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Abatract-Quercctia tctrasulphatc and quercctin acctyl trisulphate from Flourrio bkfmlr are non-competitive 
inhibitors of the reduction of carbonyl groups catalyscd by alcohol, lactic and m&c dehydre with KJK, values 
of 3 x lo-’ to 2.0. They do not a&t the dehydrogcnation of alcohol groups nor do they inactivate these enzymes. 

INTRODUCllON 

The biosynthesis of E- and Z-sesquitcrpcnoids occurs 
either through stcrcospazific synthesis of the isomeric 
pyrophosphates or through a raiox isomcrization of 
prcnols mediated by dehydrog cnas+I&uctasetitks 
[l-4]. The coexistence of these pathways finds support in 
experiments with an akkhyde trapping rcagcnt [2,5J. It 
was interesting to invartigate the effect of more spcciiic 
compounds on the cnzymic steps involved in this raiox 
mocha&n and we thought that some known saxmhry 
mctaboliks could be useful inhibitors of dchydrogcnascs. 

Several flavonoids inhibit aldose rcductasc (EC 
1.1.1.21) with lo 5 values of t0-6-t0-* M [6-9 . 
effect is not spa&c for aidose raiuctasc [IO, 11 1 

The 
since 

&avonoid inhibition of other raiuctasca has been re- 
ported, and there arc also negative reports on the effects 
on dehydrogcnascs and glycolytic enzymes [6,8,9]. Most 
studies were only performed either on the oxidation or on 
the reverse x&u&on. 

Sii the spaScity pattern of flavonoid inhibition was 
not ckar, it seemed necessary to test thcii effat on 
different dchydrogcnascs in both directions, before cm- 
pbying them in the study of prcnol isomcrization 
[ l-5,12]. The model enzymes tested wercsckctcd aocord- 
ing to their availability in a purified state. We also 
considered similaritiu and differences with the well 
known reaction catalysal by akiosc rcductasc, as well as 
with the redox interconversion of prenok [l]. WC used 
two sulphata-l Bavonoids (1 and 2) which arc inhibitors of 
kns aldosc rcductasc [13]. to avoid solvent effects Cl43 
and because they can be easily isolated from plants of the 
South Am&can flora [13,15]. 

ReSULl3 AND DfWUSSiON 

The effact of the two sulphatal qucrcetin derivatives, 
QTS and QATS, on the forward and reverse r&n 

*Permanent sddrrsp: Dcpartmento de Biiufm& Facultad 
de Medicinq Urdvcrsidad de Chile. 
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catalysod by different dehydrogenasea is summar&d in 
Tabk 1. They arc noncompetitive or mixed type inhibi- 
tors of alcohol, lactic and cytoaolk malk dchydrogcnascs, 
only when the enzyme is acting as a carbonyl roductase 

The cffa%ivencas of sutpha&d thvonoids as estimated 
by the KJK,, ratio is maximal for the reduction of 
acetaldehydc to ethanol by yeast akohol dehydrogcnasc 
with a K,/K, ratio of 29 x lo-“, for the carbonyl 
substrate, i.e. comparabk to tbcir effect on the reduction 
of glycerakkhydc to glycerol C7.9.13) by aldose cc- 
ductasc from lens In the three cnxymcs inhibited by 
QATS or QTS the value of Ki for NADH was substan- 
tially similar to its K,. 

QTS and QATS (lo-’ M) have no inhibitory effact on 
polyoldehydrogcnasc(EC 1.1.1.14)fromCcadidaurfbin 
either direction. This may be due lo the fact that the K, of 
0.2 M for fructose does not allow a high enough ratio of 
inhibitor/substrate concentration. This consideration is 
not vaiid for NADH (Tabk 1). The oxidation of 
~~eh~~ph~p~ (musck enzyme) and 
glucoae-&phosphate (yeast cnxymc) is not inhibited by 
lo-* M QTS or QAT?S, whkh w with other negative 
reports [% 93. The inhibition was not modSal ifthe orda 
of addition of substrateJ and enzyme wall than@. 

QT!S and QATS arc not -dent bmctivatonr 
F’mincubation of alcohol, malk or lactic dchydr~ 
with 2 ntM QTS or QATS, under the m conditions of 
the assay but in the abscncc of substrates, doa not 
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Tabk 1. Effect of QTS aod QATS oa the activitk of different dehydrojpascs 

KI W WK., 

Substrate K.(M) Qm QATS Qn QATs 

Polyol dehydmgamc, 
cm&da u&s 
(EC 1.1.1.14) 

NADH 

NAD+ 
Pituvue 
NADH 

NAD+ 
ckm&a?We 
NADH 
Sorbitol 
NAD+ 

l From ref. 19 . 
[I tFrannf. 20. 

$Tbcclrcaonthemitochondrialcnzymeisvay~. 
MX, Mixed type inhibitioq NC, noa-compctitive inhibition; n.i, no inhibitory dkct observed with lo-’ M llavonoi& The cmccntrations of flavoaoids 

tested ran&d from 0.3 to 110 x 10-6 M. 

NADH 

1.7 x lo-’ 
4.6 x 10-d 
1.1 x 10-s 
3.9 x 10-I 
5.5 x lo-‘” 
1.0 x 10-s* 
4.0 x lo-” 
3.9 x lo-’ 
9.0 x 10-V 
1.0 x IO-St 
22 x 10-s 
3.7 x 10-5 
7.2 x lo-’ 
20x 10-a 
0.2 
29x lo-’ 

ai 
n.i 
0.i 
n.i 
0.i 
ai 
ei 
n.i 
n.i 

7.0 x 1:s (Mx) 
28x lo-‘(NC) 

ai 
ni 
n.i 
ni. 

a.i 

3.2 x l:‘$ (NC) 
&Ox lo-6(Nc) 

ai. 

3.8 x l;!$ (NC) 
24x lo-‘(NC) 

ai 

4.8 x 1s (Mx) 
7.5 x lo-’ (NC) 

ai 
ai 
n.i 
ni. 

- 2.9 x lo-’ 
- 0.15 
- - 
- - 
- 9.5 x lo-’ 
- 0.62 

- - 
3.2 22 
0.76 2.02 
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diminish the enzyme activity after sufficient dilution of the Prof. Iiliana Chayet and Miss Da&la Sccknfreund for their 
inhibitor. assixtance in the early phasc!l of this work. 

The inhibition shows a pecuhar pattertu some 
dehydrogenases were not affected at all and thus these 
Bavonoids are not general inhibitors of nicotinamide- 
linked dehydrogenases Inhibitory effects were observed 
only in one direction. The non-competitive or mixed type 
of inhibition shows that these sulphated ilavonoids do not 
bind exclusively to the free enxyme, but to some form of 
enzymesubstrate complex [ 163. 
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EXPERIMENTAL 

Substrates, nicotinamide dimxxkotidcs and the dchydrogcn- 
ascs were purchased from Sigma QTS and QAIS were extracted 
from F&au&x bidenrb 0. Kunkc and their purity checked as 
described [ 13, IS]. They were added as aq. solns, pH 7.8, to the 
reaction medium. Their absoti at 340 nm (log u for QTS 
- 3.92; for QATS = 4. I 1) does not permit concns above lo-4 M 
in the assay. The forward and/or reveras reaction of da 
hydrogenascs were assayed recording the changes of absorti 
at34OnmasdcscribedunderthehcadingofeachpatticuIar 
cnxynu in rcfs [17l and [l8]. Constant rpcctrophotomcter slit 
was used in all assays Kinetic paramrtcrs and Kt vahtca were 
cakulatcd through doubk nciprocal and scamdary plots [ 161. 
Spectra of the incubation media (200420 nm) were run in the 
abscm of the enzyme; non enxymic amtrob were performal 
with heat inactivated cnxymc. 
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