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Abstract-The inhibitory activity of new isoflavonoids on Slipoxygenase of porcine leukocytes was 
investigated. Isoflavans (I) proved to be stronger inhibitors than isoflavones (II). The isoflavans 
containing orrho-hydroxy groups in ring A showed the lowest K, values (0.8-50 PM). In comparison, 
isoflavans with me@-dihydroxy groups exhibited K, values higher than 150 PM. The effect of commercial 
antioxidants was tested also on porcine 5-lipoxygenase. Butylated hydroxyanisole (Ki: 25pM) and 
butylated hydroxytoluene (Kc 55 PM) revealed moderate inhibitory activity, whereas L-ascorbic acid, 
L-ascorbyl palmitate, dl-cu-tocopherol and n-propyl gallate showed weak inhibitory activities (K,: lOO- 
26OpM). 

Isoflavonoids represent an important subclass of the 
flavonoids. The structure of isoflavonoids is based 
on a 3-phenylchroman skeleton, which biogenetically 
is derived by aryl migration from the 2-phenylchro- 
man skeleton of the flavonoids [l]. While flavonoids 
are ubiquitous compounds, the isoflavonoids show 
a limited distribution in the plant kingdom. They 
are found mainly in the subfamily Pupilionoidae of 
the Leguminosae (for review see Ref. 2). 

Isoflavonoids are known to exhibit various 
biological properties, e.g. the insecticidal activity of 
rotenoids [2] and isoflavans [3], the anti-microbial, 
especially the anti-fungal, activity of the phytoalexins 
(pterocarpans, isoflavans and some isoflavones 
[2,4]), an hypocholesterolemic effect and a tri- 
glyceride-lowering activity [5-71. The isoflavonoids 
have many properties in common with the flavonoids, 
e.g. anti-cataract [8,9] anti-inflammatory and anti- 
allergic activity [lo-141. Some biological activities 
are explained by special biochemical mechanisms. 
Thus, the anti-inflammatory and anti-allergic activity 
of flavonoids is in part due to inhibition of the 
enzymes involved in the arachidonic cascade 
[lo-141. 

One of the enzymes of the arachidonic acid 
cascade, the 5-lipoxygenase (S-LOX?) is the first 
enzyme in the biosynthetic pathway leading to 
LT. LTs are potent mediators, involved in 
immunoregulation and in various diseases, including 
inflammation, asthma and diverse allergic reactions. 
In neutrophils, stimulated with the Ionophore A 
23187, the main products of arachidonic acid are 5- 
HETE and LTB,, [15]. The same pattern of 5-LOX 
products is obtained with neutrophils derived from 
various species stimulated under the same conditions 
[16]. Previously, the HETEs were considered to be 
predominantly inactivation products of HPETEs 

* Corresponding author. 
t Abbreviations: BHA, butylated hydroxyanisole; BHT, 

butylated hydroxytoluene; LOX, lipoxygenase; HPETE, 
hydroperoxyeicosatetraenoic acid; HETE, hydroxyeico- 
satetraenoic acid; LT, leukotriene; PG, prostaglandin; 
ETYA, 5,8,11,14-eicosatetraynoic acid. 

without biological importance. New investigations 
have shown that HETEs modulate basic biological 
functions such as enzyme regulation, hormone 
secretion, ion transport and immune mechanisms. 
They are involved in pathological processes including 
various inflammatory diseases, arteriosclerosis and 
ischemia (for review see Ref. 17). 

Due to the participation of LT and HETEs in 
various diseases, we evaluate in this study the 
inhibitory effect of different new synthetic iso- 
flavonoids on porcine 5-LOX in vitro. We also 
compare the effect of isoflavonoids on porcine 5- 
LOX with that of commercial food antioxidants. 

MATERIALSANDMETHODS 

Materials 

All isoflavonoids have been synthesized at the 
Institute for Physiological Chemistry of the University 
of Bonn [18]. The antioxidants dl-cu-tocopherol, 
BHT, BHA and L-ascorbic acid were purchased 
from Merck (Darmstadt, Germany), n-propyl gallate 
from Sigma (Munich, Germany) and ascorbyl 
palmitate from Serva Feinbiochemica (Heidelberg, 
Germany). Dextran T-500 for cell sedimentation 
was obtained from Pharmacia Fine Chemicals 
(Uppsala, Sweden). Arachidonic acid (Merck) was 
purified by silicic acid column chromatography prior 
to use. The Ionophore A 23187 and PGB2, which 
served as internal standard, were obtained from 
Sigma. ETYA was supplied by Hoffmann-La-Roche 
(Basle, Switzerland). All salts, organic solvents, thin 
layer silicic acid plates and Trypan blue were 
obtained from Merck. All chemicals used were of 
reagent grade. The solvents for HPLC were dried, 
distilled and filtered. 

5-LOX assay 
Preparation of leukocyte suspension. Porcine 

peripheral blood leukocytes were prepared according 
to the method of Kuhl et al. [lo]. Porcine blood 
(1.5 L) was decoagulated with 100 mL Hank’s buffer 
solution containing 3.8% sodium citrate, 6U of 
heparin/mL of blood and passed through a Dextran 
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(6%) gradient. After sedimentation at 4” for 60 min, 
the supernatant was centrifuged at 500 g for 12 min. 
The pellet was resuspended in Hank’s buffer 
containing 0.38% sodium citrate. The centrifugation 
was repeated. Residual erythrocytes were lysed after 
5 min incubation at 25” with Tris buffer (17 mM, 
pH 7.2) containing 0.17% ammonium chloride. After 
centrifugation at 400 g for 6 min and resuspension 
of the cells in Hank’s buffer containing 0.38% 
sodium citrate, the solution was centrifuged again 
at 400 g for 6 min. The cell pellet was resuspended 
in phosphate-buffered (25 mM, pH 7.4) isotonic 
saline at 4 x 10’ cells/ml. The viability of the cells 
(higher than 90%) was checked by Trypan blue 
exclusion. 

Incubation conditions for porcine leukocytes. 
Leukocyte suspension (10 mL) was preincubated for 
3 min at room temperature in the presence of different 
concentrations (0.5-200 PM) of isoflavonoids or 
usual food antioxidants dissolved in ethanol or 
dimethyl sulfoxide. An equivalent suspension with 
solvent (ethanol or dimethyl sulfoxide) but lacking 
test substance served as control. The solvent content 
did not exceed 1%) to avoid an influence on 5-LOX 
activity [19]. During the assay for 5-LOX activity, 
nearly complete inhibition of 12-LOX is achieved 
by addition of 1OpM ETYA [ll] to the reaction 
mixture, as the latter enzyme is the predominant 
LOX of porcine leukocytes [20]. 

The 5-LOX reaction was started by adding the 
following substances to the leukocyte suspension: 
CaCl, (2 mM), Ionophore A 23187 (10 PM), ETYA 
(10 PM) and the substrate arachidonic acid (100 PM). 
After incubating the cells for 5 min at 37”, the 
enzymatic reactions were stopped by adding 1.5 mL 
of formic acid (1%). After addition of PGB;, (2 pg) 
as an internal standard, the samples were extracted 
immediately with chloroform/methanol (1: 1, v/v; 
2 X 15 mL), evaporated and stored under nitrogen 
at -18” prior to HPLC analysis. 

HPLC analysis. Analytical HPLC was performed 
according to Kuhl et al. [lo] with slight modifications. 
A prepacked column (Hibar RT, 250 x 4 mm, 
Lichrosorb 60, 7 pm, Merck) and a precolumn 
(RCSS Silica T 61031) from Waters, Millipore 
(Eschborn, Germany) were employed (instrument: 
S 101, Siemens; pump: DMR-AE-10,4, Orlita; 
Injectorsystem: U6K, Waters). 

The compounds were eluted using first n-hexane/ 
2-propanol/methanol/acetic acid (972/18/9/l by 
vol.) containing 0.06% water. After 9.5 min the 
gradient elution was started. The 2-propanol content 
was raised during a linear gradient up to 3 vol.% in 
12 min (972/30/9/l). The flow rate was 3.5 mL/min 
at 22”. The elution was monitored spectro- 
photometrically at 235 nm (O-9.5 min) and at 280 nm 
(9.5-24min). 5-HETE and LTB4 were quantified 
by comparing their peak areas with that of PGBz 
(internal standard). The extinction coefficients used 
for 5-HETE, LTB4 and PGB2 were E = 30,500, 
39,500 and 26,800 L mol-’ mm-‘, respectively. 

RESULTS 

Inhibition of porcine 5-LOX by isoflauonoids 

Arachidonic acid incubated with porcine leuko- 
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Fig. 1. Inhibition of porcine 5-LOX by 7,8-dihydroxy-4’- 
methoxyisoflavan (6). HPLC chromatograms of the 
products formed during a 5-min incubation of porcine 
peripheral blood leukocytes (10 mL/4 x 10’ cells/ml) with 
arachidonic acid (100 w), CaC& (2 mM), Ionophore A 
23187 (10 PM) and ETYA (10 MM). (A) Control (without 
test substance), (B) with 10 PM 7,8-dihydroxy4’-methoxy- 
isoflavan (6), (C) with 50pM 7,8-dihydroxy4’-methoxy- 
isoflavan (6). Signal attenuation was three times higher at 
235 than at 280 nm. Peaks: 1, arachidonic acid; 2,5-HETE; 
3,5-HPETEC; 4, PGB,; 5, LTB4; 6, stereoisomers of LTEQ. 

cytes in the presence of Ionophore A 23187, CaClz 
and ETYA is converted predominantly to 5-HETE 
and LTB,+ Figure 1A shows a typical HPLC 
chromatogram of an incubation performed under 
the conditions described in Materials and Methods. 
The effect of various concentrations of 7,8-dihy- 
droxy-4’-methoxyisoflavan (6) on 5-LOX-activity is 
shown in Fig. 1B and C. The formation of the 5- 
LOX products 5-HETE and LTBI was suppressed 
by 7,8-dihydroxy-4’-methoxyisoflavan (6) in a dose- 
dependent manner. The inhibition of 5-LOX by 
isoflavonoids is expressed as the percentage of 
activity related to the control value measured without 
inhibitor. Plotting of l/(% activity) vs [I] was carried 
out to evaluate the inhibition constant Ki. The 
substitution patterns of isoflavans (Table 1) and 
isoflavones (Table 2) are listed with their cor- 
responding Ki values. Ki values of most isoflavonoids 
tested ranged from 0.1-100 PM. 

Structure-activity studies showed that the iso- 
flavans inhibited porcine S-LOX more effectively 
than the corresponding isoflavones [see compounds 
(2) and (3), (13) and (14), (18) and (17)]. Looking 
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Table 1. K, values of porcine 5-LOX inhibition by various isoflavans 
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* See Ref. 11. 

Table 2. K, values of porcine 5-LOX inhibition by various isoflavones 

III) 5’ 

Compound 5 6 
Substitution 

7 8 3’ 4’ 

(3) H 
:: OH 

OH OH H OH 19.5 

i::j 
OH H 0-CHr-0 103 

H H OH OH O-CHrO 23.5 
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OH OH F H 21 
OH OH CF3 H 
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for an influence of the substituents in ring B, it is 
obvious that there is no specific relation to 5-LOX 
inhibition. Among the tested isoflavans and 
isoflavones neither size, position nor different charge 
of the substituents was decisive for inhibition strength 
(see compounds (3) (6), (8), (11) (20), (21), (22)l. 

Comparing the effects of 6,7-dihydroxyiso- 
flavonoids and of the 7,8-dihydroxyisoflavonoid 

isomers on porcine S-LOX, there was no structure- 
activity relationship [see compounds (1) and (2), 
(5) and (6), (10) and (ll), (19) and (20)]. In 
contrast, structure-activity relationships are obvious 
comparing ortho-hydroxy- and meta-hydroxy-sub- 
stituted compounds in ring A. Among the 4’-methyl- 
isoflavans, the o&o-hydroxy isoflavans (7) and (8) 
are significantly stronger inhibitors of porcine 5- 
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Table 3. Inhibition of porcine 5-LOX by commercial food 
antioxidants (4 values) 

Compound (& 

BHA 
BHT 
n-Propyl gallate 
&wTocopherol 
L-Ascorbic acid 
L-Ascorbyl palmitate 

25 
55 

124 
259 

LOX than the respective meta-hydroxy isotlavan (9). 
A similar result was obtained in the corresponding 
series of 4’-hydroxyisoflavans [see compounds (1)) 
(2) and (25)]. Comparing 7,8-dihydroxyisoflavans 
with the 7-hydroxy-8-methylisoflavans, the ortho- 
hydroxy substituted compounds are as expected 
more effective 5-LOX inhibitors [see compounds 
(11) and (12), (22) and (23)]. Surprisingly some 
isoflavans, which lack free ortho-dihydroxy-sub- 
stituents in ring A show a marked 5-LOX inhibition. 
These compounds are 6,7-methylenedioxy-4’- 
methoxyisoflavan [(18), Ki: 0.6 PM] and 6,7-diacetyl- 
4’-methoxyisoflavan [(4), Ki: 15.5 PM]. 

Inhibition of porcine 5-LOX by food antioxidants 

In Table 3 the Ki values for inhibition of porcine 
5-LOX by commercially available food antioxidants 
are summarized. Whereas BHA (Ki: 25 PM) and 
BHT (Ki: 55 PM) are moderate inhibitors, L-ascorbic 
acid, L-ascorbyl palmitate, w-tocopherol and n- 
propyl gallate are less effective inhibitors (Ki: 
100-260 PM) than most isoflavans. 

DISCUSSION 

Inhibition of porcine 5-LOX by isoflavonoids and 
food antioxidants 

The different isoflavonoids tested in this study 
inhibited the porcine polymorphonuclear leukocytes 
5-LOX in a concentration range of 0.1-100 PM (Ki 
and lcso values). The same concentration range was 
obtained with most flavonoids containing also 
hydroxy- and methoxy-substituents [21-251. The 

absolute inhibition values found for various com- 
pounds in the literature, however, differ depending 
on the type of LOX, the enzyme source, method of 
enzyme isolation and the assay conditions. This fact 
is illustrated in Table 4 for quercetin, which may 
be designated as reference flavonoid. Therefore 
comparison of different studies should be undertaken 
with certain reservations. 

Other compounds tested as inhibitors of porcine 
S-LOX are: (E/Z)-Ajoene (1~~~: 1.6pM), a garlic 
constituent [30]; nordihydroguairetic acid (IG,O: 
1.5 PM); caffeic acid (ICKY: 46 PM); p-coumaric acid 
(1~s~: 2.5 PM) and wedelolactone (1~~~: 2.5 PM), a 
coumestane derivative [ 191. These compounds 
inhibited the 5-LOX also to the same extent as the 
isoflavonoids tested in this study. 

The structure-activity relationship of the iso- 
tlavonoids concerning 5-LOX-inhibition (Tables 1 
and 2) revealed the following conclusions: (i) 
isoflavans were found to be more effective inhibitors 
than their corresponding isoflavones. An explanation 
may be the change in conformation of ring C after 
hydration of the isoflavones to isoflavans and the 
interruption of the fully conjugated system. (ii) 
ortho-Dihydroxy-substituted isoflavans (l), (2), (7) 
and (8) inhibited the 5-LOX at lower concentrations 
than the respective meta-dihydroxy-substituted iso- 
flavans (9) and (33). The 7,8-dihydroxyisoflavans 
also proved to be stronger 5-LOX inhibitors than 
the 7-hydroxy-8-methyl-isoflavans (12) and (23). 

Other authors [31] found that phenolic ortho- 
dihydroxy-compounds, including caffeic acid and the 
flavonoids taxifolin (3,5,7,3’,4’-pentahydroxylla- 
vanon), luteolin (5,7,3’,4’-tetrahydroxyflavon) and 
quercitin (3,5,7,3’,4’-pentahydroxyflavon), clearly 
had strong radical-scavenging activities, whereas 
monohydroxylated and para-dihydroxylated com- 
pounds proved to be only moderate to weak radical 
scavengers. Compounds lacking a free hydroxy- 
group in the molecule scarcely influenced radical 
scavenging. Some isoflavonoids examined in our 
study may also trap radicals. During this reaction 
isoflavonoids are oxidized to ortho- and/or para- 
benzoquinones as shown here for 6,7- and 7,8- 
dihydroxyisoflavans in Fig 2a and b. 

Oxygen radicals, which are probably involved in 
inflammatory and cancerogenic processes, are 
generated as by-products during arachidonic acid 
metabolism via the cycle-oxygenase and LOX 

Table 4. Inhibition (ICY values) of various LOXs by quercitin 

5-LOX 
5-LOX 
5-LOX 
5-LOX 
5-LOX 
5-LOX 

12-LOX 
13-LOX 
15-LOX 

Enzyme source 

RBL-1 
RBL-1 
RBL-1 
RBL-1 

Porcine leukocytes 
Human leukocytes 

Human thrombocytes 

*cm (@,I) 

0.2 
2.1 

0.1-l 
>l 
0.8 

~125 
4-5 

Literature 

WI 
1221 

[%I 

t::j 
[261 

Soybeans 
Soybeans 

2-3 
>lO 
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Fig. 2. (a) ortho-Benzoquinones of 7,8-dihydroxyisoflavan. 
(b) ortho- and para-Benzoquinones of 6,7-dihydroxy- 

isoflavan. 

pathway. It is known that fatty acid hydroperoxides 
formed in LOX reactions are necessary for LOX 
activity [32-351. Therefore, trapping of these radicals 
by isoflavonoids may reduce the 5-LOX activity. But 
not all compounds with radical-scavenging properties 
are effective antioxidants. 

LOXs are non-heme iron-containing enzymes 
[36,37] existing in two different forms: a Fe3+ (ferric) 
and a Fe*+ (ferrous) form [38,39]. Kemal et al. [34] 
showed that catechols reduced the catalytically active 
ferric of soybean LOX to the inactive ferrous form. 
The reduction of the Fe3+ LOX to the inactive 
Fe*+ form also may be performed by ortho- 
dihydroxyisoflavonoids, according to the redox cycle 
for LOX activation and inactivation proposed by 
Hatzelmann et al. [35]. Isoflavonoids may act as the 
H-atom donor and/or the radical scavenger in this 
cycle. 

6,7-Diacety14’-methoxyisoflavan (4) and 6,7- 
methylenedioxy-4’-methoxyisoflavan (18) which 
both lack the free hydroxy- group showed a strong 
inhibition of 5-LOX. The diacetyl- and the 
methylenedioxy- groups may be split off by cellular 
hydrolases to yield free hydroxy- groups. 

The antioxidative activity of the isoflavonoids 
studied was examined in our laboratories [6,7,40]. 
Isoflavans, especially those containing ortho-dihy- 
droxy- groups in ring A, inhibited strongly the auto- 
oxidation of vitamin E-free lard (this is for the most 
part in accordance with the structure-relationship 
found for 5-LOX inhibition). 6,7-Dihydroxyiso- 
flavonoids from fermented soy oil were lo-20 times 
stronger antioxidants than vitamin E [41-431. 

Comparing the effect of dl-cu-tocopherol and the 
ortho-dihydroxyisoflavans on porcine 5-LOX, the 
isoflavonoids proved to be on average 150 times 
more active than the tocopherol. Kt values for n- 
propyl gallate, L-ascorbic acid and ascorbyl palmitate 
were also higher than those for the isoflavans. The 
inhibitory potency of BHA and BHT is comparable 
with the inhibition caused by isoflavonoids. However, 
the use of BHA and BHT as food additives is 
controversial [44,45]. 

During the 5-LOX assay viability of the leukocytes 
(Trypan blue exclusion) in the presence of 
isoflavonoids was 80-105% of the control. In the 
presence of BHT the viability decreased to 37% of 

the control value. Some isoflavonoids were tested 
on P388 leukemia in mice and were found, up to 
240 mg/kg test animal, not to exert any cytotoxic 
effect [46]. The bioavailability of a physiologically 
active compound tested in vitro is one of the factors 
determinative for a possible therapeutic use of such 
compounds. Few data are available on the 
metabolism and pharmacokinetics of isoflavonoids 
[9,47] (for review see Ref. 48). These studies 
concerned distribution, storage and elimination of 
isoflavonoids. We have investigated the absorption 
of some isoflavonoids on isolated intestinal segments 
of the rat (unpublished data). 
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