 3 v
o 7L Fe FHDWE AcH A F -7 3
VEBGRIGLT, TaheA VR EET AT
BEMEDSB D, AT 4V T e FipEpELE L

No, 4, 1984

Fou = = LGRS AR T L = — AARTEE N 5 IR
A EHEMEEIh V50, § ALDH &2\ T
DUFITIIEET L <, LIS o TREMRIR T
OIS L H A, UThhbhofitkan tEs
BTHIN, feBlF ALDH oW TofFSk3 T
AT EINTWADTEL L ERER L CHE
W,

A B7AFE FBAZBEOMRASH KM

LBHE

o OB, T B M, Ok EAERIR <
HFELTHB10, i ALDH kit oD, Fv
FID 45 X OF = @ A12) DWFR O BT T
DR FRD A B (Table 1), FifhrickiT 3 AL
DH o specific activity 3Bfgedw X h #4Ric 5,
= OREHEOHIAR R DWW T T v by =V A, ¥
YEITe PoWFhiekTdh, 2V FYTHE
HDKESE LD D, MO H RO T
e kY Bic b, Erwin & Deitrich 3 jky
ST, ALDH B 3 b= v F Y 7HESK
Lr¥Ei060%, 20,000% g REIC20%FADH T Do W
B P2 Y 7HES LD DEAE-cellulose » F
Ayvm= b7 4 - LD 9L LB R
LT3, COBHELrs Y=y 723 7TATE FiE
KRS (EE r-aminobutyfic acid 3o suc-
cinic semialdehyde) A HAMEER TV 5, i,
HEERMIE L, FM pHILW10C, Km HXIFF

301



B R awF

Table 1 Distribution of aldehyde-oxidizing
capacity in various areas of bovine brain3

Area . Mean (range)*
Cerebelltm «ereeverenns s 1.8 (1.4-2.1)
Cerebral cortex:ooooverns 3.5 (3.2-3.8)
Pons-medulla «-ooeevviennnnins 3.8 (3.2-4.4)
Caudate nucleus «»orerviee 4,9 (4.4-5.5)
THAIAINILS «ccvereervererrcnrernane 3,4 (3.1-3.8)
Lentiform nucleus .- veee 2.9 (2.4-3.4)
Midbrain-hypothalamus .- 3.2 (3.1-3.4)
Pineal gland -vooerevreninenn 2,0

* Activity : nmoles of indole-3-acetic acid
formed/10min/mg protein,

r/h& <, 5-hydroxyindoleacetaldehyde, 3,4-di-
hydroxyphenylacetaldehyde % I t¢ 3, 4-dihydr-
oxyphenylglycolaldehyde icxf L, Fh-EHh 2.5x%
107°M, "LOX107M F XU 3.0x10°M TH5,
AcH i3 LTk 2 20Kmfl, 3 x107°M 31003
xX10M %5,

Pettersson ¢ Tottmarl® ¥, 5 » M ALDH
DAL XT 4+ 7 A DEMO ALDH OffELZ#E
LTWw5%, 3 Fa v Py 7EMC AcH I L, B\
Kmf# (low Km- ALDH) #% b0 & Kmfiig 4o
ALDH Chigh Km-ALDH) BWHEELTW B, TH
e BB KmfE % & OB RO EERRD T 5
(<20%)0 NIV LM TEH 5258\ Km [
b O ALDH OFEEZRD TV 5(Table 2), 1=
v FY TESHFET S ALDH oL oKnfiiit
0.2& 2,000uM, 3,4-dihydroxyphenylacetaldehy-
derz 3 L Tik0. 3 & 316M 23R BT 5 (Fig. 1),
SPRAYFIVTZATE MYy 2 ARBET S, AcH
F XU 3, 4-dihydroxyphenylacetaldehyde i3
% low Km-ALDH % phosphate buffer rh¢ Mg*+
BEO Cart X THEE 51 e\ 2%, high Km-
ALDH @Mk zh b lons 1 X o CHSC KT 2,
EH AcH il low Km-ALDH #bU%W
high Km-ALDH ¥t pyrophosphate buffer r
TEMPHZ R D & LA %E 8T\ 5, Shiohara
LD T » MOV TORZECIE ALDH S
$ b a VR TES Knfli 2Rz T3 2 o0p#Es
X3 7 vy — AESE 1 ODBEROIEERTDTE
By FEDOLDTOMEL AcH XLy FhEh
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Fig. 1 Lineweaver-Burk plots for the ox-
idation of acetaldehyde (a) and DOPAL
(b) by rat brain ALDHs. A desalted
supernatant from sonicated mitochond-
ria was used as sample. The activity
was measured at 25°C in 50 mM-sodium-
pyrophosphate buffer, pH 8, 8, at a fixed
concentration of NAD (0.5 mM). Acet-
aldehyde concentrations were 0,06 pM-
6,5 mM ; DOPAL concentrations were
0.25 uM-500 M. Experimental points
below a substrate concentration of 2.5
¢#M are not shown in the plots, 1D

60xM, 3mM H XV 2.5mM &5 EEAB TV
(Fig.2), ’

Pietruszko B9 X/ LA e M ALDH
oW, S AVBERE AT, 290074 v F
4 ADFELELRTD T\ 5, Inoue ¢ Lindros!é) e
M ALDH D54 %5 4 7 A5+ aliphatic 5 X
U aromatic aldehyde #WMbc& A2 ¥fEo ALDH
HEOFEET AL 2ME LT 5, AcH 2HEE
Liga, HOII ra2v FY7EN (V7 v —
AES AT ) WARTEME D50% % TTIRESY, T
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Table 2 - Subcellular distribution of ALDH in rat braint3

Relative specific activity

No. of
Enzymes experiments P1 P2 P3 S3 Recoavery
0

ALDH
Acetaldehyde, 15 M
Acetaldehyde, 4 mM

5 0,7940.16 1.3240.28 0.192%0,15 1,28--0,37 11411

3 1.05-+0,10 1,58+0.19 0.782-0,38 0,16=£0,03 101£ 5

Succinate semialdehyde 4 0,92--0,17 1.9040.50 0,59-:0,48 0,0920.10 92z¢11
Lactate dehydrogenase 5 0.40+0,04 0,700.05 0.65%0.31 2,47:+0,35 95k 4
5 0.90-£0.03 2.02+0,32 0,17£0.09 0.052:0,08 88k &

3 0,9940,15 1.85%0.33 0.58%+0,22 0,1140.11 87+ 8

3 0.7620.30 0.7470,12 1.5240.55 1.39:-0.42 101+23

Glutamate dehydrogenase
MAO
NADPH-cytochrome reductase

The relative specific activity in a fraction is given by the percentage of total activity
divided by the percentage of total protein in the fraction. Enzyme assays and protein
determinations were performed as described in Materials and Methods, P1, Nuclear frac-
tion ; P2, crude mitochondrial fraction ; P3, microsomal fraction; 33, cytosolic fraction,
Means=+S.D. are given. The proteins in the fractions were P1, 28X4; P2, 3345 ; P3,
126 ; and S3, 213 percent of the protein in the homogenate,

) low Km-ALDH 7 high Km~ALDH
6 6-
54 5 ’
4+ 4+
34 ' 34
~ 2 27
£
1 14
& Q- Y 1 OJ !
j‘g 0 50 100 0 50 100
ks glutamate
[
R dehydrogenase 5 MADO
Z 8
O
g5 ¢4 4
(=5
g~ 3 3
gg 2 2
g8 !
88 od |
e 2 0 50 100 0 50 100 ) o
s Tig. 2 Distribution patterns
g,, tactate NADPH cytochrome ¢ of ALDH and some marker
fg 5 dehydrogenase 5 reductase enzymes in subcellular frac-
g 4 tions of rat brain,
= 4 Fractions (left to right)
3 3 are nuclear, purified mito-
2 2 chondrial, heavy micro-
1 1 somal, light microsomal
0 0 and soluble fraction, 14)
0 50 100 0 50 100

percentage of total protein
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BOIZ § 7 & YV — AN T B R RS T B,
: b2V FY 7 @Sy oA high-affinity activity
HRDTV D, ZOFEREL WTho @M kT
AcH I b %, indole-3-acetaldehyde iwsfLC X b
PR E

Erwin & Deitrichd)} tetraethylthiuram disu-
Ifide 72502 p-chloromercuribenzoate 1= o
ROMNICRERITH B = L2 RE LT\ %, Dun-
can & Tiptonl® 3.7 % £ff-k e o5 — b X h kL
T{#87- ALDH |} o-iodosobenzoate ¥s J {8 phenyl-
arsenious oxide I X » Tl &SRB 2 Ehb, Z0
BER O EEIAL, BBV FOEAMNT  sulphydryl
groups 23 2 DWF|LCHFETH LMWL T3, %
# B ORECrRILI® cyanamide i (100me/kg,
[EERs, 1ED) kb, Ty M¥I raV YT
s low Km-ALDH i IOV 2 v v — A
4r® high Km-ALDH i3 L<plah s, <
b= ¥ Y 7EI4ro high km-ALDH ¥E#: 3 e
R 5, Cyanamide 200pM  oE$ZRIEM:IIES
ANOWFINETES O ALDH S g -7 B8
7z\v, Tetraethylthiuram disulfide (disulfiram) 41
& (200mg/kg, EOEL-3AM) wib, srav
FU 7iisyey low Km-ALDH EPEZZE L < X
%25, high Km-ALDH JE#Lz M8 hisy, S
7wy~ @S0 high Km-ALDH #Eb: 4 28X h
7f\, Tetraethylthiuram disulfide 2¢M % EssEss
BMERNOFIMC LD, 3+ 2 v F Y 7ESO low
Km-ALDH EHEhic s, s ray Ky 75
SR IS 7Y — 4@ o high Km-ALDH (i
PR TiebbREFCR LT, HEME
WY BRI T 5, I ALDH S Ris3 o
NBHBEHOEBEL ITIT—FK LT\ 519,

B EERGHE

M ALDH FIGck\Tiilf ALDH %107
A — R ERERE L, ¥ PBEELES L,
DWTEEEFET S, T ORBAGRRTHMECH
BT &, FIEMEESS ORISR Linn 2 &
HAEL & NI E L AN T s s 2
htwis (Fig.3)20),

C M7 LFEe FRkBEEEROHEE

I BRD 7 L7 e FOFET A 2 EH b
MBI TR D, 19874, Zhb7 A5 FILGER
ATHEET 3 v DR T 3 /bt X » T Uk
bDOTHA T ERH LIRS, T, Zhick
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Fig, 3 The kinetic reaction pathway of pig
brain aldehyde dehydrogenase, 200

L4 2 ks monoamine oxidase ‘THb, 7 IV
BT AT e FRLET B ISR M 5 2 & o3
Hbhic, b, 1960EEMMMCAEMRT § vilisk
D7 NFe FEi{bTs NAD Y — K7L Fe PR
KBEEHE (ALDH) BEETH S EAALI K Eh
7o

HF ALDH t[#E 4 ALDH o HEgRIELE
<y EDEBREBNIAEGET § viBko T AT e FO
Bty s L Bbs, coboik ¥, EtOH
*o AcH ofp{bizBis12, AcH Xz oSk
XANBEM7 A F e FoBEERNEHL, Zhbol¥bA

WEEw LR XY, MOBERES X UHBESY R -
TR BWHEERDH D,

D mrrds kU7 PTLFE FRE

7w 1Tt EtOH #5BolMskdbo AcH 3
B AcH BEICHEAEL BV LG R
TV 5%, Eriksson & Sippel2Dicknk, 5 v b
iz EtOH (0.75-3g/kg) #O5t, Ik X0tk
ik AcH 2R BHR A2, s bhiu,
EtOH 1[E#5%, Mimigsd AcH W#iEH 250nmol/
ml Loty AcH 11305 b2, Wes-
teott BHENL S » P EtOH 4.5g/kg S EIIHELEL
o AcH JEENE 15-40pM, RURVER R o
JEE 5-204M TH B O L, i AcH jups
EBRALITCh 2 LE LTV 5, Tetraethyl-
thiuram disulfide in vivo QLEH, EtOH Z#p&
oWy, RUSHTMEFcd AcH Mo bhs
LHELTWE, ZhbofigEns, Westcott Bi,
EtOH ko AcH x5 MEPEEc A,
DWW TR TR ic B b X B I LT
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Table 3 Regional distribution of brain ALDH activity of male mice of three strains

Acetaldehyde
Brain region Strain N 0. 1lmM 5mM

C57BL /6] 13 0.180.04 1,154+0,14

Cortex DBA/2 0.23+0, 06 1,450, 22%
F, 0.20+0, 04 1.83%0.10
C57BL/6] 13 0.2720.05 1,73+£0.23

Midbrain-diencephalon DBA/2 0.322=0, 05 1,99:+0.35
Fy 0.25+0.06 1,590,411
C57BL/6] 10 0,3440.12 2.09:0.33

Cerebellum DBA/2 0,440, 11 2,600, 69%*
F, 0.3240,07 2,500, 51%

The specific activity is expressed as nmol NADH formed/mg protein per min. Values are
mean = SD, *P<0,05; **P<0,01, vs the value of the C57BL/6] strain, +P<{0.05 vs the

value of the DBA/2 strain.

Bo Tiohb, Tflfuimb AcH L, ZhRA
metabolic barrier K Xk W I BEE L BR
Twb, & & T metabolic barrier & LTHEL T
WD, MMk low Km-ALDH T 5 5 & i
WEh T 52020, ZFofifie LT, OMHEERES
o AcH BEIL 5-200M Thbh, ThiRYcx3
BsEt low Km-ALDH ©4,%, @ EtOH #-5ko
M NAD* BEL AcH R8T 5C»ici3Es
HBCHD. 7 v Firho NAD* JESL#0. 35mM
THBHM, QNOIMFEE 0.8ml/min/g- & FHET
% &2 AcH {ZMFRiz#y S0nmoles/mg/g- 4D HEE
TSI h A, ORI X B AcH T 100-
180nmoles/min/g ‘T 520/ FOIBEA BT BT
W3,

E M7AFE RBOkREEL7LI—ILEEFE

ALDH Bz E LV RIENRD OIS, &t
oW 5 EtOH Mo 2 B, IF ALDH
L3 AcH OfR{b S F B TRECH B LIS
HTVWB, CS5TBL/6T FHv v AiLEs, KL b $10%
EtOH % (EtOH Mittk). Zhicx L, DBA/
2] A=wv Ak EtOH %t 5 (EtOH JRgFM)
ZEABbhTWh, DBA B~ v ATk C57BL #
< Akt lL, EtOH #5Hoimrh AcH EENE
L<E\vy, AcH 1% EtOH wlhl, 3EPSEIES
BULEEMAEG, DBASR=Y ADJTALDH &Gk
{% CS7BL H~ v ADFHIZIL LI b i fB0as, &
DZEN, Z0FHD EtOH #lEF 5K & - T
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B REESE 2 b, EtOHZIFL, H2 Wkl 3
EV BRI TS ALDH oMETFI O FIEN
BEIRTVE2D, BEtOH WFHEAA S » FTIW
T, P LA AcH WV EtOH JRgiFtko
ANAZ vy rEhIIEL, ARCE Y, AAT v b
O3 bav Y70 ALDH EML ANA 5 » b
DEREILLENID, F » Mzk ik EtOH fHisk
DAcCHDOBRMUIIFMIE b2 v F ) 7Ch b, AcH
w35 Kmfips oM o+ — #—C$H 5 ALDH (low
Km-ALDH) ik > ThiEsh s &Ex bhTv 5,
PllEopifEis AcH ooz 7tbbliF ALDH
TEMEoZEN BRI EtOH EBIa P L O\ 5 TEE
A RLTW 5, Harada B3DILH AR AS04 DS Hhs
HIFCFALDH %k » VBRI X b P L,
usual ALDH phenotype (48%) & unusual ALDH
phenotype (52%) o 2> phenotype OEFLET S
ZEFRML OG5, FTEIBEBOMY, AcH i
5 KmfD K ALDH B0, AcH Xt
425 KmfiD@E\ 22D 7 4 VA4 A3 Finbinh,
BEE AcH w15 KmEDEWCALDHE KT
¥b, high Km-ALDH o0ZhbhiroT\ 3, Li
»- T unusual ALDH phenotype % 4, -or Mgk
R AcH o {EABEET 5Bt E B,
EtOH W& =h b 2> phenotype & DBEH
CHRAS b Foh B, |

—7, MALDH & EtOH &M & 0B ou
TEHPEDIBE S IEN D TH Y, e BICE-
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Salisolinol : the condensation product of dopamine and acetaldehyde

Fig, 4 Reaction scheme for the formation the tetrahydroisoquinolines (TIQ) from

acetaldehyde and catecholamines, A,
from dopamine and dopaldehyde, B,

T\ iels, Berger & Weiner3? (X 3z EtOH
BEBICHRLT » PEBHEDHKERLVT v PIIONT
THEL, Fs rav Y 7ESD ALDH oOff#: -
TAVFL AAZ—VETFDF v VETRALTH S
A, TEHESD ALDH 0747/ —asfz—v
RS, EORMALDH D7 A VHFS b8 —V
BEESALTHBEHBEL T, AALANA
%5 v FOFhERic BtOH o & AL
D Hige LA BB fRA D B ie 33,

—J5, AAZ v % ALDH [H=EHTHH cyan-
amide T 6 ARIMELIcH, X7 Lz —ARKE
BESEINSERICH B 4-methylpyrazole O FHET6
BEIAES, EtOH 245 Lc%s, Mt AcH
ERE S v bz EtOH 285 LB b LE
Mioli, &AM, cyanamide /¢ 5HONC 4-methyl-
pyrazole Z[EFIZUE L5 v F© EtOH FEHiE
BERMAES v PCNET LR, 2o EtOH E
HHEREIL S v M ALDH §Efko cyanamide iz
I B R & BV AEBEATRS bR, Thb bt
3 cyanamide MEHIESHRS EtOH BEO
ETE, FoBET2 AcH OB L FEREE
N T3, 4-methylpyrazole 2% 2 ki
X b, cyanamide ZLEH EtOH #iERLTL M4
P AcH O&EBY R - X e WBEREHSE bR, +
DHERERE2 S EtOH { iiERRc RIig3 HETE,
AcH HREM D Tlel, Mo ALDH EH:LES
LT3 b0 kLRI h 53,

s Yamazaki 5390k DBA/2] B~ ADKM
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and the tetrahydropapaveroline (THP)

B ALDH &M C57BL/6] B Fh&EHLE
WX EERRLTWD, Xhic C57BL/B] H~v AL
DBA/2]%OE oMM~ (F) OXMEE ALDH
EHE T O RO RRELZ R L TV 5 (Table 3), &
LIAINEE ALDH OBKHEMToME, £E
L LT AcH H %A\ propionaldehyde &5
ZHWTh, PH7.2 55X 0 pH7.8 offic@Bbbh
BTA YA LS = VERIREDRD ORI, 5
AR ELsT S ALDH FHigR EtOH mgr:
FEERBHDE LTV D, ZOHEDWTIEEBICK
HIZ\WThh b,

F 7LI=)L{&#HF & Tetrahydroisoquinolines

E4LE

AFa—A7 I VCA) HSRD T AFe Fh Bk
EtOH ik AcH » CA LEERELTHAD
T el FRpEETLTEERS S, 2o Enb
AT 4 VEET AR v FEEl: . EtOH mgiF:, &
Bk EtOH (K77 &\ 5 Bk 2 EFH M ST
W5, EtOH MFiEd 5\ ik EtOH R+ 54
{87 B OV IEME R R R oW T, ShE Tt

D OWERLINTNB, WX, EFOWLE AR

BREE T, ZIREFHEHITEORO LD
THbe

In vitro - AcH |} dopamine (DA) 323\ L
norepinephrine (NE) & oji#t#EaRIGC LD
tetrahydroisoquinoline (TIQ) #pgs:-45 (Fig. 4),
AcH t DA oBRIE& W Th 5 salsolinol jcouC
Lk pHEsh Tt b, AcH |1 %7 serotonin
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3,4 Dihydroxyphenyl -
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Dopamine 3, 4-Dihydroxypheny!.
Acetaldehyde

HOZ

HO S
NH
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Tetrahydropapaveroline H
(norlaudanosoling)

NR
HO

.-

Normorphingg R=H
Morphine, R=CH3

Fig, 5 A representation of a hypothesis
depicting the relation of alcohol-induced
alteration of the metabolic disposition
of the biogenic amine, dopamine, with
the postulated resultant formation of
morphine-like alkaloids as a biochemical
basis for the addiction liability of alcohol.
MAO, monocamine oxidase, 6

(5-HT) & &L € harmaline alkaloids % pigsz-1
%, DA oft#@Hy 3. 4-dihydroxyphenylacetalde-
hyde (dopaldehyde) i DA » & L tetrahydro-
papaveroline (THP) % pgi:4 5, THP % papa-
verine OIFHGTH 5, EtOH BIUC X 0 IHATIY
MM cEEd:Ehic THP mben7 4 YT
B A FAEEE Xh A TTREMESY Davis & Walsh® 1=
I EhCv5 (Fig.5), THP gtk DA
Fen7 47 e ¥ dopaldehyde EicfkfFd%, BH
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o7 AFe Fit ALDH 12k hiEeh b h,

3, 4-dihydroxyphenylacetic acid 7573, =
LIS AcH Wk » CHHE S . Licdis
T EtOH oftiidy AcH 11— CA LfEEL, —
i CA Oty dopaldehyde o@{baFH%ET 2
ik oT TIQ R LC THP pEdicBss
Do Xbiz, C-THP %7 » F KT 5L e 7

+ VEET v r A FOREEDBEDBNG, Tihb,
UC-THP %HiEtho 5 v » k4 5 normorph-
ine, morphine, norcodeine s X O¢ codeine JF{LID
Tahrd FeSHELTw 5. BlEab6HEHIXELtOH
HEFL AT 4V ELFDT AR ol FRIEET HH
BB L Tu B LR LTV 5,

Myers & Melchior36) | THP % EtOH i
#:0> Sprague-Dawley %9 v F OFMNERAAA
435 &, kB0 BEtOH 24 is, ik EtOH
Py 200me/dl wwhEL, EtOH rhEHER%E R
CEERARTND, AL EtOH BlXCh ¥ THE
— BRI ER TR D b o it EDOKRETH 1,
Biciy EtOH Ha\v it THP b a8 ikE
AW LI, fibits b, THP MBI THP
Ik, 94 A b oRMMECE > CGRHEDOELOH
FERLBTA2ZE BE LTS, S0l e,
THP HE: EtOH B 5 = o —r VRIC
JETHNE LR 2 S5 L HENs¥%, THP
EEBENPIEA TR TR RN, b sR
EEBOMBEPLECH B, THP LELETHE
Mt EtOH 4RSS 100me/dl & E& < T h 28R
PHERAT D,

= OFEHCIIER B Ok, THP v Sofayo
pEtkiE, in vivo o EtOH fEIREHCILA B\
EoE: AcH WELHSWTHLERLZLTH B,

COFEBIC X B LAREB L E Y I AcH BE, IE
TRV E e AcH Y% L B B%ET %, Taba-
koff 530 % DBA/2] = Ak EtOH &i:iy b4,
Mg s H Ui AcH BEEXV 35 $ C57BL/6J
F= v ADFRE D EWEERLE, & ZANELOH
B, EtOH #4545k, DBA/2] %
< AN O C57BL/6] R~ v AD Wi (i
AcH PEE TR EREREEHL bV D L, B
rhoy AcH Y C57BL/6] FH~v v ARKWVLT DR
MK Uiz, DBA/2] Fh=w ALHERE B35 iahs
tce FIRRDRO I &K, C57TBL/6] Fvw AD KR
FEALDHIEM:: DBA/2] Fv v AR LB 39,
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Fig. 6 Comparison of blood acetaldehyde
levels of alcoholic and nonalcoholic
subjects after intravenous alcohol
infusion, 38)

B EtOH kA%, EtOH R TFHIRE v
FfEEA LT, Itk EtOH g —fEre Lo L,
I AcH JENIEEN EtOH SAZ o Lhic b~
B EAHELTVWS (Fig.6)3), Ibcilltkdy 5
Z ik, HERomA AcH BESREMCKR S
TWBEETH B, MED B IEILHI EtOH K4
Fh L oWE IO HER3EO 7 2 ) 2AAFELK
FHHEDOWIDWFKRORE i TR0 m o AFE L
iz, EtOH 0.5ml/kg &+t 7v7 v FICEFETHRA
4, IMih AcH WESRETS &, KEEOWBHR
FOFED AcH BEITHBROFEOLIICHK LT
BAMTEN D,

G M7LFE FEAEBRRCRETEHTY /—

LERDIE

EtOH EHHEAD % » M ALDH Gk~ 0z
EOWTIREES—F L T ely, Amird® % 20%
(v/v) EtOH %60 A A S ¥ v MK ALDHE
MR-zt L, f9808 oina R, o
thofihnik EtOH MtkFEl & BOR-- % FTHe: A 7
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