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INHIBITION OF ARACHIDONATE 5-LIPOXYGENASE BY PHENOLIC COMPOUNDS
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Some cinnamoyl-B -phenethylamine derivatives, gingerols, diaryl-
heptanoids and acyldopamines were tested for their inhibitory effects
on the 5-lipoxygenase of RBL-1 cells. Compounds containing a catechol
group together with a lipophilic group strongly inhibited 5-lipoxy-
genase. Significant inhibition was also observed in gingerols having
guaiacol instead of catechol. Linoleoyl- and linolenoyl-dopamines were
the strongest 5-lipoxygenase inhibitors.
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Slow reacting substance of anaphylaxis (SRS-A) is a chemical mediator in
asthma, which causes strong and long-lasting broncho-constraction. SRS-A has been
shown to be identical to the leukotrienes (LTs) formed by leukocytes and masto-
cytoma cells.l) The first-step enzyme of LT biosynthesis is arachidonate (AA) 5-
lipoxygenase which catalyses the oxygenation of AA to yield 5-hydroperoxyeicosa-
tetraenoic acid (5-HPETE). Since LTs have important roles in anaphylaxis and
inflammatory response, the discovery of inhibitors for AA 5-1lipoxygenase could
lead to the development of new anti-allergic and anti-inflammatory drugs.
Extensive studies have revealed that a variety of compounds inhibit lipoxygenases.
Of the naturally occurring phenolics, dihydronorguaiaretic acid inhibits various
kinds of lipoxygenases including 5-lipoxygenase.2) Murota et al. reported that
flavonoids and caffeic acid, isolated from a Chinese medicinal drug, inhibited the
reaction of 5-lipoxygenase of mastocytoma cells (P—815L3) Yoshimoto et al.
reported the inhibition of 5-lipoxygenase of RBL-1 cells by flavonoids and discds—

4) 5) we reported

sed their structure-activity relationships. In a previous paper,
the inhibition and activation of prostaglandin (PG) biosynthesis by simple
phenolic compounds and pointed out that the presence of phenol and lipophilic
groups is essential for strong inhibition of PG biosynthesis. This structural
feature seems to indicate that those phenolics are not strictly specific
inhibitors of PG biosynthesis. Instead they inhibit various kinds of lipoxy-
genases, though the degree of inhibition varies with the enzymes. This communica-
tion deals with the inhibitory effect of some cinnamoyl-g-phenethylamines, diaryl-

heptanoids, gingerols and acyldopamines against AA 5-lipoxygenase.
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Materials and Methods

Assay of 5-Lipoxygenase Rat basophilic leukemia cells (RBL-1) were pur-
chased from Dainippon Pharmaceutical Co. and cultured in suspension. An enzyme
solution was prepared as described by Jakschik et gl,6) A reported assay method®)
was modified as follows. The standard assay mixture (total volume 600 pl) consists
of 29 mM phosphate buffer (pH 7.0), [1-14cC] arachidonic acid (1.3 uM, 10° dpm),
indomethacin (10 uM), CaClZ (1.5 mM), EDTA (0.83 mM), gelatin (0.083%) and enzyme
solution (from 2 x 108 cells). The mixture was incubated at 37° C for 15 min and
the reaction was stopped by adding acetone (1.2 ml). The mixture was acidified
with 2 N formic acid (0.1 ml) and extracted twice with CHCl3 (1.8 ml). After
removing the solvent, the reaction products were subjected to TLC with the organic
phase of AcOEt/2,2,4-trimethylpentane/AcOH/H,0=110/50/ 20/100 as a developing
solvent. The zone corresponding to 5-HETE, which was derived from 5-HPETE by
reduction with hydroperoxidase present in the enzyme solution, was scraped off and
measured with a 1liguid scintillation counter. Substances for testing were added
to the assay mixture as DMSO solutions.

Test Materials Gingerols and diarylheptanoids were the kind gifts of
Profs. T. Shioiri and H. Itokawa. Cinnamoyl-f-phenethylamines were synthetic com-
pounds reported previouslys) or newly synthesized. Acyldopamines were synthesized

by the condensation of dopamine and corresponding fatty acids.
Results and Discussion

In our previous paper,s) we reported the inhibition of PG biosynthesis by
cinnamoyl-8-phenethylamine derivatives. Since some of these derivatives contained
caffeic acid residue, 12 amides (1-12) prepared by synthesis were tested for their
inhibitory effects against 5-lipoxygenase. Of the amides tested, compounds having
the catechol group, at least on one of the aromatic rings, inhibited 5-lipoxy-
genase with ICgqy values of 0.12 - 0.48 uM. The amides are a hundred times more
potent inhibitors of 5-lipoxygenase than caffeic acid, whose ICgg value was 20 M

Table I. ICgy Values of Aromatic Amides against S5-Lipoxygenase and Prostaglandin Synthetase

o R

: ¢

! VN Ry
H

R

ICSO (pM)

Ry Ry, Ry R, Compounds s-L1p*l ' pg-ase*?
H H OH OH Cinnamoyldopamine (1) 0.20 90

H H ] OH Cinnamoyltyramine (2) - 120

H H H H Cinnamoylphenethylamine (3) - 180

H oy OH OH p~-Coumaroyldopamine (4) 0.36 230

H OH H OH p-Coumaroyltyramine (5) -— 280

H OH ] H p-Coumaroylphenethylamine (6) - 100

OH (o]} OH OH Caffeoyldopamine (7) 0.23 270

OH OH H OH Caffeoyltyramine (8) 0.16 210

OH ol H H Caffeoylphenethylamine (9) 0.12 80

OMe OH OH OH Feruloyldopamine (10) 0.48 440

OMe OH H OH Feruloyltyramine {(11) - 270

OMe OH H H Feruloylphenethylamine (12) 218 (1pM) 90

*); S-lipoxygenase, *2; prostaglandin synthetase, —-: less than 7% inhibition at 1pM,
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Table II. ICgg Values of Diarylheptanoids against RBL-1 Lipoxygenase

Compounds Ry Ry Ry Ry Rg ICgq (pM)
13 H H H OH H -
0 ORg 14 H H OMe OH H 1.6
It 15 H H OMe H H -
Ry Ry 16 H H OMe OMe H -
17 H H OMe OH Me -
Ry R 18 H OH H H H -
19 OH OH H OH H 0.26
20 OMe OH OMe OH H 3.2
o Ry Ry Ry Ry ICgqg (pM)
R, I . 21 8 H H H _
3 22 H H OMe OH 0.24
R 23 OMe OAc H H 0.94
2 R 24 OMe OH H H 0.41
5 R; R, ICgq (p)
R, Il 25 H OH -
AN 26 OMe OH 0.26
27 OH OMe -
Ry 28 OH OH 0.018
OH
Ry R ICsq (pM)

R
O ‘ ! 29 OMe OH 0.21
Ry

--: less than 10% inhibition at 1pM,

under the same assay conditions. (Table I) Next, we tested the inhibitory effect
of the diarylheptanoids (13-29), because they are inhibitors of PG biosynthesis7)
and their structures are somewhat similar to those of cinnamoyl-g-phenethylamines.
Of the diarylheptanoids tested, 7 compounds inhibited 5-lipoxygenase with ICgg
values less than 1 uM, (Table II). The ICg5g value of the most potent diaryl-
heptanoid (28) was 18 nM. Significant inhibitory effects were observed in the
compounds having gquaiacol (3-methoxy-4-hydroxyphenol) instead of catechol:
compounds 22, 24, 26 and 29. Then we tested the inhibitory effects of gingerols,
pungent principles of ginger, since they were regarded as alkyl analogues of the
diarylheptanoids. The results are summarized in Table III. The gingerols with
longer side chains, [10-16]-gingerols, strongly inhibited 5-lipoxygenase. As can
be seen from Table III, the inhibitory effect of the gingerols was sharply less in
the compounds whose side chain lengths were less than Cyps, [2-8]-gingerols. In
order to compare the inhibitory effect with that of the gingerols,” we synthesized
several acyldopamines, which can be regarded as gingerol analogues. The ICgy

Table III. IC g Values of Gingerols against RBL-1 5-Lipoxygenase
ana Rabbit Kidney Prostaglandin Synthetase

o] OH

MeO@/\)‘\/k(CHI)"_ICH]
HO

[n}~-gingerol

(pM)

Compounds S—LIPIYSO » PG-ase"?
{2)-Gingerol (30) 343 (10uM) 78(100pM)
{4)-Gingerol (31) 39%(10uM) 358(100pM)
[6)-Gingerol (32) 3 4.6
{8)]-Gingerol (33) 0.36 5.0
(10)-Gingerol (34) 0.053 2.5
(12)-Gingerol (35) 0.046 4.1
[14}-Gingerol (36) 0.042 5.7
[16)-Gingerol (37) 0.055 8.6

*1: 5-lipoxygenase, *2: prostaglandin synthetase,
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Table IV. ICgq values of Acyldopamines against RBL-1 S5-Lipoxygenase
H

HO Noc-R
i
HO

R Compounds ICSO(nM)
n-CgHy 4 Pelargonoyldopamine (38) 45
n-CgFyq Perfluoropelargonoyldopamine (39) 66
n-C 0621 Undecyloyldopamine (40) 17
n-Cjqlyg Stearoyldopamine (41) 16
n-CyqHy3 Oleanoyldopamine (42) 7.5
n-CyqH3, Linoleoyldopamine (43) 2.7
n-CjyqHyg Linolenoyldopamine (44) 3.2

values of undecyloyl- and stearoyl-dopamines were basically the same. Undecyloyl-
dopamine corresponds to [1l0]-gingerol in its side chain length, so the effect of
side chain length would be the same in the both series of compounds. The side
chain length corresponding to C;4 alkyl seems to be the minimum length for strong
activity and elongation of the side chain did not affect the inhibitory activity.
Introduction of a double bond contributed to the potentiation of the inhibitory
effect. Linoleoyl- and 1linolenoyl-dopamines are the strongest inhibitors so far
found in this study. Their inhibitory activities are comparable to those of the
synthetic inhibitors of 5-lipoxygenase such as AA—8618) and 5,6-methano-LTA4.9)
Since the ICqy valuesl0) of acyldopamines for PG biosynthesis are two to three
orders. of magnitude higher than those for 5-lipoxygenase, the acyldopamines can be
regarded as specific inhibitors of 5-1ipoxygenase. The results obtained in this
study clearly demonstrate that the presence of the catechol or guaiacol group
together with a lipophilic group, aryl or alkyl, is essential for strong
inhibitory activity, and compounds having the catechol group have more specific
and potent effect against arachidonate 5-lipoxygenase.
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