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5U�IMA1tY

i�ime partially purifie(l NAI)PH-linmked aldehmyde re(luct ase (alcohol : NAI)P oxidoreduc-
tase, EC 1 . 1 . 1 . 2) fronm bovinme brains has beems further cimaracterized, arid insimibition of the
enmzynme by barbit nurat es imas beenm imuvest igat ed. I mi additions to subst ed benzaldelmydes
anmd pluenylethanols, free inmdoleacetaldehmyde was observed to be a substrate for the cmi-

zyme. In the presemst studies, it was fotmnmd thmat brains aldehmyde rednmctase is markedly mm-
hmibited by barbital, phuensobarbit ai, pemmt obarbit al, anmd anmobarbit al, wit is K values ranging
from 50 to 400 �r. Immimibitiomi by thmese agents was reversible amid of a mmommcompetitive type

wit ii respect to p-nit robenmzaldehmyde, imsdoleacet aldelsyde, p-huydroxyphuenmylglycolaldehmyde,
or NAJ)PH. Time enzyme was nmot nmarkedly inimibited by amobnrrbitnml alcohol, a normal

metabolite of amobarbital, or by barbituric acid; K� values for these compommmuds were founmd
to be 0.6 arid 4 m�n, respectively. Evidenmce is presensted suggesting thmat inmiuibition of aIde-

Imyde reductase by time barbiturates is due to time iomsized form of the imuhmibitors. Pyrazole,

a potemmt inuhmibitor of alcohol dehmydrogensase, did muot inhibit al(leimyde reductase, and the

barbiturates had iso effect oms alcolmol deimydrogemmase. Time differenmtial semmsitivity of aIde-

Imyde reductase to time inmhibitory effects of barbiturates anmd pyrazole is used to distinguish
this enzyme from liver aicoimoi dehmydrogemuase.

I NTRODUCTION

It is well knmowns timat time biogenmic mommo-

amimses serotoninm, dopanminse, ansd nmorepi-
nmephmrimse are involved ins cenmtral mservous

system functionm. In the brains these amimses

max be conmverted by time actions of niommo-

amine oxidase to their correspommdi mug aide-
hyde imutermediates. These aldehmvde miter-
mediates may be eithmer oxidized or reduced
to tlmeir correspondimug acid or alcohmol nuetab-
ohite, respectively (1-3). Evidenmce to (late
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immdicates that time biogemmic aidehuydes as well

as time biogemmic amimmes may be involved in
CXS funmctiomm. Sabelhi et a!. (4) have re-

ported that 5-imydroxyindoleacetaldehyde
arid inudoleacet aldehmyde produced sedat ionm

in 4-day-old chicks, amid 5-hydroxyindole-

acetaldeimvde imas beenm implicated as time
chemical mediator of paradoxical sleep (5).
In additiomu, Erwini2 imas simown timat time

2 Imi immipublished experimmments ammd in 1)isserta-

lion Abslract.i 126, 6096 (1965-1966)J it has been
noted tluat 50-100 mug of 3,4-dihydroxyphenyl-

acet aldehde adnmui mmml ered imit raperitoneally to

rats toget her with 75 mug of calcium carbamide (aim

inhibitor of aldehyde dehydrogemmase) per kilo-
granu of body weight prodmmces marked sedatiomi

with a loss of righmtimig reflex. Animmuals regaimm their

rightimig reflex in :30-40 mmmiii.
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a(lniminustration of aldehyde derivat ives of

(lopamifle and norepinmephriime concomitantly

with calcium carbamide causes CNS depres-
sion in rats. A series of aliphmatic aldehydes
which were postulated to undergo aldol
conidenusation t o form /3-hydroxycarbonvi

compounds w-ere foummd to alter the excit-
ability of an isolated neuroni and to slow

time various phases of the action potential
(6) . p-Hydroxyphsensylglycolaldehyde amid

:� , 4-dihydroxyphemsylgiycolaldelmyde, which

are formed from octopaminue arid nmorepi-
nephsrine in brain , are /3-hydroxycarbonyl

compounds and, as suchm, could alter mem-

branme properties of mseuronms.
Tabakoff arid Erwin (7) hiave recenmtlv

shown that bovine and rat brain contain an
NADPH-dependenmt aldehyde reductase (al-
cohol: NADP oxidoreductase, EC 1.1.1.2)
whicim catalyzes time following reaction.

RCIIO + NADPH + W RCH2OH + NAI)P�

Tiiey postulated that time enzyme may be
responsible for time conversionm of the alde-
hyde intermediates of brain biogenic amines

to their corresponding alcohol metabolites.
In addition, it. was shownm that this enzyme

� inhibited by anmobarbital and pento-

barbital. Inasmucim as the barbiturates,
which have long been identified as CNS
depressants, were immisibitors of the NAI)PH-
dependent aldehmvde reducta.se (7, 8), the
presenmt study was umidertaken to character-
ize the effects of barbiturates on this enzyme.

In addition, since alcohol dehydrogenase
(alcohol: NAD oxidoreductase, EC 1 . 1 . 1. 1)

�mnmd NADPH-dependent aldehyde reductase
catalyze similar reactions, it was of interest

to distinguish between these enzymes fur-

timer by means of inhibitors.

EXPERIMENTAL PROCEDURE

Mat�ria1s. All chmenmicals used were of time

hmighmest quality commercially available.

Barbituric acid obtaimsed from Eastman

Organic Chmemicals was recrystallized three
times from hot water atmd dried in a vacuum
desiccator over sulfuric acid. Amobarbital

alcohol, 5-ethyl-5-(3’-hydroxy-3’-methmylbu-
tyl)barbituric acid, � kindly supplied by
I)r. Everett \V. Maynsert, University of

Illimmois School of Medicine, Chicago. Time

niucleotide cofactors NAD, XAD1�, XADH,

NADI�H, arid octopamine, and imorse liver

alcohol deimydrogenase , were obtained from

Sigma Chemical Companmy . p- Nitrobenzal-
deisyde arid indoleacetaldehyde sodium bi-
sulfite complex were purchma.sed from Aldrich

Chemical Company. A solution of insdole-
acetaldehyde was prepared free of sodium

bisulfite, just prior to use, by extracting a

0.01 M solution of the sodium bisulfite com-

plex (the solutions contained 0.03 nr sodium
pyrophuosphuate, pH 9.6) thmree times with

equal volumes of ether. The combined ether

extracts were washed three times with water,

and time volume was reduced under a stream
of nitrogen to one-half the volume of the
originmal solution. The ethmer extract was then
shaken witim an equal volume of 0.1 nt sodium

phosphate, pH 7.0, arid the ether phase was

completely removed. p-Hydroxyphmenylgly-
colaldehyde was prepared from octopamine

as described previously (7) . The concentra-

tion of free indoleacetaldehyde or p-hmydroxy-

phenmylglycolaldehyde mm time 0.1 M sodium
phosphate (pH 7.0) solution was assayed by

time use of rat liver aldelsyde dehmydrogenase
as previously described by Deitrich, Heller-
man, arid Wein (9).

Procedure. NADPH-dependemst aldehyde
reductase was obtaimmed from bovine brain

by procedures previously described (7).
Bovine braimi homogenates were cenmtrifuged
at. 27,000 X ii for 30 mm, arid the resulting

supernatant fluid was subjected to fractiona-

tion witim ammonium sulfate. The protein

which precipitated between 40 arid 55%
ammonium sulfate saturation was chromato-

graphed omm a calcium phmospisate gel column
as previously described, arid the enizyme

activity eluted from time column was used

for kinietic studies. Time bovinme brain alde-
hyde reductase used ins time present studies

was simowni not to possess any aldeimyde de-

hmydrogenase activity, sinmce no reduction of

XAD was observed wiuemm time enizyme was

inscubated ivithm /)-nit robenszaldeiuyde in pyro-

phmosphate buffer at PH 9.6.
Aldelmvde reductase activity � assayed

spectrophotometrically using a Gilford model

2400 spectrophotonmeter. Time standard re-

actiomm mixture commsisted of enzyme protein

(0.1-0.2 mg), 0.16 m�mL XADPH, and 0.6i



Substrate Inhibitor Inhibitor Inhibitionconcentration

.‘rXJO4 %

p-Nit robemizaldelmvde

p-Nit rohemuzaldehyde

p-Nit rohemizaldehvde

Sodium penitobarl)il al
Sodiimnm pemutoharbit al
Sodiunu penitoharbital

10.0

1.0
0:33

I0.()

1 .0
0:3:3

:3:3

1.0

72.3
49.8

30.0

74.8
52.8
39.4
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Indoleacet aldehvde

Imidoleacet aldehvde

Sodiummuu pentobarhmitml

Sodiimnu penmtobarbital
3.3 44.4
1.0 31.0

m�m ahdehmvde in sufficient 0.1 M so(IiUm

pimospimate, pH 7.0, to make a final volume

of 3.0 ml. Time reactiomu was initiated b� the

additions of substrate, amid initial rates of

NADPH oxidatioim were followed at 340 m�m
and 25#{176}.For studies of inhmibition of bovine

brains aldehuvde reductase or horse liver al-
cobol dehydrogenmase activity by various

agents, enzyme, XAD1�H or XADH, and
inhibitor were inmcubated in 0.1 �m sodium

phosphate buffer, pH 7.0, for 2 mini at room

temperature before time reactioms was insiti-

ated by the additioni of aldehyde substrate.

Alcohol oxidation by time aldehuyde reductase
or alcohol dehydrogensase was measured by
nmonsitorimmg XADP or NAD reduction at

340 m� ins a system containminug 1.7 m�r
NAD1� or NAD, enzyme protein, amid 8.6
m�i p-hmydroxvpimemmvlethmammol ins 0.1 mnsodium

pyrophiospisate, pH 9.6.

RESULTS

In/i ibit ion of bovine brain ak/elm yde reduc-

tase by barbiturates. As shsowms mm Table 1,
under time assay conmditions employed, 0.1

m�r sodium phsenobarbital or sodium pemmto-

barbital inhibited time rate of oxidation of
NAD1�H by aldehvde reductase approxi-

mateiv 50 � with p-nmitrobenzaldeimyde as

substrate. Unmder similar cons(htionis, 33 �r
barbiturate produced 30-40 % inhibition of
enszyme activity. Wimen ims(loleacetaldehyde

� time substrate, inshuibitioni by the bar-

biturates was somewimat less pronsounced;

similar results were obtainsed with p-hy-

droxyphienylglycolaldeiuyde as time substrate.

Incubation, at 23#{176},of tue enzyme protein

withm eithmer sodium phmenmobarbital or sodium

penmtobarbital for 20 mins before additions of
substrate did not inscrease time extent of mi-
hmibitiomm. The imuimibitiomm Produced by eitimer
of timese barbiturates was completely re-

versed by dialysis agaimust 200 volumes of
sodium phosphate, pH 7.0 (Table 2), or by

dilutions of the immimibitor.

Wimens time enzyme kimuetic data were

plotted according to time Linmeweaver-Burk

methmod, time inmhibitiommof aldeiuyde reductase

by the barbiturates was of a nmoncompetitive
niature with respect to p-nut robenzaldehyde,
insdoleacetaldeimvde, p-imydroxyphmenylglycoi-

aldehyde, on� NAI)PH (Figs. 1 and 2).

Inimibitor constants (K values) for time vari-

ous barbiturates were calculated from time

graphic treatmenit of time kimsetic data (10).
At least two comsce.nmtrationms of inhibitor

T.uun�F� 1

Inhibition of aldehyde red uclase by barbiturates

Emizymmie activity was deterniined as described imi the text. Sufficient substrate to give a fimmal comm-

cemutratiomi of 0.65 mrs was added to imuitiate the reaction. The assay system comutrumued 0.11 nug of emizynme

proteimi (specific activity, 90 nmoles of NAI)PH oxidized per mimmute per milligranm of protein), 0.16 m�n

NADPH, various comucemmtratiomis of inhibitors as indicated, and 0.1 M sodiumnm phosphate, pIT 7.0, imi a

fimmal volume of 3.0 ml.

p-Nil robemizaldehyde

p-Nit rohemizaldehyde

p-Nit robemizaldehmvde

Imudoleacet aldehvde

Imudoleacet aldehvde

�sudiuinu phmemmoharbital

Sodium phenmobarbitrtl

Sodium 1)hemioharhit nil

Sodiunu phermobnmrhital

Sodiunu phensoharbital

37.5

20.7
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were used to obtain time values listed in

Table 3. The K1 values ranged from 4.0 m.�i
for barbituric acid witis p-nitrobemizaldehyde

as substrate to (10 �nn for sodium penitobar-

T.tmum�m.� 2

Reversal of inhibition of bovine brain aldehyde

reductase by dialysis against buffer

Euzynue proteimm, 0.5 nmg (specific activity, 90
nnmoles of NADPH oxidized per minute per milli-

gram of proteimu), was incubated with a finmal comm-
cermtration of barbiturate of 0.167 mM for 5 mm.

A sample was therm withdrawmm, ammd the activity

was determined with p-miitrobenzaldehyde as sub-
strate. The renmainder of the proteins was then
dialyzed against 200 volumes of 0.05 M sodium
phosphate, pH 7.0, at 40 for 24 hr. The dialysis

numedium was chammged three times.

Inhibitor

.Aldehyde reductase
activity

----------------

Before After
dialysis dialysis

(
.C

C.
‘C

None 100 100

Sodium penmtobarbital 51 99

Sodium phemmobarbital 63 97

�O’2O’4O’6�

I/[NADPH] x106

FnG. 1. Kinetics of havine brain aldehyde re-

(luctase inhibition by ba rbil u rat e.s

The reactiomm nuixtumres were as described in Ta-
ble 1, and the assay commditiomus were as described

ims the text. The ordimmate gives the reciprocal of

the velocity (namuonmoles of NAI)PH oxidized per

mimuute per milligrammu of proteinu), amid the abscissa
gives the reciprocal of the molarity of NADPH.
#{149}-�, control without inuhihitor; D-D, 33

MM pentobarbital; O�---O, 33 MM phenobarbital;

L�-�m, 100MM phemmobarbital.

FnG. 2. Kinetics of aldehyde reduclase inhibition

by barbiturates

Experimemstal conmditiomms were as described in
Fig. 1, except that the specific activity of the en-

zvme was 62.5 usmoles of NAI)PH oxidized per
nmimmute per nmilligram of proteins. The abscissa

gives the reciprocal of the imularity of p-nitro-

bemizaldehyde. S-S , commt rot wit hout imuhibitor;

D-D, 33 MM pemitobarbital; O-O, 33 MM

phemuobarbital; Lr�-& 100 MM pheisobarbital.

Similar results were obtained wheni immdoleacetal-

dehyde or p-hydroxyphemmylglycolaldehyde was

the simbstrate in place of p-muit rohemuzaldehyde.

bital. Time relatively imigh K1 value for bar-

bituric acid simows that this unusubstituted

malonmvlurea derivative is a Ioor inhibitor

of aldehmyde reductase whmen compared to the
otimer barbiturates. Time alcohol derivative
of amobarbital, 5-ethuyl-5-(3’-hydroxv-3’-
methmylbutyl)barbituric acid, which is con-

sidered to be thue normal metabolite of

amobarbital in vivo (12), was fouimd to hiave a
K5 value approximately 2 times higher than
sodium amobarbital.

Indoleacetalde/myde as a substrate for a/de-

Iiyde reductase. Wimen inidoleacetaldeiuyde so-
dium bisulfite �yy� incubated ivithu the en-
zyme system, rio oxidation of NADPH could
be observed (7). Ins time presemst study sodium

bisulfite was showni to be a potent inihmibitor

of aldehyde reductase (Table 4) when time

initial rates of aldeimvde oxidation or alcohol

reduction (Table 5) were measured (see

DISCUSSION). Free inmdoleacet.aldehiyde w�s
found to be a substrate when incubated with

aldeisyde reductase amid NADPH. A Mich-

aelis-Menten constant of 40 �n was deter-

mined for inidoleacetaldehyde.

Effect of pH on in/n ibition of ak/elm yde re-

ductase by barbiturates. Time extent. of inmimibi-

tionm of ntldehvde reductase by sodiuni pheno-



T.snmi�m: 3

In/i ibitor con.�tan ts for various barbitunutes

K, vnilumes were deternmimmed fronn Linseweaver-Burk plots similar to those showmi imm Figs. 1 an(l 2. amid

as described imi time text. The values reported are averages of values obtaimmed with at least two inhibitor

concemit rat ions.

Inhibitor Substrateb k’

ui X 1U� .51 X 1O�

Phemiobarbital 7.41 N Al )PiI

7.41 p-Nitrol)emizaldeh�de

7.41 tmmdoleacet aldehiyde�

7.41 p-Ilydroxyphuenylglycolaldelmyde
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I�emitohamhital 8.11

Si!
811

8.11

NAI)Pi1

p-Nit robemizaldehmyde
Imidoleacet aldehyde

p-fl ydruxvphmemmylglvcolaldehuvde

1.2 3.4

1.5 4.2

3.() 8.4

1.9 5.3

0.6 0.4

1.5 1.0
4.0 2.8
2.9 2.0

Auuuobarhi t nil

Barbit at

7.94 NAI)P1I

7.94 p-Nit robemizaldehmyde

7.91 XADPH
7.91 p-Nitrobemizaldehyde

2.9 3.0

2.8 2.9

i.() 1.1
1.2 1.3

.Anuuubarhit nil alcohol p-Nit robemizal(Iehy(le 6.0

Barbit uric aci(l 4.98 p-Nit robemizaldehyde 40.0 396.4

Values fronm ref. 11.

Suhst rate refers to t lie react mmmiiwhmichm was varied while time ot tier fact ors were kept commstammt.
K, values are based on total immhihitor (ommcemitratiomis.

d The K1 valumes were calculated usimug time commcemitratiomis of iomuized forum of harbitumrate presemit in

the reactiomm mixture as descril)ed in the text.

The K0, vaimme for imidoleacetaldehyde was 40 jiM.

barbital mv.�s simowmm to be dependenmt onm time

pH of time assay system (Table 6). Time con-
centrations of time ionized form of phuenso-

barbital mi eacim system was deternminmed by
time use of time Hendersonm-Hasselbalch rela-

tionusimip, utihizimsg a PI�a value of 7.4 (11).
Time data presented ins Fig. �1 show timat time

amounmt of inhibition of aldehsvde reductase

activity was depensdemmt uponu time conucenutra-
t.ionm of time ionized! form of sodium plmenuo-

barbital. Various comicenitratiomus of time

ionized! barbiturate were obt ainied by vary-

ing time pH of time assay system or by vary-

ing time total inmiuibitor conmcenmtration at pH
7.0. As simowns iii Table 3, the K1 values,

based onm the commcemstrationm of time ionuized

form of various barbiturates, ranged from

approximately 4 m�n for barbituric acid to

approximately 4 p�n for pemstobarbit a!.

(‘onnpariswn of bovine bra in. aide/n yde re-

duclase neil/n horse liver alcohol dehydroyenase.

As shown in Table 4, sodium bisulfite in-

imibits the reductioni of /)-nitrobenzalde-

imyde by liver alcohol deimydrogena.se or
aldehuyde reductase. 1mm addition, the initial
rate of p -hmvdroxypimenuvletimanmol oxidation

by aldeimyde reductase or alcoimol dehsydro-

genma.se �vm� also immimibited by sodium bi-
sulfite (Table 5). Timese results inmdicate

that immiiibitionm of tue aldehmyde reductase

activity by sodiunm bisulfite is not totally
due to a reoluctiomi of available substrate by

time formatiomi of a bisulfite adduct with the

aldeimvde. Pyrazole, 0.01 �r, was showni to
ilihibit purified! liver alcohol dehydrogenase
activity approxinmately 96 arid 65 % with

NADH and! XAI)PH as cofactors, respec-

tively (Table 4). However, 0.01 M pyrazole



Pyrazole

if

10-2

10-2

10�

10-s

Alcohol
dehydro-

genase

96.0

65.00

0
0#{176}

55.1
37.0

30.6

AIde-
hyde re-
ductase

0

76.0

76.0

64.7

48.2

5 x 10-i
2.5 x 10-i

1.7 X 10-�

a Expressed as mmammonmsoles of NADP+ reduced

per mimmmnte per milligram of protein.

� Expressed as nuanonmoles of NAD+ reduced per
niimiumte tier milligram of proteimi.

‘F.SHLF: 6

Effect of p11 on inhibition of aldehyde reductase
activity by phenobarbital
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T.smmn1F� 4

Comparison of inhibition of aldehyde red uctase and

alcohol dehydrogenase by various agents

The reaction nmixt mires for the determimmatioms of

horse liver alcohol dehydrogenase activity comm-

sisted of enzynme protein (0.025 mg), 0.16 mit
NADH or NADPH, amid 0.5 mit p-nmitrobenzaide-

hyde in 0.05 M sodiuns phosphate, pIT 7.0. The reac-

tion mixture for determimmation of bovine brain

aldehyde reductase activity comisisted of emizyme

protein (0.115 nmg), 0.16 mrs NAI)PH, anmd 0.5 mM

p-nitrobenzaldehyde ium 0.05 M sodium phosphate,

pH 7.0. The reaction mixtures were imicubated
with inhibitor for 2 nmimi at room temperature be-

fore the addition of substrate to start the reaction.

The rates of oxidation of redumced nmucleotide co-

factors were nuomiitored spect rophotomumetrically

at 340 mz and 25#{176}.

Inhibitor Concen-
tration

Sodiunu phemmobar-

bital

Sodium bisulfite 10-:

Inhibition

a NAJ)PH was the cofactor for alcohol dehy-

drogenase instead of NAI)H.

had no effect on bovine brains aidehyde
reductase activity, immdicatinmg that thus eni-
zyme preparations was free of any classic

alcohol dehydrogemsase activity. Sodium
phenobarbital, 1 m�t, on the otimer hand,
inhibited aldeimyde reductase 76 %, while no

significant inhibitiomm of alcohol deimydro-
genase was observed witim either NADH or

NADPH as the cofactor.

When aldehmvde reductase obtainsed by

ammonium sulfate fractionation was incu-

bated in the presenmce of 0.2 mu p-chloro-

mercuribenzoate, inmimibitioni of 53 % was ob-

T.summm: 5

Comparison of inhibition of alcohol-oxidizing

capacities of bovine brain aldehyde red uctase and

horse liver alcohol dehydrogenase by sodium

bisulfite

Aldehyde reductase activity was determined

with 0.35 mg of enzynme proteus (specific activity,

90 nmoles of NAI)PH oxidized per minute per

milligram of proteinu), with 1.7 mit NADP� and
8.6 mis p-hydroxyphemiylethansol as substrates, in

0.03 M sodium pyrophosphate, pH 9.6. Alcohol

dehydrogemsase activity was determimued with

0.17 mrs NAD� amid 8.6 mrs p-hydroxyphenyl-

ethanuol as substrates imi 0.1 M sodium pyrophos-
phate, pH 9.0. The reaction mixtures were mcmi-

bated with immhihitor for 2 mum at room temperature

before substrate was added to initiate the reac-
tiomi.

Sodium bisulfite Aldehyde reduc- Alcohol dehydro-
(1 mit) tase activity� genase activity5

- 2.5 135

+ 0 102

The reactiomm nmixtimres containued 0.115 nmg of

enzyme protein (specific activity, 90 nmmoles of
NA[)PH oxidized per nuimmute per milligram of

proteins), 0.16 mit NAI)PH, amid 0.65 mM p-muitro-

bemszaldehyde in 0.1 M sodium phosphate, at the

pH values imudicated, ins a final volume of 3 ml.
The phenobarhital concentration was 1 mM.

pH Inhibition’

�,‘�

5.8 38.0
6.0 58.0

6.45 69.7
7.0 77.0

7.5 82.0

#{176}Values are expressed as percenstages of the

rate of enzyme activity at various pH values ins

the absence of inhibitor.
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100

[IoNIzED PHENOBARBITAL] �.io#{176} M

FIG. 3. Inhibition of aldehyde reducta.se activity
t by various concentrations of ionized phenobarbilal

The experimental comiditiomis were similar to

those described in Table 6. L�, values obtaimied by

deternuimsing the emszynme activity of reactions mix-

tures containming 1 ummit phemiobarbital at various

l)H values ; 0 , values obtaimmed by varvimig the total
coimcentration of sodiunm phenobarbital in the

ntssav nmixture at pH 7.0. The concentration of

iomiized phenobarbital in the reactions mixture was

calculated fronm the Hemuderson-Hasselbach equa-

tion as described mi the text and plotted on the
abscissa.

tainmed after 10 mimi. Altiio)Ugh inhibited by
this sulfimydryl reagenmt, tue relative crude-

ness of the enmzyme preparationm may riot re-
veal its full sensitivity to this compounsd.

I)ISCUS5ION

It has been shown timat pyrazole insisibits

alcohol delmydrogenmase by time formation of
a stable complex amommg NAD, enszynme, amid

pyrazole (13). With XADPH as a cofactor
the enzyme was not nmarkedly iruimibited by

low conscentrations of pyrazole, but at imigimer

conicenmt rationis inmisibit ions of alcohiol deimy-

drogenase was observed even witim NADPH-

as a cofactor. No inihmibit ions of aldehmvde re-
ductase could be dernonustrated witim pyrazole
concentrations as imigim as 0.01 mm. Altisough

pyrazole was inmeffective as ans iniimibitor of

aldehyde reductase, a series of barbiturates

were found to be potenit inhibitors of thus
enzyme. Alcoimo! dehydrogenmase, on the

otiser hand, was not inhibited by time bar-

biturates with eitiier NADH or NAD1�H as
time cofactor. Time barbiturates have recenstly

been shown to initeract specifically with
adenine derivatives by time formation of

Imydrogen bonds witim these compounds (14).

However, time reduction of available cosub-

strate carmnmot explain the differential insimibi-

tioim of aldeiuvde reductase and alcoimol de-

imydrogenase. A biuret-like react ions between

metal ionss arid hugh conicenitrationus of bar-

bital has beeni reported (15), but againm it is

unlikely timat sucim a reactions could account

for time inmhmibitions of aldeiu�de reductase,

particularly since time barbiturates were ins-

effective as inimibitors of alcohol dehmvdro-

gensase. Raskinm anmd Sokoloff (16) suggested

timat braini tissue nmigimt contain atm alcoimol
deimydrogensase similar to liver alcohol de-
hmydrogensase. Time use of barbiturates arid

p�razole as selective iniiuibitors of NAI)PH-
dependent aldehuyde reductase and rmlcoimol

dehydrogenmase may provide a method for

distinguishinmg bet weens thmese enszymes.

Time K values obtained for time various

physiologically act ive barbiturat es are low,

i.e., 10-100 .omn. These levels are conmsistenst
with levels determimied mi brains of rats after

time adminmistration of sodium penmto)bmtrbital

(17). Barbiturates are classified as to timeir

therapeutic effectiveness accordinmg to time

time of onset arid tue durations of the imvp-

IiO)tic effects they produc(’. Suchi properties

are related to distributionm of barbiturates

bet weens lipid-water systems amid time rate of

metabolisnm of these compounds. Timese

parameters, which are manuy times related
to time potemmcy of a barbiturate, canunsot be
determinued mu a svstenm in vitro sucim as time

onme employed mm these experinmenmts, but time

dumrations of actions of a barbiturate and time
inmtenmsitv o)f its effect onm a nmeurons are nmot

necessarily equivalenut. Thsus, time barbitu-

rates used in this study were compared with

timeir metabolites armd withm tue pimysiolog-

icallv insactive barbituric acid as to timeir

efficienmcy in inmisibitinmg aldehyde reductase.

‘Flue alcohol derivative of amobarbital has

beenm reported to be onml one-imalf as potent
a imvpnmotic as time parent conmpounsd (iS),
and otimer alcohol derivatives of time bar-
biturates have beets shmownm to imave nmo imyp-

nsotic actions (19). In time present study the

alcolmol derivative of amobarbital was less

effective than sodium amobarbital as arm

inmimibitor of aldeimvde reductase. Barbituric
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acid, which is d!evoid of hypnotic activity,
was a poor inhmibitor of aldeimyde reductase
and was shown to imave a K1 value of ap-

proximately 4 mmn. The unmdissociated forms
of barbituric acid derivatives have been
simowns to be transported across cellular

membranes, amid these same forms have beerm
postulated to be active intracellularly in

preventing cellular division (20). Hardman,
Moore, and Lum (21) have simowni the urm-

iommized form of the barbiturates to depress

cardiac tissue. Time present study, imowever,
indicates that time ionized form of phmeno-

barbital is time inhibitor of bovine brain
aldehyde reductase. Time possible physio-

logical significansce of thiese findings is cur-
renitly under investigations, with time working

imypotimesis tiuat the CNS-depressant effects

of time barbiturates may be causally related

to arm increase in brain biogenic aldeluydes

as a result of inimibition of time enizyme alde-

hyde reductase.
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