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Inhibition of Aldehyde Dehydrogenase by the
Active Oxygen Species

Jeon-Ok Moon¥, Tae-Wan Kim, Kee-Joo Paik and Ki-Heun Kim
College of Pharmacy, Pusan National University, Pusan 609-735, Korea

Abstract—The susceptibilities of aldehyde dehydrogenase (AldDH) and alcohol dehydrogenase
(ADH) to active oxygen generated by xanthine-xanthine oxidase (XOD) system were studied. Incu-
bation of AldDH with 2X 10 units of XOD for 30 min at 25C resulted in the decrease of enzyme
activity to 30% and it was inactivated completely when incubated with 5X10°* units of XOD.
Whereas 70% of ADH activity was retained after exposure tc 5X10 * units of XOD for 30 min,
40% of ADH activity was retained after exposure to 5X 10 ? unit of XOD for 30 min. This inhibition
effect by the active oxygen was preventable by catalase and glutathione, but not by SOD. The
rates of the NADPH-dependent oxygen consumption by the liver S-9 mixture and microsomes
were also determined in this study. Rate of oxygen consumption is increased in the liver S-9
mix and microsomes from phenobarbital-treated rat, and it was consistent with increased lipid
peroxidation. In the presense of ethanol as a substrate, the oxygen consumption rates were increa-
sed. It is reported that hepatic AIdDH activity is depressed in alcoholic liver diseases, however
there is few report that explains the reason of depressed AldDH activity. These results are suppor-
tive of the theory that the increase in hepatic ethanol oxidation through the induced MEOS activity
after chronic ethanol feeding generate oxygen radical at elevated rates and it leads to the depres-
sion of AldDH activity.

Keywords [] Aldehyde dehydrogenase. alcoholic liver disease. microsomal proliferation. oxygen con-
sumption, active oxygen species. lipid peroxidation.
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Fig. 1—Changes in aldehyde dehydrogenase(AldDH)

activity after the incubation with xanthine and
xanthine oxidase(XOD) system.
AldDH activity was assayed spectrophotomet-
rically with acetaldehyde as substrate by me-
suring the reduction of NAD at 340 nm. The
reaction mixtures contained, in a final volume
of 2.5 ml, 50 mM sodium phosphate buffer(pH
8.8), 245X 10 ? unit of AIdDH, 5 mM of acetal-
dehyde, 1.0mM of NAD® and 0.8 mM xan-
thine and XOD. The reaction mixtures except
acetaldehyde were preincubated for 30 minu-
tes at 25C by addition of XOD as indicated
and the reaction was started by addition of
acetaldehyde. Each value is represented as the
average of two independent determinations.
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100 Table 1—Protecitve effect of catalase, SOD and gluta-
;\? thione on the aldehyde dehydrogenase inac-
; 80 tivation by xanthine-xanthine oxidase sys-
g tem
E 60 Addition concentration ~ ALDH activity retained(%)
Q | None 444
..2‘ catalase 100 unit 125.0
E 40 SOD 240 unit 49.0
g — glutathione 0.1 mM 1200
x 207 * The reaction mixtures contained, in a final volume
g r of 25ml, 50 mM sodium phosphate buffer(pH 8.8),
0 b L 7.15X 10 * unit of aldehyde dehydrogenase, 5 mM
0 10 20 30 40 50 of acetaldehyde, 1.0 mM of NAD"*, 0.8 mM xanthine

x 10 3unit of XOD / ml

Fig. 2—Changes in alcohol dehydrogenase(ADH) acti-
vity after the incubation with X-XOD system.
The reaction mixtures contained, in a final vo-
lume of 2.5 m/, 50 mM sodium phosphate buf-
fer (pH8.8), 50X107% unit of ADH, 10 mM
of alcohol, 1.0 mM of NAD"*, and 0.8 mM xan-
thine and XOD. The reaction was started by
addition of alcohol. Values are meant S.D.(n=

3).
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AldDH #tAdo] zk2stgls=d], o] Hb-gAld] SODE
240 unit 7} 79 AldDH #H& #4318 49924 ¥
Jo} & Molz] tglrh g, catalase 100 unitE “J
Aell 7}gre 24 AldDH %A X-XODel] ¥
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Abazoll 9J&F ofdke] Al ¢g& Ik

Hydrogen peroxidedll 2|3t AldDHS| B &4 35—
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and 2X107* unit of xanthine oxidase. The reaction
mixtures except acetaldehyde were preincubated
with xanthine-xanthine oxidase system containing
the catalse, SOD or glutathione as indicated conce-
ntration for 20 minutes at 25C and the reactions
were started with an addition of acetaldehyde. Each
value is represented as the average of two inden-
pent determinations

< ehigdn) AIADHE 25T o4 1.2 mM 9] H0,9}
187 w4170 ), AldDHO #& &4 &A%
73}, AldDH&A-e Aub o3l Hejzlow 577
H;0p0 =212 uw 10% o)sty AZ28AS B
tlFig. 3-a). AIADHE 25T o] 4] 557} H,0p0 =%

*]71—0— o), AldDH®] #i-e H,0,¢ %7} Z7}e
2 A AHslslda, H,0.94e] k&EA]7 o] AFE

AldD = ] A& 329 HO0l sl 1 8442
ZoAl sl cHFig. 3-b).

Zt 0|2 2E B4 MAAH -7 S99 mix B 7
v Z2E F-8e] 2mg protein/m/®} FEE ool
cellloll #F Fx7} 05mMe}l ==& NADPHE
7hebed wheAS AbAvh F43] auEde o] A

& e = PBR 53 7F S99 mix ¥ 7t v|ERE
=8 gl of A4 S99 mixe] Aiiwle] &%
E+ thxTol 10.1, PBHEel 205 pM/minZ PB
FrEell A frelAdodAl Frkekel o m(P<0.001). 3HE
Abcavge 272 223 uMel] Hl& PBRETS
97.7 M & §-9J 4 oAl waleh(P<0.001)(Fig. 4-a).
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Fig. 3—Change in AldDH activity after the incubation
with H,O, as a function of time(a) and H,0,
concentration(b).
The reaction mixtures contanined, in a final
volume of 2.5m/, 50 mM sodium phosphate
buffer(pH 8.8), 4.15X10°* unit of AlDH, 5
mM of acetaldehyde, 1.0 mM of NAD " and 1.2
mM H,0,.
Each value is represented as the average of
two independent determinations.

HA7LE At A ¥he9o) 2457} 146 uM/min2 2
145% =7}3l93(P<001), PBRHETS 2557} 28.
1 pM/min® 137% F7}sheicHP<0.01). Eg), olgh-&
A7 Y AbA A wbEE Rl vlE) fFeael
glolA] ks AEE A B ¢ UACHP<0.05)
(Fig. 4-b). 7} v]A B Foll 237 Ak4 42w] vbg-9o| =
252 78 Fig 5¢ Yehligich 279 255E
14.0 pM/mine)dl ®)s)l PBH=v9 Z&Ew 259
uME 185% Z7}3tthP<0.05). o8 744 o
29 2EEE 248 uME 177% Z71(P<0.05),
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Fig. 4—Time course for the NADPH-dependent O, co-
nsumption reaction by the liver S-9 mix from
phenobarbital-pretreated and non-treated rat
with(b) and without ethanol(a). The clark-type
oxygen electrode manufactured by Rank Bro-
ther was used to monitor oxygen concentra-
tion. The apparatus warmed up at 37C . The

reaction mixture contained, in a final volume
of 20ml, 100 mM sodium phosphate buffer
(pH 7.4), 2.0 mg protein/m/ and 0.25 mM NA-
DPH. The reaction mixture of b contained 20
w ethanol. The reaction was started by an
addition of the NADPH solution. Values are
mean® S.D.(n=3).
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Fig. 5—NADPH-dependent oxygen consumption rate
by the liver microsomes.
1 and 2: liver microsomes from control rats,
3 and 4: from phenobarbital-pretreated rats
2 and 4 contained 20 p/ of ethanol. Other con-
ditions are the same as Fig 4. Values are
meanzt S.D.(n=3).

z13) =] 9 vh(P <0.001).

Zt 0|32E A3 XFILE -7t 22 E #
3ol 2]&F NADPHO &4 =" #}4ka} 235 Fig, 6l
vjeligicl. NADPH-generating system& )&} 37C
ol 2] 1087} incubationA]#-& w2l mg protein%
TBAWHS- &3 & o) 7572 3.28 nmoleo] v]3] PBH-=
Tl A 540 nmole® °F165% Z7}8}ich(P<0.001).
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Control PE-Ms

6—The NADPH-dependent formation of TBA
reactive substances in the liver microsomes
from phenobarbital-pretreated(PB Ms) and co-
ntrol rats.
The reaction mixtures contained 100 mM so-
dium phosphate buffer(pH 7.4), 2.5 mole glu-
cose-6-phosphate, 0.25 mole NADP, 1.25 unit of
glucose-6-phosphate dehydrogenase and the 2.

Fig.

0 mg of microsomal protein in a final volume
of 1.3 m/. The reaction mixtures incubated for
10 minutes at 37C. Values are meant SD.
(n=3). The statistical significance was calcula-
ted vs control value, ***P<0.001

nase, ADH)oll 9la Alsl=le] NADH<2} acetaldeh-
ydeE Adshe oF 10%2] 2F-2 214 4ka:9) NA-
DPH =3} v]s4)] ol eb-2 41314 (microsomal etha-
nol oxidizing system, MEOS)& %3] At3l=o] ace-
taldehyde, NADP* % H,0& 243t} !9
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endoplasmic reticulum(SER)2] Z4]o] om0
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J. Pharm. Soc. Korea



A AR Fel 93 JdlF=E BrA A B84 653

AMIES A oleke AFH Fol olelg thAlE
7}7b 32 MEOSE4 F7tel 7]913Hs Reodfi
o 24, MEOS&#4 #X+ =444l alcohol4] # el
gk Z-S-3pA A doivt #AtoZ ZHEEch
Jeu} ek3o] ADHAC] o8 4bsls|E2] MEOS
Al sl AbsbEER] 2k 2 A& A} ARES o}
HEad s =eln o] Addis| = g F el 9
Arsbsich, opMEstH|F) s ofgkgoll wsl UG3
Hbg-Ade] . HAdol ste] hEA) hAste] F
el BAg FEL i glebts® ghH, Palmerst
Jenkinse oFE A -2-8x19] AldDHEHde] Aol
vls] &0 oA P8-S ®wslyickt AldDH ¥4
Ast2 7P EW e oM ESHE =T} ERE FX
=, nlegeelole] 715 g zaistA =t
1 AT ol EddElE eSS ofg ] A3lEe]
7hy ol ESE|E Fx Aol ThEEE 5o
opegto] ZFE 7 7] Asjrh AAHHE Aom
AAA T glovt vhA obF A#A] AldDHE ) A
stshs ol froll dlafAeE We FEle] AR ek

>y, o

O

tlo

™

4

PO

2 o 73} ADH % AldDH”} xanthine-xanthine
oxidase(X-XOD)uF-&-A| 7} A Ad sl 34 4hael] o3l
2 ZAe] AM3lgte] wsiHth v 5nmole?] A
s AAsHE X-XODuHS Al 25C o4 30&4t
xEA17 uf 70%2] ADH#HAe] #HEdIl&of »l&)
AldDHE A& 2HAd3] 248l s 9 H4d=Ee &
Ak ok 1088 ol A$elx ADH+= 38%9
A2PHS Holo 2w B3 AldDHE 24 abiel
gk zhaAdel & Ao} uhe sivhFig. 1,2). X-XOD
A7} WA B abie] 97 AldDHE 34 st
SOD:= A a7 vehdlA] kg2 24 AldDHS
284 3l= superoxide anion radicalel] 23 719]
ohdg AJAbElde}. &4, catalaset= AldDH®] B3
A3t oAael 2 &g vhepllo] AldDHe| 2443}
Z 2371 GA4kaFo] hydrogen peroxidedd
7h5Ado] A AkE]$] 32(Table 1), AldDHell &t hydro-
gen peroxide®] <33FS ZEZH Ax, AldDH+ hyd-
rogen peroxideo| 9j& 2343} =Hw HE Fre
H0.2% A2 xFe 3] AldDHE +3843}
A o4 5 dgckFig 3). 2F AlEuelli= #Esiglel
7+E A4 47 MAEle] oxidative stressE 713}
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NADPH-cytochrome P-450 reductase, P-450°
vz E ol FEF AHZ 5 AFAAANA
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37} defdriar HashH A P-4500] #| A 3p4kste)
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