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Abstract—The enzymic conversion of 5, 8, 11, 14-eicosatetraenoic acid to the corresponding hydroperoxy
fatty acids by soybean lipoxygenase (lineolate: oxygen oxidoreductase E.C. 1.13.11.12.) was investigated
and a simple selective extraction method was introduced. The known inhibition of the lipoxygenase
pathway by phenidone, mercuric chloride, methylmercuric chloride, methylmercuric 1od1de 1 5- dihy-
droxynaphthalene and acetone phenylhydrazone was influenced by thiol compounds in different ways.
(1) A total reactivation of lipoxygenase activity was achieved when several thiol compounds, especially
gluthatione, were preincubated with the inhibitor mercuric chloride and the enzyme. (2) A remarkable
reduction of the inhibitory potency of phenidone against soybean lipoxygenase was seen when thiol
compounds were preincubated with the enzyme before the addition of the inhibitor. When phenidone
was preincubated with lipoxygenase first, suifhydryl agents did not restore the enzyme activity. (3) No
interaction was seen, when glutathione or other thiol compounds and the lipoxygenase inhibitors 1,5-
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dihydroxynaphthalene, nordihydroguaiaretic acid and acetone phenylhydrazone were tested against the

ClLLYyHIC.

Therefore, we suggest that soybean lipoxygenase inhibitors may act via different modes of action.

It is important to study the mechanisms of lipoxyge

nase inhibitors, since mammalian lipoxygenase and

their products are known to be involved in the inflammatory response.

INTRODUCTION

Unsaturated fatty acids, especially 5, 8, 11, 14-
eicosatetraenoic acid (arachidonic acid) not only are

important precursors for the biosynthesis of prosta-
glandins but they are also known to be oxidated to

the correspondmg hydroperoxy acids (HPETE) by
lipoxygenases.

e most extensivelv
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were found in soybeans and other plants but during
the last decade lipoxygenases also were discovered

in mammalian tissues [1—41 nne-rlnc there is more

and more evidence that the hpoxygenase products
HPETE and its degradation product hydroxyeicos-
atetracnoic acid (PJ.ETE) as$ wlu aS prosiag:andGins
[5-8] are involved in the pathomechanism of inflam-
mation. In contrast to prostaglandin biosynthesis
until now only few compounds aie known to inhibit
the lipoxygenase pathway of the arachidonic acid
cascade. In general most inhibitors of the prostag-
iandin synihetase are not active when tested against
lipoxygenases, but today the development of com-
pounds which are inhibitory against lipoxygenases
has become of great interest. Thus, especially “seiec-
tive” lipoxygenase inhibitors could be useful phar-
macological tools which may aid our understanding
of the biological role of lipoxygenases.

Known lipoxygenase inhibitors are the acetylenic
arachidonic acid analogue S, 8, 11 14-eicosatetray-
noic acid {2, 9], phenidone (i-phenyi-3-pyrazoii-
done) [10, 11], 1, 5-dihydroxynaphthalene (1, 5-
DHN) [12], nordihydroguaiaretic acid (NDHG) [13],
acetone phenyihydrazone {i4], BW 755 C [i5] and
benoxaprofen [16]. Most inhibitors are active both

ted linoxveoenases
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against plant and mammalian lipoxygenases [12].
There, however, exists little information concerning
the mechanisms of lipoxygenase inhibitors.

Since free sulfhydryl groups may be essential for
lipoxygenase-1 activity and since mercurials react

readily with sulthydryl groups, we investigated

whether thiol compounds may influence not only
mercurial inhibitors like methylmercuric iodide or

Allaeid e |
chloride and mercuric chloride which exhibited

strong anti-lipoxygenase properties but also well
established lipoxygenase inhibitors. Because there
exists no detailed information about the pOSSiuw
mechanisms of lipoxygenase inhibition these studies
seemed to be justiﬁed

We compared several compounds of different
chemical structure which are known to be inhibitors
of soybean or mammalian lipoxygenases against
arachidonic acid peroxidation. To elucidate possibie
characteristic inhibition patterns we investigated the
influence of phenidone, 1, 5-DHN, NDGH and
acetone phenylhydrazone on the soybean lipoxygen-
ase activity. Since according to Spaapen [17] meth-
ylated mercurials inhibit the enzyme by blocking
sulfhydryl groups we compared methylmercuric
chloride and methylmercuric iodide with mercuric
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chloride as to their lipoxygenase inhibiting
properties.

MATERIALS AND METHODS
Chemicals. [1-**C]-Arachidonic acid (sp. act.

50 Ci/mole) was supplied by the Radiochemical

Centre Amersham, U.K.). Soybean lipoxygenase-1
(130-150 U/ug proteln) 1-phenyl 3-pyrazolidone
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(phenidone), nordihydroguaiaretic acid, 1, 5-dihy-
droxynaphthalene, glutathione, L-cysteine, 2-mer-
captoethanol, dithioerythritol (Sigma, Munich, West
Germany}, methylmercuric chloride, methylmer-
curiciodide (ICN-Pharmaceuticals, New York, NY},
sodium hydrogensulfide (Fluka, Neu-Ulm), pheny-
lhydrazine, mercuric chloride, L-ascorbic acid and
all organic solvents (Merck, Darmstadt, West Ger-
many) were commercially obtained. Acetone phen-
ylhydrazone was synthesised in our laboratory
according to standard procedures.

Reaction medium and incubations. Fatty acid
lipoxygenation was carried out at 25° for 10 min in
a mixture containing 50 mM potassium-phosphate
buffer, pH 8,0, ethanol 1 per cent, [1-**C]-arachi-
donic acid (3.75 nCi, 2.5 uM), lipoxygenase-1 (5 ug)
and test drugs in a final volume of 300 ul. Ethanol
was used to dissolve the arachidonic acid and had
no effect on lipoxygenase activity. When test drugs
were preliminarily pre-incubated at 25° with the
enzyme for fixed time intervals, test drug concen-
trations are represented as those in the final fatty
acid lipoxygenation assay. Pre-incubation pro-
cedures are described more detailed in the appro-
priate sections of the Results.

According to Hamberg and Samuelsson [18]
lipoxygenase-1 catalyses the conversion of 5, 8, 11,
14-eicosatetraenoic acid (arachidonic acid) to its cor-
responding 15-hydroperoxy acid (15-HPETE).
Besides 15-HPETE the more stable 15-hydroxyei-
cosatetraenoic acid (15-HETE) is the predominant
lipoxygenation product.

(a) Separation by thin-layer chromatography. In
order to separate [1-%C]-arachidonic acid and its
lipoxygenation products, thin-layer chromatography
(t.l.c.) was applied.

First, the reaction was stopped by the addition of
50 ul N HCI1 to the incubation mixture and all the
labelled eicosanoids were extracted three times into
diethylether which then was taken to dryness under
a stream of nitrogen. The residues were redissolved
in 0.1 ml benzene/ethanol (1:1), quantitatively
applied onto precoated silica gel t.l.c. plates
(0.5 mm, E. Merck, Darmstadt, West Germany)
and chromatograms were developed in ether/light
petroleum/acetic acid (50:50:1). Precursor and
products were located using a Berthold t.1.c, scanner
(Wildbad, Germany), radioactive zones were
scraped into scintillation fluid and quantified by stan-
dard liquid scintillation procedures (Tricarb 3385,
Pico-Fluor 15, Packard Instruments). Lipoxygena-
tion products (R = 0.15) were developed as a homo-
geneous zone distinct from arachidonic acid (Rr =
0.85) as shown in Fig. 1(a).

(b) Separation by selective extraction procedures.
Secondly, we tried to separate arachidonic acid from
its products HPETE and HETE by selective extrac-
tion of the fatty acid precursor after modification of
the procedure described by Yanagi and Komatsu
[19] for the prostaglandin synthetase assay. They
found that 3 vols. n-hexane/ethyl acetate (2:1, v/v)
were most suitable to extract selectively arachidonic
acid from 1 vol. reaction medium under neutral
pH-conditions leaving the more polar prostaglandins
in the buffer phase. In order to prevent the lipox-
ygenation products HPETE and HETE which are
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HPETE & HETE

arachidonic
acid

solvent front origin
Fig. 1. Selective extraction of lipoxygenation products
“HPETE” and “HETE” from the incubation medium.
A = diethyl ether extract at pH 2.0. B = n-hexane extract
(2.5 vol.) at pH 8.0. C = diethyl ether extract at pH 2.0
after extraction B. Chromatograms were developed with
diethyl ether/light petroleum/acetic acid (50:50:1, viv).
Radioactive spots were localized by t.l.c. radio scanning.
The reaction mixture contained 1-“C-arachidonic acid
(37.5 nCi. 2.5 uM), lipoxygenase-1 (5 ug), ethanol (1 per
cent) in 50 mM potassium phosphate buffer (pH 8.0).
Incubations were carried out at 25° for 10 min.

less polar than prostaglandin E; but more polar than
arachidonic acid from being extracted, we consecu-
tively reduced the amount of the polar solvent ethyl
acetate. Simultaneously the volume of the n-hex-
ane/ethyl acetate extraction mixture was changed
from 1 up to 5 times compared with the reaction
medium. Finally these procedures were repeated
under different pHl-conditions (pH 5.5-9.0). The
effectiveness of these extraction studies was com-
pared with the established t.1.c. separation technique
as described above.

Best results were obtained if the reaction medium
(pH 8.0) was extracted three times with 2.5 vols.
n-hexane. Under these conditions all arachidonic
acid was extracted into n-hexane and only small
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amounts of radioactive products were extracted
together with arachidonic acid into the organic sol-
vent as shown in Fig. 1(b) by t.l.c. After acidification
of the remaining aqueous phase with hydrochloric
acid, more than 95 per cent of total lipoxygenation
products could be extracted into diethylether follow-
irig previous selective n-hexane-extraction of arach-
idonic acid (Fig. 1c). These results indicate that
labelled arachidonic acid and its soybean lipoxygen-
ation products HPETE and HETE can be separated
quantitatively by simple means. We consider this
method to be advantageous for lipoxygenase inhi-
bition studies because of its good reproducibility
especially when compounds are tested which inter-
fere with the classic spectrophotometric lipoxygenase
assays based on alterations in u.v.-absorbance of the
unsaturated fatty acids.

Assay of lipoxygenase activity. After 10 min the
reaction was stopped by the addition of 750 ul n-
hexane and arachidonic acid was selectively
extracted into the organic solvent. After centrifu-
gation at 10,000 X g for 1 min the organic phase was
discarded and extraction was repeated twice. After
addition of 150 ul ethanol to the buffer phase con-
taining the labelled soybean lipoxygenation products
lipoxygenase-1 activity was quantified by liquid scin-
tillation counting of the remaining ethanolic buffer
phase.

Product formation was complete after 10 min, if
enzyme and arachidonic acid concentrations were
used as described above. For lipoxygenase inhibition
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studies enzyme and inhibitors were pre-incubated
for 10 min unless otherwise stated.

RESULTS

Similar to cyclo-oxygenase inhibitors [19] the
inhibition of soybean lipoxygenase activity proved
to be enhanced by pre-incubation of enzyme and
test compound. In our assay system maximum inhi-
bition of lipoxygenase-1 activity was achieved when
inhibitors were pre-incubated for 10 min with the
enzyme. Longer pre-incubation time intervals had
no further effect. After pre-incubation for 10 min
with lipoxygenase-1 phenidone, 1, S-DHN, NDGA
and acetone phenylhydrazone exhibited a known
concentration-dependent inhibition of arachidonic
acid peroxidation by the plant enzyme. Also meth-
ylmercuric chloride and methylmercuric iodide
which according to Spaapen [17] interact with free
sulfhydryl groups of the lipoxygenase enzyme protein
were weak inhibitors after 10 min of pre-incubation.
Even after prolonged pre-incubation times (up to
60 min), however, the methylated mercurials did not
result in a 50 per cent inhibition of fatty acid lipox-
ygenation when the inhibitors were tested in con-
centrations up to 1 mM in our assay system which
differs in substrate and enzyme conditions from those
applied by the Spaapen group. However, in contrast
to the methylated mercurials, mercuric chloride
proved to be inhibitory against soybean lipoxygenase
comparable in its potency to phenidone. The iCs
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Fig. 2. Concentration-dependent effect of reduced glutathione and S-methylglutathione, respectively,

on the efficacy of the lipoxygenase-inhibitors phenidone and HgCl,. Glutathione or S-methylglutathione

were preincubated for 5 min with the enzyme before the inhibitors (1 mM) were added to the prein-

cubation mixture. Lipoxygenase activity is expressed as relative yield of radioactive lipoxygenation

products. Arachidonate and enzyme concentrations as given in Fig. 1. Each value is the mean of four
observations.
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Table 1. 1csp-values and relative potencies of soybean lipoxygenase inhibitors.
Each value is the mean of four observations

Inhibitors ICso (uM) Relative potency
Phenidone 51 1.0
CH;HgJ >1000 —
CH;HgCl 1470 0.035
1, 5-dihydroxynaphthalene 117 0.44
HgCl, 72 0.71
Nordihydroguaiaretic acid 72 0.71
Acetone phenylhydrazone 0.3 170

values (concentration of inhibitor resulting in 50 per
cent inhibition of arachidonic acid lipoxygenation)
and the corresponding relative potencies of the
inhibitors in comparison with phenidone are shown
in Table 1.

When lipoxygenase-1 was pre-incubated with
reduced glutathione for 5 min before the inhibitor
was added to the pre-incubation mixture, this
resulted in a dose-dependent decrease of lipoxygen-
ase inhibition by phenidone (Fig. 2). The same
phenomenon of decreased inhibition of lipoxygenase
activity was seen when the enzyme was pre-incubated
with mercuric chloride after prior addition of glu-
tathione to the pre-incubation medium (Fig. 2). In
the latter case glutathione exhibited a
concentration-dependent effect on mercuric
chloride-inhibition of fatty acid lipoxygenation, too.
Lipoxygenase inhibition by mercuric chloride could
be completely abolished when reduced glutathione
was incubated for 30 min with the mercuric
chloride-inactivated enzyme, whereas the
phenidone-treated enzyme was not reactivated by
the addition of glutathione. In order to elucidate
whether the free sulfhydryl groups of glutathione are
responsible for the decrease of inhibitory action of
mercuric chloride and phenidone, the enzyme was
pre-incubated with S-methylglutathione instead of
reduced glutathione before inhibitors were added to
the pre-incubation mixture. As shown in Fig. 2, S-
methylated  glutathione did not decrease
lipoxygenase-1 inhibition by phenidone and mercuric
chloride in concentrations up to 1 mM. The decrease
of lipoxygenase inhibition by phenidone and mer-
curic chloride provoked by S-methylglutathione in
concentrations higher than 1 mM may be due to
contamination of the S-methyglutathione stock with
traces of reduced glutathione. When lipoxygenase
was pre-incubated with S-methylglutathione and
phenidone or mercuric chloride respectively, there
was no difference whether the inhibitors were pre-
incubated with the enzyme before or after S-meth-
ylglutathione was added to the pre-incubation
mixture.

As to mercuric chloride, there is a total reacti-
vation of lipoxygenase activity by glutathione when
added in concentrations equimolar or higher than
the concentration of the inhibitor mercuric chloride
(Fig. 2). Thus mercuric chloride may be trapped by
equimolar amounts of glutathione so that no free
mercury is left to inhibit the enzyme. Compared to
mercuric chloride, the interactions between gluta-
thione and the lipoxygenase inhibitor phenidone
seem to be different: Pre-incubation of lipoxygenase

with glutathione does not fully restore the enzyme
activity when phenidone is added instead of mercuric
chloride, even if glutathione is used in concentrations
far exceeding the concentration of the inhibitor
phenidone (Fig. 2).

To investigate a possible regeneration of the
phenidone- or mercuric chloride-modified enzymic
activity, several thiol compounds were tested in com-
parison to reduced glutathione. When lipoxygenase
was pre-incubated for 5 min with 2-mercaptoetha-
nol, cysteine, dithioerythritol or sodium hydrogen-
sulfide before the addition of mercuric chioride, a
complete recovery of the enzyme activity could be
obtained with all thiol compounds. The most potent
reactivators were glutathione (1.3 mM), sodium
hydrogensulfide (5 mM) and 2-mercaptoethanol
(4 mM). As reported above for glutathione, the
other thiol compounds only partly restored lipoxy-
genase activity when phenidone was added to the
preincubation mixture afterwards. In this case, too,
glutathione was the favourable reactivator among
the thiols tested.

Since glutathione can be considered to be an
inhibitor of lipoxygenase inhibition by phenidone,
various concentrations of phenidone were tested
against lipoxygenase activity with and without the
addition of a fixed amount of the antagonist gluta-
thione. Figure 3 shows the dose-response curves of
phenidone and phenidone +0.1 mM GSH. The cor-
responding double-reciprocal plot is given in Fig. 4.
The addition of glutathione results in a parallel shift
of the dose-response curve to higher concentrations
of phenidone without lowering the maximum inhi-
bition magnitude of the lipoxygenase inhibitor
phenidone.

To investigate a possible influence of thiol com-
pounds like glutathione on other inhibitors of the
lipoxygenase pathway, lipoxygenase-1 was pre-incu-
bated for 5 min with 1.3 mM glutathione before
varying concentrations of inhibitors were added to
the pre-incubation medium. Figure 5 shows the
concentration-dependent inhibition of
lipoxygenase-1 by nordihydroguaiaretic acid, 1, 5-
DHN and acetone phenylhydrazone with and with-
out a fixed amount of glutathione. In contrast to the
data obtained for mercuric chloride and phenidone,
neither glutathione nor other thiol compounds
decreased or enhanced the inhibitory efficacy of
NDGA, 1, 5-DHN or acetone phenylhydrazone sig-
nificantly no matter if thiol compounds or inhibitors
were added first to the pre-incubation mixture. In
order to investigate whether molecular oxygen can
modify the activity of the lipoxygenase-1 which is
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Fig. 3. Concentration-response curves for phenidone against soybean lipoxygenase inhibition in the

presence or absence of glutathione. Lipoxygenase was preincubated for 5 min with a fixed amount.of

0.01 mM glutathione or buffer before various concentrations of phenidone were added to the prein-

cubation medium. Incubation conditions as given in Fig. 1. Each point is the mean of at least four
observations.

known to contain sulfhydryl groups during pre-incu-
bation with inhibitors, the pre-incubation procedures
were performed under aerobic and strictly anaerobic
conditions for several time intervals (1-10 min)
before the fatty acid substrate and oxygen were
added to the mixture to start the enzyme reaction.
Then, phenidone and the other inhibitors were tested
against lipoxygenase activity under aerobic and
strictly anaerobic conditions. Under these conditions
there were no significant differences in the efficacy
of the inhibitors. In both cases lipoxygenase inhi-
bition reached a maximum after 10 min of pre-incu-

e

2

Z  0.10

2

£

c

N 01 mM GSH
@ added~
13

]

o 005

»®

o

)

N3

~

A

5 ' 10
1/{phenidone), mm-!

Fig. 4. Lineweaver-Burk plots showing that glutathione

competively inhibits the inhibitory effect of phenidone on

soybean lipoxygenase. The plots are derived from values
represented in Fig. 3.

bation in our assay system. Thus the actions of thiol
compounds cannot be explained by merely protect-
ing the enzyme from being oxygenated during pre-
incubation before the inhibitor phenidone is added
to the reaction mixture. Pre-incubation of lipoxy-
genase with glutathione for 5 min in concentrations
of up to 1.3 mM did not alter the time-dependent
yield of lipoxygenase products. Thus glutathione
does not seem to interact directly with the enzyme
so that an interference with the self-inactivating pro-
cess is rather improbable.

Finally we investigated what kind of lipoxygenase
inhibition pattern a combination of phenidone and
an inhibitor like 1, S-DHN which cannot be influ-
enced by thiol compounds would exhibit. Figure 6
shows the concentration-dependent inhibition of
soybean lipoxygenase by phenidone with and without
the addition of a fixed concentration of 1, 5-DHN.
The addition of 1, 5-DHN results in a parallel shift
of the dose-response curve to lower concentrations
of phenidone, suggesting at least an additive inhibi-
tory effect of phenidone and 1, 5-DHN against the
soybean lipoxygenase. In order to elucidate whether
the lipoxygenase inhibitors investigated and their
interactions with sulfhydryl compounds influence the
time-course of arachidonic acid peroxidation fatty
acid, enzyme and test compounds were incubated
for 1, 2, 3, 5 and 10 min. Reactions were stopped
by selective extraction of arachidonic acid into n-
hexane as usual. As shown in Figs. 7-9 lipoxygenase
product yield was complete after 10 min, when HgCl,
(1, 0.1 mM), phenidone (1, 0.1 mM) and acetone
phenylhydrazone (0.1, 0.001 mM) were tested with
and without 1.3 mM glutathione against the enzyme.
These studies revealed the same kinetics for the
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Fig. 5. Effect of a range of concentrations of acetone phenylhydrazone (AcPh), 1, 5-dihydroxyna-
phthalene (1, 5-DHN) and nordihydroguaiaretic acid (NDHG) on soybean lipoxygenase activity with
and without the addition of glutathione. Lipoxygenase was preincubated for 5 min with a fixed amount
of glutathione (1.3 mM) or buffer before various concentrations of inhibitors were added to the
preincubation mixture. Lipoxygenase activity is expressed as relative yield of radicactive lipoxygenation
products. Incubation conditions as in Fig. 1. Each point is the mean of four observations.
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Fig. 6. Concentration-dependent inhibition of soybean
lipoxygenase activity by phenidone and a combination of
phenidone and a fixed amount of 1,5-dihydroxynaphthalene
(0.033 nM). Lipoxygenase activity is expressed as relative
yield of radioactive lipoxygenation products. Lipoxygenase
and inhibitors were preincubated for 10 min. Incubation
conditions as described in Fig. 1. Each point is the mean
of four observations.
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Fig. 7. Influence of HgClL; and glutathione on the time-
course of arachidonic acid peroxidation by soybean lipoxy-
genase. O——O Control: HgCl, and GSH were omitted.
@&—@® 1mM HgCl, (pre-incubation time 10 min).
W 0.1 mM HgClh (pre-incubation time 10 min).
@~ - -® 1 mM HgCl; (pre-incubation time 10 min) fol-
lowed by the addition of 1.3 mM GSH 5 min before
lipoxygenation was started. M- ~ M 0.1 mM HgCl; (pre-
incubation time 10 min) followed by the additionof1.3 mM
GSH 5 min before lipoxygenation was started. Each point
is the mean of four observations.
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Fig. 8. Influence of phenidone and glutathione on the
time-course of arachidonic acid peroxidation by soybean
lipoxygenase. O——O Control: Phenidone and GSH were
omitted. @——@ Pre-incubation (10 min) of lipoxygenase
with 1 mM phenidone before lipoxygenation was started.
B—M Pre-incubation (10 min) of lipoxygenase with
0.1 mM phenidone before lipoxygenation was started.
@- — -@® Pre-incubation (5 min) of lipoxygenase with
1.3 mM GSH before 1 mM phenidone was added to the
mixture. Lipoxygenation was started 10 min later.
B- - B Pre-incubation (5 min) of lipoxygenase with
1.3 mM GSH before 0.1 mM phenidone was added to the
mixture. Lipoxygenation was started 10 min later. Each
point is the mean of four observations.

interactions of glutathione with the lipoxygenase
inhibitors HgCl,, phenidone and acetone phenylhy-
drazone as stated before. Reviewing these time-
dependent inhibition studies the inhibitory patterns
of the compounds tested cannot be explained by
direct interference with the self-inactivation pro-
cesses to which lipoxygenases are subjected during
catalysis and which still remain open for speculation.

DISCUSSION

According to our experimental data, a merely
chemical interaction between phenidone and gluta-
thione seems to be improbable. Optimal concentra-
tions of 1-2 mM glutathione exhibit a 35% reacti-
vation of the phenidone-modified lipoxygenase
enzyme. Reviewing the effects of reduced and S-
methylated glutathione, free sulfhydryl groups seem
to be essential for the inhibitor effect of glutathione
against lipoxygenase inhibition by phenidone or
mercuric chloride. When lipoxygenase was pre-incu-
bated first with phenidone a possible reactivation of
the enzyme activity with glutathione or other thiol
compounds did not occur, suggesting that phenidone
is bound more closely to the enzyme than mercuric
chloride.

Reviewing the effects of thiol compounds like
cysteine, sodium hydrogensulfide, 2-mercaptoetha-
nol, dithioerythritol and especially reduced gluta-
thione on the lipoxygenase inhibitors phenidone,
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Fig. 9. Influence of acetone phenylhydrazone .(AcPh) and
glutathione on the time-course of arachidonic acid peroxi-
dation by soybean lipoxygenase. O———O Control: AcPh
and GSH were omitted. @——@ Pre-incubation (10 min)
of lipoxygenase with 0.1 mM AcPh before lipoxygenation
was started. l——M Pre-incubation (10 min) of lipoxy-
genase with 0.001 mM AcPh before lipoxygenation was
started. @ — —@ Pre-incubation (5 min) of lipoxygenase
with 1.3 mM GSH before 0.1 mM AcPh was added to the
mixture. Lipoxygenation was started 10 min later.
B- - -B Pre-incubation (5 min) of lipoxygenase with
1.3 mM GSH before 0.001 mM AcPh was added to the mix-
ture. Lipoxygenation was started 10 min later, Each point
is the mean of four observations.

mercuric chloride, 1, 5-DHN, NDGA, and acetone
phenylhydrazone, we found three different modes
of action.

(1) Inhibition of lipoxygenase activity by mercuric
chloride can be totally abolished by gluthathione and
other thiol compounds, no matter whether inhibitor
or thiol substance were pre-incubated first with the
enzyme.

(2) Pre-incubation of lipoxygenase-1 with thiol
compounds reduces the inhibitory efficacy of pheni-
done remarkably, if the inhibitor is added afterwards
but glutathione does not restore the activity of the
phenidone-modified enzyme.

(3) The efficacy of the other inhibitors of the
lipoxygenase pathway tested (1,5-DHN, NDGA,
acetone phenylhydrazone) is not significantly influ-
enced by glutathione or other thiol compounds.

Whereas mercurials seem to act via direct inter-
action with free sulfhydryl groups of lipoxygenase
and thiol compounds, the effect of phenidone is
probably inhibited in a competitive manner by glu-
tathione. Comparing the interaction of phenidone
and glutathione, the effect of competition is a reduc-
tion of the apparent affinity of phenidone for the
enzyme receptor in the presence of glutathione as
predicted by the law of mass action. In this case the
magnitude of response is not altered, since a high
enough ratio of phenidone: glutathione seems to
force complete occupancy of receptors by phenidone
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despite the presence of glutathione. These experi-
mental results, especially the double reciprocal plot
according to Lineweaver-Burk, suggest a competi-
tive antagonism for the interaction of glutathione
and phenidone. The other inhibitors not influenced
by thiol compounds therefore may have a site of
action different from that of phenidone.

Concerning the combined action of the inhibitors
phenidone and 1, 5-DHN, further investigations
indicated that a more than additive interaction of
both inhibitors seems to be improbable, although
thiol compounds decrease the inhibitory efficacy of
phenidone but not of 1, 5-DHN. Therefore, these
two inhibitors are not supposed to act via completely
different sites of action.
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