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ABSTRACT. Inactivation of 12-lipoxygenase (12-LO) m mouse epidermal homogenate by the antipsoriatic 

drug anthralin has been studied in detail. In view of the chemical instability of anthralin in a physiological buffer, 

the biological effects ascribed to the molecule itself may be related to some of its breakdown products. However, 

the inhibitory activity could not be attributed to the known stable oxidation product of anthralin, danthron, 

which did not decrease 12-LO activity. Addition of the antioxidants 2,6-di-tert-butyl-4-methylphenol (BHT) or 

p-carotene, or the hydroxyl radical scavenger sodium benzoate, protected against anthralin-mediated l&LO 

inactivation, suggesting that pro-oxidant species derived from anthralin play a key role in the inhibitory action. 

Even though inhibitory effects of anthralin against catalase and superoxide dismutase (SOD) have been observed 

under the conditions applied in this study, these antioxidant enzymes also partially prevented the inhibition of 

12-LO by anthralin when added to the incubation mixtures. Control experiments without anthralin revealed 

that the oxygen radical scavengers and antioxidant enzymes, themselves, did not appreciably influence epidermal 

12-LO activity. A mechanism underlying the inactivation of epidermal 12-LO by anthralin is proposed, which 

involves active oxygen species formed during the auto-oxidation of the drug. BIOCHEM PHARMACOL 5 1;9: 1173- 

1179, 1996. 
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The 12-LOT pathway is the main metabolic conversion of 
arachidonic acid in the skin [l]. The epidermal layer, in 
particular, is an active site of its metabolism. Because in- 
creased production of 12sHETE has been implicated in the 
pathophysiology of psoriasis, 12-LO inhibition has been 
described as an approach for the treatment of this inflam- 
matory skin disease [2, 31. Moreover, the regulation of the 
5-LO pathway has become an important target for thera- 
peutic intervention [3, 41. 

In recent studies of the action of anthrones upon these 
enzymes, the antipsoriatic drug anthralin (dithranol, 1,8- 
dihydroxy-9( lOH)-anthracenone) was found to exhibit the 
greatest selectivity toward epidermal 12-LO [5], whereas a 
number of lo-substituted derivatives with modulated redox 
properties were more selective 5-LO inhibitors [6]. These 
selectivities suggested that different mechanisms determine 
inhibition of the two lipoxygenases, pointing to a specific 
enzyme interaction for the selective 5-LO inhibitors. 

However, the mechanism(s) by which anthralin itself 
affects the production of 12-HETE is not quite clear at 
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present. In view of the chemical instability of anthralin in 
aqueous solutions at pH 7.4, the biological effects ascribed 
to the molecule itself may, in fact, be related to some of its 
breakdown products [7]. In particular, activated forms of 
molecular oxygen produced during the auto-oxidation of 
anthralin [8, 91 are likely candidates. A more detailed 
knowledge concerning its in oritro mechanism of LO inac- 
tivation will be necessary for the development of improved 
antipsoriatic anthrones. 

Many known inhibitors of lipoxygenases possess low re- 
dox potentials [lo], their antioxidant potency often corre- 
lating with their inhibitory potency [l 11. Furthermore, the 
potency of phenolic LO inhibitors may be related to their 
ability to directly reduce ferric iron at the active site to the 
inactive ferrous form, to chelate ferric iron, or a combina- 
tion of both [12, 131. 

In the present study, we evaluated the effects of anthra- 
lin-derived oxygen radicals on 12.LO activity, employing 
specific oxygen radical scavengers or antioxidant enzymes 
to determine which class of reactive metabolite may con- 
tribute to enzyme inactivation. 

MATERIALS AND METHODS 
Materials 

Catalase (EC 1.11.1.6) from bovine liver, SOD (EC 
1.15.1.1) from bovine erythrocytes, peroxidase (EC 
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1.11.1.7) from horseradish, 12(S)-HETE, and 12(R)-HETE 
were purchased from Sigma (Deisenhofen, Germany). Sol- 
vents for HPLC were of HPLC quality (Roth; Karlsruhe, 

Germany). All other reagents were of the highest grades 
available from Sigma (Deisenhofen, Germany), Aldrich 

(Steinheim, Germany), or from Merck (Darmstadt, Ger- 

many). 

Egidermal 12.Lipoxygenase Assay 

Preparation of the epidermal homogenate and the 12-LO 

assay were performed as described [5]. The epidermal ho- 
mogenate (50 mg wet weight/ml) was preincubated with 

appropriate additions (anthralin, antioxidants, oxygen rad- 
ical scavengers, or antioxidant enzymes at indicated con- 

centrations) for 5 min at 37°C in a shaking water bath. 
Additions were dissolved in DMSO (final concentration of 

0.4%) or PBS, pH 7.4. Control assays were conducted with 
inclusion of the appropriate concentration of DMSO. Cal- 
cium chloride and arachidonic acid (final concentrations 2 
mM and 5 p,M, respectively) were then added, and the 

incubation was conducted for 10 min at 37°C unless oth- 
erwise stated. Formation of 12-HETE was terminated by the 

addition of 3.0 mL MeOH/CH&N (1 + 1) containing the 
antioxidant nordihydroguaiaretic acid and 1-hydroxy-8- 

methoxy-9,10-anthracenedione as a chromatographic 
marker (final concentrations 0.3 and 30 p,M, respectively). 

The incubation mixture was kept in an ice bath for 20 min 
and then centrifuged at 5000 g for 20 min at 0°C. Pertinent 
controls were performed to determine the original amounts 

of 12-HETE already present in the homogenate. The su- 
pematant was diluted with 5 mL of water and passed 
through a prewashed octadecylsilane reversed-phase car- 

tridge (Baker) that had been washed with 5 mL of MeOH 
and 5 mL of water. The material was eluted with 3 mL of 
MeOH, diluted with 3 mL of water, and subjected to re- 

versed-phase HPLC analysis. The isocratic elution condi- 
tions of 12-HETE were MeOH/acetonitrile/water (35 + 35 
+ 30, vol), plus 0.1 vol % acetic acid, pH 5.5, flow rate 1.0 

mL/min (Kontron 420 pump), monitored at 232 nm with a 
Kontron 735 LC UV detector. Data were recorded on a 
MacLab data acquisition system (W&Tech, Germany) and 

analysis was performed with the Peaks software on an Apple 
Macintosh computer. Integrated areas of the peaks were 
compared to the internal standard and to external standards 
of authentic samples. Molar absorption coefficients given 
by Borgeat and Samuelsson [14] were used for calculations; 
% inhibition of the formation of 12-HETE by epidermal 

homogenates was calculated by comparing the mean values 
of the test system (n = 3, SD < 10%) with control activity 
(n = 8, SD c 5%). 

Stereochemical Analysis by 
Chid Phase Chromatography 

12-HETE obtained from in vitro incubation experiments 
was purified by isocratic reversed-phase HPLC, as described 

above. This was, in turn, analyzed by chiral phase HPLC 
[15] on a Chiracel OB 250x 4.6-mm column (Daicel, To- 

kyo, Japan). The isocratic elution conditions were hexane/ 
2-propanol/methanol/water (99.1 + 0.68 + 0.1 + 0.03, vol), 

flow rate 1.0 mL/min (SP 8700 Therm0 Separation Prod- 
ucts, Darmstadt, Germany), monitored at 235 nm with a 
Knauer UV detector (Berlin, Germany). The retention 
times for 12(R)- and 12(S)-HETE were 24 and 35 min, 

respectively. 

Catdase and SOD Assays 

Catalase activity was measured following the decomposi- 
tion of hydrogen peroxide at 240 nm [16]. Reaction mix- 

tures contained 1.98 mL of PBS, 1 mL of 0.03 M hydrogen 
peroxide and 0.02 mL of enzyme dilution (2 U/mg protein). 

Incubation experiments for the determination of catalase 
inhibition by anthralin were performed for 30 min at 37°C 

in a shaking thermostat bath. 
Activity of SOD was determined by measuring the inhi- 

bition of pyrogallol auto-oxidation, monitored spectropho- 

tometrically at 420 nm [17]. 

RESULTS 
Effects of Antioxidunts, Oxygen Radical Scavengers, 
and Antioxidant Enzymes on Epidennd 12-LO Activity 

As mentioned above, many antioxidants/free radical scav- 

engers can inhibit lipoxygenases, and represent the largest 
class of inhibitors. This is not surprising because conversion 
of arachidonic acid into LO products is a radical-based oxi- 
dation. Accordingly, to provide evidence for a role of active 
oxygen species in epidermal 12-LO inhibition employing 

specific oxygen radical scavengers, it is important to show 
that inhibition of the enzyme by the scavengers, them- 
selves, at concentrations necessary for removing active oxy- 

gen species can be excluded. 
Consequently, mouse epidermal 12yLO was incubated in 

the presence of various antioxidants, oxygen radical scav- 
engers, and the antioxidant enzymes catalase, SOD, and 

peroxidase. In these experiments, 12-HETE concentration 
was measured by reversed-phase HPLC. The elution pattern 
of the main LO product was consistent with that of an 
authentic sample of 12-HETE. To exclude oxidation of 
arachidonic acid by a nonspecific free radical mechanism 
that gives racemic 12-HETE, we have determined the ab- 
solute stereochemistry of the mouse epidermal 12-HETE as 
recently described [5]. Comparison with authentic, stereo- 
chemically pure 12-HETE enantiomeric standards demon- 
strated that the 12-HETE present was the 12(S)-isomer, 
clearly ruling out the presence of the 12(R)-isomer. 

Table 1 shows the influence of antioxidants, oxygen radi- 
cal scavengers, and antioxidant enzymes on the activity of 
12-LO. It is interesting to note that, in the presence of the 
antioxidants BHT and cY-tocopherol, and the hydroxyl rad- 
ical scavenger sodium benzoate, the enzyme activity even 
increased slightly. The singlet oxygen quencher B-carotene 
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TABLE 1. Effects of antioxidants, oxygen radical scavengers, 
and antioxidant enzymes on the formation of 12.HETE by 
mouse epidermal12.LO 

Compound 12.HETE (ng/mL) 

Control 36.5 
Ascorbic acid (100 FM) 20.8 

BHT (100 FM) 50.6 

Catalase (167 U/mL) 47.3 
P-Carotene (100 FM) 37.5 

Peroxidase (6 U/mL) 17.1 

Propyl gallate (100 PM) 0 

Pyrogallol ( 100 FM) 6.3 
Sodium benzoate (1 mM) 46.9 

SOD (167 U/mL) 32.5 

cw-Tocopherol (100 FM) 45.9 

Mouse epldermal homogenate (50 mg wet weight/ml) was preincubated with the 

additions described above for 5 mm at 37°C prior to incubation with arachldonic 

acid (5 &M) for 10 min at 37°C. Controls were performed with inclusion of the 

appropnare concentration of DMSO and without additions. Indicated values are ng 

12-HETE per mL incubauon mixture and are the average of 3 independent expen- 

ments (SD < 10%). 

did not affect the production of 12-HETE. However, the 
radical scavenger propyl gallate totally inhibited 12-LO at 
100 p-M, and pyrogallol inhibited the enzyme at the same 
concentration by more than 80%. Likewise, ascorbic acid 
strongly impaired 12-LO activity. Therefore, these antiox- 
idants hardly serve as appropriate tools in the search for the 
active metabolite against 12-LO. 

Addition of catalase (167 U/mL) to the incubation mix- 
ture slightly increased 12-HETE formation, and incubation 
of 12-LO with SOD (167 U/mL) did not appreciably influ- 
ence enzyme activity. On the other hand, peroxidase de- 
creased 12-HETE formation compared to the control mix- 
ture by more than 50% (Table 1). 

Effects of Anthralin, Danthron, 
and Bianthrone on 12.LO Activity 

Next, we studied the influence of the known oxidation 
products of anthralin, the anthraquinone derivative dan- 
thron, and its dimer bianthrone, on 12-LO activity in 
mouse epidermal homogenate. As recently described [5], 
incubation with anthralin itself resulted in a concentration- 
dependent inhibition of the enzyme and gave an IC& value 
of 9 p-M. However, the stable oxidation product, danthron, 
was not effective at concentrations up to 30 p,M. On the 
other hand, the product of one-electron oxidation of an- 
thralin and dimerization of the anthralin free radical, bian- 
throne, which is also further degraded to the polymeric 
anthralin-brown [7], inhibited epidermal 12-LO with an 
IC,, value of 13 p-M. 

Effects of Antioxidants and Oxygen Radical Scavengers 
on Epidewnal 12.LO Inactivation by Anthralin 

In these experiments (Fig. l), incubations were performed 
with 30 p-M anthralin, which decreased enzyme activity to 

18% of control activity. Addition of the antioxidant BHT 

to the incubation mixture partially prevented the inactiva- 
tion of 12-LO caused by anthralin. The specific hydroxyl 
radical scavenger, sodium benzoate [18], also suppressed in- 
activation. As compared to the concentrations of other 
antioxidants (100 p-M) used in this study, higher concen- 
trations (1 mM) were necessary for protection against an- 
thralin-mediated enzyme inactivation. However, this is in 
agreement with the observation that sodium benzoate is less 
efficient in scavenging anthralin-produced hydroxyl radi- 
cals than other compounds [9]. When compared to the 
increased activity of 12-LO in the presence of sodium ben- 
zoate as compared to controls without additions (Table l), 
anthralin-decreased activity was maintained at approxi- 
mately 47%. The protective effect provided by sodium ben- 
zoate, based upon the activity that remained in the absence 
of antioxidants (18%), amounts to approximately 30%. 
The best protection was afforded by p-carotene, which did 
not appreciably alter 12.LO activity as compared to con- 
trols. When P-carotene (100 FM) was included in the in- 
cubation mixture, the anthralin-induced decline in 12.LO 
activity once more increased to approximately 58% of con- 
trol activity, which yields a protection of about 40%. There 
is one exception in these results, however. Of all antioxi- 
dants tested, only a-tocopherol did not produce any mea- 
surable alteration compared to anthralin-treated controls. 

Effects of Anthralin on Catalase and SOD Activity 

It has been reported that anthralin reduces the activities of 
both catalase and SOD [19]. Therefore, we examined the 
extent to which anthralin inhibited these enzymes. It is 
evident from Fig. 2 that anthralin inhibits both catalase and 
SOD activity concentration-dependently. At concentra- 
tions between 8 and 32 FM, anthralin led to far more than 
a 50% decrease in catalase activity, and the activity of SOD 

Control 
(without additions) 
Control (AMhralin, 

without antioxidant) 

Na benzoate (1 mM) 

BHT (100 m) 

a-Tocopherol (100 PM) 

!3-Carotem, (100 pW) 

1BHETE (nglmL) 

FIG. 1. Effects of antioxidants and oxygen radical scaven- 
gers on the anthralin-induced inactivation of mouse epider- 
mal 12.LO. Mouse epidermal homogenate (50 mg wet 
weight/ml) was preincubated with anthralin (30 HIM) and 
the indicated additions for 5 min at 37°C prior to incubation 
with arachidonic acid (5 pM) for 10 min at 37°C. Controls 
were performed without inclusion of anthralin, with inclu- 
sion of the appropriate concentration of DMSO, and with- 
out additions. Values are expressed as ng 12.HETE per mL 
incubation mixture (n = 3, SD < 10%). 



1176 K. Mtiller and I. Gawlik 

Anthralln (pM] 

FIG. 2. Concentration-dependent effects of anthralin on the 
activities of catalase and SOD. Incubation mixtures con- 
tained cat&se (100 U/mL) or SOD (15 U/mL) and indi- 
cated concentrations of anthrahn in a final volume of 2 mL 
PBS, pH 7.4, for 30 min at 37°C in a shaking water bath (n 
3 3, SD < 5%). 

declined by approximately 30%. Contrary to catalase, 
higher concentrations of anthralin did not result in a 
greater decrease in the enzyme activity of SOD. Even 
though the inhibitory effects of anthralin against catalase 
and SOD under the conditions applied in this study have to 
be considered, there should still be enough enzyme activity 
for studying the effects of these enzymes on 12-LO inacti- 
vation by anthralin. 

Effects of Antioxidant Enzymes on 
Epidewnal 12-LO Inuctivativn by Anthrdin 

In these sets of experiments, the effects of enzymes affecting 
the concentration of hydrogen peroxide and superoxide 
(i. e. catalase, peroxidase, and SOD) were examined in the 
anthralin-exposed 12-LO system. No significant changes in 
12-HETE formation as compared to anthralin-treated con- 
trols were measured when antioxidant enzymes were added 
to the incubation sets, under the conditions described in 
the corresponding experiments with nonenzymatic antiox- 
idants (data not shown). However, by increasing the incu- 
bation periods, pronounced changes in anthralin-decreased 
12-LO activity were observed. Under these conditions, an- 
thralin at 30 PM suppressed enzyme activity to almost neg 
ligible values. The effects of catalase, peroxidase, and SOD 
are depicted in Fig. 3. After incubation with any enzyme, 
the levels of 12-HETE increased once more. Catalase, 
SOD, or a combination of both enzymes enhanced 12-LO 
activity as compared to anthralin-treated controls to ap- 
proximately 50% of the activity of untreated controls. The 
effect of catalase was, at least partially, due to its catalytical 
activity because it was diminished by heat inactivation of 
the enzyme. Control experiments without anthralin re- 
vealed that catalase and SOD did not appreciably influence 
epidermal 12-LO activity under the prolonged incubations, 
whereas peroxidase per se significantly decreased enzyme 
activity (data not shown). As a consequence, peroxidase 

only slightly affected anthralin-mediated 12-LO inactiva- 
tion (Fig. 3). 

DISCUSSION 

In view of the instability of anthralin, inhibition of enzymes 
by the molecule itself is unlikely, but might be related to 
decomposition products formed during the auto-oxidation 
of the drug [7]. Indeed, coincident with the auto-oxidation 
process is the generation of reactive oxygen metabolites. 
Anthralin can activate molecular oxygen by univalent re- 
duction to superoxide [20] which, in turn, can dismutate to 
produce hydrogen peroxide. The iron-dependent interac- 
tion of these two species results in the formation of the 
extremely reactive hydroxyl radical [2 11. Hydroxyl radicals 
are also produced from anthralin in the presence of ferric 
salts [8, 91. With the demonstration that anthralin can, 
indeed, significantly generate oxygen radicals, the question 
arises as to whether or not the biological effects of this 
compound can be related to this property. Although several 
biological targets have been shown to be damaged by oxy 
gen radicals [22], the processes of lipid peroxidation and 
DNA damage are best characterized for anthralin [9,23]. In 
this series of experiments, we examined the involvement of 
anthralin-derived oxygen radicals in the inactivation of 
epidermal 12-LO. 

Thus far, anthralin has been identified as a selective 
12-LO inhibitor with respect to 5-LO, as well as cycloox- 
ygenase [5,24]. H owever, an explanation of the mechanism 
of LO inhibition is still lacking. To date, the majority of 
evidence supporting a role of active oxygen species in LO 
inhibition has been derived from studies demonstrating the 
oxidation of the methionine residues of the enzyme by in- 
hibitors [25, 261. The hypothesis that oxygen radicals pro- 
duced by anthralin are responsible for selective inhibition 
of 12-LO over 5-LO is strongly supported by observations 

-112.1 

0 io 40 $0 
12-HETE (@ml) 

FIG. 3. Effects of incubation of catalase, peroxidase, and 
SOD on the anthralin-induced inactivation of mouse epi- 
dermal 12.LO. Mouse epidermal homogenate (50 mg wet 
weight/ml) was preincubated with anthrahn (30 pM) and 
the indicated additions for 5 min at 37°C prior to incubation 
with arachidonic acid (5 pM) for 30 min at 37’C. Controls 
were performed without inclusion of anthralin and without 
additions. Values are expressed as ng 12.HETJZ per mL in- 
cubation mixture (n = 3, SD -c 10%). 
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that I2-LO from bovine platelets is inhibited by active 

oxygen-producing systems, whereas the activity of 5LO is 

only slightly influenced [27]. 12-LO inhibition by active 
oxygen species has also been observed in rabbit platelets 
[28]. In addition, it has been reported that LO inhibition by 
standard inhibitors, such as phenidone or BW755C, only 
occurs after oxidation of these compounds [29]. The inves- 

tigators suggested that the superoxide or hydrogen peroxide 
may mediate LO inactivation. 

In a similar fashion, 12-LO inactivation by anthralin 

may be related to the generation of oxygen radicals by this 
drug. Inhibition of 12-LO by anthralin cannot be explained 
by the formation of its stable oxidation product, danthron, 
because this compound was not able to inhibit 12-HETE 

production at doses up to 30 FM. Although the anthralin 
dimer is a comparatively potent inhibitor of 12-LO, this 

degradation product is only an intermediate in the auto- 
oxidation of anthralin and is further decomposed to the 

so-called anthralin-brown [7]. Nonetheless, this dimer has 

been described to generate oxygen radicals, as does anthra- 
lin [30]. 

The suggestion that anthralin can reduce the active en- 

zyme to its inactive form, according to a proposed mecha- 
nism for phenolic compounds [12], might be sufficient to 
explain its inhibitory effect on the epidermal 12-LO (Fig. 4, 

pathway a). However, our data also suggest that active ox- 
ygen species may be involved (Fig. 4, pathway b), because 
we observed critical and suppressing effects on anthralin- 
mediated inactivation of 12-LO by sodium benzoate, a spe- 

cific hydroxyl radical scavenger [18], by the antioxidants 

BHT and B-carotene, and by the antioxidant enzymes su- 
peroxide dismutase and catalase, which can remove super- 

oxide and hydrogen peroxide. A similar protective role of 
these antioxidants on other oxidative systems triggered by 
anthralin has already been observed [8,9]. A direct effect of 
the antioxidants on the anthralin molecule can be excluded 

$5 Active Oxygen Species 
, 

OH 0 OH a Inactivation 

Antlmlin active 

FIG. 4. Suggested mechanisms for inactivation of 12-LO by 
anthralin: (a) one-electron transfer from anthralin to the 
active ferric form of 12.LO results in an inactivated enzyme 
(ferrous form); (b) one-electron transfer from anthralin to 
oxygen results in the formation of active oxygen species 
(O,‘-, ‘OH, H,O,) which may inactivate the enzyme either 
by reduction to the ferrous form (Oz.-*mediated) or, alter- 
natively, by oxidation of amino acid residues at the active 
site (‘OH-mediated). 

because various oxygen radical scavengers or the chain- 

breaking antioxidant BHT did not influence its decompo- 

sition [31]. The redox potential of the anthralin radical/ 
anthralin couple is -0.76 V [32]. Thus, for the regeneration 
of anthralin from anthralin radical to proceed, which would 
be necessary to efficiently block its further decomposition, 
a redox potential c-0.76 V is required. However, most 

antioxidants do not satisfy this condition [33]. 

Catalase decomposes hydrogen peroxide to molecular ox- 
ygen and water, whereas peroxidases usually catalyze a one- 
electron oxidation of substrates to free radicals [34], and the 

product of peroxidase-catalyzed reaction is superoxide [35], 
which may subsequently inactivate 12-LO. This feature 
would account for the modest effect of peroxidase as com- 

pared to catalase and, also, for the inhibitory effect against 
12-LO by the enzyme itself. 

Pretreatment of mouse epidermal homogenate with the 

catalase, sodium benzoate, BHT, or o-tocopherol resulted 
in slight increases in 12-LO activity in the range of 120- 

130% over control, depending upon the antioxidant used, 

suggesting that oxygen radicals generated during arachi- 
donic acid metabolism may inactivate the enzyme. Indeed, 

soybean lipoxygenase has been described to catalyze the 
breakdown of polyunsaturated fatty acid hydroperoxides to 
generate superoxide, peroxyl, and hydroxyl radicals [36,37]. 

The question as to the nature of the reactive oxygen 

metabolite still remains open. Hydroxyl radical, superoxide, 
and hydrogen peroxide are all plausibly involved in the 

inactivation of 12-LO by anthralin, as evidenced by the 
effects of sodium benzoate, SOD, and catalase. Even the 

singlet oxygen quencher B-carotene [38] suppressed enzyme 
inactivation by anthralin. However, B-carotene can also 

function as an antioxidant in systems where singlet oxygen 

is not present [39]. In further support of this, reports that 
anthralin is only a weak sensitizer of singlet oxygen [40,41] 
as well as an efficient quencher of this species [42] rather 
exclude singlet oxygen as an important intermediate in 12- 
LO inactivation. 

In general, much of the biological action done by super- 
oxide and hydrogen peroxide is thought to be due to their 

conversion into hydroxyl radical [43]. Thus, the susceptibil- 
ity of metalloproteins to hydrogen peroxide was thought to 

be due to its conversion to hydroxyl radicals, site-specifi- 
cally generated uia a Fenton-type reaction [44]. If the highly 
reactive hydroxyl radical is generated in such a fashion at 

the iron-binding site of 12-LO, which is the active site of 
the enzyme [45], it may cause inactivation through oxida- 
tion of amino acid residues important for enzyme activity 
[29]. This would be expected to be irreversible if these 
residues are destroyed. However, it is more than conceiv- 
able that essential thiol groups are reversible (RSH to RS 
or formation of disulphides). Also, in some instances, when 
protein radicals are formed at a specific amino acid site, 

they can be rapidly transferred to other sites within the 
protein infrastructure from methionine to cysteine uia tryp- 
tophan and tyrosine [46]. Reactivation of 12-LO would also 
explain retention of activity for longer times. Alternatively, 
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one can envisage a mechanism such as reduction of the 
ferric iron at the active site of 12-LO by superoxide to the 
catalytically inactive ferrous form, because ferric iron and 
even chelated ferric iron may be reduced by superoxide [47]: 

Enzyme-Fe3+ (active) + O,‘- + Enzyme-Fe” (inactive) 

+ 0, 

Inhibition of 12-LO by oxygen radicals generated from an- 
thralin does not necessarily exclude a specific interaction 
between the drug and 12-LO, because oxygen radicals may 
be generated at a critical site for enzyme inactivation. In 
this context, a plausible explanation for the lack of 12-LO 
protection by a-tocopherol, which efficiently inhibited an- 
thralin-induced lipid peroxidation in model membranes [9], 
is to consider the inaccessibility of this molecule to the 
active site where oxygen radicals may be formed. 

In summary, our data strongly support a role for active 
oxygen species as mediators of 12sLO inactivation by an- 
thralin because protection against enzyme inactivation was 
accomplished by specific scavengers of these species and 
antioxidant enzymes. 

The excellent technical assistance of K. Ziereis is gmtefull~ acknowl- 
edged. 
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